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Summary

- A ﬁheoreticai methéd iéipresented here f;r<determining~the,0ptiﬁum
cambér shape énd twist disfribﬁtioh for the minimum induced drag in the 7
wing—alone case without prescribing the span loading shape. The éame
'method ‘was applied to find the corresponding minimum induced drag
configuration with the upper-éurface-blowing jet. Lan's Quasi-Vortex-
.Laftice Method and his wing-jet interaction theory has been used.
Comparisﬁn of the prgdicted results with another theoretical method
shows good agfeement for éonfigurations.without:;he blowing jet. More -
applicable experimental daté with blowing jets are needed to establish

the -accuracy of the tﬁeory.



1. LIST OF SYMBOLS

matrix [NWJ] after transformation

matrix E%ﬁd after transformation

Fourier series coefficient -

the elemernt of the transformation matfix'[AJ'-.

aspect ratio

s

span

" the element of the transformation matrix [B]

chord 1ength_

reference chord length

average chord length

sectional induced drag coefficient
sectional 1lift coefficient

seétional pitching moment coefficient
total lift coefficient |
1lift constraint

total pitching moment coefficient

pitching moment constraint

pressure coefficient

" jet-momentum coefficient

local induced drag

unit vector tangent to jet path .

>-step direction vector defined by’Eq}'(42)

the length of each section in the spanwise direction
a scalar defined by Eq. (26.a)
the length of each section in the chordwise direction

interpolation matrix
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local lif;
Mach number

the numbers .of spanwise strips plus one in‘each-section-

unit vector normal to jet surface

jet axis system

normal velocity influence-coefficient matrix

numbers of vortices in each section along the chordwise direction

=_N1 +’N2 ‘ .
total number of jet vortices in the oﬁter flow
tétal numbgf of wing voftices over. the semi~span
dynamic pressﬁre |
tangential velocity influence-coefficient mafri# 

wing area

Hjet thickness
- velocity

unperturbed velocity vector

perturbed velocity vector
jet-entrained-f;ow velocity vector

wing~fixed rectangular coordinates with positive X-axis along
axis of symmetry pointing downstream, positive Y-axis pointing

to right, and positive Z-axis pointing upward
coordinate of camber surfaéév

anglé of attack

- local angle of attack

nondimensional vortex density
2z

T (see Fig.l) o : : 3



Subscripts
2
<.
3
kN
JJ

- wa
W]
wo

Wo

jet-deflection angle

step length defined by Eq.(41)
angular ¢oordiﬁate (see Eq.(22)).
sgeép angle | | | |
taper ratio

Lagrange multipliers (see Eq.(31))

=V,

> >,k >

=.V°v°e/Vj e

density

angular coordinate (see Eq.(29))

ndndimensionalvperturbation velocity potential

additional

control point (see Eq.(l))

jet flow

jet flow perﬁurbation due to jet vortices

jet control pbints being influenced by jet vortices
jet control points being influénced by wing vortices
outer flow

external flow perturbation due to jet vortices

wing '

vortex point (see Eq.(3))

~additional wing vortices

perturbation due to wing in jet flow
perturbation due to wing in outer flow
wing alone vortices

free stream



2. INTRODUCTION
It is well kﬁown that the-induced-drag of the conventional wing is- -

minimized if ﬁbe'Span lo;ding is ellipticél#.lnvghe earl5. of . this
centﬁry,‘Mhhk (Ref. 1) developed'é theory for minimizing thé induced
'drag of arbitrary lifting configurations. According to the Munk theory,
all loadings are assumed light so that the\velocity perturbations are
small and the wake in the Trefftz plane may be assumed undistorted.
iater, Mangler (Ref. 2) studied the relationship of the circulation
distribution over the wing and of the 1lift to the height of end plate.
In his theory, an.infinitely thin flat plate was assumed. The theore?
'tical eiliptical loading was obtained when the end plate has zero
height. For the same problenm, Coné (Ref. 3) experimentally determiﬁed
~ the optimum spatial distribution of vorticity, corresponding to the
minimum induced drag'for a specified lift-and'a-given configdration.

He used the analogy of a velocity potehtial and an electrical potehtial
in a medium of.uniform conductivity. Lundry (Ref. 4) developed a pro;
cedure for accurate computation of the ﬁinimum induced drag of nonplanér
Qings with pylon-like panels. This method was resfricted to a two-
dimensional Trefftz plane so that the Schwarﬁz-Christoffel transformation
can be used. Stevens (Ref. 5),investigated the suitability of plamar
lifting surface theory to high lift wing design. In his theory the
optimal camber surface of the wing is obtained by:conétraining the span-
wise lift distribution to be elliptic. Loth (Ref. 6) determined the
optimal span loading on bent lifting linés in the Trefftz plane. Lamar
(Ref. '7) used the Vortex-Lattice Method to determine the optimal span
loading for minimum drag fof interacting surfaées, and to solve the mean

‘camber surface of the wing which will provide the reduired loading.



In the above referenées, it was seen that different methods were
used to find the minimum induced drag configuration for the conventional
bwings. They inqludgAthe lifting lineAtheory,fthe vqrtex.latticefmethod,
the‘Kernel funétiqﬁ-ﬁethdd'(Ref. 8), etc:A>ﬁowevér, one commoﬁ_feétqre
of these methods is that the span loading shape must be'prescribed in |
.advance; For the present investigation of configurations with jet
interaction, this is not possible.

The main purposes of this investigation are therefore as follows:
(1) to develop a new method to determine the optimum camber surface
‘apd twist distribution for the minimum induced drag in the wing-alone
case without prescribing the épan loading shape; (2) and to use the
same method to find the corresponding minimum inducéd drag configuration
with the upper—surface-bloﬁing jet.‘ In both cases, the optimum
configurations are computéd under constraints of speéified 1ift and
pitching moment. Lan's method (Ref. 9) and his.formulatiop for the

upper~-surface-blowing problem will be used in the investigation.



3. THEORETICAL DEVELQPMENT

In the présent analysis, the fhin wing in the linearAinviséid'subsonic>'
compressiblé flow will be assﬁﬁed. Therefore, the assumption of small
_ angle of attack, flap deflecfion, fhickness ratio, and camber is applica~-
ble. The expressions of induced drag, lift and pitching moment coefficients
can therefore be simplified. The near—field>method is used here to pre-
dict the aerodynamic characteristics of wings under jet-off and jet-on
con&itions. In sectionv3.1 the boupdéry conditions in wing-alone and
jet-on cases will be described. In section 3.2 the simplified formula
of the sectional aerodymamic coefficient5~wiil be derived. 1In section_3.3
_tﬁe overail aerodynamic characﬁeristics are detérmined by spanwise inte- |
gration of the sectional characteristics. 1In section 3.4 a method is pre-
sented to find the oétimum.wing-alone and jet-on vortex étrengths; In
section 3.5 the cambe: ordinates  and lbcal'angle of attack are deterﬁiﬁed
by integr#ting the camber sioﬁe in the chordwise diréction. The detailed

procedures of iteration are summarized in section 3.6.

3.1 Boundary Conditions and Interpolation Matrix

In the wing-jet interaction theory described in Refs. 10 and 11, the
solution is obtained by solVingAthe wing-alone case first and then ‘the
gdditional-effect due to jet.interactionf ‘To §et.Aup' 311. the  in-
fluence coefficient.matriceé, the Quasi-Vortex—Lattiée methgd (Ref. 9) is
used in the computaﬁibﬁ., In the wiﬁg—aiqngjcase,;ﬁhere is:onlygoﬁe boun;:
dary éondition - wing flow tangency coﬁditioh; fo be satisfied. It caﬁ

be written as :
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where {

- é} are the camber slopes at the control points. Since
g :

the camber slopes at the vortex points are needed in the computation of -

the induced drag coefficient, it iS'nedessary:to interpdlate:thé'values

at the control points. The trigonometric interpolation formula derived -

in Ref. 12 is suitable for this purpose.

3z
(

Bxi -a)

(_1)i+k

cosek

9z

axk.

sinek

(

- a )( ) (2)

- cosei

where the indices k and i represent ‘the corresponding vortex and control

points respectively.

In matrix form, Eq. (2) becomes:

azc aic '
x =[I] = ¢ (3)
c : v
where [ I]is the interpolation matrix. Thus,
Bzc -1 *Bzc
I [I] el (4)
v c
or,
dz - q-1
ax Y. T [I] [Nww]{Yw,}
v
~ In the jet-on case, there are three boundary conditions to be.satis-
fied:

1) Pressure

‘continuity on the jet surface

[s*”]c) { '

‘ 2 132
- 1 . -7 S .-
J_j} T(u ). [S‘U}(o) {YOJ} ') [ Jw} ©) {Ywé}

8



3, . - Yy
={-"_W'L +-T<u'>2‘—_ﬂ} | (6)

2)Flow tangency on the jet surface

N Y + N Y

[ ](;) { } [ ”]co) {°j} [ ‘“”](a){ "a}
V_ea(l-u") 3¢, aIF ’ ‘

={- > > + anj (M) - (M )} (7
V e :

3)Flow tangency on the wing surface

[NW](”{Y”} +[NW]{Y“} ={' T}:fs—f_} . ®

Equations (6), (7) and (8) have been combined into an augmented matrix

"equation to determine ¥y and Yoa Once Ywa' is obtained, the

ii * Yoj

total wing vortex stréngth is then,
Yo = Yo, T Yua (9)
where Yw, is the wing-alone vortex strength and y is the additional

wa
wing vortex strength.

3 2 Sectional Aerodynamic Coefficients’
From the. geometry of the mean camber line (Flg. 1), -the relation of
the local camber slope, twist, lift and induced drag have the following

relations with the wing vortex strength. . Since,



- 92
c

Rt msen s sen o ao

the local lift and induced drag components due to the vortex stfength are-

seen to be

L) = v, () cos( a = §(x,3)) S apy

d; (®) = v, (x) sin( a - 8(x,¥)) o (12)
where yw(x) is the vortex strength and is proportional to the pressure

loading acting normal to the camber surface.

z /c

e \ afd(x,y)
W«
o3
2(x) )
| ; (x,y) _
1

x/c

Figure 1. Decomposition of Pressure Loading on the

Camber Surface
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The effect.oﬁ the leading-edge suction on the 1ift and pitching moment

is assumed small enough to be ignored. It is assumed>that the wing.

camber will be deéigned in such a way that the leading-edge suction is

zero. |

?o find ﬁhe sectionél characteristics, it is-assumed that the wing

voftices ;re.situated albng.the camber surface. Since the fesulting

pressure.forée is normal to the camber surface, the sectional character;
- istics can be determined by integrating Eqs. (11) and (12) across the

local chord. Thus,

1 T .
cd,i— o.c ,SZ poVO( Vo e) di(x)dx

(o]
2cosa 1 | ;
== Y, (¥)sin(a=-8(x,y))dx
o) - .
' 2 »"‘1 1 : | |
L (S + § ) Y, (¥)sin(a-6 (x,y))dx (13) -
: .0 'xl _ o ) .

where cosa * 1 . The integration in Eq. (13) will first be. transformed to
an angular coordinate § ( 0<8srm ) and then reduced to a finite sum by

using the cqnyentional trapezoidal rule. Then, Eq. (13) becomes

Ny
2 T Z _ v L
e, = 2 Y., sin(a-§(x,y))sin6,_ +
(1-x)m vy : N L '
— Z Y, sinla-6(x,y))sing) - - (4

11



Similarly,

1 _
- 1 o F >
c v 5 ;p ovo (Vo e) L (x)dx

L 9pe o
T—'T‘so_ Y, (¥)cos(a-6(x,y))dx - . S
2 1 1
= (y + ) yw(x)cos(a-G(x,y))dx
o . X, :
: 1 ,
2 Xy T Nl '
= == ( y.. cos(a-8(x,y))sin, +
c- 2N1v Z Wy k
e
(1=x,)m N . _
— 3N Z Yy cos(a-d(x,y))sinek) (15)
2 k
k=1
and;
= —1 : v (V .o
Ch = — oy 0( o &) (x)xdx
qcc Jo

Ol

N X
1

2 x1 1 i
(5 +5 ) Yw(x)cos(a-é(x,y))xdx
o
: N

X, T

' 1
= _2_ ( 2; Y,, oS (a=-6 (x,y))xk sinek +
cc 1 o1 k
(-x)m X
N Z Yu cos (a=86(x,y)) X, sinb, ) (16)

12



From thin wing theory, (@ - §(x,y)) is assumed to be sufficiently small,

so that,
cos (a=-8(x,y)) = 1 (17)
Csin (@=§(x,¥)) = (.a - &(x,y))
o Bzc
= (a- 9x )
. 9z
= - ( ax - ) (18)

Therefore, from Eqs. (17) and (18), the Eqs. (14), (15), and (16) may

be recast into the following simple expressions,

N
: X 1 0z ;
¢y = - (= Y, ( =—— - a ), sin® +
d,i c N1 Vi Ix . k k
. . k=1 .
(l-xi) 2 9z
N Yy ( " © )k sin®, )
2 k :
=1
2 NL oz
SR E s (e 4 sing
¢ Z N Z ka ax k k (19)
- L=1 k=1 : :
N :
c. = L 2 _l_.LL_ L ' sing A (20)
L c Z N Z ka ™
1=1 k=1 ' -
S T O A
‘m ” ce Z N Z : Y"'k_xk sinf . -~ e
¢ =1 =~ k=l
where hl = x; and h2 = 1-xi - , and Nl and N2 are the numbers of vortex

points in each section along the chordwise direction. The control and

vortex points are defined as follows, ( see Fig. 2a) = | 13
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-'xt-l + —EE— (l-cosek) , L=1,2 - (22)

% " ?
(2k-1)n R }
T s LNy (23)
and,

hL

xi_=xL_1+-—é-—(1-Cosei) , L=1,2 : (24)
- in = see

8, = % » i= 1,ees,Np - (25)

Note that -xo=o "~ in Eqs. (22) and (24).

3.3 Overall Aerodynamic Characteriétics

The total induced drag, lift‘aﬁd pi;ching moment coefficients of
the wing are detérmined by ‘spanwise integration of the sectional charac-
teristiecs. Again, the integration is first transformed to am angular
coordinate ¢ (0< ¢ <nm) » and then reduced to finite sums by the
conventional trapezoidal rule. Therefore, the total induced drag co-
efficient has fhe following expression,

) b/2 ﬁ
C —— c, ., cdy
D,1i Sw -b/2 d,i

. 2 b/2 -
' \- c c-dy
. . TTsT ) %4, ¢

w 0.

—2n ‘S‘b/Z o2 hL L : 3zc

S o L k 9x

- a)k sinek)dy
W . :

15



where,

N_

- -27r L sz, | ‘
“D,1 5 S 5 Z ka(‘ = - Mhsind)dy
- 72 L= Lk o

e[ v B2 n N 92 | .,
= Sw [ iMl (Z‘N—L_Z ka( 3% - u)kSinek)51n¢.’i] +
i=1 L=l k=1
M, -1
2 N
(y,-y )71 2 h. 'L 3z ,
2 71 L c ,
{ 2M2 Z ( Z NL Z ka( v a)kslnek)sin¢i] +
i=1 L=1 k=1 '
M.~1
(b/2-y,)m 37, h, B oz
[T (ZN—L— ka( x - Wysing)sing ]
i=1 L=l k=1 _
M -1

£ P2
_p L —c _ i _
Mp Z ( Z y ka( ™ é)k51nek)sin¢i}

23 Moo Ny a2,
= {Zf ZZ [( )smeksmcb G —a)kvwk}

o Ny CER . .
- Sw ( Z gn ( 9xX - G)n Ywm ) (26)
n=1
= —L—--MPNL- su16u _s;n¢i - : L - (26.a)

and it is understood that the indicés.fp,. iand L will take proper

values at the appropriate spanwise sections and chordwise locations,

respectively.

16



In .Eq. (26), Nt is total number of wing vortices over the semi-span,

and the width of each spanwise section is :

£, =7, I o | (26.b)
f2 = 'yz- yl . . _ - ’ ' (26.(:)
£, =b/2 -y, | ' . (26.4)

‘Similarly, the 1lift and pitching moment coefficients have the following
expressions,

€

(27)

n W

(¢}
[]

v ) (28)
n .

where the index n indicates the corresponding vortex point over the wing.
Each spanwise section is divided into vortex strips by the semi-circle
method. The vortex strips in each interval are obtained through the

following relation:

f .
= —R2_ - ‘= .
Yj yp_1+ 2 (1 cos ¢j) s P 1,2,3 (29-3)
- . - Iy 9 3 = 1"..., o
¢j (23 l)ﬂ/(2‘ip) i Mp (29 b).

and y-control points are given by:

= - =
' yp_1 + —L (1 cos ¢i) s P 1,2,3 , '(3‘O.a)
¢i = in/Mp , 1 = 1,--f,Mp—1 | (30.b)
" Note thét o= O in Eqs. (29.a) aﬁd'(fﬂ;é) l’ z;lard M3 are the

numbers of spanwise strips plus one in each section. (see Fig. 2b)

3.4 Optimization Equations
From section 3.3, the expressions of induced drag, 1lift and pitching
moment coefficients have been derived. Next, the method to find the opti-.

17
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mun solution of wing-alone loading such thatAthe induced drag is ﬁinimized
with the 1lift ahd pitching moment constraints will be descgibed.'- To start
the iterétion_, the wifxg vortex strengths are at first assumed zero. Then
as shown in Appendix A, based on the »-Method"csf Grédiénts >(’réf. ’1'3),. the
inc-rement of 'the wi_ng—aione vortex strength- can be determined from the

following equations,

3c, 3C aC

, ‘ L m - - D,1
Aywk + }‘I_B'Yw Ao + Az-—-—-ayw Ac »——'—-an Ao , (31) .
k ' k k
N - k.—_—l s ’Nt
t BCL _ @)
Z 3Yw A.ka = CL - CL . . (32)
k=1 k ' :
Nt aC - (n) : . :
., Aywk.= c, - Cy | ’ | _ (33)
k=1 k o . :
where EL and Emvare the specified constraints,cL(n) and ¢ (n) are
. : m
the computed values in the n-th iteration. Therefore, the new vortex

density will be given by :

(n) _ y (n-1) _ Ay (n)

" i 'S

Y (34)

The optimum solution is obtained as CD ., becomes' minimum, or the camber
~ i
’

shapes do not cﬁange further by any significant amount.
In the wing-alone case, the step size Ag can be computed in each
“iteration by using one-dimensional optimization technique. Differentiating

. gives thef:elations;j}

Eqs. (26), (27), and (28) withxreépectito y

. ; k=l,...’Nt . - . . (35)

19



and,

‘ n v—.‘n’ : = s 00 . . . . .

Ty - s &% o KLetsN - - (36)
W, W : , S .
k

From Eq. (5), the camber slope at vortex point ¥  can be expressed as

azc Nt .

(o "% ") %aVu (37)

n=1 ‘

where a is the element of matrix [A}.It follows that Eq. (26) becomes

2 N, N
Ch g = - s (Z B Ve (Z *n Yo )) (38)
=] n=1
Therefore,
3C, . 2 N: Nt '
Dl - I (g Yo T 8i34 Yo ) |
3y S k %kn Tw i%ik Yw, .
w. - W n . 1
k n=1 i=1
TT2 Nt
=-—S_-(Z(gkakn+gnank)yw) (39)
w n=l n

The objective is to find the best step size such that C will decrease

D,i

in the steepest descent direction. It can be shown by the chain rule

that :
N dy
3C. ., t BCD . W,
D,i _ ,1 k
3(A0) ( v, ) ( a(ac) ) (40)
=1 k

20



‘Since the new vortex strength and the old vortex strength may be assumed

to be @

,, YWI(:x+1)-= Yw’li.n) +..’Ek(n) AC," | o - | o ‘(41')

w

where the step direction vector Ek can be obtained from Eq. (31) to be:

-3C - 3C, - 3c

‘Ek=_(_2.:_1_+‘»)‘1_'_1‘__ +X2_p____) , (42) _
ayw ayw ayw. ,
k k k
k=l’o-o.,':Nt

Substituting Egs. (39), (41) and (42) into (40) gives:

N N

acD i nz t t »
ey~ TS, Z (,Z (g a2, +s,a, ) (y, +E 40)) E
. k=1 n=l v n .
(43)
| | | | 3c,
. The optimum step size Ac can be obtained by setting . -szzé7- to zero.
It follows that | .

Nt Nt ~ . v
Z(Z(gk'akn+gn ank) En) ka

a0 = - k=1 :n=1 — ‘ ‘ (44)
NN | B
Z ¢ Z (gk %kn +rgn- ‘ank ) En) F‘k

k=1 n=1
In the jet-on case, the total wihg vortex strength is eqﬁal to the
-sum -of the wing-alone vortex strength Yy and the additional wing vortex .
. . o . .

strength'ywa'} ‘Therefore, f;om.Eqs. (9),ﬁ(26),'(27) and“(28),

21



2 N, .
= il e : - .
CL ’ S . Z gk ( on + YW&» )k . B , i . . ) (46)
' : k=1 - - . o
. “2 Nt
Cm = S Z &y ( Yw,, + Ywa )k xk (47)
Yookl

In the optimization iteration, is regarded as the independent varia-

aC
. L
ble. In th timizati Egqs. (31) - (33), th ti
gc n the optimization Eq (31) (33), e derivatives —37;: )

Yw,

C :
and __D,1 are needed. They can be obtained by differentiating

ano 3y .
Eqs. (45) - (47Y°with respect to Yw°k . Hence,
) N
aC,; 2 t 3y .
L _ W . wa _
v, s (g + Z g <————an )4) (48)
°k i=1 °k
BCm Tr2 Nt . ana )
3y, = 5, (g % * gs %y ( A )4 (49)
k- i=1 °k ‘

From Eqs. (1) and (8), and the interpolation matrix [I ], the camber slope

at the vortex point k is given by :

3z N,

N
t
c B .
e Y g (Tt eyt i P Vo3 ©O)
| | o g o

where Nj is the total number of jet“vdrtices in the outer flow, and
ayj and bkn are the elements of the transformation matrices{A ]

and[B]reépectively. From Egs. (4) and (8), [A] and [B] are defined as
. -1 & ’ o )
:1- 117 [l 0.0

[B]‘-— [1]-1 [NWJ](O) | | | (50.b)

22



Differentiate Eq. (50) with respect to_yw gives:
0.
1

) azc
ay- ( -ax e )k
Wos
N _Nt ana‘ N, 3Yo.' :
- aki-*.z a"km( Y )Am **i bkn( oY " )n -G
m=1- Woy n=1 Woq

With Eqs. (50) and (51), Eq. (45) gives:

3CD . nz Nt . N,
—_— = .

v, S LY Ay (et Ve ’j+ibin Yog 1%
Nt 3Ywa Ntr N
Z g, ( .. ) | Z By Ot Ve gt Y b Vo5 1+
k=1 °f j=1 n=1
Nt Nt ana N, 3Yo- :
Z sn (Yw°+ Ywa)n{ani+ Z anm( ayw ' )m+ i bnp( Y )p]}

=1 m=1 °1 p=1 Yoy

(52)
Eqs. (48), (49), (51) and (52) will be evaluated in each iteration,

4

because the needed derivatives depend on the values of on ’ Ywa and
Yoj in the preceeding step.
ana aYoj
The derivatives 3y » can be obtained by differentiating
' Y

w Wo
Eqs. (6), (7) and (8),witﬁ respect to vy and solving the differentia-

ted simultaneous equations.

From nuﬁerical' experimentation,.it was found that the oﬁe-dimen— ’
sioﬁél éptimiiatioh ;echnique:inAfiﬁdiné_thé'best‘step'size used previously
for the wing alone case did not produce consisténtly converging solutions
in the jet-on. case. In fact, the rate of convergence depends very much
on the jet strength, or on yu . According to the author's experience,

the following relation of step size and u may be used:
' 23



Ac = 3.0864 u - 0.39506 o _ - (53)

The above computed step size is assumed unchanged during iteration for the

jet-on case.

3.5 TheADetermination of Camber Ordinates

Once the optimum solution of the wing vortices has been determined
from section 3.4, the camber slope at vortex points over tﬁe wing may be
found from Eq. (5). Thié section will describe the method used in find-
ing the camber ordinates from the given camber slope. Let the wing cam-
be; slope be developed into Fourier cosine series. Then in each spanwise

vortex strip over the wing, the camber slope functions have the following

expression,
Bzé Nc )
( =% " © _)k= Z aj cos(;j-l)ek (54)

=1

and the Fourier coefficients are given by,

1 T azc
a1=——.-5 ( - - a) d8

i’

N .
i < ( c. . ) - . ' o
) (m a )y ' (55)
. = ' R

and for j>1 ,
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= -%— Z ( Bxé - a), cos(i-l)e, | - (56)

where 8, = _2k~-1)m

N s ksleee,N o I 1))
c

Once the Fourier coefficients are determined, the camber ordinates can be

obtained by direct integration. For each vortex strip, Eq. (54) is:

'}

(

el ) = a, + a, cosS@ + eccrer + aN.c cos(Nc—l) 8 (58)

where Nc is the total number of chordwise vortex elements. By integrating
Eq. -(58) with respect to x , the camber ordinates along each spanwise

vortex strip over the wing can be obtained. Thus,

% A
zc(x) = (a +al)x +So (azcose + '+ aNccos(Nc-l)e)dx (59)
Since x = (1 - cos6) / 2 , Eq. (59) becomes

6 v : '
"'zc(e) = (a + al)(l-cose)/z 4-50 (azcose-i------+aNccos (Nc-l)e)s‘inede/Z

, S (60)
" From the mathematics handbook ( Ref. 15 ), '

| 1-N cos (148
Ssin x cos Nx dx = - 1 - Coi_(N x_ coi‘(-N 2x ), (61)
N>1
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it follows that Eq. (60) becomes :

zc(e) ='(a+al) (licose)/2 - azc0529/8'—"
. Nc—l S o
—},—Z ( ,,coi..(-rll-l-'n)_e + coi‘(-Illfn),e ) + C1 _ (62)
n=2 ‘

where o and C1 are the local angle of attack and integration constant
respectively. They are determined by ends condition. Since 2z,(0) =

2. (") = 0 , from the leading-edge epd condition,

N -1
zc(°)="¥—’—Li frr (Tt H 7 O
n=2 '
Hence,
) a2 1 Nc—l. 1 1
€, =3 +TZ 1 (T Y1) (63)
n=2

From the trailing-edge end condition,

cos(l-n)w + cos(l+n)m

8.2 1 C-l
2.(M = (ata)m 5= - o) Ay

= Tn 2 76 =0
n=2
Hence, the local angle:of attack is given by :
Nl | |
. = —},—Z 2, ( coi(-l_-z)'n—l + coi(r-z)w-l y - a, (64)
=2 | - o a

Finally, the camber ordinates along each spanwise vortex strip are deter-

mined by,
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N -1

_ 1 = cos(l-n)m-1 cos (1+n) -1 '1-cos8
zc(e)'_azanﬂ(l-n 1y G-
n=2 - . ‘

a Nc—l'
_ 1 cos(l-n)6 cos(l+n)6

g — c0s20 - —— Z.( T TR +

; n=2
a | c-1
2 1 1 1

5t %) fw T v o) (65)

n=2

3.6 Summary of Solution Procedures
In the jet-off case, the basic unknowns to be determined are the wing-
alone vortex strengths. The problem is solved by the iterative process

described below :

1. Assume all the initial wing-alone vortex strengths are zero and
the initial step size has some value, fypically 50.

2. By solving the optimization equations, i.e., Egs. (31) - (33),
the new wing-alone vortex strengths are determined.

3. Calculate the camber slope at the vortex points from.Eq. (5)
and compute the aerodynamic characteristics.

4. Check the convergence of the induced drag cbefficient and adjust
‘the computed step size if necessary;

5. Compuﬁe ﬁhe.hewvéfep size By using 6ne—dimen§ional optimization
techﬁiquef

6. Repeat steps 2 through 5 until a convVerged solution is obtained.
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7-

Caiculate the camber ordinates, local angles of attack and the

optimum loading.

In the jet-on case, the value of additional wing vortex strengths

depend on the value of wing-alone vortex strengths in each iteration. .

Therefore, the approéch to find the optimum solution is described below;

1.

10.

Invert the augmented matrix of the boundary conditioms, i.e.,
Eqs. (6) - (8).

Calculate the derivétives of the jet vortex strength in the
outer flow and the additional wing vortex strength with respect
to wing-alone vortex strength from the differentiated equations
of Eq. (6), (7) and (8).

Set‘up the transformation matrices from Eqs. (50.a) and (50.b).
Comﬁute the derivatives of the camber slopes at the vortex points
with respect to the wing-aldne vortex strength, i.e., Eq. (51).
Assume the initial wing-alone vortéx strengths equal to the
optimum loading which were found in the jet-off case.

By solving the optimization equatgons and varyiﬁg the initial
computed 1ift and pitching moment coefficients to the constrained_
values gradually, the new wing-alone vortex strengths cén be ob-
tained.

Calculate the camber slopes at vortex points from Eq. (50).

Use the new wing-alone vortex strengths to determine the right
hand sides of Eqs. (6) - (8). .

Calculate the jet Qortex ;tréngths'in the outer flow and the
additional wing vortex strengths by the results of steps 1 and 8.
Compute the total wing vortex strengths and the aerodynamic char-

acteristics.
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11. Once the computed lift and pitching moment coefficients achieve
the constrained values, check the induced drag coefficient and
.adjust the assumed step size if necessaryk. Finally, calculate
the gambe; qrainates; lbcél angles of attack .and the correspon-
ding loading.
12. Check the changes in camber ordinates in comnsecutive iterations.
13. Assume a constant step size for each iteration, the step size
being determined by the empirical formula of Eq.(53).
14. Repeat steps 6 through 13 until the desired solution is obtained.
It should be noted that in the first iteration, steps 6 and.7 are to
be omittéd. From the assumed wing-alone vortex strengths, the initial
computed lift and“pitching moment coefficients are determined.
To have a smooth transition in the entire iterative process, the initial
computed 1lift and pitching moment coefficients wiil be var&ing through
several intermediate cycles, and each cycle includes two or three iter-
.ationé. Since the solution‘is very sensitive to the variation of thg
step size, the computed step size by'one-dimensiohal optimization tech-
nique is not used. A reasonable step si;e in the entire iterative process
should be such that the induced drag cbefficient keeps decreasing as the

specified constraints were reached.

29



4, NUMERICAL RESULTS AND DISCUSSIONS
A highly swept back tapered winé (NACA 64A010 uncambered) has been

selected fo;.analysis to check out the program and illustrate its application.
The basic ggometries of the pianform‘are: (1) aspecf’fatio of 5.5; (2)
taper ratio of 0.532; (3) 'sweep back aqgle at quarter chord of 45°. 1In
the wing—alone case, all the results have beeﬁ calculatéa by using six
chordwise vortex elements and ten spanwise vortex strips over the semi-span
of the wing. The geometry is shown in Fig. 3. 1In the jet-on case, the
semi-span of the wing is divided into three sections, and there are three
vortex strips inside the jet region. The length of trailing jet cj used in
the analysis was one local chord length and four trailing vortices in the
computation. The jet exit is at the leading-edge.

' The computed induced drag coefficient in the jet-off case approaches
the theoretical minimum induced drag coefficient in about 10 iterationmns,
as shown in Fig. 4. The speed of convergence depends on the absolute value
of the computed step size. The solution is assumed to have converged if
the difference between the computed induced drag coefficient and the
theoretical minimum induced drag coefficient is>less than five percent.
With the wing design 1lift coefficient being 0.6 and the design pitching moment
coefficient being -N.036, an iterative process is then used to derive the
optimum camber and the local angle of attack distributioms. Calculated mean
camber ordinates and p;essure_distributions are compared with Stevens' (Réf. 5)
_théoretical results by the Ke;nel funqtion'methqd (Ref. 8) for'tﬁreé spaﬁwise
stations in Figs. 5 - 6.. The agreement is seéﬁ to bé reasonably good. It
should be noted that to make the comparison at the same spanwise locations

with Stevens' results, Lagrange interpolation technique is used here to find:
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S  NACA 64A010 Airfoil
7 (-0.56776, 0y - © ° 7 AR='5.5
' ' S ‘ A = 45°
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C = -0.036
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s /22 0.36364
‘ 2y/b.
¢ =0.37495 -

(0.48778, 1)

R RN (8 71 DA

Figure 3. Geometry of Wihg Plan-foi'm.in the jet-off case.. .
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(1) the calculated meah camber ordinates at spanwise stations of 0.15,
0.5_#nd‘0.85 3 and>(2);the computed‘pressure distribution at spanwise
stations of 0.383, 0.707 and 0.924. The comparison of the local angles
bf attack (or twiét) is shown in Fig.7. The agreement is again‘good.

Near the root chord, the computed twist by the present method is seen

to be quite nonlinear. This result is consistent with the swept wing

design by Williams and Ross in Ref. 16. It is probably due to the

planform kink effect . This kink effect seems to appear also in the

calculated;spah loading by the present method, as shown in Fig. 8. .

Having established the accuracy for the present methqd in the
wing-alone case; it is of interest to see the minimum induced drag
configuration Qith upper—-surface-blowing jgt. The geometry is shown
in Fig. 9. To show theijet effeéts, two areas of interest will be
investigated. First; how the wing—aloﬁé results will be modified by

the blowing jet with given u and Gj. Second, what‘the effects of

u and .Gj would have on_thé camber ordinates, span loading, twist

r

- and pressure distribution. All the results are indicated in Figs.10-16.

In the jet-on case, the design circulation 1ift coefficient is 1.2

~and the design ﬁitching moment coefficient is -0.075. The calculated

camber ordinates at two spanwise stations outside the jet region

are shown in Fig.10. It is seen that the mean camber lines are"

changed significantly in the jet-on case. How they are changed depends

on whether they are,inside or outside the jet regionm. The'results

in Fig. 10 afe for u = 0.1288 ~ and hénce are for low speed-and high.

- thrust conditions. Also , as indicated in Fig.. 10, the -Gj-.effect 

on the mean camber is very small. Inside the'jet*regionlthe camber

ordinates at two spanwise stations are -shown in Fig. 11. It is

seen that under high thrust conditions, the camber in the jet
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o ;1-~3 - NACA 64A010 airfoil

(-0.56776,0) LA =0.532
o S b/2=1-
. G =t
-0.3675,0.18972) B
\ -~ C_=-0.075
- g<3:29391,0.25945) B
o \(-0.22031,0.32017)  S,/2 = 036364
Y g = 0.37495
(-0.09304,00 | e
' SS\\\\ 2y/b
& -
c.¢ \\\4$2;36567,0.18972)
1N ( 0.18128,0.3291
—{ Jet : _ )
Regiorn
 (0.49744,0.18972) | (0.48778,1)
.. N(0.58287,0.32917)..
(9.74033,1)
X

Figure 9. Geometry of Wing Planform and Jet location

in the Jet-on case.
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region must be largely reduced from the wing—along configuration. In the
example shown, the cambef ofdinates become negative in the inboard vortex
strip and the flat smooth camber in the outboard vortex strip. When p is. .
increased to 0.2576 and-Gj-is 10°, the aerodynamic jet interaction is ‘either -
to shift the maximum camber ordinate.backward (y =.0.21014) or to increase
the camber ordinates near the trailing-edge (y = 0.25944).A Also, in Fig. 11
when Gi is increasgd from 0° to 10°, the mean camber is decreased positively,
especially, near the trailing-~edge. From the results of Figs. 10 - 11, the .
trend is seen to be that the distribution of the final mean camber shape
after the optimization process should be such that the loading are decreased
inside the jet regioﬂ and increased outside the jet regién, Figs. 12 - 14
§llustréte the pressﬁre‘disfributions at four spanwise stations. In Fig. 12
-the u‘efféct on the préséure distfibutibn outside the jet region'afe as
follows. In'the‘figure, the so-called initial pressure distriﬁution is
obtainéd by applying the:jet on thevﬁing-alone optimized coqf;guration.A.It
is seen that at a given u,.the final pressure distributions are incfeased
after the optimization process. Also, the final pressure distributions are
increased as>u is increased from 0.1288 to 0.2576; ‘The effect of 6j_ié so
'small tha; iﬁs effect on the difference in pressure distribution is not

- shown in Fig. 12. Figs. 13 - 14 éhow the preésure distribution ihside the
jgt region af twofspanwisé sﬁations. it is seen that there is a high peak
-in the initial pressﬁre dist;ibuﬁion with strong jet-streﬁgth. ,After the

- optimization process; the.final.p;e§sure diéfribuéiqns_become f;atﬂ lAs:ﬁ is
increased from 0.1288 to 0.2576, itlseeﬁs that the.final pressure loading
becomes smoothér,-and the difference between initial and final_pressure

distribution is small. At the same - u, . when 6j~ 1is increased from 0° to
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10°, the pressuré'distribution is'agaid changed only slightly. .Fig. 15
indicates that the fiﬁal idading is seen to be still concentfatgd in>the
jet region. 'This is probably because of the jet spreading effect has not
been accounted for. . from fhé above results, it is seen that the‘smaller

. the u is, the higher the span loading will be inside thé jet region. The
inici#l and final pressure distributions for = 0.1288 and u = 0.2576 are
~ also shown in Fig. 15. The distributioné'of local angle of~attack in the
spanwise direction over the semi-span are shown in Fig; 16. It.is‘séen
that to reduce the loading inside the jet region negétive local‘angle of
‘attack are needed. As u is decreased, the local angle of attack is increased -
negatively inside the jet region. And the decrease of Gj would increase the
local angle of attack inside‘the-jeg ;egion. The large variation in the
local angle of atfack inside'and 6u;Side the jet region would bé spoothéd

out if the jet‘spreading effect is accounted for.
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5. CONCLUSIONS AND RECOMMENDATIONS

By using Lan's.QVLM (Ref. 9) and his wing—jet interaction theory
(Ref.10 and li) s an éptimization methodgfor:caiculating.the mean - camber
surface and.tﬁist distribution for the ﬁinimum induced drag configuration
with the upper-surface-blowing jet has been developed. The predicted
results ' show good agreement with Stevens' (Ref.5) theoretical me;hod
for configurations without the jet effect. Because of lack of data for
comparison, the accuracy of the theory with the blowing jet effect cannot
be established; However, the trend of jet effect on camber ordinates,
span loading, twist and pressuré dis;ribution has been investigated.

The investigation made so far has been for a swept, tapered wing
. with zero leading-edge suction and the jet exit at the leading-edge in
the incompressible flow only. The present method can be extended to
handle jet exit a&ay from the leading-edge. Further study for different
planforms at some Mach numbers and higher free stream to jet velocity

ratio is recommended..
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Appendix A

Gradient Projéction Hethod with Linear: Constraints (Ref.l1l3)

Consider the objective function CD,i of "N variables LASTAAREY AN
which possesses continuous partial derivatives with respect to these
variables. Starting at some point Yok = 7wk s k=1,°*+ n, moving with

a small'diétance ds defined in the Euciidean sense:

ds? = i (dywk)z o @D
=1 ' : ,
Then,
N dy : . :
Wk (2 o o
1- ( 4= )" =0 | : . (4-2)

k=1

Since the steepest descent direction of C 4 is the direction of the

D,
dcD i
most negative ——Egi——-, thus,
dCD-i. ) NZ aCD,i dek ..
- ds -9y o ~ds
=1 vk
_ ' dy . : : ’
A : 4
= V¢, 3 o - (A.3)

‘The method described below is to find the direction of steepest descent
_ among - the diréctions which make Eq.(A.3) stationary subject to Eq.(A.l).

By using Lagrange multiplier_ko , the following functional can be formed:

N . dy ' N ~dy
D,1 wk - —wm_ 2, -
E . ds +_Ao[1 EA( ds__)]' (a.4)
S m=1 ' '
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dywk

Differentlating Eq.(A.4) with respect to ( ) and settlng the result

_ to zero, it is found that.

ac. . . dy

2 ) 22 =0, k= 1,00 Qs
.ka o ds :
or,
e _ 1 3Cp i K | (A.6)
s 2 My '

Substitution of Eq.(A.6) into Eq.(A.2) gives:

, ac. . -
1- Y (=% D342 _ L @A)
A ZAO aywk :

=1

from which Ao-can be found:

o [i‘—aﬁf—zll’z @9
w ) ’

! : 3C
Provided the partial derivatives —3;—*1— are not all zero, there are
wk _ dcC
two distinct sets of directional numbers which make-——E;L—— stationary.

From Eqs.(A.5) and (A.8), it is easily seen that:

dy ' 9 aC _ .
dwk _ o+ Cn,l [Z - D,i )2 | 1/2 4.9)
S Wm .
m=1

k= l,A"',N

From Eq.(A.3) the directional derivative can be shown to be :

dc N ac, . . :
5 = Uy (et o (a10)
wh .
m=1
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‘Let 0 be a time parameter. Consider the motion along the negative

gradient direction as a continuous process. Then Eq.(A.l) becomes :
"dy

. ¥ N | ' . . . .
gz - j{: ( .dcwm.)Z ]1/2 - v . | L@

From Egs.(A.9) and (A.11), it can be seen that :

s SR Y I o P RUC NSV ILL 1Y
do Z do Z oy L P ?
n=1 , m=1 o
k = l’uco’N (A.].Z)
N .9 ' :
Let V=K | Z (—a—cl’-é— yJHl2 s ~ (A.13)
Yom - : ,
m=1
" Then,
dy ac, S S
—T—m_= - K-—-—D’-i—- s m.—_l’...’N. . (A.IA)
g _ ) anm ' . o : .

Eq.(A.14) shows that - the motion in the negative gradient‘difection is
assured by setting the time derivatives of the coordinates Yy

proportional to the partial derivatives of ¢ i
»

If the stepwise version is considered, then Eq.(A.l4) becomes :

i1 aC i .
C(ptl) _ (P) _ “D,1i L
Yym : Yem VK anﬁ AU » =1, . >N ' '(Aflé)

where the constant K may be absorbed in the step~size‘Ac. Hence :

. ' i 1 : ' :
- (p+l) (p) _ D,i . ‘ .
Y‘m = Y".m aY Ac = ) (A'IG)
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- If the objective function CD is subject to the two linear equality
b . .

i
constraints,
Cp sttt evyy) = € Cw @)

Cm (le,o-o'c’Ywn) =, C

) =-Cp (A.18)

the relation appropriate to a stepwise process analogous to that given

by Eq.(A.16) are :

aC aC oC

a T P e ey 7,89
Yk wk wk
. (A.19)
k = l’o--, N
or,
aC aC oC
L m D, 1
Ay , + A Ao + A, —=— AG = - ——= Ag (A.20)
wk 1 ank 2 ank Bywk

By Taylor's series expansion, Eqs.(A.17) and (A.18) become :

CL (le’.....’Ywn) ~ CL (-.le,ooooo’Yw.n) +

N aC ‘ .
L - . - -
(A.21)
Cm (le,ooo.n’-Ywn) = Cm (le,acocc’yw‘n) +
N aC
—*—m - e e o0 o -—

Z 7 (ap Yon) Toie Ve

=1 VK S d
(A.22)
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Assume that the constraints are satisfied at the point Yok~ ;wk . Then
Eqs.(A.21) and (A.22) become:
N Aact A .
i=1
N _3Cm ‘
Y T Mat O (826
i=1 -

In the present method , since the initially computed CL and Cm values
approach the constrained values gradually, Eqs.(A.23) and (A.24)
become the following modified form which are actually applied in the

iterative process :

N aC : ,
. L a7 _ea® ‘
Z e by, =C - ¢ _ (A.25)
i=1 :
& = () | ‘
Z W AYWi - Cm - Cm . ' (A.26)
N ol : '
f:’.“/"'/’-u‘
where CL(p) and Cm(p) are the computed values at the p-th iteration.

The optimization equations include Eqs.(A.20),(A.25) and (A.26). They
~ are to restore the linear equality constraints and adjust the variables
Yok The optimal solution of Yy €30 be found as the objective function

C. . .reaches the minimum. -
D,i : S ,
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Appendix B

Description of the Computer Program

This computer prog:am.prpvides a theoretical method for‘determining
the minimum induced drag configuraﬁions in the wing-alone and jet-on
(USB) cases. The first part of the proéram is used to set up the
_influence coefficient matrices of the boundaty con&itions ( the detailed
explanation is in Ref. 17 ). The calling routines of this part include
" GEOMTY ", " JETOFF " and " JETON ". The optimum camber shape and
twist distribution for the minimum induced drag cah be determined ﬁy
using the second part of the_program. The calling routines of this
part include " WALNOL "," INVMIX "," COMJET " and " JEINOL ". 1In the
wing-alone case, the optimum solution can be found from the subroutine
" WALNOL ". 1In the jet-on case, the subroutines " INVMTX ", " COMJET "
and " JETNOL " should be used. The initial wing-alone vortex strengths
used in the jet-on case are obtained by Lagfange interpolation from the

optimum results in the wing-alone case.
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Pre-Run Check List

Before;running the compu;er,program; the. following checklist should
Vbe completed:
(1) To use the adjustable dimensions in the program, the three
constants of IPANEL, ICW and JPANEE should be declared as

input parameters in the followingréubroutines:

: " WALNOL "
IPANEL and JPANEE Subroutines '
' : ' " INVMTX "
: - , " COMJET "
IPANEL, ICW and JPANEE ------- Subroutines{ -
' : " JETNOL "

Ihé édnstants IPANEL, ICﬁ'and JPANEE aré defined aé.fol;ows:.
.'IpANﬁL Total puﬁbef of wing vortices (LPANEL).
ICW Total numbér of chordwise vortices along_eachj'
VOitex strip;
JPANEE Total‘nuﬁber.of-jet vortices in the Outér or
| | iﬁner‘flow (JPANEL) .
(2) For IPANEL.= 60, ICW = 6, JPANEE = 80, the minimum memory
needed is 74K (decimalﬁ.v |
(3) 1f ITAPE = 0, the subroutines " INVMTX " and " COMJET " are
| executed and 511 the matrices are c;léulatéd'éﬁd stored on
taﬁe. If.ITAPE = i, thé subféutines'" INVMTX " and " COMJE? "
are bypassed and the calculation proceeds using the matrices

‘already computed (and available on tape).. .
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(4) Nine temporary files and one tape must be provided. The detailed
explanation of each file.is given below: . ...

File Ol . The influence coefficient‘ma;rix [FWW] for . the
wing-élone case. |

File 02 The tangential velocities on the trailing jet
surface to be used to satisfy the jet flap
effect.

File 03 A1l the influence coefficient matrices of the
boundary conditions for the jet-on case.

File 04' The influence coefficient matrix after being
interpolated for the wing-alone case ([A] ).

File 08 The coefficient matrix of the optimization |
equations and thg right hand sidevof those
.equations.

File 09 The inverted augmented matrix of the boundary
conditions.

Fiie 10 The derivatives of cémber slbpé with respect

| to wing-alone vortex strength.

File 11 _The influence coefficient ﬁatrices after being
interpolated for the jet-on case ( [ A] s [B ] ).

File 12 The derivatives of the jet vortex strength in

| the outer flow and of the additional wing vortex

strength ‘——;boﬁhiféken with respect to the
wing-alone vortex strength.

(5) Check input data.

58



"Grpup 1.

Group 2.

Grod§'3;

Format

Any title

Format

ICASE

NG

ISYM

. . ITAPE

. Format

AM1

. TEMP

XEL

XET

Ihput Data Format

1346 1 card. -

identifying the case to‘be run.

4(6X,14) 1 card

Number of cases to be run.

= OAif.all.cases have the game geometry other than

the angle of attack.

.= 1 if new configurations or different freestream-

jet velocity ratios are to be treated.

0 for a centered jet.

1 , otherwise.

0 if all matrices are to be calculated and stored
on tape;

1 if all matrices on tape are to be used.

8F10.5 - 1 card

Mach number of the freestream.

Mach number of the jet_fiéw.

Freestream veioéity divided;by'jet Qelocity.

Jet static;tempéra;ure divided bf freestream static
temperature. Assumed to Be the same as ratio of
fréestream'densitfrand jet densify;

Angle of attaék in.degrees.,ii

X-coordinate of the wing L.E. at the jet centerline.

X-coordinate of the wing T.E. at the jet cenﬁerliﬁe._
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Group 4.

Group 5.

Group 6.

Format

"NFP

NJP

DF(I)
I=1,NFP

Format .

HALFSW

TWIST

TWISTR

YJ

ZJ
CREF
Format
TEANGL

PTIAL

USB

Number of flap sections,including the -jet span,.

A maximum of five flap sections may be input.. -

Nﬁmerical order of the jet span among-the NFP
sections.

Flap deflection angles in degrees for the flap
séctions. |
8F10.5 1 card

One half of thé reference wing area.

Difference in angle of attack at the tip and fhe
root in degrees. Negative for washout.

Incidence angle of the root chord in dégrges.
X,Y, and Z-coordinates of the midpoint of the jet

cross section at the exit.

Jet radius.

Reference chord length.

3F10.5 1 card

Tréiling-edge half angle of the airfoil at the jet
centerline in degrees. For USB applications, it may

be arbitrary.

0. for clean or full-span flap configuration.

1. for partial-span flap deflection.

0. for OWB applicatioms.

1. for USB applications.
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Group 7.

Group 8.

Format

MU -

DFJ -

TNJ

.Format

NC

M1(I)

 I=1,NC

3F10.5 1 card
‘Jet thrust coefficient.

‘Jet deflection angle in degrees at the-trailing -

' edgé relative to the chord line. At small flap

angles, it may be taken as the sum of flap angle

and the airfoil trailing edge half angle. At

" large flap angles, experimental values should

be used.

= 0. if the entrainment is not to be accounted:
for. Usually this is the case if the jet is
on the wing surface.

= 1. if the entrainment due tdlan'gquivalent
round jet is fo be accounted for when a

rectangular jet is not on the wing surface.

8(6X,14) 1 card

Number of spanwise sections. A natural way of

.dividing-a planform into sections is to follow

lines of discontinuity, such as edges of
péftial—span flap,'jet.boundary, wing1edge-
discbntiﬁﬁities,etc.'

Number 6f'vo;tex strips‘in'each spanwisg'seétion,

plus one.
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_Group 9.

- Group 10.

Group 11.

Group 12.

Format

NIW(I)

I=1,NFP .

Format

NW(I)

I=1,2,3

Format

XXL(1)

XXT(1)

YL(1)

XXL(2)

XXT(2)

YL(2)
Format
NNJ

NSJ

5(6X,I4) 1 card

The numerical order of the flap and jet spans

‘among the spanwise sections.

3(6X,I14) 1l card

Number of chordwise vortex elements in each
chordwise section. The planform is divided into
chordwise sections according to -such lines of |
discontinuity as jet exit, flap hinge,etc.
6F10.5 1 card
x-coordinate of the leading.edge of the inboard
boundary chord of a given épanwise section.
x-coordinate of the trailing edge of the inboard
boundary chord of the same sﬁanwise section.
y-coordinate of .the inboard béundary chord.
x-coordinate of the leading edge‘of the éutboard
boundary chord of the same spanwise section.
x-coordinate of the trailing edge of the outboard
boundary'cﬁord. ‘ |
y-coordinate of the oqtboard' bOundary chord.
6(6X,14) 1 card |
Number of jet sections.
= Number of jet circumferential strips minus one
for a noncéntéred jet (always use‘od& numbers).
= Number of jet circumferential strips on the half
jet plus one for centered jet (always use even

numbers).
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Group 13.

Group 1l4.

NCI(I)

Format

CDBAR

CLBAR

CMBAR

DELTA -

MAXP

Number of streamwise vortex elements in each
section. For those jet sections above the wing;.
these numbers.should agree with the correépond-

ing numbers of wing vortices.
4FIQ.5 (4 x NNJ) cards

Coordinates of the bounding lines defining the
rectangular jet sections in USB applicationms.
They are the x-coordinates of the leading and
trailing edges, the y-coordinate and the z-
coordinate of the bounding line. There are 4
cards for -each jet section. The jet section
behind the trailing edge'should be at least

one local chord in length.

(4F10.5,I10) 1 card

TheqreticalAminimqm induced drag coefficien£
in the wing alone case. |
Lift constraint in-the wing alone case.
Pitéhing moﬁent constraint in the wing aione
case.

Initial step size in the.&ing'alpne case.
ﬁ;ﬁimum éqmber:of ite:ﬁtidns.ih the wing f:

alone case.
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‘Group 15: Format

Group 16: Format

Note:

~ CLBAR
'CMBAR

DELTO

SIZE

(3r10.5,110) 1 ¢ard
-Lift constfaint in the jet-on case.

‘Pitching moment constraint id the jetaon,cgse,ﬂ L

Initial step size in the jet-on case.

Maximum number of itérations in the jet-on case.

(110,F10.5) 1 card

Number of intermediate cycles for the inmitial

computed lift and pitching moment coefficients

to reach the constrained values. There atre two
or three iterations in each cycle.

The constarit step size is to be used in the

"~ jet-on case.

-The reéd»statements for the inpit data in groups 3-13 can be

seen in subroutine " GEOMTY ", the input data of group 14 is

in subroutine " WALNOL ", the input data in groups 15-16 are

in subroutine " JEINOL ". The input data for groups l and 2

can be seen in the main program:
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Sample Input Data for the Wing-alone and Jet-on cases

Card '
1 * * * WING ALONE CASE * * %
2 . , 1 . 1. 1 1 ' : I
3 0. 0. . 0.2576 - 1. - 0. -0.29391 0.12318
4 : 1 ) 1 0. - _ co . ‘
5 0.36364 0. 0. -0.29391  0.25945  0.05 1. - 0.37495
6 0. : 1. 1. . :
7 1.676 10. - 0.
8 1 11
9 1 ' .
10 R 6 0 0 ‘
11 -0.56776 -0.09304 - O. 0.48778 0.74033 1.
12 1 7 6 . : , '
13 -0.56776 -0.09304 0. - 0.
14 -0.56776 -0.09304 0. 0.1
15 0.48778 0.74033 - 1. 0.1
16 0.48778 0.74033 1. 0. o '
17 0.02084 0.6 -0.036 50. - 15
18 * % % JET ON CASE WITH UPPER SURFACE BLOWING * * *
19 0. 0. .. 0.2576 1. 0. .=0.29391 0.12318
20 1 1 0. : .
21 0.36364 0. ' 0. -0.29391 0.25945 0.05 1. - 0.37495
22 0. 1. 1. ' ' : . ' : '
23 1.676 10. 0. : o
24 , 3 -3 4 i .6
25 2 n
26 6 0 0 o o :
27 -0.56776 -0.09304 O. -0.3675- 0.06507 0.18972

28 -0.3675 0.06507 0.18972 -0.22031 0.18128 0.32917
29 -0.22031 0.18128 0.32917 0.48778 . 0.74033 1. '

30 . 2 7 -6 4
31 -0.3675 0.06507 0.18972 0.

32 -0.3675 0.06507 0.18972 0.1

33 0.22031 0.18128 0.32917 0.1

34 0.22031° 0.18128 0.32917 0.

35  0.06507 0.49764 0.18972 0. .

36  0.06507 0.49764 0.18972 0.1

37 ° 0.18128 0.58287 0.32917 0.1

38 0.18128 0.58287 0.32917 0.

39 . 1.2 -0.075 0.1 - - " .20

40 -5 0.
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- Output Data Format

‘The title of the job and the input data will be printed in the same
format as it was input. For ;he upper-surface-blowing configuration,

the following output data will be printed :

HALFSW The reference half-wing area.

CREF The reference chord length.

LPANEL Total number of wing vortices.

JPANEL Total number 6f jet vortices in the outer or inner
flow.

LAST The number of wing vortices plus the number of outer

jet vortices.
LAST = LPANEL + JPANEL

LTOTAL The total number of vortices whiﬁh is the sum of wing
vorticés, outer jet vortices and inner jet vortices.

LTOTAL

"LAST + JPANEL

LPANEL + 2 (JPANEL)

Vortex Element Endpoint Coordinates

Xl,Yl,Z1 Coordinates for the inboard endpoint of a bound vortex
‘element.
Xz,Yz,Z2 . Coofdinates for the outboard endpoint ( correSponding
to ( Xl’Yl’zi) ) of a bound vortex element.
Note: Wing elements aré listed first and then jet elements. The number

of elements listed should equal (LAST).
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Control Point Coordinates

XCcp o
: _ Two columas of control point coordinates, one. point.
YCP ‘ , - o
for each vortex element.
zcp ' '

Note: Control points on the wing are listed first and then control
points on the jet surface. The number of points listed should

equal (LAST).

" ._Overall Aerodynamic Coefficients

DELTA The step size which is used in the N-th iteration.

CDII The computed induced drag coefficieﬂt in the N-iteration.

CLII The computed 1lift coeff;cignt in the N-th iteration.

CMII ' Tﬁe computed pitching mpment coefficient in the N*tﬁ _
iteratioﬁ. | |

. _Camber Shape and Twist Distribution
ALPAO Local angle of attack (twist) along each vortex strip.

CAMZC Camber ordinates along each vortex strip. -
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Sectional Pressure and Force Data

XV Fraction of local chord.

5

- Spanwise fraction of.semispan;‘

CP‘ The total ACp at the‘given (XV,YV) point due,to;bbth wing and;jet:“'*
induced circulation;-

CPW . The Acp-that would occur at ;hat same point for the wing alone
case.

- Y/SP The y-cob;dinate of the éhord divided by the half span.

CL The sectional 1lift coefficient due to circulation (jet oﬁ),
‘ﬁondimeﬁsionalized with'qmc.

cM >l The secti§nal pitching moment coefficient about the Y-axis,

nondimensionalized with q cz.
. (-]

CT; The sectional leading edge thrust coefficient, nondimensionalized
with qmc.' |

CD1 The sectional induced drag coefficient, nondimensionalized with qc.

CLW .The sectional lift coefficient for the'wing alone case.

oMW The sectional pitching moment coefficient (about Y-axis) for the
wing alone case.

CDW The sectional induced drag coefficient for the wing alone case.

Span Loading Computation

Jet-0ff Span Loading

(_CLW x CH) | ,
. ’ CREF Co (where CH is local chord length)

" Jet~On Span Loading

(CcLxCH) S e
CREF (where CH is local chord length)
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Tbtel'Force and Moment Data

The Lift Coefficient
The total circulation 1lift coefficient due to the wing, wing-jet
interaction and entrainment (if anY), PR .

Total Induced'Drag Coefficient
Total induced drag coefficient for the jet on case.

Induced Drag Parameter

%p,1 1
= e——r— ——
C 2 °F TTe AR
L
Total Pitching Mbment Coefficient

Pitching moment coefficient due to all circulatlon forces, about

the Y-axis. Nondimensionalized with CREF. -

Coande Effect

Coanda Lift:COefficient
The lift coefficient,due to the lift'component of the.jet reaction
force |

VCoanda Drag Coefficient
The drag coefficient due to the drag component of the Jetbreaction
force.(

Coanda Moment Coefficient
Pitching moment coefficient due to the pitching moment caused by

the jet reaction force (about Y—axis)

The last four coefficients printed are due to aerodynamic forces and

nomentSlgenerated solely by the wing;withoutiany,jet effect‘(jet off)-.
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Appendix C

Compﬁter Program Listing

- ( Thié progran ié.operational on Honeywell 66/60

computer ) - .-

Main Program

Subroutine " STREAM "
~ Subroutine " SPEED "
Subfoutine "'NORSPD "
Subroutine " VMSEQN "
Subroutine " INTEG "
Subroutine " INVRCX "
Subroutine " GEO} g
Subroutine " RESHAP "
Subroutine " PANEL "
Subroutine " ENTRN "
Subroutine " RECTJ "
Subroutine " CIRCJ "
Subroutine " JSHAPE "
Subroutine " JETQFF "
Subroutine " JETON "
”Subroutine " MATRIX "
Subroutine " SKIP "
Subroutine " WING "

P W I U S S S e U S S e e Sy S S S S I el e e el

Subroutine

" WALNOL "
Subroutine " WALNO2 "
Subroutine ' WALNO3 "
Subroutine " WALNO4 "
Subréutine " WALNOS "
Subroutine " INVMIX "
Subroutine " JETNO3 "
Subroutine " COMJET "
Subroutine " JETINO4 "
Subroutine " JETNOS5 "
Subroutine " -JETNO6 "
- Subroutine " JETNOL "
Subroutine " JETNO7 "
Subroutine " JETNO8 "
Subroutine " JETNO9 "
_“Subroutine " CAMBER "
Subroutine " LOAD "

e

————d
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02-13-78  02.177

OPTION - FORTRAN

FORTY '

INCCDE IBMF
MINIMUM INDUCED DRAG CCNFIGURATION WITH JET INTERACTION :
BY C. EDWARD LAN AND JENN-LOUH PAO.OF THE UNIVERSITY OF KANSAS -
HIS PROGRAM IS DESIGNED TO FIND THE OPTIMUM CAMBER SHAPE, TWIST:
ISTRIBUTION, SPAN LOADING » AND CHORDWISE PRESSURE DISTRIBUTION .
ORRESPONDING TO THE MINIMUM INDUCED DRAG CONFIGURATION IN THE
ING ALONE AND JET ON ( UPPER=-SURFACE-BLOWING ) CASES,

DIMENSION AW(300),TITLEC13) :

COMMON /SCHEME/ C(2),X(10,41),Y(10,41),SLOPEC15),XL(2,15) »XTT(41),
TXLLC41)Y)

COMMON /GEOM/ HALFSN)XCP(ZOO)oYCP(ZOO)lZCP(ZUO)'XLE(SO)rYLE(SO)oXT
1E(50),PSI(20),CH(95),XV(200),YV(100),SN( 8,8),XN(200,2),YNC200,2),

"2 ZN(ZOOIZ)IWIDTH(S)'YCCN(ZS)lSWEEP(SO)rHALFBlSJ(21&8)05X(9502)1TX('

[o B e RV RN\

395,2)05CC160,5),S1C160,52,LC(3)

COMMON /AERO/ AM1,AM2,B1,82,CL(30),CT(30),CD(30),GAM(2,100)

COMMON /COST/ LTOTAL'LPAN1oNJU(s)ILPANELrIENTN;LPANZIEXIT:PTIAL'TU
1ISTL,DF(S5),NFP

COMMON /CONST/ VCS:NCNIM1(8)1NSJINCJ(S):LAST:MJN1(3:5):MJU2(315)'J

IPANEL,MJJ(S)INW(3) ,NNJLNJP

- COMMON /PARAM/ ALPT,ALFC,ALPS,COF,SDF,TH,TDF

COMMON /JET/ PK1,XC,XJT(31),A(31),8(31) ' .
COMMON /ADD/ CP(100):CV(30)18REAK(8)15“9(801S)IGAL(30)JISYM;VMU0VU
1,TEMP,FCR,CAMLER,CAMLET,CAMTER,CAMTET,XJ»YJ,r2J,RILALP,CREF,TWISTR
COMMON /CLOPE/ DZDXK(100)lALPAO(1S)IGCB(’UO)lGCBX(’OO)ITHETAK(10)
1,CCX€100),0ZD0XK(100),5ANC2,100) R

,COMMON /LING/ GLBAR,GMBAR,FCLII,FCMII

COMMON /WLONE/ DZDXKW(100),GAMW(100),CAMZICW(100),ALPAOW(20)
COMMON . /IDENT/ DZDXK1(100):GAM1(100)1CAMZC1(100)0ALPA01(20)'YLE1(2
10) .

FORMAT (5F10 S)

FORMAT (7(6X,14))

FORMAT (13A6)

FORMAT (QOH*tt*ta*tttﬁttttttit*'*tttt*tt**tttﬁﬁttﬁa)

PI=3,14159265 '

READ (5,19) (TITLE(I),I=1,13)

WRITE (6,406) .

WRITE (6,19) (TITLE(I),I=1,13)

WRITE (6,406) ' -

NCON=T

‘*++NUMBER OF CASES TO BE. RUN, GEOMETRY CODE (=1 IF GEOMETRY VARIES.

IN THIS CASE, ALPHA MAY ALSO BE DIFFERENT., =0 FOR THE SAME GEOME- ..
TRY 3UT DIFFERENT ALPHA'S) , AND SYMMETRY CODE (=0 FOR A CENTERED
JET, AND=1 OTHERWISE), ITAPE=1 FOR MATRICES ON TAPE ARE TO BE USED
ITAPE=0 , THEN CCMPUTE ALL MATRICES  ##+

"READ (5,3) ICASE, MG,ISYM,ITAPE .

~WRITE (6+3) ICASE/NG,ISYM,ITAPE
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20 CONTINUE

98

10

41

42

44

45

46

47

CALL LLINKCOHLINK11)
CALL GEOMTY(KCODE)

CALL LLINK(OHLINKZ22)
CALL JETOFfF -

CALL LLINK(éHLINK’3)

" CALL WALNOL

CONTINUE
READ (5,19) (TITLE(I),I=1,13)
WRITE (6,4C6)

WRITE (6,19) (TITLE(I),I=1,13).

WRITE (6,406
CALL LLINK(6HLINK11)
CALL GEOMTY(KCODE)
LI1=LPANEL+
J7=LPANEL+JPANEL )
1F (ITAPE (EQ., 1) GO TC 40
CALL LLINK(O6HLINKZ22)
CALL JETOFF

CALL JETON(KCODE) ;
'CALL LLINK (6HLINK&4)
CALL INVMTX ‘
CALL LLINK(G6HLINKSS)
CALL COMJET (KCODE)
CONTINUE
REWIND 21

‘REWIND 03

REWIND 04

REWIND 0§

REWIND 10

REWIND 11

REWIND 12

REWIND 13

DO 41 I=1,LPANEL L :

READ (01) (AW(J)YL,J=1,L1)

WRITE (13) (AW () erd=1,L1)

DO 42 1=1,LTOTAL

READ (03) (AW(J),d= 1;LTOTAL)

WRITE (13)(AWC(J)»d= 1,L10TAL)
DO 44 I=1,LTOTAL

READ (09) (AW(J),J=1,LTOTAL)

WRITE (13) (AW(JI)LI=1,LTOTAL)

DO 45 I=1,LPANEL

READ (10) (AwW(J),J=1,LFANEL)

WRITE (13) (AWCJ),J=1,LPANEL) .
DO 46 I=1,LPANEL.

READ (11) (AW(J),J=1,J07)

WRITE (13)CAW(JIAI=1,47)

DC 47 I=1,LPANEL

READ (12) (AW(J),d=1,47

WRITE (13)Y(AWC(J)2d=1,J7)
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G0 TO 10C
40 REWIND (13)
REWJIND 01
REWIND 03
REWIND 04
REWIND 09
REWIND 10
REWIND 11
REWIND 12
D0 ST .I=1,LPANEL
"READ (13) (AWCJI)Hrd=1,0L1)
51 WRITE (Q1) (AW(JI,Ji=1,LY)
DO S2 I=1,LTOTAL
READ (13) (AW(J),J=1,LT0TAL)
S2 WRITE (03)(Au(J>,J-1,LrorAL)
'DO S4& I=1,LTOTAL
, READ (13) C(AWCJ)»J4=1,LTOTAL)
54 WRITE (09) (AWCJ),J=1,LTOTAL)
D0 55 I=1,LPANEL .
READ (13) (AW(J)sJ=1,LPANEL) =
55 WRITE (10) (AW(J)»J=1,LPANEL)
DO S6 I=1,LPANEL
0 READ (13) (AW A)=1,47)
56 WRITE (11) (AW(JII»d=1,37)
' DC S7 I=1,LPANEL
READ (13) (AW(JI)LJ=1,07)
S7 WRITE (12) (AW(J),J=1,47)
100 CONTINUE S
REWIND 064
REWIND 11
DO 25 I-?rLPANEL
READ (11) (AWCK),K=1,47) A ,
ARITE (04) (AW(KI,K=JPANEL+1,J7)
25 CONTINUE ' S
CALL LLINK(SHLINKEG)
CALL JETNOL(XCODE)
NCON=NCON+1 , : =
IF (NCON .LE. ICASE) GO TO 98
IF (NCON .GT. ICASE) GC TQO S
IF (NG .EQ. 1) GO TO 2C.
S CCNTINUE o '
S TOP
END
FORTY
_anxrs »227K
"INCODE 18MF ' e '
SUBROUTINE STREAM(ALPHA;VMU;I:IPHI;LPANEL;TEMP;LPAN1aLPANZ:ISYM;
1XCOODELEXIT,MI,INDEX,BA) .
TO COMPUTE THE RIGHT HAND SIDE OF THE SIMULTANEOUS EQUATIONS
DIMENSION PHINC3CO),3A(1)
COMM4ON /AERO/ A641IAMZIE1IBZ'CL(30)'CT(30)ICD(3C IGAH(211OO)

73



23

29

12

02=18-78 . C2.177

COMMON /CONST/ NCS:NCNIM1(8)'NSJINCJ(5)0LAST1MJU1(3IS)IMJW2(3IS)IJ

1PANEL,MJIJI(S) /NW(3) ,NNJLNJP

<

COMMON /PARAM/ ALPTIALPCIALPSICDFISDFITHITDF

CCMMON /GEOM/ HALFSHIXCP(ZOO)'YCP(ZOO)lZCP(EOO)'XLE(SO)'YLE(SO)lXT
1E(SQY,PSTI(20),CH(IS5),XV(200),YV(T00),SNC 8,8),XN(200,2)5+YN(200,2).,
2 ZN(20012>INIDTH(8)IYCCN(ZS)ISNEEP(SO)IHALFBISJ(21’8)IEX(95I2)ITX(

395,2)+SCC160,5),S1C160,5),LC(3)

COMMON /SCHEME/ C(Z)IX(10141)IY(10'41)ISLOPE(1S)1XL(2115)'XTT(41)l

1XLL(41)
EQUIVALENCE (X(1,1),PHIN(1))
PI=3,14159265

IUSB=SYCON(24)

2JET=YCON(2S)

N1=NNJ-1

N2=NNJ=-2

N3=NNJ-3

IF (NNJ.EQ,.1) N1=1
NJHS(NSJ+1)/2+17

1F (ISYM .EQ, 0) NJH= NSJIZ
NP=NJH=1
IF (ISYM
ALPHA=0.
IF (I .GT.
GO TO S

IF (I .GT,
IF (EXIT

+EQ. 0) NP=NJUH

LPANEL) GO TO 1

LAST) GO TO 10
.LE. C.001) GC TO 2
IF (NNJ .EQ. 1) GO TO 2
IF (I .LE. MJJ(1) .AND, I
CCNTINUE
ALPHA=ALPT*Y(3,IPHI)* (1
IF (TH .LE. 0.001)
IF (IPHI .EQ. NJH)
IF (ISYM .NE. O .AND.
IF (NNJ.EQ.1 .AND.
IF (NNJJNE.1 .AND. 1.
CONTINUE

1F (ABS(81-82)

«NE.

- =VMU)
GO 70 3
Go T0 3

IPHI .EQ,

.LE. 0.C01) GO TO 28

MJ) GO TO 5

1) GO TO 3
I.GTJLPANEL) ALPHA=ALPHA+CDF=*(1
GT.MJJ(NT)) ALPHA=ALPHA+CDF#(1

. =VMY)
= VMU)

CALL NORSPD (I;ALPH;LPANEL’IPHI:LPAN1;LPANZ:INDEX:BA)

ALPHASALPHA+ALPH

IF (KCODE .EQ. D) GO TOC S :
1F (EXIT .LE, 0.001) GC TO 29
IF (NNJ.EQ.1) GO TO 29

IF (I LE. MJJC(1) AND. I .EQ,
IF (IPHI .EQ. NJH) GO TO S.

IF (ISYM _NE. O .AND. IPHI L.EQ.
IF (IUSB LEQ. 1 .AND. ZJET ,GT.
I (CDF .LT. 0.0C01) GC 7O S

IF (NNJ .EQ, 1) GO TO 12

IF (1 JLE. MJJ(NT)) GO TO S

IF C(IPHI JLT. NJH) IL=IPHI+ISYM

IF (IPHI .GT. NJH) IL=SIPHI-NJH+ISYM

c.0M)

M) ALPHASALPHA/2,

) GO0 T0 5

GO TO 5
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IF (NNJ.EQ.1) MJINI=LPANEL

IF (NNJJNEL1)Y MINTI=MJIJ (NT)
MFSI-MJNTI-(IPHI=1) «NCJ (NNJ)
FNNJ=NCJ INNJ)

DISTJU=SOF . ‘
DLX=DISTJI*C,S*PI/FiNJ
SZX==(1.,~VMU) '
1Q=CIL=-1)*NCJ(NNJ)

IF (NNJ .EQ., 1) IP=SLPANEL+IQ+1
IF (NNJ JNE. 1) IP=MJI(NT)+Ia+1
DO 6 JJ=1,MF

IF (JJ .EQ., MF) GO TO 7
DXTH=DLX*PSI(JJ)*TEMP xVMU*VMU/TH
GO TO 38
DXTHSDLX*PSI(JI)I*TEMP*C, S*VMUXVMU/TH
JK1=IP+JJ

JK2=JK1-1

PROD=SZX*DXTH
JK3I=JK2+NP*NCJ (NNJ)
ALPHASALPHA+PRODX(PHIMN(JK2)-PHIN(JIKI))
CONTINUE

GO TO S

CONT INUE .

IF (CINDEX.EQ.1) GO TO €2

GO TO 63 , .

DO 64 M=1,LPANEL

BA(M»=0.0

CONTINUE

CONTINUE

IJ=1-JPANEL .

IF (KCODE .EQ. 0) GO TC 30

IF (EXIT JLE. 0.01) GO TO 4

C1F (NNJ .EQ. 1) GO TO 4

71

IF (IJ .GT. LPANEL AND. IJ JLE. MJJC1)) GO TO S
CONTINUE : : :

[fF (IUSS .EQ. 1 LAND. ZJET .GT. G.01) GO TO 30
IF (NNJ .EQ. 1) GO TO 2C :

IF CIJ .GT. MJJ(NT)) GC TO 30

I1F (IPHI .LE. NJH) GO TO 30

L Y=NJH
IF C(ISYM .EQ, 0) L1=NJH+I

C1F (NW(2) .EQ. 0) GO TC 70
CIF (NW(3) .EQ. 0) GO TO 7

I'F (1J JGT. MJJIN2)) GO TO 32

1F. (1J GT. MJJCN3)) GO TO 34

IF (NNJ .EG. 4) GO TO 3% : a -

IF (NNJ . EQ, S .AND. IJ .GT. MJJ(NNJ=4)) GO TO 33
60 TO 30 - _ : .

IF (1J .6T. MJJ(N2)) 6C TO 34

IF (NNJ .EQ. & .AND. IJ .GT. MJU(N3)) GO TO 33
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GO TO 30
IF ( NNJ .EQ, 2) GO TO 33 - :
IF (NNJ JEQ. 3 JAND. IJ <GT. MJJ(N2)) GO TO 33
GC TO0 30
K1—MJH1(1'NJP)+(IPHI L1- ISYM)*NW(1) -1
K2=LC (1) +#IPHI-L1-ISYM S
KNWw=NW(1)
GO 10 35
K1=MJWI(2,NJP)+(IPHI~- L1-ISYM)*NN(2) -1 , o .
K2=LC(2)+IPHI-L1=-ISYM
KNW=NWJ(2)
GO T0 35
K1=MJWI1 (3,NIP)+(IPHI-L1-ISYMI*NW(3)-1
K2=LC(3)+IPHI-LI1-ISYM
KNW=NW(3)
CONTINUE
ALPHA1=0.
ALPHAZ=0.
DO 40 KK=1,KNW
KL=K1+KK
AA=1,
DO 42 L=1,KNW
LL=K1+L
IF (L ,EQ, KK) GO TO 42
AA=AA* (XCP (IJ)=XVILL)) /(XV(KL)=XV(LL))
CONTINUE
IF (INDEX.EQ.1) GO TO 65
ALPHAT=ALPHAT+AA*GAM(1,KL)
IF (ABS(B1-B2) .LE. 0.C01) GO TO 40
ALPHA2=ALPHA2+AAXGAM(2,KL)
GO0 TO 40
BACKL)=AA* (1, ~TEMP*VMUxVYMUI *0,S
CONTINUE
IF (ABS(81-8B2) .LE. 0.CO01) ALPHA2=ALPHA!
ALPHA=(ALPHA2-TEMPAVMU*VMU*ALPHA1)*0,5
GO0 T0 S
CONTINUE
CALL SPEED (VMU;I:ALPHA;LPANEL,TEMP,LPAN1:LPANZ'PHIS'IPHI’ISYM'
1INDEX,3A)
If (KCODE .EG. O0) GO TC S
IfF (COF LT, 0.0001) GC 70 5
IF (NNJ .EQ. 1) GO TO 39
IF (IJ JLE. MJIJINTD)) GC T0 S
PHIN(IJ)=PHIS
"CONTINUE - A
FORMAT (6(6X,14))
RETURN
END
FORTY
LIMITS ,27K
INCODE 1EMF
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SUBROUTINE SPEED(VMUIIlALPHAILPANELITEMP’LPAN1’LPANZIPHISIIPHII
1ISYM,INDEX ,BA) .
TO COMPUTE THE INDUCED TANGENTIAL VELOCITIES DUE TO NING ALONE
VORTICES
DIMENSION SU(100),B8AC1)
CCMMON /AERO/ AM1IAM2IE1IBZlCL(30)ICT(30)ICD(30)IGAM(2'100) .
COMMON /CONST/ NCSINCW1M1(S)INSJoNCJ(5):LAST0MJU1(315)1“JU2(3IS)&J
~ =TPANEL,MIJ(S) A NW(3) ,NNJ SNJP '
COMMON /GEOM/ HALFSN:XCP(ZDO):YCP(ZCO)oZCP(ZOO)pXLE(SO):YLE(SO)IXT
1E(SO)lPSI(20)1CH(95):XV(200)1YV(100)rSN( 8,8),XN(200,2),YN(200.2) »
2 ZN(ZOOIZ)IWIDTH(B)IYCON(ZS)rSWEEP(SO)IHALFBlSJ(2’18)IEX(95'2)1TX('
395,2),SC(160,5),51C160,5),LC(3)D
COMMON /SCHEME/ C(Z)rX(10141)IY(10'41)lSLOPE(1S)IXL(2;15)tXTT(41)l
IXLL<s1)
N1=NNJ=-1
NZ2=NNJ~-2
N2=NNJ=-3 .
ZJET=YCON(25)
[1=1I-JPANEL
B8E=81 ’
I1C=1
10 CONTINUE
[2=1
“MM=0
ISN=1 ‘ : : o
NL=NW(1) - ;
N¥= Nd(‘l)_ o o
‘B8=0,
00 1 U= 1ILPAVEL :
IF (INDEX EQ.1) BA(J)-C 0
JJd=J=-MM
FN=NL » : : o
IFQ) LGT, LPANT1 ,AND. J JLE. LPANZ2) ISN=?
IF (J ,GT. LPAN2 .AND. J .LE. LPANEL) ISN=3
IF (J .GE. LPANT _AND, J .LT. LPANEL) GO TO 20
- 6C 10 .21 '
20 NL=NW(2) - ' .
IF (J .GE.vLPANZI.AND, J +LT. LPANEL) NL=NW(3)
21 CONTINUE : ' ' '
| X1=2XN(J,1) - XCP(II)
X2=XN(J,2)=XCP(II).
X12=XNCJI»2)=XN(J 1)
Y12=YN(J,2)~- YN(J;1)
21==2CP(1I1) '

22=-2CP(11)
212=0. '
X2J==21%x12
DO 2 K=1,2
IF (K ,EQR. 1) GO TO 3 -
N=z1 ' '
GO TO &

77



02-13-78 02.177

3 N=2

4

54
56

35

CONT INUE

YC=(-1, )**N*YCP(II)'

Y1=SYN(J,1)-YC.

Y2=YN(J,2)-YC :

XYKSX1#Y12-Y1%X12

YZI==-21%Y12 -
ALBISXYK*XYK+XZJ*X2J+BR*YZI*xYZI
R1B1=SQRT(X1*X1+BB*Y1+xY1+BB*xZ21+%21)
R2B1=SQRT(X2*X2+B3*Y2+Y2+BB*22*22)
UUB1‘(X2*X12+BB*Y2*Y12+88*22*Z12)/RZB1-(X1*X12+88*Y1*Y12+BB*Z1*Z12
1) /R181

F1=yuB1+»YZ1/ALBI

SuM= F1*CH(IZ)*SN(JJ;IS&)*GAM(IC'J)/FN

IF (K .EQ, 1) SuW)s= F1*CH(IZ)*SN(JJpISN)/FN
IF (INDEX.EQ.1) GO TO 54

GO TO 56

3A(J) = BA(J)+F1*CH(IZ)*SN(JJ:ISN)IFN

GO TO 2

3=8+S0UM

CONTINUE

IF (J .LT. NM) GO TO 1

I12=12+1 '

MM=NM

NM=NM+NL

CONTINUE

NJH=(NSJ+1)./241

IF (ISYM _EQ. Q) NJH=NSJ/2

“1F C(IPHI .EQ. NJH) GO 710 30

IF (ISYM _NE. C .AND. 'IPHI .EG. 1) GO TO 30
IF (NNJ .EQ. 1) GO TO 30

IF (Il .GT. MJJ(NT)) GO TO 30

I1F (IPHI ,GT. NJH o AND, ZJET .LE. 0.01) GO TO 30
IF (IPHI .GT. NJH) L1=NJH

IF (ISYM .EQ., O .AND. IPHI .GT. NJH) L1=NJH#+I
IF (IPHI ,LE. NJH) L1=1

NZ=1

IF (NWw(2) .NE. O .AND, NW(3) .EQ. 0) NZ=2
IF (NW(3) . NC. 0) NZI=3

If (NNJ JLE. 3 JAND. NW(2) .NE. O0) IR=N2
TF (NNJ .LE. 3 .AND. NW(2) EG. 0) IR=N1
‘ITF (NNJ .GE. & JAND. NW(3)  NE. 0) IR=N3

IF (NNJ .EQ. 4 .AND. NW(3) .EQ. 0) IR=N?2
DO &1 MP=1,NZ

XK1= MJIWT(MP,NJP)+(CIPHI-LT- ISYM)*Nw(MP)-1
K2=LC(MP)+IPHI-L1-1ISYM '

KNW=NW (MP)

CONTINUE

K1=K1-KNw

K2=K2-1

MR=3
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IF (K1 .GE. 0) GC TO 4C.

K1=K1+KNW

K2=K2+1

"MR=2

DO 42 NR= 1:MR
SuM=0. :

D0 36 KK=1,KNW
KL=K1+KK

"SUM=SUM+SU(KL)

CALL INTEG (RES'KNHoK1oK2rIIpBB'IR)
CORN=0.

DO 37 KK=1,KNW.

KL=KT1+KK

AA=1, . :

DO 38 L= 1,KNw-

LL=K1+L

IF (L .EQ. KK) GO TO 38

AA= AA*(XC°(II)-XV(LL))/(XV(KL) XV(LL))

CONTINUE

IF (INDEX.EQ. 1) GO TO 58

GO TO 59

BA(KL)= SA(KL)-AA*SUW+AA*RES*8
GO T0 37

"CORN= CORV+AA*GA“(ICrKL)

CONT INUE

B=g~- CORV*SUW+CORN*RES*E. ,
K1=K1+KNW ’ o
K2=K2+1

CONTINUE .

IR=IR+1

CONTINUE

CONTINUE ,

IF (INDEX .EQ. 1) GO TC 65
GO TO 68 :
CONTINUE :

DO 60 M=1,LPANEL
SA(M)=BA(M)I* (1, -remprvmurvmu)/a
CONTINUE

-CCNTINUE

IF (IC .EQ. 2) GC TO 8
ALPHA1=8/8.

1C=IC+1

8e=82 -

IF (ABS(B1-B2) .LE. 0.C01) GO TO 7

G0 TO 10

ALPHA2=8B/%,

GO TO 6

ALPHA2=ALPHA1

ALPHASALPHA2- TEWP*VMU*VMU*ALPHA1
PHIS=ALPHA2.

FORMAT (6(F11.5))
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110 FORMAT (6(5X,15))
RETURN
END -
FORTY
_ INCODE 1BMF

SUBROUTINE NORSPD (IIALPHILPANELIIPHIILPAN1ILPANZIINDEXIBA)
TO COMPUTE THE INDUCED NORMAL VELOCITIES DUE TO WING ALONE

"VORTICES
"DIMENSION BA(1)

COMMON /AERO/ AM1IAM2'E1IBZICL(30)ICT(30)ICD(30)IGAM(2I100)
COMMON /CONST/ NCS:NCW:M1(8);NSJINCJ(5)1LAST/MJN1(3;5)1MJN2(315)'J

TPANEL,MJIJC(S) o NW(3) »NNJ LNJP

. COMMON /GEOM/ HALFSN:XCP(ZOO)'YCP(ZOO)IZCP(ZOO)rXLE(SO):YLE(SO)oXT
1ECS0)»PSIC20),CH(95),XV(200),YV(T100),SNC 8,8),XN(200,2),YN(200,2),
2 IN(200,2),WIDTH(8),YCCN(25),SWEEP(50) +HALFB,SJU(21,8) ,EX(95,2),TX(

395,2),SCC160,5),S1(160,5),LC(3)

COMMON /SCHEME/ C(Z)IX(10:41);Y(10:41):SLOPE(1S):XL(2,15):XTT(41)'.

1XLLC(4)
NJH=(NSJ=1)/2

IZ=
MM=
.NM=
ISN=
NL=

Al=
A)
DO
IF
JJ=
FN=
IFf
I1Ff
IFf
60

1F
11 CON
X1
X2=

X12=
Yi12=
212=
213~
2=

XZJ
. DO
IF
N=1
GO
3 N=2

1
0
Nw(1)
1
NWw(1)
0 .

0 .
1 J'1:LPANEL

(INDEX.EQ.1) BA(J)=C,

J=MM

NL

(J .GT., LPAN1 .AND. J .LE.
(J 6T, LPAN2 AND. J oLE.
(J .GE, LPANT .AND. J L.LT,
TO 11

=NW(2)

(J .GE. LPAN2 .AND. J .LT.
TINUE

=XN(J,1)=XCP (D)

XN(J,2)=X(P(I1)
XN(J22)=XN(J,1)
YNCJ,2)=YN(J,1)
O.

zcedl)

-2CP(1) B
=X1%212-21%x12

2 K=1,2

(K .EQ, 1) GO TO 3

T0 &

4 CONTINUE

LPANZ2) ISN=2
LPANEL) ISN=3
LPANEL) GO TO 10

LPANEL) NL=NW(3)
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YC=(=1.)2N2YCP(])

Y1=YNCI 1))=Y

Y2=YN(J,2)~YC

XYK=X12Yi2-Y12X12
YZI=Y12212-21%xY12 )

ALB1= XYK*XYK+XZJ*XZJ+B1*YZI*YZI

CR1B1=SQRT(XT1*#X1+B14Y1+#Y1+B1+21421)

R2B1=SQRT(X2*X2+B1#Y2*xY2+B1%22%22)
UUB1‘(X2*X12+B1*Y2*Y12*81*22*212)/R281-(X1*X12+B1*Y1*Y12+81*Z1*Z12
1) /R131 ‘ :

61=(1. -x1/R181)/(Y1*Y1*Z1*Z1)
G2=(1,~X2/R2B1)/(Y2%Y2+422%22)
ALB2SXYK*#XYK+XZJ*X2J+B2*YZI*YZI
R1B2=SQRT(X1*#X1+B22Y1*YT1+B2*Z1*21)
R2B2=SQRT(X2#X2+B2*Y2 *Y2+82*22+22)

yug2= (x2*x12+32*v2~v12*82*22~z12)lazez (x1*x12+ez~v1rv12+92'11*z12
1) /R132

G3=(1, ~X1/R182)/(Y1*Y1+21*Z1)
G43(1,-X2/R2B2)/(Y2*Y2472%22)
F132U0B81+X2J/ALBY

F12=UuB1+XYK/ALB1

G13=22%G2=21+G1

G12=-Y2+G2+Y1%xG1

F23=UuB2+*X2J/ALB2

F22=UUB2*XYK/ALB?2

G23=22*G4=~21*G3

G22=-Y2% G4 +Y1*G3 _ '
FI1==F13+Y (4 s IPHII* (=1 ) *«N+F12*Y(3,IPHI)
F2=G13xY (4L, IPHI)*(=1,) *sN+G12*Y (3,1PHI)
F33=F23+Y (4, IPHID* (=1, )*x«N+F22*Y(3,1PHI)

L=G23*Y (L, IPHI) *(=1,) *+N+G22*Y(3,1PHI)
CONTINUE :

"1F CINDEX.EQ.1) GO TO &

Al= A1+(F1+F2)*CH(IZ)*SN(JJ'ISN)*GAM(1;J)/FN
A2= A2+(F3+F4)*CH(IZ)*S\(JJfISN)*GAM(Z;J)/FN-
GO TO 2

BAGII=3A(II+(FI+F2~ F3- Fk)*CH(IZ)*SN(JJrISN)/(FM*B >»
CONTINUE

IF (J LT, NM) GO TO 1-

12=12+1 .

MV¥=NM

NN=NM+NL

CONTINUE

ALPH=(A1-A2)/8,

RETURN

END -

FORTY

INCODE IBMF . ,

SUBROUTINE VMSEQGN (NC1,K,AA,A,CA)

O IMENSION AA<1),CA(1>,A<1) :

NC KeNC T
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sSumM1=0,
K1=K=-1
JJ=1
DO 3 JU=1,K1-
Suml= SUM1+AA(J)*A(JJ)
JISJI#NCTI+1
SUMT1=SUMT+AA(K)
DO 5 I=1,NC1
sSume=0.
JJ=1+1
DO 4 J=1,K1
SUMZ2= SUMZ*AA(J)*A(JJ)
JISJJIENCT1+1
KK=K+]
SUM2=SUM2+AA(KK)
CA(I)==-SUMZ2/SUuMmT
Mm=1
L=0
"KNC=(K=1)*NC1
DC 8 I=1,NC _
IF (I.GT,KNC) GO T0 7
MP=(M=-1)*NC1+1
. IF (l.EQ.MM) GO TO 9
KK=KK+1
IL=T+L
ACI)=CA(KK)*BASE+A(CIL)
GO T0 38 A
I1I=1-KNC
A(I)=CA(II)
CONTINUE .
GC TO 10
I I=sMM+M=-1
BASE=A(II)
KK=0
L=L+1
M=M+1
GO TO 6
CONTINUE
RETURN
END
FORTY
INCODE I BMF

SUBROUTINE INTEG (FsNN,LJ»IZs1JsBsIR)
COMMON /GEOM/ HALFSH:XCP(ZOO)0YCP(200)IZCP(200)lXLE(SO)IYLE(SO)lXT

1E(SO)IPSI(ZO)ICH(QS)IXV(ZOO)IYV(100)ISN( 818):XN(20012)'YN(20012)'
2 INC200,2) +WIDTH(8)»YCON(25)»SWEEP(S0),HALFBSSJI(21,8) sEX(95,2),TX(
395,2),5CC160,5),81(160,5),LC(3)

P1=3,14159265

J=LJ+1

JJ=SNN*16

I1F (NN .GT. 6) JJ=NN*B
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Fi=JJ

CI1=TX(I2,1)-EX(12,1)

2= TX(IZ'Z) EX(IZ;Z)

sum=0,

00 1 K=1,4J

XXx1= Ex(IZ:1)+C1*SC(K'IR)

XX2ZEX(I2,2)+C2*SC(K,IR)

X1=XX1=-xXCP (1J)

X2=XX2~-XCP(I1J) o ‘ _
YI=YN(I,1)-YCP (IS - e , o
Y2=YN(J,2)=-YCP(1J) : - ) o :
Z1=2IN(J,1)=-2CP(1J)

Z2=IN(J,2)=-2CP(1J)

X12=Xx2-xx1 _ .

Y12=YN(J,2)=-YNC(J,1)

Z122INCIL,2)Y-INCJ,T)

YZI=Y1%212-212Y12
CXYKSX1#Y12-Y1#X12

XZJ=X1#%Z212-21%%X12 »

ALB=XYK*XYK+XZJ*XZJ+B*xYZI*YZI

RI=SQRT (X1 X 1+B*Y1xY1+BxZ21%21)

R2=SQRT (X2 *X2+B*Y2 Y2 +8%22%22)

UU=(X24X12+3*Y2*Y12+B*x22*212) /R2- (X1*X12+B*Y1*Y12+B*Z1*Z12)/R1
SUMSSUN+UU*YZI/ALB#*#SI(K,IR) :

F= SUW*CH(IZ)/(B *FJ) ’

RETURN, :

END

FORTY
INCODE ISMF :

SUBROUTINE INVRCX (THETAI’BONDN'AA:IPANEL:BIGCX;AK:ICN:CX)

FIND THE INVERSE TRANSFORMATION MATRIX _
DIMENSION THETAI(1)'BOLDN(1),AA(1):BIGCX(IPANEL,1)

DIMENSION AK(1),CXCICW,1) ' :
COMMON /ADD/ CP(100);CM(30)iBREAK(S);SwP(Sols)pGAL(30)oISYM)VMU;VU
1, TEMP,FCRICAMLERSCAMLET, CAMTER CAMTET S XJ»YJs2JsRI/ALPCREF,TUWISTR .
COMMON /CLOPE/ D2DXK(100),ALPAO(15),6CBC100),6CBX(100),THETAX (10)
1,CCX(€100),02D0XK(100),GAN(2,100) '

CCMMON /CONST/ NCSINCN;M‘](8)0NSJONCJ(S)aLAST1MJN1(SIS)IMJUZ(:SIS)'J
TPANEL,MIJ(S) »NW(3) ,NNJSNJP

COMMON /GEOM/ HALFSWsXCP(200) ,YCP (200) »2CPC200) »XLE(SO)»YLECSO) ,XT
1E(50),PSIC(20),CH(9S),xVv(200),YV(100>,SN(8,8 )IXN(ZOOIZ)IYN(ZOOIZ)I
2 ZN(ZOO:Z);NIDTH(s),YCCN(ZS)'SNEEP(SO)’HALFB,SJ(21;8),Ex(95a2),Tx(
395+2),SC(160,5Y+S51C160,5),LC(3) '
- COMMON ./COST/ LTOTAL,LFAN1,NJw(5),LPANEL;IENTN,LPANZ,EXIT,PTIAL,Tw
1ISTIDF(S)INFP

PI=3.,14159265

1=1

1sSm=1

I1SN=1

IFF=1

MJ=1
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NN=NWw(ISN)
MAX=(MTCISM)=T)*NWCISN)
DO 15 J=1,LPANEL )

MI=J-1FF+]

ML=MI1(ISM)

NL=NW(ISN)

FML=ML

FNL=NL
S GCBX(JIS=CHCI)*WIDTHCISM)*XV(J)/(FML*FML*CREF)*SN(MILISN)*SJ(MJ,IS
1)

GCB(JI=CHCII*WIDTH(ISM)/ (FNL*FML) *SN(MI,ISN)*SJ(MJ,ISM)
IF (J LT, NN .OR. J 4EQ., LPANEL) GO TO 15

15

69

62
63

59

64
65

1=1+1
TFF=NN+1

IF (J .EQ. LPANT .OR. J .EQ. LPAN2) ISN=ISN+1

NN=NN+NW (I SN)

MJ=mMJ+1

IF (MJ LJEQ. MICISMY) My=1
IF (J,LT.MAX) GO TO 15§
ISM=ISM+1

IF (J .EW, LPANT1 .OR. J .EG,
MAX=MAX+(MI(ISM)=1)*NUW(ISN)
CONTINUE :
NW2SNW(T)+NW(2)

IF (NW(2).EQ.0) GO TO €2
1I=1+NCS '

IF (NW(3)_NE.O) GO TO 69
CHORD=CH(1)+CH(II) )
XX1=CH(1)/CHORD
THETAT=ARCOS(1,-2.%XX1)
THETA2=PI

GO TO 63

ITI=II+NCS
CHORD=CH(T)+CH(II)+CH(IID)
XX1=CH(1)/CHORD
THETA1=ARCOS(1,-2.%#XX1)
XX2=(CH(1)+CHC(II))Y/CHORD
THETAZ2=ARCOS(1,=-2.%XX2)
GO TO 63

CHORD=CH(1)

CCNTINUE

D0 61 J=1,NCW

IF (NW(2),EQ.0) GO TO 64

‘IF (JJLEJNW(T)) GO TO 64

IF (J.GT.NW2) GO TO 59
LLSLPANT+J-NW(T)

GO TO 65
LLSLPAN2+J)~NW2

530 TO 65

LL=y

CONTINUE

LPAN2)

IsSM=1
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XCK=(XV(LL)=-XLEC1))/CHORD

XCI=(XCPCLL)=XLE(1))/CHORD

THETAI(J)=ARCOS(1,-2.+XCI)

THETAK(J)=ARCOS(1,=-2.%XCK)

CONTINUE : :

DO 13 K=1,NCW

DO 13 J=1,NCW

FM=NCW . :
CXCKAIIZV /FMx (=1, ) 2% (K+J) *SINC(THETAK(J))/(COSCTHETAK (J))~COSCTHET
1AI(K))) : '

CONTINUE

ICA=ICwW _

CALL SETODIM (CX,ICA,ICA)"

CALL HEMINV (CX,ICA,BONDN)

STORE THE INTERPOLATION MATRIX IN THE COMMON BLOCK CCX(I)

0C 138 I=1,NCW

DO 18 J=1,NCW

IK=(I=-1)*NCW+J

CCXCIK)I=CX(1,d)

RETURN

END

LINK LINK11

FORTY :

LIMITS 31K

INCODE IBMF

SUEROUTINE GEOMTY(KCODE)

TC SET UP THE GEOMETRY OF THE VORTEX ELEMENTS AND CONTROL POINTS
DIMENSION XXLCS5),YLCS) »XXT(S),ZLCS),CPCWL(31),CPSWL(31) ' :
COMMON /AERO/ AM1,AM2,B1,B2,CL(30),CT(30),CDC30),GAM(2,100)
COMMON /ADD/ CP(100),CM(30),BREAK(8),SWP(8,15),GAL(30),ISYM,VMU,VU

1, TEMP,FCRICAMLERACAMLE T, CAMTERSCAMTET 4 XJsYJs2J,RIFALPLCREF,TWISTR

vibwﬂlvla

6
8
400
602

COMMON /CONST/ NCSINCNoM1(8)1NSJINCJ(5)1LAST0MJd1(3:5)1”JU2(315);J
1PANEL,MIJC(S) o NW(3) /NNJ LNJP

COMMON /COST/ LTCTALILFAN1INJU(S)ILPANELIIENTNILPANZIEXlTlPTIALITH
1TISTADF(S)ANFP

COMMON /PARAM/ ALPTIALPCIALPSICDFISDFITHITDF

CCMMON /GECM/ HALFSNIXCP(ZOO)IYCP(ZDO)’ZCP(ZOO)IXLE(SO)IYLE(SO)IXTV
1E(SO),PSI(20),CH(95),XV(200),YV(100),SNC 8,8),xXN(200,2),YN(200,2),
2. ZN()OOOZ)INIDTH(8)IYCCN(ZS)ISHEEP(SG)IHALFBISJ(21)8)'EX(9502)ITX(
39502)ISC(16005)131(160'5)ILC(3)

COMMON /SCHEMEY/ C(Z)IX(1O'41)'Y(10041)lSLOPE(15)1XL(2»15)1XTT(41)l
IXLLC&T) A
FORMAT (3(I4,6X))

- FORMAT (8(F10,5))

FORMAT (8(6X,14))

FORMAT (10X,8HHALF SH—:E12 5110X05HCREF IE12 S)

FORMAT (6(F10,.,5)) ‘ ,

FORMAT (2(6X:I‘)17F10.5)J

FORMAT (13HCASE NUMBER =,12)

FORMAT(IHDL,10HINPUT DATA) ) . . : i
FORMAT(1HO»'LPANEL= I13I3XI'JPANEL 'S I13,3Xs LAST=,13,3X,LTOTALS"
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1,13) :
403 FORMAT(1H0;35HVORTEX ELEMENT ENDPOINT COORDINATES ) :
610 FORMAT (1HO.,' 'UBXSTX2 ' ,BX, Y1, BXs'Y2 8%, " ', 8X%X,'22"',8X)

4046 FORMAT(1H0126HCONTROL POINT COORDINATES=)
620 FORMAT (140, XCP.I7XI.YCP'I7XI.ZCP'I7XI XCP':?XI'YCP')?X;'ZCP )

‘405 FORMAT(THO,42HWARNING. THE EQUIVALENT JET MACH NUMBER 1s,F10, 5:41H

- 11T HAS BEEN SET TO 0.9 IN THE COMPUTATION)
29 FORMAT (1HC,46HTHE EOUIVALENT JET PROPERTIES ARE EVALUATED AT'F10

x5) -
30 FORMAT (1HO,28HTHE EQUIVALENT JET RADIUS 1S,F10.5)
36 FORMAT(/2C0X,SOHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
32 FORMAT (1HO0,49HTHE VELCCITY RATIO OF THE EQUIVALENT JET,VO0/VJ,IS,F

*1C.5) .
37 FORMAT(/20X,46HTHE JET HAS NOT NASHED THE WING. AN‘EQUIVALENT/ZOXo

143HCIRCULAR JET IS USED FOR INTERACTION COMPUTATION) _
38 FCRMAT(/20X,STHTHE JET HAS WASHED THE WING. A RECTANGULAR JET WITH

1/720X,42HLATERAL EXTENT EQUAL TO THE EQUIVALENT JET/ZOX;AQHDIAMETER

2 IS USED FOR INTERACTION COMPUTATION) .
39 FORMAT(/20X+,S5ST1HNOTE, CHECK WHETHER THE WING IS IMMERSED IN THE JET

1) :

WRITE (6,400

pPI=3. 14159265

NCS=0

KL=0

IPANEL=1

RT=0.0 _

DO 28 1=1,.5
28 DF(I)=0.

*«xMACH NUMBERS OF FREESTREAM AND JET FLOW, FREESTREAM/JET VELOCITY
RATIO,JET/FREESTREAM TEMPERATURE RATIO,ANGLE OF ATTACK IN DEGREE..,
WING L.E. AND T.E. X-COORDINATES AT THE JET AXIS LOCATION#**

READ (5,2) AM1,AM2,VMU,TEMP,ALP,XEL,XET
WRITE (6+2) AM1,AM2,VMU,TEMP,ALP, XEL,XET

«x«NUMBER OF FLAP SECTIONS (INCLUDING THE JET SPAN), THE NUMERICAL
ORDER OF JET SPAN AND THE CORRESPONDING FLAP DEFLECTION ANGLES IN
DEGREES ===
READ (S,6) NFP,NJP,(DF(I1)s1=1,NFP)

WRITE (6+6) NFP,NJP,(DF(I)A,I=1,NFP)

***REFERENCE HALF WING AREA, DISTANCE OF FLAP HINGE FROM LOCAL L.E.

REFERRED TG LOCAL CHORD, TWIST IN DEG.., INCIDENCE OF ROOT CHORD INl.

DEGe»r X=» Y= AND Z- COORDINATES OF JET. CENTER AT EXIT' AND JET
RADIUS #*#x .
NOTE FOR -USB - APPLICATIONSp YJ:ZJ‘AND RJ‘MAY BE ANY NON=ZERO VALUES,
+UNLESS THE RECTANGULAR JET IS NOT ON THE SURFACE AND THE ENTRAIN=-
MENT EFFECT IS TO BE ACCOUNTED FOR.

CREF - MEAN AERODYANMIC CHORD

READ (5,2) HALFSWoTWIST,TWISTR,XJ,YJr2JsRILCREF

WRITE (6,2) HALFSW,TWIST,TWISTRAXJWYIPrZJsRI,CREF
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‘***TRAJLINF-EDGE ANGLE IN DEG,» PARTIAL-SPAN FLAP INDICATOR (=0. FOR

NO OR FULL-SPAN FLAP, AND =1, OTHERWISE), CONFIGURATION INDICATOR
(=1, FOR US8, AND =0. FOR OWE) ‘ : , '
NOTE FOR USB . AFPLICATICNS, TEANGL MAY BE ANY VALUE *

READ (5,2) TEANGL,PTIAL,USB : :

WRITE (6,2) TEANGL,PTIAL,USB

CAMLER=0.

CAMLET=0.

CAMTER=0,

CAMTET=0.

I1yss=uss
DFJ=0,
cMu=0,

* THE FOLLOWING DATA ARE NOT NEEDED FOR OWB: APPLICATIONS *

198

295

IF (IUSB .NE. 1) GO TO 198

#** THRUST COEFFICIENT, JET DEFLECTION ANGLE IN DEG, AND ENTRAINMENT

CODE IF THE RECTANGULAR JET IS NOT ON THE WING SURFACE (=1, IF THE
ENTRAINMENT DUE TO AN EQUIVALENT ROUND JET IS TO BE INCLUDED, =0.
OTHERWISE)

READ (5,2) CMU,DFJ,TNJ

WRITE (6,2) CMU,DFJ,TNJ

CONTINUE )

DFJ=DFJ*PI/180,

DO 25 1=1,5 '

DF(I)=DF(I)+«PI/180.

TOF=DF(NJP)

ALP=ALP*PI/180.

ALPS=SIN(ALP)

“ALPC=COS(ALP)

ALPT=ALPS/ALPC
DESTEANGL#*PI/180.+TDF
IF (IUSB .EQ. 1) CDF=DFJ

CEXIT=0,

IF (XJ .GT. XEL) EXIT=1.
XEL=(XEL=-XJ4)/RJ
XET=(XET=XJ)/RY

Z=1J/RJ

‘TH=0.

M1(4)=0

. TTN=TNJ

YCON(23)=TNJ

— . LF (IUS3 .EQ. 1. .AND. ITN .EG. 0) 60 T0 199

CALL ENTRN (VMU;AMZ:TEMP;XM:CU:RT:XEL:XET:Z:KCODErXJC)
XEQUISXM*RJI+XJ

REQUI=RT*RJ

R T=REQUI , _

IF (IUS3 .EQ. 1) GO TO 199
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IF (XEL LT, 0. AND, 2ZJ .GE. (2.*RJ)) KCODE=D
IF (24 .GE. (3.*%RJ)) KCODE=D :
F1==29,5428+«CU*CU+33,7271+CU~8,9148
IF (CU .6T. 0.6339) F1=0.6+0.4*(CU=0. 6339)/0 3661
1F.(F1 .LT. O. JAND., 2J .GE. (tT. 9*RJ)) KCODE= 0
IF (KCODE .EQ., 0) GO TC 199 : .
IR=PI*RT/2. ' '

- THsZR

199 CONTINUE
IF (1us3 .EQ.”1) KCODE=1
IF (JusS3 .NE., 1 .AND., KCODE ,EQ, 1) GO TO 197
GO T0.196 : C

197 AX=XEL*RJ
DJIX=2,%RJ
If C(F1 LT, 0.) F1=0. .

IF (ZJ LT, (2.%RJ) LAND, ZJ .GE. (1.5%*RJ)) FI1=F1+(1,-F1)*(2,*RJ~
124)/7(0.,5+RJ) )
IF (20 LT, (1,5%RJ)) F1=1,
IF (F1 .GT. 1.) F1=1,
FACT=F1
COF=DE*FACT
196 CONTINUE '

*xx TOTAL NUMBER OF SPANWISE SECTIONS, AND THE NUMBER OF VORTEX
STRIPS IN EACH SECTION PLUS 1 *#*» '

*+ THE NUM3ER OF VORTEX STRIPS IN THE JET REGION SHOULD BE CONSISTENT
WITH THAT OF JET VORTEX STRIPS =
READ (5,3) NC,{(MIC{I),I=1,NC)
WRITE (6+,3) NC,o(MI(I),1=1,NC)

#+*THE NUMERICAL ORDER OF FLAP AND JET SPANS AMONG THE SPANWISE
SECTIONS #%* ,
READ (5,3) (NJWC(I),I=1,NFP)
WRITE (6,3) (NJW(I),I=1,NFP)

* k& NUMBER OF CHORDWISE VCRTEX ELEMENTS IN CHORDWISE SECTIONS »xx
READ (5,3) (NW(I),I=1,2)
ARITE (56,3) (NW(I),I1=1,3)

NCAd=NJ(1)
L=1

105 CONTINUE
LL=1
FN=NCW .
DO 100 I=1,NCW S
FI=1 ‘ , . ' A
CPCWL(I)=0,5%(1,=COS((2.#FI=1,)*PI/(2.%FN)))
SNCI,L)=2.#SQRT(CPCYL (1) *#(1.,-CPCYWL(I)))

100 CPCWL(I)=CPCWL(I)*100.

’ DO 10 KK=1,M(C
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¢ *xx COORDINATES OF BRFAK CHORDS BOUNDINb SPANNISE SECTIONS Ll
READ (5,2) (XXLCI)#XXT(I)WYL(I),1=1,2) . : . :
ARITE (5,2) (XXL(I):XXT(I):YL(I):I =1,2)

(IUS3 .EQ. 1) GO TO 113 I

(I5YM .5Q. 0 LAND. . EG. 1) GO TO 99.

: (KK .EG. (NJw(NJP)+1)) 60 TO 103 | ,
1F (ISYM .NE. O .AND. KK .EQ. (NJW(NJP)=1)) GO TO 102
IF (I1SyMm _NE. O JAND. KK .EQ, NJH(NJP)) GO TO 99
6o TO 113

99 XXL(2)=XXL (1) +(XXL(2)~ XXL (12D % (YL (2) =YL (1) #RT=RD 7 CYL(2) =YL (1))
XXT(2)=XXT (1) + (XXT(2) =XXTCI) % (YLLI=YLUD$RT-RII/ (VL) =YL (1))
IF (ISYM .E@. 0) GO TO 104 ,

103 xxL(1)=xL2

O XXT(1)=xT2

GO TO 104
102 XXL(Z)-XXL(1)+(XXL(2)-XXL(1))*(YL(2) Ye(t) - RT+RJ)/(YL(2) SYLC1))

: XXT(’)-XXT(1)+(XXT(2)-XXT(1))*(YL(Z)-YL(!) =RT+RJI/CYLC(2I=YLCT))
106 XL2=xXL(2)
- XT22XXT(2) _ ’ o
IF (ISYM LEG. O AND. KK .EQ. 1) GO TO 112 .
IF (ISYM JNE. € JAND. KK +EQ. (NJWI(NJP)=1)) GO TO 112
SYLC1)=YL2 o o _ ,
112 1F (ISYM ,EQ., 0) GO0 TO 101
IF (KK LEQ., (NJW(NJP)Y+1)) GO TO 113 .
IF (KK LEQ. NJWINJPY) YL(2)=YL(2)+RT=-RJ
IF (KK JEQe (NIJWCNJP)=1)) YL(2)=YL(2)=-RT+RJ
_ GO TO 111 : o : ~
101 IF (KK .EQ. 1) YL(2)=YL(2)+RT=-RJ.
111 YL2=YL(2) - : .
7113 CONTINUE
' FM=M1(KK)
NSW=M1 (KK)
00 120 J=1,NSW
Fd=J R _ L :
CPSWL(J)=0,5%(1, -cos<<2.'FJ—1.)*Px/(2;~FM)))~1oo.
YCON(J)=0,5=C1.-COSCFJI*PI/FM)) ' :
SICI,KKI=SINCFI*PLI/FM) -
120 CONTINUE - S
IF (KK .EQ. NC) GO TO 130
CPSWL(NSW)=100.
60 TO 135 '
130 CPSWL(1)=0, . , o ‘
135 IF (KK JEQ. NJW(LL)) MJIWI(L,LL)=IPANEL -

e I F _(KK_ EG . NJW(NJP)) LC(L) KL+1
LR=C(L=1)*NC+KK i
CALL PANEL(XXL:YL'XXT:CPCWL:CPSHL:NSH'IPANEL:LPANEL:KL'LR;SHP) '
IPANEL=LPANEL+T _ :
NCS=NCS+NSW=1
WIDTH(KK)=YL(2)=-YL(1)

I
1
I

T Tm T
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BREAK(KK)=YL(1) ,
- 1F (KK ,EQ. NJWCLL)) MJW2(L,LL)=SLPANEL
IF (KK ,NE. NC) GO TO 10 _ :
HALFB=YL(2) L
10 IF (KK .E@. NJWCLL)) LL=LL+7
- IF (L ,EQ, 3) 60 TO 107
IF (L JEG. 1) LPANTI=LPANEL
IF (L ,EQG, 2) LPAN2=LPANEL
IF (NW(2) .EQ. 0) GO TO 106
L=L+1
NCW=SNA(L) .
IF (L .EQ. 3 .AND. NW(3) .EQ. 0) GO TO 108
GC TO 105
106 00 23 1=2,3
DO 23 J=1,NFP
MIw1(1,J)=0
23 MJIW2(l,J)=0
LPAN2=LPANEL
NCS=NCS=*3
GO TO 107
108 DO 24 I=1,NFP
MJw1(3,1)=0

24 MIw2(3,1)=0

L=L=1
NCS=SNCS+NCS/2
107 CONTINUE
NCS=NCS/3
NCISNW {1 +NW{2) +NW(3)
(AVERTE TV o :
IfF (luss .EQ. 1) CuUu=VMU
vy¥y=CuU
RTJ=RJ
2JT=2J :
IF (RT ,GT. ZJ .AND. KCODE .EQ. 0) ZJT=RT
IfF (IUSB .EQ. 1) GO TO 109
AM2=A%1/ (VMU*SQRT(TEMP))
IF (AM2 .GT, 0.9) WRITE (6,405) AM?2
I1fF (A2 ,GT, 0.9) AM2=0,9
109 CCNTINUE
LAST=LPANEL

*++ TOTAL NUMEER OF STREAMWISE JET SECTIONS, NUMBER OF JET CIRCUM-

FERENTIAL STRIPS PLUS ONE( USE ODD NUMBERS FOR A NON-CENTERED JET
AND EVEN NUMBERS FOR A CENTERED JET)» AND NUMBERS OF JET VORTEX
ELEMENTS ON EACH JET SECTION *##x - A
READ (5,3) NNJ,NSJ,(NCJIC(I),I=1,NNJ)

WRITE (6+3) NNJsNSJL(NCI(II I=1,NNJ)

IF (KCODE .EQ, 0) CALL CIRCJ(ISYM,NSJ,Y)

IF (ISYH .NE. 0) NSJJ=(NSJ+1)/2
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NSYM=1-ISYWN

NSJ1=NSJJ-1

FNJ=NSJJ

CPSWL(1X=D,

CPSWLINSJI)I=T, :

YCON(1)=D0.5%(1,-COS(PI/FNJ))

DO 33 I1=2,NSJ1 ‘

FI=1 . - '

CPSWL(I)=0,5%(1,-COSC(2.4FI=1,)#*P1/(2.%FNJI))
33 YCONC(I)=0. 5*(1 -COSCFI*PI/FNJI)

IENTN=NC

JC=NCS#L

NJT=NNJ=1

DO 11 JJ=T,NNJ :

IfF (IUSB .EQ, 1) GO Tu 122

x++ COORDINATES OF BOUNDING LINES OF JET SECTIONS PROJECTED ON X~Y

PLANE *# .
READ (5,2) (XXL(I),xxT(1),YL(1),1-1,2)-
WRITE (6,2) (XXLCD,XXT(1),YL(D),121,2)

IF (ISYM .EQ. Q) GO T0 98
XLI=XXLCTY=(XXL(2)=XXL (1)) *(RT=RTII/CYL(2)- YLCT))
XTISXXT (1) =(XXT(2)=XXT (1)) *(RT=RTJI/CYL(2I=-YL(C1))
98 XL2=XXLC1Y+(XXL(2)=XXL (1)) *(RT+RTJDI/(YL(2)-YL(1)) .
XT2= XXT(1)+(XXT(2)-XXT(1))*(RT+RTJ)/(YL(2) YL(1)Y)
IF (ISYM LEQ. 0) 6o T0 97
XXL(1)-XL1
S XXT(1)=xXT1
97 XxxXL(2)Y=XL2 -
XXT(2)=xT2 o
IF (ISsYy4 ,EQ, 0) GO TO 96
YL(1)SYL(1)=RT+RTJ
96 YL(2)=YL(2)+RT=RTJ
IF (KCODE LEQ, 0) GO TC-13
XXL(&)=XXL(2) : :
XXT(L)=XXT (2)
YL(4)=YL(2)
XXL{2)=XXL (1)
XXT(2)=XXT (1)
YL{2)=yYL (1)
XXL(3)=XXL(4)
XXT(3)=XXT (4)
YL(3)=YL(4)
2L<1)y=0.
ZL(2)=2ZR

ZL(3)=ZR.
2L(4)=0.
13 CONTINUE
GO TO 1271
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«*xCOORDINATES OF BREAK PCINTS DEFINING RECTANGULAR JET SECTIONS FOR

122

123
121.

1000

12

11
21

124

USB CONFIGURATIONS*«x

DO 123 I=1,4

READ (5,2) XXL(X);XXT(I);YL(I);ZL(I)

WRITE (6,2) XXL(I):XXT(I),YL(I)rZL(I) .
CONTINUE : e
11=3 , :

JJ1=J4J+L

FNCJ=NCJ(JJ)

NJ=NCJCJJ)

NMJI=NJ*16

IF (NJ .GT, 6) NMJ=NJ=*3

FNJ=NMY ' .

DO 1000 J=1,NMJ

FJ=J :
SCCIrdd)=0.5%#(CT . =COSC(2.*%FJ=1,)*PI/(2,*FNJ)))
SI(J,dI)ISSINCC2,*FJ=1,.)%PI/(2.%FNJ))

DO 12 J=1,NJ

FJ=J - ,
CPCWL(J)SO 5% 1,=COSC(2.%FJ=1,)*PI/(2,.*%FNCJ)))
SN(J,JJ1)=2,*SQRT(CPCWL(J)* (1 ,~-CPCWLCJDD)

IF (KCODE LEQ. 0) CALL JSHAPE(XXLoXXToYLsYJ,ZJT,RT,CPCwWL,IPANEL ,NJ
1,JC15YM)

IF (KCODE .ZQ. 1) CALL RESHAP(XXL o XXToYLsZL,CPCWL,CPSWL,IPANEL,NJ,
1JC,I1,NSYM) ’ '
MJJCJJII=LAST

IPANEL=LAST+1

COCNTINUE

SDF=XXT(1)=XXL(1)

IF (IUS3S .EQ. 1) TH=ZL(3)=ZL(4)
YCON(25)=ZL(4)

YCON(24)=USB

C(1)=CcMU :

IF (KCODE .EQ. 0) YCON(25)=1,

IF (KCODE LEQ., 1) CALL RECTJCISYM,NSJ,Y)
WRITE (6,4) HALFSW,CREF

JPANELSLAST=LPANEL

LTOTAL=LAST+JPANEL

WRITE (6,402) LPANEL;JPANEL,LAST,LTOTAL

IF (I1USB .EQ. 1) GO TO 124

WRITE (6,36) ,

IF (KCODE .EQ., 0) WRITE (6,37)

IF (KCODE .EQ., 1) WRITE (6,38)

IfF (KCODE .EQ. 1) WRITE (6,39)

WRITE (6,36) :

WRITE (6,29) XEQUI

WRITE (6,30) REQUI

WRITE (6,32) VMU

CCNTINUE

WRITE (6,403)
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WRITE (6,610) :

WRITE (615) (XN(II1)IXN(IIZ)lYN(II1)IYN(IIZ)IZN(II1)IZN(IIZ)II 1,L

1AST) '

WRITE (6,%C4)

WRITE (62620) : '

WRITE (6,5) (xcp(l),ycp(x).ch(x),x 1:LAST)

1F (KCODE .EQ. 1) GO TC 2022 :

IF (I1SsYMm _,eaq. 0) GO T0.2021

FN2=(NSJ=1)/2+1

NJH=(NSJ=-1)/2+2

ANG=P1I/(2.*FN2)

FAC=(SIN(3.*ANG)=-SIN(ANG)/COSCANG) )/ (1.~C0S(3,.*ANG))

PHI=P1/2.-ATAN(FAC) ' '

NJH1=NJH=-1 -

NJH2=NJH+1

Y(3,2)=SINCPHI)

Y(4,2)==COS(PHI)

Y(3,NJH1)=Y(3,2)

Y(4oNJHT)==Y(4,2)

Y(3,NJH2)==Y(3,2)

Y(4,NIJH2)=Y(4,2)

Y(3,NS31)==-Y(3,2)"

Y(4,NSI1)==Y(4,2)

G0 TO 2022
20271 FN2=NSJ/2

"~ NJH=NSJ/2 .

ANGT1=1.-0.5+(1.=-COS(PI/(2.%4FN2)))

ANG3=1,-0.5%(1.-COS(3.*PI/ (2., %FN2)))

ANGT=ATAN(SQRT(1.-ANG1*ANG1)/ANGT)

ANG3=ATAN(SQRT (1.,-ANG3*ANG3)/ANG3) :
FAC=(SINCANG3)~ SIN(ANG1)ICOS(ANG1))/(1 -COSCANG3)) "
PHI=PI/2.=ATAN(FAC) : .
NJHT1=NJH=1
NJH2=NSJ1
YC(3,NJA1)=SINCPHI)

Y(4,NJHI1)=COS(PHI)
Y(3,NJH2)==Y(3,NJH1)
. Y (4, NIH2)2Y (4, NJHT)
2022 CONTINUE :
FNJ=NCJC(NND)
NPJ=NCJ (NNJ)
DO 777 J=1,NPJ
. Fd=J
777 - PSICI)= SIN(FJ’PI/FNJ)
22 CONTINUE = .
. BETA1=SQRT(1.-AMT*AM1) - . . . N ; .
T T BETAR2=SART(IL=AM24AM2) T - o S e e
' B1=BETAT*BETA1. I . ' ‘ :
B2=BETA2+BETA2
DO 951 KK=1,NCS
XLL(KK) = ALP+(TWISTR+TM1$T*YLE(KK)/HALFB)*PI/180.
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-~ T=XLL(KK)

XTT(KK)'SIN(T)/CCS(T)
"RETURN
END
FORTY
INCODE IBMF : : . Com
SUBROUTINE RESHAP(XXLIXXTIYLIZL:CPCNLICPSULIIPANELlNJIJClJJINSYM)
TO DEFINE THE LOCATIONS OF VORTEX AND CONTROL POINTS ON REC(CT. JETS
DIMENSION XXLC1),YLC1),XXT(1),ZL(1),CPCUWLC(T1),CPSWL(T)
COMMON /CONST/ NCS:NCN:M1(8):NSJ:NCJ(5);LAST:MJM1(3:5)1”JU2(315);J
TPANEL,MIJ(S),NW(3),NNJ +NJP
CCMMON /GEOM/ HALFSW,XCP(200),YCP(200),ZCPC200) »XLE(SO)»YLE(SO) oXT
1E(S50),PSI(20),CH(925),Xxv(200),YVv(100),5N{ 8,8),XN(200,2),YN(200,2),
2 ZN(ZOOIZ)INIDTH(S)IYCON(ZS)ISNEEP(SO)IHALFBISJ(21I8)IEX(9512)ITX(
395+2),5SCC160,5),S1¢160,5),LCC3) -
COMMON /SCHEME/ C(Z)'K(1OI41)IY(10141)pSLOPE(1S)IXL(211S)'XTT(41)I
1XLL(4T)
PI1=3,14159265
IF (NSYA EQ. 0) NSJJ=(NSJI+1)/2
IF (NSYM .NE. 0) NSJJ=NSJ/2
NSJI=NSJJ-1 ‘
DO 1 J=1,NJ
Fd=J
FNJ=NJ
PSICJ)=0,5+*(1,-COSCFI*PI/FNJ))
DO 2 IS=1,4 '
IF (NSYM ,EQ. 1 ,AND, IS .EQ. 1) GO TO 2
IF (IS .E@. 4) GO TO 6C -
K1=1S§
K2=1S+1
GO 70 61
K1=1
K2=4
CONTINUE
SPAN=YL(K2)=YL (K1)
XDIF=XXL(K2)“XXL(K1X
D0 3 I=1,2
I11=1+K1-1
I1F (IS .EQ., & LAND. I .EQ, 2) II=4
CCI)=xXTCII)~XXL(CII)
DO 3 J=1,NJ A
XLCIAJ)=XXLCII)+CPCWL (J)*CC])
1F (ABS(SPAN) ,LE. 0.001) GO0 TO 10
DO 25 J=1,NJ :
SLOPE(J)I=(XL(20,4)- XL(1:J))/SPAN
DO 30 K=1,NSJJ
YK=CPSWL(K)*SPAN
00 30 J=1,NJ
Y(J,K)=SYK+YL(KT)
XCIrKIZSXLC1,J)+SLOPECII* (Y (JrKI=YL(KT))
CONTINUE
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NS=NSJ1 :
I1F (ABS(SPAN) .LE. 0.001) NS=1

DC 35 K=1»NS$

YC=YCON(K) : S
IF (ABS(SPAN) ,LE. 0.001) Y(C=0.5
KK=JC+K L
CHC(KK)=C(1)=(C(1)=C(2))*YC

IF (ABS(SPAN) _LE, 0.0C1) GO 10 70
YC1=CPSWL(K)

YC2=CPSWL(K+1)

GO T0 71

YC1=0,

yc2=1,

CONTINUE

EX{KK,1)=XXL({KI1)+XDIF*Y(C
EX(KK,2)=XXL(K1)+XDIF*xYC2 _
TXCKK,1)=XXT(KTI)+(XXT(K2)=XXT(K1))*YC1
TX(KKs2)= xxr(x1)+<xxr(x2> ~XXT(K1))*YC2
DO 35 J=1,NJ ) -
NPANEL=(K=1)*NJ+J- 1+IPANEL
NPANT=NPANEL~1

D0 40 1=1,2

KI1sK+I-1 S

IF (ABS(SPAN) .LE. 0.001) GO TO 42
X1=X(J,KI1) ' : ~
Yi=sY(J,KI11) :

IF (J +NE. 1) GO TO 44 o '
1= ZL(K1)+(ZL(K2) ZL(K1))*(Y1-YL(K1))/SPAN
XX=XDIFa(Y1~- YL(K1))ISPAN+XXL(K1)

GO TO 46

[IN=K1

IF (1 LEQ. 2) IZIN=K2

X1=XL(1,J) ’

YI=YL(K1)

IF (J «NE. 1) GO TO 44

12=7L(1IZN) -

XX=XXLCIZIN)

GO TO 46

Z2Z=IN(NPAN1,1)

XX=XN(NPAN1,1)

XN(NPANEL, I)=X1

YN(NPANEL,1)=Y1

IN(NPANEL,1)=22

CONT INUE .

XD=XDIF*YC+XXL (K1)

— - XCP(NPANEL )=XD+CH(KK) *FSI(J)

YCP(NPANEL)SYC*SPAN+YL (K1) ' ST T

IF (ABS(SPAN) .LE. 0.001) GO .TO 50

ZC=IZN(NPANEL,? )*(ZN(NPANEL'1)‘ZN(NPANEL:Z))*(YCP(NPANEL) YN(NPANEL

1,1)) /CYNINPANEL» 1) =YN(NPANEL,2)) ,
XC= XN(NPANEL:1)+SLOPE(J)*(YCP(NPANEL) YN(NPANEL:1))
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GO TO 55 . ‘

ZC=0. S*(ZN(NPANEL)1)+ZN(NPANELIZ))_

XC=0. 5*(XN(NPANEL;1)+XN(NP#NEL'2))

ZCP(NPANEL)=2C

XVINPANEL) =XC

CONTINUE ,
IPANEL=NPANEL+1

LAST=NPANEL

J =KX

CONTINUE

RETURN

END

FORTY
. INCODE IBMF

SUBROQUTINE PANEL(XXLIYLIXXTICPCWLICPSWLINSW’IPANELILPANEL'KKILRI
1SWP)

TO DEFINE THE LOCATIONS OF VORTEX AND CONTROL POINTS ON THE WING
DIMENSION XXLCT1),YLCT) o XXT(1),CPCWL(T)LCPSWL (Y1)

DIMENSION SWP(8,15)

COMMON /CONST/ NCSINCWIM’(S)'NSJ'NCJ(5):LAST1MJN1(3:5)1MJW2(3:5)IJ
TPANELAMIJUS) NWI{3),NNJSNJIP

COMMON /GEOM/ HALFSWIXCP(ZOC)'YCP(ZOO)oZCP(ZOO)'XLE(SO)oYLE(SO)oXT
1E(50),PS1(20),CH(95),XV(200),YV(I00)»SNC 8,8),XN(200,2),YN(200+,2)»
2 INC200,2) »WIDTH(3),YCONC25),SUWEEP(SO) »HALFB,SJ(21,8) JEX(95,2)2TX(
395,2),5CC160,5),51C160,5),LC(3)

CCMMON /SCHEME/ C(Z)'X(10041)1Y(10'41)ISLOPE(15)1XL(2'15)tXTT(41)’
1IXLLC&T)

PI= 3.14159265

NSW1=NSW-1

PO 1 I=1.,2

CI)=XXT(I)=-XXL(D)

DO 1 J=1,HNCwW

XLCILJ)=XXL(I)+CPCWLC(JIXC(ID/100.

SFAN=YL(2)-YL(1)

00 2 J=1,NCUW

PSICII=0.5%(1,~COSCFLOAT(JI*PI/FLOAT(NCW)))
SLOPE(JI=(XL(2,d)~XLC1,J))/SPAN

SWP(J,LRI=ATAN(SLOPEC(CJ))

D03 K=1,NSW

YK=CPSWL(K)*SPAN/100,

DO 3 JUs1,NCW

Y(J,KIYSYK+YL(T)

X(J,rK)= XL(11J)+SL0PE(J)*(Y(J'K) YL(1))

CONTINUE"

XLLCT)I=xxXL (1)

XTT(1)=XXT(1)

DO 15 [=2,NSW
XLLCIY=XLLC(I=1)+(XXLC2)=XXL(1))*(Y(1,1)=Y(1,1I-1))/SPAN
XTTCI)SXTT(I=1)+(XXT(2)=XXT(1d))*(Y(1,1)-Y(1,1I-1))/SPAN

DO 6 X=1,NSW1

=NCS+K

96



55

02-18-78  02.177

YLECKK)=YCONCK) *SPAN+YL(1)

XLECKK)=XLL(K) +(XLL(K+T)=XLL(K))I* (YLE(KK)~ Y(1oK))/(Y(1'K+1) Y(1.,K)

D]

XTE(KK) = XTT(K)+(XTT(K+1) XTT(k))*(YLE(KK) ~Y(1,KI)/CY(T1,K+1) =Y (1,K)

1)
CH(KK)=XTE (KK) = XLE(KK)‘
EX(KKs1)=XXLLT1)+(XXL(2)~ XXL(1))*CPSNL(K)/100..
EX{KK,2)=XXL(T1)+(XXLC2)=XXL(1))*CPSWL(K+1)/100.
TXC(KK,1)SXXTC1)+(XXT(2)=-XXTC(1))*CPSWL(X)/100.
TX(KK,2)=XXTC1)+(XXTC2)=XXT(1))*CPSWL(K+1)/100.
TANG=(XXL(2)=XXL(1))/SFAN
SWEEP(KKX)=ATAN(TANG)
DO 6 J=1,NCW
NPANEL=(K=1)#NCW +J-1+IPANEL
D0 5 1I=1,2
KI1=K+1-1
XN(NPANEL,I)=X(J,K11)
YN(NPANEL,I)=Y(JPK11)
IN(NPANEL,I)=0,
CONTINUE
XCP(NPANEL)=XLE(KK)I+PSI(J)*CH(KK)
YCP(NPANEL)=YLE (KK)
ICP(NPANEL)=0,
XV(NPANEL) =XLE (KK)+CPCWL (JI)*CH(KK)/100.
YV(NPANEL)=YLE (KK)
CONTINUE
LPANEL=NPANEL
RETURN
END
FORTY
LIMITS ,28K
INCODE IBMF
SUBROUTINE ENTRN (U,AMJ,ToXMsCMUSRT,XELSXET,2,KCODEAXJC)
TO COMPUTE THE JET ENTRAINMENT FUNCTION
DIMENSION CSJ(70),SSJ(70)
DIMENSION PUT(31),PU2(21),FU1(31),FU2(31),FU3(31),RR2(31)
CCMMON /JET/ PK1,XCrX(21),AC31),8(31)

FORMAT(8F10,5)

P1=3,14159265

IK=1

REJ=T

PK1=0, 0185*0 011+y
KCODE=0

x"io=0, 5*(XEL+XET)
_XM=XMID
x0=0.

RO 1. :

=2. *PK1*SGRT((1 «~U)*REJ)

XC 0.35/F

XJC=XxC
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AG2=ALOG((1,+2,.+U/AK2)/(1,+U/AK2))
DSX122,+#PK1/0.72*SQRT(REJ*(1,.~UI*AK2*AG2/U)
DX=X(I)=XH ' o ‘
S=S+0X*DSX1
T M=M+
60 10 10 S
IF (1 .NE. 1) SH=2,*PK1*SQRT(REJ) *X(I1)=~0,35

CIF (1 JNE. 1) Pi1=(1,.-0)*(1 -Expc-1./<z.-su)>)‘”"

DSX=2.+PK1#SQRT(REJ)

CLF (ABS(T-1.) .LE. 0.01) GO T0 20

S=2.tPK1/0.?2*SQRT(REJ)*X(l) -0.35

15 IfF (I .EQ. 1 JAND. U .GT., 0.01) DSX=2.*PK1*SQRT(REJ*ALOG(UA)IU)*

1 (_10-U)

HOST,-EXP(=-1,/(2,%S))

HOP==2,+HO *%x2/0.72 ’
P2=S(T=1,#40,2*(1,~U*Y) *AMJ*AMI *TI)*HO=0 . 2*PTxAMI*AMI*TA(PT1+2,*U)
P2P=(T=-1.+0, 2*(1.-U*U)*AAJ*AMJtT)*HOP 0 2*P1P*AMJ*AMJ*T~(P1+2 * )
1=0.,2*PT1*AMJ*AMJxT«P 1P :
F1P==-P2P*0,8907+(0.98901-0,046005%P2+0,01792+P2+x2-0, 00646*P2**3)/(

-11.+41.05001+P2)
. F2P=-P2P*0,79335+(0,0527-0. 02886*P2+0 01478%P2#+2-0.00589+«P2**3)/

20

25

1¢1,.+1.,038869+P2)

F3P==-p2Px((C.12857=0, OkéS’*P2+0 01820*?2**2 0. 00599*P2**3)l(1
141.,02272%P2)

6C 10 25

p2=0.

p2p=0.

Fipr=0,

F2P=0,

F3p=0.

IF €1 €EQ, 1 JANDs U CT, 0.01) 0SX=2.#PK1*SQART(REJ*ALOG(UA)/U) =
1¢1,=U) ‘

PIP==-2.*P1+«P1/(1.-U)

F1=0.8907* (0.12857+0.,01617*P2~ 0 00607+P2++2+0, 00192*?2**3)/(1
1+40.81817#p2)
F2=0.79335«(0.06676+0.C0453+P2-0,00204*P2x%2+0,00075*P24*3)/(1,
1+0,.85716+P2)

F3=(0.21429+0. 04061*P2-0 01249*P2**2+0 00351*?2**3)/(1 +0,78948+
1P2) -
FU= U*P1*F1+P1*91*F2

DMCI=(PIP*xFI+P1*FIP-UxF2P+F3-UxP2+F3P)/FU

OMC2=(P1*F1- U*PZ*FS)*(U*P1P*F1+U*P1*F1P+2 *P1tP1P*F2+P1tP1*F2P)

I CFUsFU)

DMX=2,2(1, °U)*(DVC1 DMCZ)*DSX/SQRT(REJ) i

 RJI2=0.5+1,-U/FU

26

RJI1=SQRT(RJ2)

WRITE (6,55) X(I)IRJ1IDMX
I1F (1K .GT. 1) GO TO 28

IF (x(I) .GE., XEL) GO TO 26
60 TO 28

I1F (RJT1T LT, Z) GO TO 28
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P1=1, -
ua=(1. +2 *U/C1.-u /0. +U/ (1. =0))
X(1)=x¢ '
DXX=(3.*XET-XEL) /30,
1oX=0XX o
DXX=1DX ,
IF (0XX .GT. 3.) GO TO 11 : _
IF (DXX .GE. 1. JAND., DXX ,LE. 3,) DXX=2.5
IfF (DXX LT, 1.) DXX=1,5
CONT INUE :
X(2)=x(1)+pXxx/2.
pe 1 1=2,30
X(I+1)=X(L)+DXX
00 2 I1=1,70
Fl=1 _ :
CSJCI)=COS((2.*FI=1.)*F1/140.)
SSJCI)=SINC(2,#FI=1.)*FI/140.)
00 3 1=1,31
1f (U .LE. D.01) 6O TO 5. S :
IF (1 LEQ. 1 .AND. ABS(T-1.) .LE. 0,01) 60 TO 20
IF (1 .EG. 1).S=(2.*PK1*SQRT(REJ*(1,=-U))*XC/0.72-0.35)*SQRT( (1.~

1/U*ALOG(UA))

IF (1 JEQe 2) S=DSX%(X(2)=XC)
IF (1 GTe. 2) S=SH+DSX*DXX
M=1 ' :

IF (1 LEQ. 1) M=2

CONTINUE :

SuM=0,

D0 & J=1,70
$8=0.5*5S*(1,-CSJJ))

AG=ALOG((1.+2.%U/AP1)/ (1. +U/AP1)) S
SUM=SUM+ (1. /SQRT (AP1*AG)=SART (2.#S8/ ((1.-U)*0.69314718)))*SSJ(J)
RESSSUM#P1 /70, %0.5+S#SART(U)+SQRT (2, *U/(1.-U))*S#+1.5/1.0397208
X1=RES+0.35 | |

IF (4 .NE. 1) GO TO 30

XT=X1/(2 ,#PK1#SQRT ((1.=U)*REJ))

P12(1o=U)* (1, =EXP(=1,/(2.%5)))

G1=ALOG((1,42.%U/P1)/ (1.+U/P1))

DSX=2.#PK1#SART(REI# (1. =UI*P1+G1/U)

SH=S | :

1F (a3S(X(I}=XT) .LE. C.01) GO TO 35

DX=X(I)=~XT

S=S+D0X*DSX

SH=S

60_T0.10 - -

P12(1.=U)% (1.=EXP(=1,7(2.%SH))) ~ — 77 T e
IF (ABS(T-1.,) .LE. 0.01) GO TO 20 :
XH=X14D0.72/(2.*PK1*SQRT((1.-U)*REJ))

IF (ABS(X(I)-XH) .LE. (,01) 6O .TO 15

AK2=2(1,~U) * (1, =EXP(=1./(2.%5)))
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XMJ=X0+(Z-RO)*(X(I)=X0)/(RJ1-RO).
If (XEL .LT. 0) GO TO 29 -
IF (XM LT, XET) KCODE=1
IK=IK+1 3

GO TO 28
XM=0,5=XET )

IF (xMJ LE. XM) KCCDE=1
IK=IK+1 '
CONTINUE
RC=RJ1
X0=x(1)

PUT(1)=P1
PU2(I)=P2
FUITC(I)=F1
FU2(I1)=F2
FU3(I)=F3
RR2(I)=RJ2
IF (1 .EQ. 1) GO TO 40
BCI)=(DMX=-DMX0)/(XCI+1)=-X(I)) )
ACI)=DMXO=-B(I)*xX (1)

GO TO 3
ACI)=0.,145+0MX/0.32
8(1)=(DMX~- A(I))/XC
DMXO=DMX
K=1
IF (X .GT., 30) GO TO 65
IF (XM .GE. O. .AND. XM .LT. XC) GO TO 60
IF (XM .GE. X(K) .AND. XM .LT. X(K+1)) GO TO 60

=K+ 1

GO0 TO SO
FI11=RR2(K) *(PUT(K) *U*FUT (K)+PUT(K) **2*FU2(K))/(U*U)

F12= RRZ(K+1)*(PU1(K+1)*U'FU1(K+1)+PU1(K+1)**2*FU2(K+1))/(U*U)

F21=RR2(K) *(PUT(K) *FUT (K)=-U*PU2(K)*FU3(K))/U
F22=RR2(K+1)*(PUT(K+1) *FUT(K+1)-U*PU2(K+1)*FU3(K+1))/U
IF (ABS(T-1.,) .LE. 0.0C1) GO TO 61 '
F21=RR2(K) *(9.*PUT(K) /70.-PUT (K)*FU1T(K)+U*PU2(K)*FU3(K))/U
F32=RR2(K+1)* (9, *PUT(K+1) /70, ~PUT(K+1) *FUT(K+1)+U*PU2(K+1) *FU3(K+1

1MH)Y/U

X11=F11/(F21+F31)

X12=F12/(F22+F32)

GO TO 62
F31=0,

F32=0.
CONTINUE
X1=X (K)

S X2=X(K+1) :
X21'F11/(F21+F31)+F31*(F11/(F21+F31)-1 Y/F21
X22=F12/(F22+F32)+F32*(F12/(F22+4F32)=1.)/F22
X31=2,#F21%(F21+F31)/(F11-F21-F31)

X21=SQRT(X31) _
X32=2,%F22*%(F22+F32)/{F12-F22-F32)
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X 32=SQRT(
IF ¢ xM .
GO TO 75
Xx1=0.,
X2=X(C
X22=x21
X32=X31
X21=1,/U
X12=x11
X31=1,

IF (ABS(T
X11=1,/(T

X32)

02.177

GE. 0._;AND..XM

“1.) JLE.
*4)

«LTe XC) GO TO 70

0.001) GO TO 75°

CMUZX2T+ (XM=X1)%(X22-X21)/(Xx2-%X1)
RT=X314(XM=X1)#(X32=-X31)/(X2-X1)

cmMu=1,/CM

I1F (ABS(T~-

U
1.) .LE.

0.0C1

)

GO TO 63

RUSX 114 (XM=X1) #(X12=-X11)/(X2=-X1)

T=1./7(CMU

*RU)

WRITE (6,55) TICMU;RU,XM

CONTINUE
CONT INUE
RETURN
END
"FORTY
INCODE

I BMF

SUBROUTINE RECTJ(ISYW:ASJ:Y)

TO DEFINE THE. UNIT NORWFAL VECTORS TO THE SURFACE OF RECTANGULAR
JETS

DIMENSION
IF C(IsYM

NSJ1=NSJ+
NJH=(NSJ
GO TO 5

NSJ1=NSJ-
NJH=NSJ /2
DO 10 I=1
1F (I LEQ
IF (I LEQ
Y(3,1)=1,
Y{(4,1)=0,
GO 10 10

Y(3,1)=0.
Y(4o1)=-1
GO 7O 10
y(3,1)=0,
Y(4r1)=1,

CONTINUE —

RETURN

END
FORTY
INCODE

Y(100Q1)

1

“1)/2+2

1
#PNSJIT

« 1. AND.
. NJH) GO

1BMF

.EQ. 0) 6O TO 1

ISYM
T0 20

E. 0) 60 TO 15

101



02-13=78 02,177

SUBROQUTINE CIRCJ(ISYM/NSJI,Y)
TC DEFINE THE UNIT NORKAL VECTOR TO THE SURFACE OF CIRCULAR JETS
DIMENSION Y(10,41)
PI=3,14159265
IF (ISYM LEQ. 0) GO TO 2014
- NSJ1=NSJ+T o S
NN=(NSJ=1)/2%)
FN2=NN
NJHENN+
Y(1,1)= -SIN(PI/(Z.*FNZ))
Y(2,1)=2=-COS(PI/(2,+*FN2Z))
G0 170 2013
2014 Y1, =1,
Y(2,1)=0.
NSJ1=NSJ=-1
FN2=NSJ /2
NJH=NSJ/ 2
2013 CONTINUE
00 13 I=1,NSJ1
K=1
K=l . .
IF (1 .GT. NJH AND. ISYM .NE. 0) K=I-NJH+1
IF (1 .GT. NJH AND, ISYM .EG. 0) K=I-NJH
FI=K
IF (ISYM JNE., 0) ANG2=(FI-1.)*PI/FN2
IF (ISYM LEQ. O) ANG2=FI*PI/FNZ2
YP=0,5+#(1.-C0S (ANG2))
IF (ISYM .EQ., 0) ANG2=Fl- ATAN(SQRT(I.-YP*YPIIYr)
=1+1
KK=1
KII=1I1I
IF (1 .GTe NJH) KK=II-NhJH
FII=KK
“IF (1 LE. NJH .AND. ISYM EQ@. 0) FII=KK+1
ANGI=(2,*FII=1,.)%P1/(2 ,#FN2) :
YP=0.5+(1,-COS(ANG1)) »
IF (ANG1 .GT., PI) YP=-YP
IF CISYM LEQ. 0) ANGI1=PI=-ATAN(SQRT(1.,=YP*YP)/YP)
IF (I .GT. NIJH) GO TO 2015

GO TO 2016
2015 ANG1==-ANGI
: ANG2=-ANG2

2016 CONTINUE ,
] Y (1,KII)=SINCANGT)
Y(2,KII)=-COSCANGT)
Y(3,KID=SINCANG2)
Y (4,KI)==COSCANG)
13 CONTINUE
RETURN
END
FORTY

102



02-18-78 02,177

INCODE IBMF

SUBROUTINE JSHAPE(XXL:XXTrYL:YJ:ZJ:RJrCPCHL:IPANEL:NJ:JC:ISYM)

TO DEFINE THE LOCATIONS OF VORTEX AND CONTROL POINTS ON CIRCULAR

JETS
DIMENSION CPCNL(1):XXL(1):XXT(1):YL(1).

COMMON /CONST/ NCS;NCN:M1(8):NSJ:NCJ(S)ILAST'MJH1(3 SIeMIW2(3,5)04

TPANEL,MJIJI(5) »NW(3),NNJ ,NJP

COMMON /GEOM/ HALFSWIXCP(ZOO);YCP(ZOO)IZCP(ZOO)IXLE(SO)IYLE(SO)IXT
1EC(S0),PSIC20),CH(95),XV(200),YV(100),SN( 8,8),%XN(200,2),YN(200,2),
2 ZN(?OO’Z);NIDTH(B)rYCCN(ZS):SdEEP(SO)’HALFBlSJ(2118)IEX(95'2)'TX(

295,2),SCC160,5),S1C160,5),LC(3)

COMMON /SCHEME/ C(2),Xx(10,41),YC10, 41)'SLOPE(1S)IXL(2'15);XTT(41)1

1XLL(4T)

PI=3,14159265

N1=NSJ+1 : »

“IF (ISYM .EQ, 0) H1=NSJ-1

N2=N1+1 :

IF (ISYM .EQ. 0) N2=NSJ

N12=N1/2+2

IF (ISYM .EQ, 0) N12=NSJ/2+1

DO 1 I=1,2 T

COI)=XXTCI)=XXL (1)

DO 1 J=1,NJ ‘

XL(I,Jd)= XXL(I)+CPch(J)*C(I)

DO 2 J=1,NJ

FJd=J

FNCJ=NJ ‘ : .
PSI(JI=0.5%(1,-COSC(FJ*PI/FNCJ))

SLOPE(J)=(XL(2,J)~ XL(1:J))/(2 tRJ)

DO 3 K=1,N2

YY=Y(2.K) -

IF (ISYM .NE. O LAND. K .EQ. 1) YY==1,

IF (ISYM .NE. 0 .AND. K .E@. 2) YY==1,

IF (K JEQ. (N12-1) .O0R. K .EQ, N12) YY=1,

IF (K LEQs N2) YY=1, ' ‘

XTT(K)SYJ+RI*YY

‘DO 3 J=1.NJ

X(Jr,K)= XL(1'J)+SLOPE(J)*(XTT(K) -YL(1))

DO 6 K=1,N1

KK=JC+K

L=K

IF (K .EQ. N12) L=1

EX(KKes1)= XXL(1)+(XXL(7) XXL(1))*(XTT(L) YLC1))/ (2, *RJ)
EXCKKA22)=XXLCTI)+(XXLC2)=XXL (1)) *(XTT(K+1)=YL(1))/(2 ,%RJ)
TXCKK2T)SXXTCI)H(XXTC2)=XXTC1)I*(XTT(L)=YL(1))/ (2, %RJ) -
TX(KKs2)ZXXT (1) +(XXT(2)=XXT (1)) *(XTT(K+1)~ YL(1))/(2 *RJ)

CH(KK)=C(1)- (C(1)—C(2))*O S*(1.+4Y (4,K))
DO 6 J=1,NJ .
NPANELZ(K=1)*NJ+J- 1+1PANEL

D0 S5 I=1,2

KIt1=K+]I-1
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SIGN=13 o .

IF (x .Eds N12 .AND. I .EQ. 1) KIT=1

IF (ISYM .,€E@. 0) 60 TO 21 R

IF (KIT 4EQ. 1 .OR. KIT1 .EQ. 2) GO TO 20. :

GO TO 22

IFf (K .EQs N12 JAND, KI1 .EQ. 1) SIGN==1,
CONT INUE - S :

IF (KIT1 ,EQ, (N12-1) .CR. KI1 .EQ. N12) GO TO 25

IF (KI1 .EQ. N2) GO TO 25

YY=Y(2,KI1)

122Y(1,K11)*SIGN

G0 TO 30

Yy=<1,

1= ~Y(1,K11>/Y(2,K11)

GO TO 30

Yy=1,

12=Y(1,KI1)/YC2,KI1)

CONTINUE

XN(NPANEL, I)=XC(J5KI1)

YN(NPANEL,I)=YJ+RJ*YY

IN(NPANEL,1)=2J+RJ*22

YE=0.5%(1,+Y(4,K))

IF CISYM LEQ, 0) YK=2.*YK-1,

XCPONPANEL)=XXL (1) +(XXL(2)=XXL (1)) »YK+PSI(J)*CH(KK)

IF CABSC(YN(NPANEL,2)-YN(NPANEL,1)) .LE. 0.0001) GO TO 10
YCP(NPANEL) =YL C1)+ YK~ (YL(2)=-YL (1))

ZCP(NPANEL)= ZN(NPA%FL;1)+(ZN(NPANEL'2)~ZN(NPANEL:1))*(YCP(NPANEL)'

TYN(NPANELs1))/7 CYNC(NPANEL,2)~YN(NPANEL,1))

GO TO 15
ICP(NPANEL)=ZJ

YCP(NPANEL)=YN{(NPANEL.,1)
CCNTINUE
XV(NPANEL) =XXL CID+(XXL(2)=XXLC1)) *YK+CPCWL(J) *CH(KK)
CONTINUE '
JC=JC+NN1
LAST=NPANEL
RETURN
CEND

LINK LINF22,LINKT1

FORTY

LIMITS ,27K

INCODE IBMF
SUBROUTINE JETOFF _

TO SET UP THE JET OFF INFLUE@CE CQEFFICIENT MATRIX AND COMPUTE 'THE
C AMBER TERMS » ‘ . T T :
DIMENSION AW(101)
COMMON /AERO/ AM’IAMZIE1rBZ'CL(SO)JCT(30))CD(30);GAM(21100)

COMMON /ADD/ CP(100),CM(30),BREAK(8),SWP(B,15),GAL(30),ISYM,VMU,VU
1, TEMPLFCRIACAMLERSICAMLET,CAMTERLCAMTET » XJrYJWrlJdsrRIJLALPLCREFL,TWISTR
COMMON /GEOM/ HALFSW,XCP(2C0),YCP(200),2CP(200) »XLE(SO),»YLE(SQ) »XT
TEC(SO),PST(20),CH(IS)»XV(200),YVC10Q),SNC 8§,8)+XN(200,2),YNC2C0,2),
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MG=NW (1)

IF (ABS(B1-82) .LE. 0. €01) GO TO 208

IfF (IC .LE. 2) GO TO 2C9 '

CONTINUE

RETURN

END

FORTY
INCODE ISMF

SUBROUTINE JETON(KCODE)

TO SET UP THE JET ON INFLUENCE COEFFICIENT MATRIX

DIMENSION AWC300)

COMMON /GEOM/ HALFSW,XCP(200),YCP(200),2CP(200) XLE(SO),YLE(SO) ,XT
1ECS50),PSI(20),CH(9S5),XV(200),YV(100),SN( 818):XN(200'2)1YN(200'2)a
2 ZN(200,2) »WIDTH(B),YCCN(2S),SWEEP(SO) ,HALFB,SJ(21,8),EX(95,2),TXx(
395,2),S5CC160,5),81(160,5),0LC(3)

COMMON /AERO/ AM1lAw2’E1IBZICL(SO)ICT(30)ICD(30)OGAM(2 1000

COMMON /CONST/ NCS:NCN'M1(8)INSJ'NCJ(S)ILAST'MJN1(305):”JN2(315)1J

'1PANEL:MJJ(S):NU(3),NNJ,NJP'

COMMON /PARAM/ ALPT,ALFC,ALPS,CDF,SDF,TH,TDF

CCMMON /ADD/ cp(100).cn<30),ansAx(s>.sup<s,15),cALcso),xsvm,vmu,vu.

10 TEMP,FCR,/CAMLERJCAMLET,CAMTER,CAMTET,XJWoYJWr2ZJ»RILALP,CREF,TWISTR
COMMON /COST/ LTOTAL;LPAN1aNJN(S)pLPANELoIENTNpLPANZ:EXIT'PTIAL,TN
1IST,DF(5),NFP
REWIND 03
LP1=LTOTAL+1 ,
MI=LPANEL+NCJ (1)
_MCON= LAST+NCJ(1)'
" IPHI=? :
"JL=LAST+1
INN=1
LN=1
LN1=1
JNN=1
VMUC= VMU*ALPC
MK=1
I=LAST+1
11sI=-JPANEL
CALL MATRIX (Aw'LTOTAL:LPANEL;VMUCoI:MCON'MJ:IPHI:INN'LN;LN1:TEMP:
TLPANT,ISYM,KCODELEXIT,LPAN2)
WRITE (03) (AWC(K)#K=1,LTOTAL)
KI=2

- NI=LTOTAL-1

- 310

301

350

LI=LAST+?

VvMP=yMUC

KJ=L1 . : :
TF—CL1—, GT- —LAST) -KJ= LI-JPANEL__L“_“
CONTINUE

CALL MATRIX(ANQLTOTALILPANELIVMP ILI'“CON'MJIIPHIIINNILNlLN1'TEMP'
1LPANT/ISYM,KCODE,EXIT,LPAN2)

WRITE (03) (AW(K),K=1,LTOTAL) B o

IF (KJ LT, MJ .OR., KJ LEQ, LAST) GO TO 351
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IPHI=IPHI+

MJSMJ+NCJ CINN)

CONTINUE

MJI=MJJCINNY=T

IF (KJ JEG., MJI) GO TO 312

GO T0 313

JNN=INN

INN=INN+1

IF (KJ LEQ., MJJCINN)) IPHI=1
IF (LI ,EQ, LYOTAL) GO TO 355

GO TO 356

CONTINUE

IPHI=1
‘MJI=SLPANEL+NCJ (1)

JNN=1

INN=1

CONTINUE

KI=KI+1

NI=NI=1 ,

IF (LI LEQ.. LTOTAL) GO TO 361

1F (LI .EQ. LAST) GO TO 364

LI=LI+?

GO TO 362

LISLPANEL+1

GO TO 362

LI=1

CONT.INUE

JP=LI-LAST+LPANEL

JP1=JpP=-1 .

IF (JP LEQ, MJJ(LNT)) LNT=LNT+1

IF (JPT EQ. MJJCLN)) LN=LN+1

IF (KI .LE. LTOTAL) GO TO 310

RETURN

END

FORTY

LIMITS ,31K-

INCODE IBMF _

SUBROUTINE MATRIX(AW,LTOTAL,LPANEL,VMULI MCON,MILIPHILINNSLNALNTLT
1EMP,LPANT,ISYM,KCODE,EXIT,LPAN2)

TC COMPUTE THE JET ON INFLUENCE COEFFICIENT MATRIX

DIMENSION SV(30C),W(b),AW(T)

COMMON /AERO/ AMTIAMZ:E"1821CL(3O)ICT(30)1CD(30)161\14(21100)
COMMON /CONST/ NCS,NCWsM1(8)sNSILNCICSI,LAST,MIWI(3,5),MIW2(3,5),J
TPANELAMJJ(S) NWC3)LNNJANJP

COMMON /GEGCM/ HALFSH:XCP(ZOO)pYCP(ZOO)oZCP(ZOO),XLE(SO)pYLE(SO)'XT
1E(SO)»PSIC20)sCH(95),XV(200),YVC(TI00),SN( 8,8),XN(200,2),YN(200,2),
2 INC200,2) ,WIDTH(8),YCONC25)»SWEEP(S50) /HALFB,SJ(21,8),EX(95,2),TX(
395,2)+5CC160,5),51C¢160,5),LC(3)

COMMON /PARAM/ ALPT,ALFC,ALPS,COF,SDF,TH,TDF

COMMON /SCHEME/ C(Z)’X(10'41)1Y(10141)ISLOPE(15):XL(2115)'XTT(41)'
1XLL(41):
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EQUIVALENCE (X(1,1),SV(1))
PI=3.14159265
ZJET=Y(CON(25)
IUSB=YCON(24)

DFJ=CDF

vuT=vmu

TEM=TEMP

NN2=NNJ-1

NI=NNJ -1

N2=NNJ=-2

N3=NNJ-3

NJH= (NSJ+1)/2+1 -

IF (ISYM .EQ. 0) NJH=NSJ/2
IF (ISYM JEQ. 0) NPsSNSJ-1
If (ISYM .NE. 0) NP=NSJ+1

NIT=NJH=1

I12=1
I1FF=1.

MM=NW (1)
NN=NW(T)

IND=1

ISN=1 :
L1=LPANEL*+1.
LAST1=LAST-1

IF (I .GT.V-LAST) GO TO 26

1J=1 .
GO YO 27 .

1J=1-JPANEL

CONTINUE - .

DO 16 J=1,LAST '

MI=J=-1FF+1 '

FN=NN . ' . '

IF (J .GT. LPANT ,AND. J .LE. LPAN2) ISN=2

IF (J .6T. LPAN2 ,AND. J .LE., LPANEL) ISN=3

IF (J .GE. LPAN1 ,AND. J LT, LPANEL) GO TO 24

G0 TO 25 :
NN=NW(2) . : - -

IF (J .GE. LPAN2 .AND. J oLT. LPANEL) NN=NW(3)
CONTINUE L ‘ -

IF (J .GE. LPANEL JAND. J LT. MJJCIND)) NN=NCJCIND) -
CHORD=CH(IZ). - . . , e
IF (J .EQ. L1) GO TO 33

GO TO 34 :

ISNSISN+T ,

L1=MJJCIND)+I

NULSMJJCINDY=T , :

G

IF (NL LEQ. LAST1) GO TO 90 = - e e
1F (J .EQ, WL) IND=SIND+I! o : ‘

CONTINUE o

X12XN(J,1)=XCP(1J)

X2=XN(JI.2)"-XCP(IJ)
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X12=XN(J,2)=-XN(J,1)
Y12=YN(J»2)=-YNCJ 1)
212=IN(J,2)-IN(J,1)
Z1=INWIL 1) -2CP (1)
- 22=IN(J,2)-2CP (1)
XZJ=X1*Z212-21#+X12

DO 201 II=1,2

IF (Il .EQ, 1) 60 TO 2

N=1 o
GO 70 3
N=2

CONTINUE

YC=(=1,)#xN*xYCP(IJ)

Yi=YN(J,1)=-YC

Y2=YNC(J,2)-YC

XYK=X1xY12=-Y1%X12
YZI=Y1%Z212-21%xY12
ALBI=SXYK*XYK+XZJ*XZ2J+B1xYZI*YZI]
R1IBI=SQRT(XTAXT+B12Y1xY1+B1*212%21)
R2B1=SQRT(X2*X2+B1*xY2*xY2+B1*x22*72)

UUBT=(X2#X12+B14Y24Y12481422+212) /R2BI=(XT#X12+B1#Y1#Y12+4814214212

1) /R18B1
G181=3(1,-X1/R1B1)/(Y1xY14Z1%21)
G281=(1,=~X2/R2B1)/7(Y2*xY2+422*22)

IF (I 6T, LPANEL) GO TO 20
F1=yus1+XYK/ALB1
F2=-Y2*3281+Y1+G181

IF (J GT, LPANEL) 60 TO 110

GO TO 15

F3=0.

F&=0,

F1=2.*F1

F2s2.%F2

GO TO 15

CONTINUE

1F (J JLE. LPANEL) GO TO 117

IF (ABS(B81-B2) .LE, 0.C01) GO To 116
ALB2XYKAXYK+XZJ*XZJ+B2*YZI*YZ1
R132=SQRT("1#X1+B2*Y1xY14B82+*21%x21)
R232=SQART(X2*#X2+B2#Y2xY2+B2*712%22)

UUB2=(X2+X12+82*Y2*xY12+48B2*22*212)/R2B2=-(X1*#X12+B2*xY1xY12+82*%21%x212

1) /R182
61B2=(1.=X1/R182)/ (Y1 xY14Z21%Z1)
62B2=(1.-X2/R2B2)/(Y2*Y2422+22)
GO TO 117 S
ALB2=AL3T -

Jus2=uus1
6282=6281
6182=6181
CONT INUE
IF (1 .GT. LAST) GO TO 40

110



122

125

40

41

22
17
15

200

e 20—

32

02-13-78 - 02.177°

F13=yy31«X2J/ALB1

F12=UUBT+#X YK/ALB1

G13=222*G2B1-21*G131

G12=-Y2+G281+Y1=xG181 ,

IF (J - JUE. LPANEL) GO TO 122

F23=UUB2*X2J/ALB2

F22=UUB24*XYK/ALB2

G23=22%G282-21*G182

622=-Y2+G2B2+Y1*G182

G0 TO 125

F22=0.

GZZ=0'

£23=0.

623=0.
F1==F13+YC4, IPHI)* (=1 )% *N¥F12+Y(3,IPHI)
F23613+Y (4, IPHID*(=1_) *«xN+G12* Y(3,IPHI)
F3=-F23#Y( 4, IPHI)* (=1, )% *N+F22*Y(3,IPHI)
FO=G23#Y (4, IPHI)*#(=1.) **N+G22*Y(3,IPHI)

IF (J JLE. LPANEL) GO TO 17

F1=F122, '

F2=2.%F2

F4=2 %F4

F3=2,.#F3

GO TO 17 A

Fi1=UysS1«YZ1/ALBY

IF (EXIT (LE. 0.CD1) GO TO 41

IF (NNJ .EQ. 1).G60 TO 41 . o ) L
IF (IJ +GT. LPANEL JANC. [J .LE. MJJC(1)) vMu=1,
IF (IJ .GT. LPANEL AND. IJ JLE. MJJ(C1)) TEMP=1,

CONTINUE
f£2=0, .
1F (J JLE. LPANEL) GO TO 22
F3= UUBZ*YZI/ALBZ
F4=0,
F3=-F3+2, ,
FIS=F1*VMU*VMU*2 .« TEMP
GO 10 17 ‘ ,
FI=S=F1«VMU*VMU*TEMP
CONTINUE '
W(IIl)= (F1+F2)*CHORD*SN(MI:ISN)/(8 *FN)_

IF (J .LE. LPANEL) GO TO 200
IF (I1 .EQ. 2) GO TO 2(0 ‘
K2=11+42 S
Ww(K2)= (F3+F4)*CHORD*SN(MI,ISN)/(S *FN)
CONTINYE , - ' . ‘
CONT-INUE-——- . L
IF (J .LT. MM) GO TO 32
12=12+1 .
IFF=MM+1

=MM+ NN
CONTINUE
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IF (J JLE. LPANEL) JA=J+2*JPANEL
IF (J .GT. LPANEL) JA=J- LPANEL+JPANEL
AWCIA)=W(1)+W(2) ’ : :

SVJAY=W (1)

IF (J JLE. LPANEL) GO T0 16

S J1=sJ~LPANEL

AW(J1)=W(3)
vMu=vuT
TEMP=TEM
CONT INUE

IF (KCODE .EQ,

IF (lusB .EQ.
IF (DFJ -.LE.
IF (NNJ.EQ. 1
IF (NNJ.EQ. 1

0) GO TO 28
1 JAND. ZJET .GT. 0.01) GO TO 60

0.0C01) GC 70 60

«AND. I LLE. LPANEL) GO TO 60
«AND., I .GT, LPANEL) GO TO 66

IF (1 JLE. MJJINT) .OR., I GT. LAST) GO TO 60

CONTINUE

IF (I .GT. LAST) GO TO 60

IF (IPHI .EQ.
IF (ISYM .NE.
IF (IPHI .LT.
IF (IPHI .GT.
REWIND (02)

IF (NNJ.EQ,.T)
IF (NNJ.NE.T)

NJH) GO TO 60

0 .AND. IPHI .EQ. 1) GO TO 60
NJH) IL=IPHI-ISYM

NJH) IL=IPHI-NJH

MJINT=LPANEL
MINT=MJIJ (NT)

TMF=IJ=-MINT=CIPHI-T)XNCJ(NNJ)

FNNJSNCJ (NNJ)
DISTJ=SDF
DLX=DISTJ*0.S*PI/FNNJ
SIX==-(1.-VMU)

1A= CIL=-1)*NCJONND)

CALL SKIP(IQ,JPANEL)

D0 61 JJ=1,MF

READ (02) (SV(K),K=1,JPANEL)
IF (JJ .EQ., MF) GO TO 65
DXTH=DLX*PSI(JI)/TH

GO TO 67
DXTH=DLX*PSICJJ)*0,5/TH
CONTINUE _

PROD=SZX*DXTH

DO 62 X1=1,JPANEL
KK=K1+JPANEL
AWw(KK)=AW(KK)+PROD*SV (K1)
CONTINUE
IQ=NCJ(NNJ)I=MF+((NP~- 1-ISYM)/2 1)*NCJ(NNJ)
CALL SKIP(IQsJPANEL)

DO 63 JJ=1,MF

READ (02) (SV(K),K=1,JPANEL)
IF (JJ .EQ, MF) GO TO €8
DXTH=DLX*PSICJJI)/TH

GO TO 69
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68 DXTH=DLX*PSI(JJ)*0.5/TH
69 PROD=SZIX*DXTH
DO 64 K1=1,JPANEL
KK=K1+JPANEL
64 AW(KK)=AW(KK)~ PROD*SV(KT)
63 CONTINUE
60 CONTINUE
TF (EXIT JLE. 0.001) G0 TO 29
IF (NNJ .EQ. 1) GO TO 29 _
IF (IJ .GT. LPANEL .AND. IJ .LE. MJJ(1)) vMUu=1,

IF (IJ .67, LPANEL .AND. 1J JLE. MJJC(1)) TEMP=1,

29 CONTINUE
28 IF (I .LE. LAST) GO TO 70
If (IPHI .EQ. NJH) GO T0 300
IF (ISYM .NE. O .AND. IPHI .EQ. 1) GO TO 300
IF (NNJ .EQ. 1) GO TO 202
IfF (IJ .GT., MJJINT)) GC TO 302

IF (IPHI .GT. NJH .AND, ZJET .LE. 0.01) GO TO 302

IF (IPHI .GT. NJH) L1=NJH
IF CISYM (EQ. O .AND, IPHI .GT. NJH) LI=NJH+1
IF (IPHI JLE. NJH) L1=1 _ -
NZ=1 :
IF (NW(2) . NE. O ,AND. NW(3) .EQ. 0) NZ=2.
IF (NW(3) . NE. C) N2=3 : :
IF (NNJ .LE., 3 JAND., MW(2) .NE. 0) IR=N2
IF (NNJ JLE. 3 JAND. Nw(2) .EQ., 0) IR=N1?
IF (NNJ .GE. 4 JAND. NW(3) .NE. 0) IR=N3
IF (NNJ .EQ. & JAND. NW(3) .EQ. 0) IR=N2
DO 311 NR=1,NZ o
K1=MJWT(NR,NJP)+(IPHI=L1=1SYM) «NW (NR) =1
K2ZLC(NR)+IPHI=L1=-ISYM -
KNWw=Nw(NR)
Ki=K1=-KNw
K2=K2-1
MR=3 : o
IF (X1 .G, 0) GO TO 4CO
K1=KT1+KNW
K2=K2+1
MR=2
400 DO 420 NQ=1,MR
SuUM=0,
DO 310 KK= 1,wa
KL=K1+KK "
. JASKL+2%JPANEL
310 SUM=SUM+SV (JA)

Rt ”“‘_CALt_iNTEG(RESIKNHIK1IKZIJJIB1IIR)j—- 3~—»~~—m;~

DO 315 KK= 1:KNH
KL=K1+KK
JASKL+2+JPANEL
AA=1, ) .
DO 320 L=1,KNW
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LL=KT1+L
IF (L .EQ. KK) GO TO 320
AA= AAXK(XCP(1J)~- XV(LL))/(XV(KL)-XV(LL))
CONTINUE
AWCJA)SAWCJA) ~SUNM*AAS RES*AA*VMU*VMU*TEMP
CONTINUE ~
KT1=K1+KNW
K2=2K2+1
CONTINUE
IR=IR+1
CONTINUE
CONTINUE :
1F (XCODE .EQ., 0) GO TC 300
IF (NW(2) .EQ, 0) NSTRIP=NCS
1F (NW(2) .NE., O .AND. NW(3) .EQ., C) NSTRIP=NCS*2
IF (NW(3) .NE. 0) NSTRIP=N(CS*3
IF (IPHI .LT. NJH) IP=NJH+1
IF (IPHI .GT. NJH) IP=ISYM#+1
IF (NNJ .EQ, 1) GO TO 325
(14 .GT. MJJ(N1)) GO TO 325
(NNJ EQ. 2) GO TO 330

IF
TF
IF (IJ .GT. MJJ(N2)) GC TO 330
IF

(NNJ L.EQ. 3) GO To 281

IF (1J .GT, MJJ(N3)I) GC TO 383
IF (NNJ .EQ. 4) GO TOo 385
IF (NNJ EQs 5 JANDa 1J «GT., MJJINNJI=G)) GO TO 386
L1sNNJ=-4 : :
I1Z=NSTRIP
GO TO 335

1=N3
1Z=NSTRIP+NP
GO TO 335
L1=N3
I1Z=NSTRIP
G0 TO 335
L1=N2
I1Z=NSTRIP+ (NNJ=-3)*NP
G0 TO 335
CONT INUE
L1=N2

T Z=NSTRIP

GO TO 335

L1=NNJ

IZ=NSTRIP+ (NNJ=1)*NP

GO TO 335

L1=N1 _

IZ=NSTRIP+ (NNJ=2)*NP
CONTINUE

I12=12+1P

NT=NJT

IF (ISYM .NE. 0) NT=NJT-1-
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KNW=NCJ(L1)
DO 341 KP=1,NT
SuM1=0,
SuM2=0,
K1 MJJ(L1)-NP*NCJ(L1)+(KP 1)*NCJ(L1)+(IP 1)*NCJ(L1) :
00 340 KK=1,KNw : . o :
KL=K1+KK
KJSKL+JPANEL.
IA=KL-LPANEL+JPANEL
18=KJ=-LAST
SUMTI=SUMT+SV(IA)
SUM2=SUM2+AW(IB) ,
CALL INTEG(RES,KNW,K1,12,14,81,L1)
IfF (ABS(51-32) .LE. 0.C01) GO TO 350
CALL INTEG (REF,KNW,K1,12,1J,B2,L1)
GO TO 355 ‘
REF=RES
DO 360 KK=1,KNW
KL=K1+KK
KJ=KL+JPANFEL
IA=KL~- LPANEL+JPANEL
18=KJ- LAST
AA=1,
DO 365 L=1,KNW
LL=K1+L
IF (L .EQ, KK) GO TO 365
AAZAA*(XCPCIJ) - XVOLL)) /(XVIKL) = XV(LL))
CONTINUE
AWCIA)=AW(TA)~SUMT xAA~ RES*AA*VMU*VMU*TEMP*Z.
AW(IB)=AW(IB)~SUM2*AA-REF*AA+2,
CONTINUE
[12=12+1
CCNTINUE
CONTINUE
sK=1,
If (IPHI .GT. NJH) SK=-1.
JI=ZI-LAST+LPANEL
K=MCON-LAST- NCJ(LN)+LPANEL
JNJ=NCJ (LN)
DO 52 KK=1,JNJ
KL=K+KK .
KJ=KL+JPANEL
I A=KL-LPANEL+JPANEL
IB=KJ=-LAST '

/

. AA=1,

DO 53 L= 1:JNJ"

LL=K+L

IF (L .EQ, KK) GO TO 53 '
AA=AA*(XCP(JI1)~- XV(LL))/(XV(KL) XV(LL))
CONTINUE

AW(IB)I=AW(IB)+AA*SK
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52 AWCIAYSAWCIA)~AAXVMUXVMUXTEMP*SK
IF (1 JEQ@. MCON LAND. I LT, LTOTAL) MCON=MCON+NCJCLNT)
IF (KCODE .EQ. 0) GO TC 71 , - ,
IF (IUSB .EQ. 1 LAND., ZJET .GT. 0.01) GO TO 71
IF (NNJ .EQ. 1) GO TO 71 R :
IF (IJ 6T, MJJ(N1)) GO TO 71
IF (IPHI LLE. NJH) GO TO0 71
L1=NJH
IF (ISYM LEQ. 0) LI=NJHHT
IF (NW(2) ,EQ. 0) GO TC 170
IF (NW(3) .EQ. 0) GO TO 171
IF (IJ .GT. MJJ(N2)) GO TO 82
IF (IJ .6T. MJJI(N3)) GC TO 72
IF (NNJ .EQ. 4) GO TO 77
IF (NNJ .EQ. S5 .AND. IJ .GT. MJJC(NNJ=4)) GO TO 77
GO TOo 71
171 IF (IJ .GT. MJJ(N2)) GC To 72
IF (NNJ .EQ. 3) GO TO 77
IF (NNJ .EQ. & JAND. IJ .GT. MJJ(N3)) GO TO 77
GO TO 71
170 IF (NNJ .EQ. 2) GO TO 77
IF (NNJ LEQ. 3 .AND. [J .GT. MJJ(N2)) GO TO 77
60 TO 71
77 KI1SMIWICT1,NJP)+(IPHI-LI-ISYM) *NW(1)~1
KNW=NW(1)
GO TO0 73
72 K1SMIWT(2,NIP)+(IPHI-LI=-ISYM) *NW(2)~1
KNW=NW(2)
GO TO 73 :
82 KI=MJWI(3,NJP)+(IPHI-LI-ISYM)*NW(3)=1
KNW=NW(3)
73 DO 764 KK=1,KNW
KL=K1+KK
JASKL+2*JPANE
AA=1, :
DO 75 L=1,KNW
LL=K1+L
IF (L ,EQ., XK) GO TO 75
AAZAA* (XCP/IJ)=XV(LL) )Y Z{XV(KL)=XV(LL))
7S CONTINUE ’
74 AJ(JAISAWCJA)I-AAXYMUXVNMUXTEMP 0,5
71 CONTINUE
IF (KCODE LEQ, 0) GO 70 70
IF (ZJET ,GT. 0.01) GC TO 70 -
IF (DFJ .LE. 0.,CC01) GO TO 70
IF (NNJ .EQ. 1) GO TO 76
IF (1J JLE, MJJ(N1)) GO TO 70
76 CONTINUE
IF (IPHI .EQ. NJH) GO TO 70
IF (ISYM .NE, 0 .AND. IPHI .EQ. 1) GO TO 70
DO 79 J=1,JPANEL
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JJ=J +JPANEL
SV(J)==Aw(Jd)

WRITE (02) (SV(J);J 1:JPANEL)

CCNTINUE
VMU=VUT

TEMP=TEM _
FORMAT (10(F11.5))
FORMAT (6(5X,13))
RETURN

. END

FORTY
INCODE IBMF
SUBROUTINE SKIP (I,JPANEL)
DIMENSION DUMMY(200)
IF (I .EQ. 0) GO TO 1
00 2 J=1,1

READ (02) (DUMMY(K),K=1,JPANEL)

CONTINUE
RETURN
END

FORTY

INCODE IBMF

SUBROUTINE WING (AH;LPANEL:I:BB:LPAN1:LPANZ)
TO COMPUTE THE JET OFF INFLUENCE COEFFICIENT MATRIX

DIMENSION AW(1),W(2)

COMMON /AERO/ AM1oAM2:E1'BZ:CL(30)pCT(SO)aCD(30);GAM(2:100)

COMMON /GEOM/ HALFSUIXCP(ZOO)IYCP(ZOO)IZCP(ZOO)IXLE(SO)'YLE(SO)IXT
1E(50),PSI1C20),CH(95),XV(200),YV(100),SN(C 8,8),XN(200,2),YN(200,2),
2 ZN(ZOOIZ)INIDTH(S)pYCON(ZS)'SUEEP(SO)rHALFB'SJ(21)8)IEX(9512)’TX(
395,2),5CC160,5),S1¢160,5),LC(3)

COMMON /CONST/. NCSINCN'M1(8)INSJINCJ(S)ILASTIMJW1(3'5)'MJH2(3'5)'J

1PANEL,MIJ(S), NW(3),NNJANJP
12=1

IFF=1

ISN=1

NL=NW(1)

NN=NW(1)

DO 16 J= IrLPANEL

MI=J=1FF+1

FN=NL | o

IF (J .GT. LPANT _AND. J JLE.
IF (J .GE. LPANT AND. J LT,
G0 TO0 21 - E :
NL=NW(2)

T 1E (Y JGES-LPAN2 SAND. J—LT.

CONT INUE
X1=XN(J,1)=-XCP ()
X2=XN(J»2)=XCP (1)
X12=XN(J»2)=XNC(J,1)
Y12=2YN(JL2)=YN(J,1).

LPAN2) ISN=2
LPANEL) ISN=3
LPANEL) GO .TO 20

_LPANEL) NL=NWC(3)
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DO 15 1I1=1,2

1F (11, EQ 1) GO To 2
N=1 :

GO T0 3

N=2 :

CONTINUE
YC=(=1,)**N*YCP(])
Y1=YN(JI,1)-YC
Y2=YN(J,2)-YC
XYK=XTxY12-Y1xX12
R1I=SGRT(X1xX1+B88*Y12Y1)
R2=SQRT(X2+X2+B8B*Y2#+Y2)
U1=(X12+*X2+BB*Y12xY2) /R2~- (x12*x1+aa*v12*v1)/a1
U1=sU1/XYK

S U2=(1.=-X1/R1) /Y1

U3=(1.=-xX2/R2)/Y2

WCII)=(Ul1+U2~- U3)*CH(IZ)*SN(MI'ISN)/(8 *FN)

AW(JI)=d (1) +W(2)

IF (J .LT. NN LOR, J .EQ, LPANEL) GO TO 16

1Z2=17+1 : '

I FF=NN+1

NN=NN+NL

CONTINUE

RETURN

END , _

LINK LINK3I3Z,LINK22

FORTY :
INCODE IBMF

SUBROUTINE WALNOL '

THIS PROGRAM DETERMINE THE OPTIMUM CAMBER SHAPE AND TWIST
DISTRIBUTION WITH SPECIFIED LIFT AND PITCHING MOMENT CONSTRAINTS
IN THE WING=-ALONE CASE WITH ZERO. LEADING EDGE SUCTION.

PARAMETER IPANEL=60,ICW=6

PARAMETER LLO=IPANEL**2,LL1=(IPANEL+3)*#2/4+1

EQUIVALENCE (BIGCX(1'1)'AIJ(1I1)lFNNN(1I1))

DIMENSION COGW(IPANEL) »CLGW(IPANEL),CMGW(IPANEL)

DIMENSION AW(2C0),CA(2C0),CDII(20),PAMBDAC(2),BAC200)

"‘DIMENSION GAMMA(CLL1),B8CNONCICW),VKSTDCIPANEL) »THETALCICW)
DIMENSION 7AC10), FNWW(IPANEL,IPANEL) ,BIGCXCIPANEL, IPANEL)
DIMENSION AKC(IPANEL),CONST(IPANEL),CAMZC(IPANEL) _

DIMENSION ONWWCICW,IPANEL) »CXCICW,ICW),ATJ(IPANEL,IPANEL)

COMMON /AERO/ AM1,AM2,81,82,CL(30),CT(30),CD(30),GAM(2,100)
COMMON /PARAM/ ALPT,ALFC,ALPS,CDF,SOF,TH,TDF

CCMMON /CLOPE/ DZDXK(1CO)'ALPAO(1S)aGCB(100);GCBX(100),THETAK(10)
1,0CXx(100),0ZDXK(100),GANC2,100)

COMMON /ADD/ CP(100):CP(30);BREAK(8)'SHP(8f1S)oGAL(BO)oISYP,VMU'VU
1ITEMPIFCR'CAMLERlCAMLET’CAMTEROCAMTETJXJIYJrZJIRJoALPlCREFoTNISTR
COMMON /CONST/ NCS,NCW,M1(8)sNSILNCIJC(S)LLAST,MIWTI(3,5),MIW2(3,5),J
TPANEL,H4JJI(S)»NW(3) »NNJ,NJP

COMMON /COST/ LTCTAL'LFAN1'NJw(S),LPANELaIENTN:LPANZ:EXIT:PTIAL:Tw
TISTADF(S5),NFP
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COMMON /GEOM/ HALFSW,XCP(200),YCP(200),2CP(200) »XLEC(S0),YLE(SO) ,XT
1E(SO)L,PSI(20),CH(I5),XV(200),YV(100),SNC 8,8),xXN(200,2),YNC200,2),
2 INC200,2) +WIDTH(8),YCCN(25),SWEEP(S50) »HALFB,SJ(21,8) ,EX(95,2),Tx(
39512)15C(160)5)ISI(16015)’LC(3) :

COMMON /IDENT/ DZDXK1(100):GAM1(100)'CAMZC1(100):ALPAO1(20)IYLE1(2

- 10)

FORMAT (4F10.5,110)"

FORMAT (14 ., CDBARICLBARICMBARIDELTAIMAXP )

CALL INVRCX (THETAI:BOADN}AA:IPANELIBIGCX:AK:ICW:CX)
CALL WALNO2 (AIJ AW FNUWW,IPANEL,BASDNWW,ICW,CX)

—d b
s~ W

***THEORETICAL MINIMUM INDUCED DRAG COEFFICIENT,LIFT CONSTRAINT'
PITCHING MOMENT CONSTRAINT,INITIAL STEP SIZE,MAXIMUM NUMBER OF
ITERATIONS #%#

WRITE (6,14)
READ (5,13) CDBAR,CLBAR,CMBAR,DELTA ,MAXP

WRITE (6,13) CDBAR,CLBAR,CMBAR,DELTA,MAXP

YOO O

DO 91 J=1,LPANEL
GAMMA(J)=0,0

91 CONT INUE
N=C

38 N=N+1
WRITE (6.,200) DELTANN
200 FORMAT (1H ,°'THE COMPUTED STEP SI2E, DELTA ,F10 3:5Xp'AT':IS:
1 ITERATION') .
DO 31 I=1,LPANEL
GAM(1,1)=GAMMA(I)
GAM(2,1)=GAMMAC(CI)
31 CONTINUE
CALL WALNO3 (GANNA;DELTA'AH:CApCDII'CLBAR:CMBAR;PAMBDA,N'IPANEL'
1A1J)
IF (N.EQ.1) GO TO 79
IF (COIICN).LT.CDBAR) GO TO 29 I
IF (ABSC(CDII(N)-CDBAR)/CDBAR) .LT. 0.05) GO TO 60
IF (CDII(N) GT. CDIIC(N=~1)) GO TO 39
G0 TO 79 ’
29 CDII(N)=CDII(N- 1)
39 CONTINUE
DELTA=0,S5*DELTA
DC 49 I=1,LPANEL
GAMMA(I)=GAM(1,1I)
GAMMA(I)=GAM(2,1)
49 CONTINUE S :
— - — - —GO-TC68 S
79 CONTINUE
CALL WALNOG4 (GAMMA,DELTA pPAMBDA:CA;VKSTD:CDGU:CLGN,CMGN'IPANEL
1,A1J4) :
68 CONTINUE
1F (N.,LT.MAXP) GO TO 38
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CONT INUE
DO 81 I=1,LPANEL
GAM(1,I)=GAMMA(])

T GAM(2,1)= GAMMA(I)

CONTINUE’ " ' o

CALL WALNOS (AK'CAMZC:CONST;GAMMA’BA)

DO 71 I=1,LPANEL

CP(I)=2.*GAMMACI)*ALPC

CONTINUE

WRITE (6,9) : ,

FORMAT (1H ,'OPTIMUM PRESSURE LOADING IN THE WING ALONE CASE')
WRITE (6,8) (CP(I),I=1,LPANEL) '

FORMAT (1H ,6F10.5)

RETURN

END

FORTY
INCODE IBMF

SUBROUTINE WALNO2 (AIJ,AW,FNWW, IPANEL,BA,DNWW,ICW,CX)

SET UP THE TRANSFORMATION MATRIX 'ACI,J)!'

DIMENSION AIJCIPANEL,1),AWC1) »FNWW(IPANEL,1) »BACT) ,DNWW(ICW,T)
DIMENSION CXCICW,1)

COMMON /CLOPE/ DZDXK(1C0),ALPAOC15),GCB(100),GCBXC100),THETAK(10)
1,CCX(100),0ZDXK(100),6GAN(2,100)

COMMON /CONST/ NCS,NCWsM1(8),NSISNCICS),LAST,MIWI(3,5),MIW2(3,5),4
1PANEL,MIJCS)/NW(3) 4NNJ ANJP :
COMMON /COST/ LTOTAL,LFANT,NJW(S) ,LPANEL , IENTN,LPAN2,EXIT,PTIAL,TY
11ST,DF(5),NFP

L1=LPANEL+1

IF (NW(2).EQ.0) GO TO S

REWIND 01

D0 1 I=1,LPANEL

READ (01) (AW(K),K=1,L1)

DO 1 J=1,LPANEL

FNWW(I J)=AW(Y)

CONT INUE

REWIND 08

DO 2 I=1,LPANEL

WRITE (03) (FNWW(J,I)sJ=1,LPANEL)

CCNTINUE

REWIND 06

00 3 I=1,LPANEL

REWIND 08

" READ (04) (AW(L),L=1,LPANEL)

DO &4 J=1,LPANEL

AIJ(1,J4)=0,0 ~

READ (08) (BA(L),L=1,LFANEL)
DC 4 K=1,LPANEL
ATJCIPI)=ATICTI L) +AWCK)I*BA(K)
CONTINUE

GO TO 10
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CONTINUE

REWIND 01 .

DO 16 I=1,NCS

00 17 M=1,NCW

READ (01) (AW(K),K= 1:L1)

DC 18 N=1,LPANEL

DNWW{M,N)=AW(N)

CONT INUE

DO 6 IK=1,NCW

DO 6 JJ=1,LPANEL

II=(I-1)*NCW+]IK

ALJ(IL,JJ4)=0.0

DO 7 L=1,NCW

AIJCIL,JJ)= AIJ(II:JJ)*CX(IKIL)*DNHW(L:JJ)

CONTINUE

CONT INUE

CONTINUE

RETURN

END

FORTY

. INCODE IBMF

SUBROUTINE WALNO3 (GAHVA;DELTA:AU:CA&CDII'CLBAR'CMBARpPAMBDA’N'
1IPANEL,ALJ)

FIND THE WING ALONE VORTEX STRENGTH AT THE N-TH ITERATION
DIMENSION AN(1)0CA(1)IGAMMA(1)ICDII(1):PAMBDA(]):AIJ(IPANEL;1)
COMMON /AERO/ AM1,AM2,B1,B82,CLC(30),CT(30),C0(30),G6AM(2,100)

COMMON /CLOPE/ DZDXK(1CO)'ALPA0(1S)IGCB(100)IGCSX(100)'THETA((10)
1,CCx(100),02DXK(100),G3AN(2,100)

COMMON /CONST/ NCS’NCU1M1(8)1NSJ1NCJ(5)1LAST1MJN1(3 5),MIW2(3,5),J
TPANELSMJIJC(S) /NW(3) ,NNJ,NJP

COMMON /GEOM/ HALFSN’XCP(ZOO)IYCP(200)1ZCP(200)rXLE(SO):YLE(SO)lXT
1E(50)1PSI(20):CH(QS)IXV(ZOO):YV(1OO)ISN( 8’8)IXN(20012)IYN(200I2)I
2 ZN(ZOO}Z)tdIDTH(S)1YCCN(25)1$NEEP(SO)oHALFBISJ(ZTlB)tEX(gsoZ)oTX(
395,2),5C(160,5)+S1(160,5),LCC(3)

COMMON /COST/ LTOTAL;LFAN1tNJW(S)rLPANEL:IENTNILPAN2'EXITIPTIAL1TU
1ISTL,DF(5),NFP

P1=3.14159265 -

L1=LPANEL+1

L2=LPANEL+2

L3=LPANEL+3

REWIND C38

DO 71 I=1,LPANEL

DO 72 J=1,LPANEL .

IF (J LEQ., 1) GO .TO 73

CAQ(I=0.0 ' L ' _ _ o S
’*G"O"_TO "7'2_‘ e “—V._.“""_‘“‘ T - = .' _—E"""J_;“. e e '-"’ TTT ottt

S CA(JI=1.D

CONTINUE
CACLI)=PI*##24GCB(I)/(HALFSW#*2,)*DELTA

CA(L2)= PX*'Z*GCBX(I)/(HALFSM*Z )*DELTA
ACGw=0,
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DO 74 K=1,LPANEL

ADGW =ADGW =(GCB(ID*ALIJ(I,KI+GCB(KI*ATJ(K,I))*GAM(1,K)

CONTINUE

CACL3)=ADGW  *PI~#2#DELTA/(HALFSW*2.)

WRITE (08) (CA(KK),KK=1,L3)

"CONT INUE

DO 7S K=1,LPANEL
CA(K)=GCB(K)*PI*PI/(HALFSW*2,)
CONTINUE

CA(L1)=0.0

CA(L2)=0.0

CA(L3)=CLII-CLEAR

WRITE (08) (CA(JI,J=1,L3)

00 76 L=1,LPANEL :
CACL)=GCBX(L)*PI+PI/(HALFSW*2.)
CONTINUE"

€CA(L1)=0.0

CA(L2)=0.0 .
CA(L3)=CMII-CMBAR

WRITE (08) (CACJI,J=1,13)

REWIND 038 ‘

READ (08) CAW(CI),I=1,LY)
DO 77 I=1,L2
GAMMA(I)==AW(CI+1)/AW(1)
CONTINUE '
NJ=L2=-1

DO 78 1J=2,L2

READ (08) (AW(I),I=1,L2)
IK=IJ

CALL VMSEQN (NJ,IK,AW,GAMMA,CA)
NJsNJ=T

CONT INUE
PAMBDA(C1)=GAMMA(LT)
PAMBDA(2)=GAMMA(L2)

D0 36 I=1,LPANEL
GAMMACI)=GAM(1,1)+GAMMACI)
CONTINUE

D0 21 I=1,LPANEL
DZDXK(I1)=C.0

D0 22 J=1,LPANEL

DZIDXK(I)=DZODOXK(IX+ATIJ(I,J)*GAMMACJ)

CONT INUE
CONT INUE
CLII=0.0
CMII=0.0
CDII(N)=0,0

D0 50 I=1,LPANEL

COIT(N)=CDII(N)+GCB(I)*DZDXK(I)*GAMMAC(])

CLII=CLII+GCB(I)+*GAMMA(])
CMII=CMII+GCBX(I)*GAMMAA(I)
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CONT INUE

CDII(N)=-PI**2*CDII(N)/(HALFSN*? )

CLII=PI~PI+CLII/(HALFSW®*2,)

CMII=PI*ePI*CMTI/(HALFSW*2,)

WRITE (br134) CDIT(N) ) - '

FORMAT (1H ,'INDUCED DRAG. COEFFICIENT: . CDII=',F15,5)

WRITE (6,135) CLII ) .

FORMAT (1H L'ULIFT COEFFICILENT, CLII="*,F15,5)

WRITE (6,136) CMII

FORMAT (1H ,'PITCHING MOMENT COEFFICIENT,CMII='",F15.5)

RETURN

END

FORTY
INCODE IBMF ' ’

SUBROUTINE WALNO4 (GAMMALDELTA L,PAMBDALCA,VKSTD,CDGW,CLOGW,CMGW,
1IPANELSALY)

CALCULATE THE STEP SIZE BY ONE DIMENSIONAL OPTIMIZATION

TECHNIQUE

DIMENSION CA(1)IVKSTD(1)1CDGU(1)1CLGV(1):CMGH(1)rGAMMA(’)

DIMENSION PAMBDA(CI),ATJ(IPANEL,1) N

COMMON /CLOPE/ DZDXK(100),ALPAOC1S5),GCB(100),6C8X(100),THETAK(10)
1,CCX(100),02DXK(100)Y,GAN(2,100) '

COMMON /GEOM/ HALFSW,XCP(200),YCP(200),2CPC(200) »XLE(SD),YLE(SO) ,XT
TE(SO)»PSIC20),CHCISY» XV (200),YV(I00),SN( 8,8),XN(200,2),YN(200,2),
2 IN(200,2) s WIDTH(B)sYCCN(2S5),SWEEP(SO) /JHALFB,SJ(2128),EX(95,2),TX(
395,2)+5C(160,5),S1(150,5),LC(3)

COMMON /COST/ LTOTAL'LPAN1'NJN(S)pLPANEL:IEVTN:LPANZlEXIT;PTIAL,TH
11ST,DFC(S)»NFP

PI=3.14159265

00 12 I=1,LPANEL

cCA(1)>=0.0
D0 13 J=1,LPANEL

CA(I)= CA(I)+(GCE(I)*AIJ(I’J)*GCB(J)*AIJ(J'I))*GAMMA(J)

"CONTINUE

CDGN(I)'-PI*PI*CA(I)/(HALFSH*Z.)

CONTINUE

DO 15 I=1,LPANEL

CLGW(I)= PI*PI*GCB(I)/(HALFSU*Z )y

CONTINUE

00 16 I=1,LPANEL

CMGW(I)= PI*PI*GCBX(I)/(HALFSW*Z )

CONTINUE

DO 90 I=1,LPANEL

VKSTD(I)=0.0 ' o
VKSTD(I) VKSTD(I) (CDG%(I)+PAHBDA(1)*CLGH(I)+PAMBDA(2)*CMGH(I))

CDGW1=0, 0
coGw2=0.0

DO 92 J=1,LPANEL
poGW=0.0

DO 93 I=1,LPANEL
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DDGU*DDU**(GCB(I)*AIJ(I'J)*GCB(J)*AIJ(JII))*VKSTD(I)

"CONTINUE

CDGW1= CDGJ1*DDbW*GAMMA(J)

COGW2=CDGW2+DDGWAVKSTD (J)

CONTINUE

BOR=COGW1T"

DOR=CDGW?

DELTA=ABS{(BOR/DOR)

RETURN

END

FORTY
INCODE IB8MF _

SUBROUTINE WALNOS (AKICAMZCICONSTIGAMMAIBA)

FIND THE CAMBER ORDINATES AND LOCAL ANGLE OF ATTACK

DIMENSION ALPA(IS)

DIMENSION AK(1)ICAMZC(1)ICONST(1)IGAMMA(1)IBA(1)

COMMON /CLOPE/ DZDXK(1CO)»ALPAQO(C1S),GCB(100).,GCBX(100),THETAK(10)
1,CCx(100),020XK(100),GAN(C2,100)

COMMON /CONST/ NCS'NCU'M1(8)1NSJINCJ(S)rLAST'MJU1(315)1NJU2(3’5)IJ
TPANEL,MJIC(S)  NW(3) LNNJ ,NJP

COMMON /COST/ LTOTALALPANTANIWCS) /LPANEL,IENTNALPANZ,EXIT,PTIAL,TW
11STLDF(S), NFP ,

COMMON /GEOM/ HALFSW,XCP(200).,YCP(200),2CP(200) ,XLE(SO),YLE(SD) »XT
1E(S0),PSIC(20),CH(95),xVv(200),YV(100)»SNC 8,8),XN(200,2),YN(200,2),
2 ZN(ZOOIZ)lNIDTH(g)IYCON(ZS)ISHEEP(SO)IHALFBISJ(21[8)’EX(95'2)ITX(
395+,2),5CC160,5),S1C160,5),LC(3)

COMMON /IDENT/ DZ2DXK1(100) ,GAMT(100),CAMICTIC100),ALPAOTI(20),YLETI(2
10) ] )

PI=3,14159265

NW2=NW(1)+NW(2)

IF (NW(2) .EQ. 0) GO TO 48

I I=NCS+1 :

IF (NWC(3) .NE, 0) GO TC S0

CHORD=CH{(1)+CH(II)

XX1=CH(1)/CHORD

THETA1T=SARCOS(1.-2.%XX1)

THETAZ2=P!

GO TO 91
III=II+NCS _

CHORD=CH(1)+CHCII)+CHC(CIID)

XX1=CH(1)/CHORD

THETA1=ARCOS(1,.-2,%XX1)

XX2=(CHC1)+CH(II))/CHORD

THETA2=ARCOS(1.,-2,%XX2)

CONT INUE ’

GO TO 49

THETA1=P]

CONTINUE

WRITE (6,102)

FORMAT (1H ,'THE TWIST DISTRIBUTION IN THE SPANWISE DIRECTION')

K1=1
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K2=2

DO 23 KI=1,NCS

DO 25 N=1,NCW

NA=(KI=-1)*NCW+N

AK(NA)Y=0.0

FN=N=-1

DO 27 L=1,NCW

IF (L LENW(T)IKB=(KI~-T1)*NW(T)+L

IF (L.GT NW(1) .AND. L.LE.NW2)KB=LPAN1+(KI~- 1)*NU(2)*L -NW(1) .

IF (L.GT ,NW2) KB=LPAN2+(KI-=1)*NW(3)+L-NW2
IF (L JLE, NW(1)) GO TC 100

IF (L .GT., Nw(1) ,AND. L .LE., NW2) GO TO 200

IfF (L .GT. NW2) GO TO 3200 e

FNA=NW(T)

THETA=THETA1

GO TO 400 '

FNW=NW(2)

THETASTHETA2-THETA1

GO TO 400 :

FNW=NW(3)

THETASPI-THETA2

CONT INUE '

AK(NA) = AK(NA)*THETA*DZDXK(KB)*COS(FN*THETAK(L))/(FNN*PI)
CONTINUE

IF (NJGT.1) AK(NA)=2, *AK(NA)

CCNTINUE

CONST1=0.0

CONST2=0.0

DO 88 J=3,NCW

GK=J-1

KCG=(KI-1)*NCW+J ' :
CONST1=CONST1+0. 25*AK(KG)*(1 1(1.-6GK)+1,/(1.+GK))

CONSTZ2= CONSTZ*O.ZS*AK(KG)*(1./(1,-GK)*COS((1.-GK)*?I)+1./(1.+GK)'C

10SC(1.+GK)*PI))
CONTINUE ,
CONST3=20,125%AK(K2)
CONST(KI)=CONSTT1+CONST3
ALPAOCKI)=CONST2-CONST1-AK (K1)
ALPA(KI) =ALPAO (K1) *180./P1
DO 29 M=1,NCW
MM=(KI=1)*NCW+M
CAMZC(MM)=0.0.

D0 30 K=3,NCW

FK=K=1

S KD=(KI-1)*#NCW+K
~CAMZC(MM)=CAMZC(MM)-0,25*AK(KD) *(1, /(J °FK)*COS((1'-FK)*THETAK(M))

30

1+1 /€1 +FKI*COSC(1, +rx)*ruernx<mj)>

CONTINUE
CONST4=-CONST3*C0S(2, *THETAK(M))

CAM2C(MM)= CAMZC(MM)+(ALPAO(KI)+AK(K1))*O S*(1,-COSCTHETAK(M)))+CON

1ST4+CONST(KI)
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CONTINUE
K1=K1+NCW
K2=K2+NCW
WRITE (6.,126) KIIYLE(KI);KI’ALPA(KI) . '
FORMAT (TH L 'YLEC(',12,')="'sF15.5,5X,"ALPAO(" " »12,')="',F15.5)
CONTINUE ' o ‘ B
WRITE (6,129)
FORMAT (1H ,'THE CAMBER ORDINATES IN THE WING ALONE CASE )
WRITE (6,127) (CAMZCC(JJ),JJ=1,LPANEL)
FORMAT (1H ,6F10.5)
DO 60 I=1,NCS
YLEVTCIDd=YLE(I)
ALPAOI(I)= ALPAO(I)
CONTINUE
DO 65 J=1,LPANEL
CAMZCI1(J)I)=CAMZIC()
DZpXK1(JI=DZDXK(J)
GAM1(J)=GAMMA(J)
CONT INUE
RETURN
END
LINK LINKGL,LINK3S
FORTY
INCODE I18MF /"
SUBROUTINE INVMTX .
INVERT THE AUGNMENTED MATRIX OF THE BSOUNDARY CONDITIONS
PARAMETER JPANEE=80,IPANEL=60
PARAMETER ITOTAL=2+JPANEE+IPANEL
DIMENSION BIGTRX(ITOTAL,ITOTAL) ,CONDNCITOTAL),AW(300)
COMMON /COST/ LTOTAL,LFANT, NIWCS) /LPANEL,IENTNSILPANZ,EXIT,PTIAL,THW

1ISTLDF(5),NFP

COMMON /CONST/ NCS:NCWIM1(8)INSJINCJ(5)1LASTIMJJ1(315):MJJ2(3'5)IJ

TPANEL,MJJIC(S) »NW(3) ,NNJ INJP

CALL JETNO3 (ITOTALrAN:CONDN;BIGTRX)
RETURN
END
FCRTY
INCODE 1BNAF
SUBROUTINE JETNO3 C(ITOTAL,AW,CONDN,BIGTRX)
INVERT THE AUGMENTED MATRIX BY H.E.M.P., SUBROUTINE
DIMENSION AWC1) ,CONDNC1),BIGTRX(ITOTAL,Y)
COMMQN /COST/ LTOTALILPAN1lNJN(S)lLPANELfIENTNILPANZ:EXITIPTIAL:TN
1TISTLDF(S),NFP
COMMON /CONST/ NCS:NCWIM1(8)INSJINCJ(S)ILASTIMJN1(315)’MJH2(315)IJ.
1PANELIMJJ(S)INN(3)lNNJINJp . .
REWIND 03
DO S I=1,LTOTAL
READ (03) (AW(K),K=1,LTOTAL)
DO 6 J=1,LTOTAL
BIGTRX(1,J)=AWJ)
‘CCNTINUE
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CONTINUE

LTO=LTOTAL

CALL SETDIM (BIGTRX:LTO'LTO)

CALL HERINV (BIGTRX,LTO,CONDN) -
REWIND 0OF :

DO 9 I=1,LTOTAL

WRITE (0%) (BIGTRX(1,J)rJ=1,LTOTAL)
CCNTINUE ‘
RETURN -

END -

LINK LINKSS,LINKGS

FORTY

INCODE I BMF
SUBROUTINE COMJET (KCODE)

FIND ALL MATRICES ARE NEEDED AND STORE THOSE MATRICES ON FILES
PARAMETER IPANEL=60,ICW=6,JPANEE=80
PARAMETER J1=2+JPANEE,J7=JPANEE+IPANEL
EQUIVALENCE (BIGCX(1,1),A1J(C1,1))

EQUIVALENCE (RHSIDE(1,1),81J(1,1))

DIMENSION AIJCIPANEL,IFANEL),BIJC(IPANEL,JPANEE)

DIMENSION FNWW(IPANEL ,IPANEL) ,FNWJ (IPANEL,JPANEE)

DIMENSION AW(300),BA(3CO),CAC30G),THETALI(10)Y,DA(3ND),AK(IPANEL)

DIMENSION SIGCX(IPANEL ,IPANEL) ,BONDNCICW) »AA(10),CXCICW,ICW)

DIMENSION RHSIDE(JPANEE,IPANEL)

COMMON /AERO/ AM1,AM2,E1,82,CL(30),CTC30),CD(30),6AM(2,100) ]

COMMON /ADD/ CP(100),CM(30),BREAK(B)»SWP(B,15),GALC(30),1ISYM,VMU,VU
1o TEMPLFCR,CAMLER)CAMLETHCAMTERSCAMTET #XJ s YJ0r2JsRIFALPLCREF,TWISTR

COMMON /CONST/ NCSINCUIMT(8)1NSJINCJ(5)1LAST:MJW1(315)1MJW2(3:5)IJ
TPANEL,MIJC(S)ANW(3I) A NNJLNJP

COMMON /CLOPE/ DZDXK(1CO)IALPAO(1S)IGCB(100)IGCBX(100)ITHETAK(10)
1,CCx(100),020XK(100),GAN(2,100)

CCMMON /GEOM/ HALFSW,XCP(200),YCP(200),2CP(200) »XLECS50),YLE(SO) »XT
TE(50),PSIC20)sCHCIS)»XVC(200),YV(100),SNC 8,8),XN(200,2),YN(200.,2),»
2 INC200,2) »WIDTH(8)»YCON(2S),SWEEP(SO) »HALFB,SJ(21+8) sEX(95,2),TX(
395,2),SCC160,5),510160,5),LC(3) _

COMMON /PARAM/ ALPT,LALFC,ALPS,CDF,SDF,TH,TDF

CCMMON /COST/ LTOTALILPAN1oNJN(S)ILPANELIIENTN:LPANZIEXITIPTIALoTH
1IST,DF(S)sNFP

CALL JETNOG (BA:RHSIDEIJPANEE:KCODE)

CALL JETNOS (J7,AW,CA,RHSIDE,JPANEE)

CALL JETNOSG (AN}EAICAIAIJ&BIJaFVUU;FNNJIIPANELIJ1IJ7ICX:ICU)

RETURN

ENC

FORTY :

INCODE I3MF ’ : . . . '
‘SUBROUTINE JETNO4 (BA,RHSIDE,JPANEE,KCODE)— —  —— —_—
SET UP THE RIGHT HAND SIDE MATRIX OF THE BOUNDARY CONDITIONS F OR
INDEX=1
DIMENSION BA(1);RHSIDE(JPANEE:1)

COMMON /AERO/ AM’:AMZIE’:BZICL(3O)'CT(30)0CD(30)IGAM(21100)

CCMMON /ADD/ CP(10}O)IC_~(30)IBREAK(8)lswp(811S)IGAL(SO)IISYMIVMUIVU

127



A

50

55

60

02-13-78 02.177

ToTEMP,FCRACAMLERSCAMLE T, CAMTERSCAMTET »XJrYJrZJosRILALP,CREFATWISTR
CCMMON /CONST/ NCSoNCW,M1(8),sNSIsNCI(S5) LAST,MIWTI(3,5),MIW2(3,5),4 -
TPANEL,MIJ(S) 2o NW(3) ,NNJ ,NJP

COMMON /COST/ LTOTAL:LPAN1INJU(5)ILPANEL'IENTN’LPANZIEXITlPTIALrTU
1ISTLDF(S),NFP

COMMON /GEOM/ HALFSN'XCP(ZUO)lYCP(ZOO)lZCP(?OO)IXLE(SO)rYLE(SO)IXT
1E(S0)»PSTI(20),CH(95),XV(200),YVC100),SNC 8,8),XN(200,2),YNC200,2),
2 INC200,2) »WIDTH(8)H»YCCN(25),SWEEP(SO) HALFB»SJ(21,8),EX(95,2),TX(
395+2)2SCC160+5)+,S1C160,5),LC(3) .

COMMON /PARAM/ ALPT,ALPC,ALPS,CDF,SDF,TH,TDF

COMMON /SCHEME/ C(Z):X(10:41)1Y(10'&1):SLOPE(1S)IXL(2:1S)IXTT(41);
IXLL(4)

VMUC=VMU*ALPC

IPHI=1

MJ=LPANEL+NCJ (1)

INN=1

JNN=1

D0 1 KI=1,JPANEL

LI=SLAST+KI

KJ=L1

IF (LI .GT. LAST) KJ=LI-JPANEL

CALL STREAM (ALPHA,L,VMUC,LIL,IPHILLPANEL,TEMP,LPANT,LPANZ,ISYM,
TKCODELEXIT,MJ,1,BA)

IF (KJ LT. MJ _,0R. KJ .EQ, LAST) GO TO 50

IPHI=IPHI+1

MI=MJI+NCJCINN)

CONTINUE

MJI=MJJCINN)-1

IF (KJ JEQ. MJI) GO TO 55

GC TO 60

JNN=INN

INN=INN+1

IF (KJ JEQ. MJJCINNY) IPHI=1

DO 2 I=1,LPANEL :

RHSIDE(KI,I)==BA(]I)

CONTINUE

RETURN

END

FORTY

INCODE I BMF

SUBROUTINE JETNOS (J7,AW,CA,RHSIDE,JPANEE)

FIND THE DERIVATIVES OF (DGOJ/DGWO) AND (DGWA/DGWO) AND STORE
THOSE DERIVATIVES ON FILE (12)

DIMENSION AW(C1),RHSIDE(JPANEE, 1), CA(T)

COMMON /CONST/ NCS;NCN:M1(8)1NSJ1NCJ(5))LAST&MJW1(315)IMJNC(315)IJ: -

TPANEL,MIJ(S5)/NW(3) ,NNJSNJP

COMMON /COST/ LTOTAL;LPAN1:NJN(5)'LPANEL:IENTN;LPANZ:EXIT:PTIAL'TH
11ST,DF(5),NFP

REWIND 12

DO 1 I=1,LPANEL

REWIND 09
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DO 3 L=1,JPANEL
READ (09) (AN(M)'M-1’LTOTAL)
CONTINUE
DO 2 J=1,J07
READ (09) (AW(M),M=1,LTOTAL)
CA(J)=0.0 : o
DO 2 K=1,3PANEL ) ‘
CA(JI=CA(J)I+AWC(KI*RHSIDE(K,I)
WRITE (12) (CA(M),M=1,J7)
RETURN
END
FORTY
INCODE IBMF
SUBROUTINE JETNOG6(AW,BA,CALAIJ,BIJ,FNWW,FNWJILIPANEL,J1,J7,CX,1CW)
“FIND THE MATRICES (A) AND (B) AND STORE THOSE MATRICES
ON FILE (11) » ALSO COMPUTE THE DERIVATIVES OF CAMBER SLOPES AND
STORE IT ON FILE (10)
DIMENSION AN(1)lBA(?)oCA(1)'AIJ(IPANEL:1)081J(IPANEL:1)
DIMENSION FNWW (IPANEL, 1) ,FNWJCIPANEL,1),CXCICWAT)
COMMON /CONST/ NCSoNCWoMI(8)INSISNCICS) »LAST o MIWTI(3,5),MJW2(3,5),J
TPANEL,MJIJ(S) »NW(3) »NNJ SNJP
COMMON /CLOPE/ DZDXK(1C0),ALPAO(15),6CB(100),6CBX(100),THETAK(10)
1:CCX(100)IOZDXK(100)16AN(2;100)
COMMON /7COST/ LTOTALILFAN1:NJU(5)aLPANELlIENTNILPANZ;EXIT'PTIALITN
11ST,DF(S),NFP
DO 19 I=1,NCW
DO 19 J=1,NCW
IK=(I-1)*NCw+J
CX(I,J)=CCXCIK)
REWIND 03
DO 20 J=1.,01
READ (03) (AW(K),X=1,LTOTAL)
CONTINUE :
DO 2 I=1,LPANEL
READ (03) (AW(K) ,K= 1/LTOTAL)
PO 3 J=1,JPANEL
JJSIPANEL+J
FNWJC(I d)=2W(JUD)
D0 4 K= 7’LPANEL
KK=J1+K '
FNWW (I,K)=AW(KK)
CONTINUE
REWIND 11
DO 13 I=1,NCS
DO 13 IK=1,NCW
II=C(1-1) *xNCW+]K

DO 14 J=1,LPANEL

ALJ(11,3)=0,

DO 14 L=1,NCwW

LL=(I=1) *NCW+L

ATJC(II,d)= AIJ(II’J)+CX(IK,L)*FNuw(LLoJ)
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DO 15 JK=1,JPANEL

BIJ(II,uK)=0.

DO 15 LK=1,NCW

LN=(I-1)*NCW+LK : '
BIJ(II,JK)= BIJ(II:JK)+CX(IK;LK)*FNNJ(LN'JK)

- CONTINUE
CONTINUE

DO 16 I=1,LPANEL
0O 11 IK=1,JPANEL
CA(IK)=BIJ(I,IK)
DO 12 JK=1,LPANEL
MK=JPANEL+JK
CA(MK)=ALJ (I,JK)

WRITE (11)

CONTINUE
REWIND 12
REWIND 10

(CACLK) »LK=1,J7)

DO 8 I=1,LPANEL

REWIND 11
READ (12)

(AWC(L) #L=15,47)

DO 10 J=1,LPANEL

READ (11)
BA(J)=0.0

(CA(LIAL=1,07)

D0 9 K=1,47
BACJ)I=BAC(J)+CA(K)I*AW(K)
BA(JISATIJC(J,1)+8BA(Y)

WRITE (10)

CCNTINUE
RETURN
EMND
L INK
FORTY
INCODE

(BA(M),M=1,LPANEL)

LINK66,LINKSS

18MF

SUBROUTINE JETNOL(KCODE)

THIS SUBROUTINE DETERMINE THE OPTIMUM CAMBER SHAPE AND TWIST
DISTRIBUTION WITH SPECIFIED LIFT AND PITCHING MOMENT CONSTRAINTS
IN THE JET ON CASE WITH UPPER-SURFACE~-BLOWING AND ZERO LEADING
EDGE SUCTION

PARAMETER
PARAMETER
DIMENSION
DIMENSION
DIMENSION
DIMENSION
"D IMENSION

JPANEL=60,ICw=6,JPANEE=8C

J7=JPANEE+IPANEL,J1= 2*JPANEE:LL1-(IPANEL+3)**2/4+1
GAMMA(LL1),CDII(20),0AMZC(IPANEL)
AH(SOO))BA(3CO)1CA(300)IDA(300)¢THETAI(10)/PAMBDA(Z)
GAMMT (IPANEL ), GAMAACIPANEL) ,GAMOJ(JPANEE) »GAT(IPANEL)
CAMZCCIPANEL),CONSTCIPANEL) »AKCIPANEL),RHS(300) -
BONDNCICW)sWA(10) ,BIGCXCIPANEL,IPANEL)»CXCICW,ICW)

COMMON /ADD/ CP(100)»CM(30),BREAK (8) ,SWP(8,15),GAL(30),1SYMsVMULVU

"1, TEMP,FCR,CAMLER,CAMLET,CAMTERSCAMTET # X3 ,YJ»2JsRJ,ALP,CREFL,TWISTR-

COMMON /AERO/ AM1,AM2,B1,82,CL(30),CT(30),CD(30),6AM(2,100)
COMMON /CLOPE/ DZDXK(100),ALPAO(15),G6CB(100),6CBX(100),THETAK(10)
1,CCx(100),020XK(100),GAN(2,100) -

COMMON /LING/ GLEAR,GMBAR,FCLII,FCMII
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_ CONT.INUE.
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COMMON /WwLONE/ DZDXKW(100),GAMW(100),CAMZCW(100),ALPAOW(20)

COMMON /CONST/ NCS,NCW,MT(8)sNSJUSNCI(S)»LAST,MIWI(3,5),MIW2(3,5),
TPANEL,MJJI(S) ,NW(3) ,NNJ ,NJIP _
COMMON /COST/ LTOTALILFAN1INJH(S)ILPANELIIENTNILPANZIEXITIPTIAL'TN
1ISTLDF(S),NFP

COMMON /GEOM/ HALst'XCP(ZOO)pYCP(ZOO):ZCP(ZOO)'XLE(SO)oYLE(SO)cXT,,

1E(50)4PSI(20),CH(9S),XVv(200),YV(100),SN( 808)'XN(200'2)'YN(20002)'
2 INC200,2) »WIDTH(8),YCON(2S5),SWEEP(SO) »HALFB,SJ(21,8) ,EX(95,2),TX(
395,2),SCC160,5),SI1(160,5),LCC3)

COMMON /PARAM/ ALPT,ALFC,ALPS,CDF,SDF,TH,TDF

COMMON /IDENT/ DZDXK1(100)IGAM1(100)ICAMZC1(100)IALPAO1(20)IYLE1(2
10)

CALL INVRCX (THETAI,BONDN,WA,IPANEL,BIGCX,AK,ICW,CX)

FORMAT (3F10.5.110)

FORMAT (1H ,°CLII,CMII,DELTALMAXP')

FORMAT (1H »"NUMB,SIZE")

FORMAT (110,F10.5

DG 44 I=1,NCS

ALPAOW(I)=0.

DO 46 J=1,NCS

AA=1,

DO &7 L=1,NCS

IfF (L,EQ.,J) GO TO 47
AA=AA*(YLECI)=YLET(LY) /CYLETCJD)-YLET(L)Y)
CONTINUE
ALPAOW(I)=ALPAOW(ID+AA*ALPAOT (J)
CONTINUE

CONTINUE

DO & I=1,NCS

DO S5 K=1,NCW
JUS(I=1)xNCW+K

GAMW(JJ)=0,

CAMZ CWw(JJ) =0,

DZDXKW(JJ) =0,

DO 6 J=1,NCS

11=CJ=1) «NCW+K

AA=1,

DO 7 L=1,NCS

IfF (L.EQ.J) GO TO 7

. AASAAx(YLE(I) - YLET (L)) /CYLETCII=YLET (L))

-CONTINUE
GAMW(JJ)I=SGAMW(JIJI)I+AA*GAMICI]) ,
DZOXKW(JJ)=DZDXKW(JJ)+AA*DZDXKI(II)
CAMZCW(J4J) CAMZCW(JJ)+AA*CAMZC1(II)
CONT INUE

PNV I o

20

CONT INUE

D0 20 I=1,LPANEL
DZDXK(I)=D2DXKW(I)
GAM(1,1)=GAMWC(I)
GAMC2,1)=GAM(1,1)
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LIFT CONSTRAINT, PITCHING MOMENT CONSTRAINT, INITIAL STEP SIZE
AND MAXIMUM NUMBER OF ITERATIONS  wx+ : :
WRITE (6-14)

READ (5,13) CLBAR;CMBAR'DELTO:MAXP

WRITE (6,713)CLBAR,CH3AR,DELTO,MAXP

NUMBER OF INTERMEDIATE CYCLES WHICH ARE NEEDED TO REDUCE THE
INITIAL COMPUTED LIFT AND PITCHING MOMENT COEFFICIENTS TO THE
CONSTRAINTS, THE ASSUMED STEP SIZE IN THE JET .ON CASE ##%
WRITE (6,15)

READ (5,33) NUMB,SIZE

WRITE (6,33) NUMB,SIZE

N=0

ITN=0

NCOUNT=0

CONTINUE

1F (ABS(CLII-CLBAR),.LT.0.00001) GO TO 508

IF (ITN.GT.2) GO TO 502

GO TO0 59¢@

CONTINUE

NCOUNT=NCOUNT+1

DO S60 I=1,LPANEL

OAMZC(I)=CAMZIC(I)

CONTINUE '

WRITE (4,565) vcouwr.ogLTA :
FORMAT (1HO: THE',13," ITERATION IN THE. FINAL CYCLE, DELTA=
1F10.3) '
CONTINUE

N=N+1

CONTINUE

DO 31 I=1,LPANEL

OCLII=CLII

OCMII=CMII

GAN(]I;) =GAM(1,1)

CGAN(2,1)=GAM(2,1)

GATCI)=GAMMT(I)

0ZOXK(I)=D7ZDXK (I)

CONTINUE

IF (ABS(CLII-CLBAR),LT.0.00001) 60 TO 505

IF (ITN.GT,.2) GO TO 19

IF (N,EGQ, 1) GO TO 32 .

‘CONTINUE ' - ‘ . ‘ . '

- IF (ABS(CLII- CLBAR) GT 0 00001) HRITE (6:200) DELTAIITNINUMB1 ,
FORMAT (1HO,'DELTA= IF10'315XII21.TH "ITERATION OF'IIZI'TH INTER
1MEDIATE CYCLES')

CALL JETNO7 (GAMMA,BA,DELTA,AW,CA,CLITI,CMITIL,PAMBDALGAT,J7)
CONTINUE

CALL JETNO8 (RHS,KCODE)

CALL JETNOS (GAMMT:GAMOJ'uAMAAoRHS'ANIBA'CA'J7;N'CDII’CLIIICMIII
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1CLBAR,CMBAR,NUMB,ITN)
IF (N.EQ.1) CALL CAMBER (AK,CAMZC,CONST,GAMMA,BA,N,MAXP)
IF (N,EQ.1) CALL LOAD
IF (ABS(CLII-CLBAR),LT.0.00001) GO TO 555
IF (N.EQ.1) GO TO 80
IF (ITN.EQ.1) GO TO 89
555 CONTINUE
IF (COIICITN) .GT.CDILICITN=1)) GO TO 29
89 ITN=ITN+1
60 TO 79
19 CONTINUE
FCLII=FCLII-GLBAR
FCMII=FCMII-GMBAR
NUMB1=NUMB1+1
DELTA=DELTO
ITN=1 _
GO TO 68 : ‘
29 CONTINUE
DELTA=0.5+DELTA
ITN=ITN+1
DO 49 I=1,LPANEL
GAM(1,1)=GAN(1,1).
GAM(2,I)=GAN(2,1)
GAMMT(I)=GAT(I)
DZDXK(I)=0ZDXK(I)
.CLITI=0CLII
CMII=OCMII
49 CONTINUE
GO TO 68
80 ITN=1
DELTA=DELTO
NUMB1=1
GO TO 68
79 CONTINUE
1F (ABS(CLII-CLBAR).LT.0.00C01) GO TO 540
IF (ITN.GT.2) GO TO 68
540 DELTA=SIZE
68 CONTINUE
IF (ABS(CLIT-CLBAR),LT.0.000601) CALL CAMBER CAK,CAMZC,CONST,GAMMA,
1BA,N,MAXP)
C1F (NCOUNT.EQ.0) GO TO 561
sumM=0.
DO 562 I=1,LPANEL
T SUMSSUM+(CAMZC(I)=0AMZC(I))#*2 -
562 CONTINUE , L
__RMS= SQRT(SUM)/(FLOAT(LFANEL)*CREF)

WRITE (6,563) RMS , .
563 FORMAT (1H ,'THE ROOT MEAN SQUARE OF CAMBER ORDINATES=',F15.5)

561 CONTINUE _
IF (N,LT.MAXP) GO TO 38
. CALL LOAD
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RETURN
END
FORTY
INCODE IBMF

SUBROQUTINE JETNO7 (GAMVA/BAIDELTA1AWICA;CLII:CWII:PAWBDAIGAT;J7)
CALCULATE THE NEW WING-ALONE VORTEX STRENGTH AND THE CAMBER SLOPE
DIMENSION AW(1),BA(1),CA(T),GAMMA(T) ,PAMBDA(T1),GAT(1) -
COMMON /JAERO/ AM"IAMZOE‘)rBZ'CL(30)’CT(3D)1CD(30)IGAM(2!100)

COMMON /CLQPE/ DZ0XK(1C0),ALPAO(1S5),GCB(100) ,GCBXC100),THETAKCTO)
1,CCx(100),020XK(100),GAN(2,100)

COMMON /CONST/ NCS,NCW,MT1(8)sNSIINCIJ(S)SLAST,MIW1(3,5),M4W2(3,5),J
TPANEL,MJIJI(S)ANW(3) ,ANJ ,NJP

COMMON /GEOM/ HALFSW,XCP(200),YCP(200),2CP(200) »XLEC(SO)HLYLEC(SO) »XT
1E(SO),PSIC(20),CH(95),XV(200),YV(T100),SNC 8,8),XN(200,2),YNC200,2)»
2 ZN(20012)IHIDTH(a)rYCON(ZS)lSWEEP(SO)lHALFB:SJ(21:8)rEX(95'2)17X(
395,2),5CC160,5)+S1C160,5),LC(3)

COMMON /LING/ GLBAR,GHMBAR,FCLIIL,FCMII .

COMMON /COST/ LTOTAL,LPANT ,NJWILS) JLPANEL,IENTNL,LPANC,EXIT,PTIAL,TW
1IST,DF(5),NFP

P1=3.,14159265

LI=LPANEL+

LZ2=LPANEL+Z

L3=LPANEL+3

REWIND 12

REWIND 10 : , )
REWIND 08 - .

DO 71 I=1,LPANEL

00 72 J=1,LPANEL

IF (J .EQ. I) GO 70 73

CA(J)=0.0

60 TO 72

CA(J)=1.0

CONTINUE .

READ (12) (AW(L),L=1,37)
CA(L1)=0.0

CA(L2)=0.0

DO 60 L=1,LPANEL

LL=SJPANEL+L
CAS{LI)=CAC_1)+G6C3(L)*AW(LL)
CA(L2)=CACL2Y+GCBX (L) ~AW(LL)
CAC(LYI)=CACLT)+GCB(]I])
CA(L2)=CACL2)+GCBX (1)
CA(LI)=PI*«2+CACLT)*DELTA/ (HALFSW*2,)
CA(L2)= PI**Z*CA(LZ)*DELTA/(HALFSN*Z )
806wW=0,0

00 14 M=1,LPANEL

MM=JPANEL+M

BDGW=BDGW+ (GCB(M)I*OZDXK(M) *AW(MM))
CONTINUE

ADGW=0.0 !
READ (10) (BA(L),L=1,LFANEL) 4
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DO 74 K=1,LPANEL

ADGW=ADGW+ (GCB(K)*BA(K)I*GAT(K))
CONTINUE '
ADGW==-(ADGW+BOGW+GCB(II*02DXK (1))
CACL3)=ADGW*PI *#*2*DELTA/(HALFSW*2,)
WRITE (08) (CA(KK),KK=1,L3) -
CONTINUE

REWIND 12

D0 75 K=1,LPANEL

READ (12) (AWC(JI)LJI=1,J7)
ca(x)=0.0

DO 16 I=1,LPANEL

II=JPANEL+ I
CA(KI=CA(K)I+GCB(I)*AWC(II)
CONTINUE

CA(K)I=GCB(K)+CA(K)
CA(K)=CACK)*PI*PI/(HALFSW*2,)
CONTINUE '
cA(L1)=0.0

CA(LZ2)=0.0

CA(L3)=CLII-FCLII

WRITE (08) (CA(JI,J=1,L3)

REWIND 12

00 76 L=1,LPANEL

READ (12) (AWCI),I=1,47)
CA(L)=0.0

DO 18 J=1,LPANEL

JISJPANEL+J
CACLY)=CA(L)+GCBX(JI)*AW(JJ)
CCNTINUE - :
CA(L)=GCBX(L)+CACL)
CAC(L)=CA(L)*PI*PI/(HALFSW*2,)
CONTINUE '

CA(L1)=0.0

CA(L2)=0.0 :
CACL3I)=CMII-FCMII

WRITE (08) (CA(J),J=1,13)

REWIND 038

READ (03) (AW(I),I=1,L3)
00 77 I=1,L2
GAMMACI)==-AW(I+1)/AW(1)
CONTINUE

NJ=L2-1

DO 78 lJ=2.,L2

READ--€08) (AWCI), I=1,L3) - . .

IK=1J

CALL VMSEQN (NJ,IK,AW,CAMMA,CA)
NJ=NJ=-1

CONTINUE

PAMBDA(1)=GAMMA (L)
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PAMBDA(2)=GAMMA(L2)

DO 36 I=1,LPANEL

GAM(1,1)=GANC1, 1) +GAMMACL)

GAM(2,1I)= GAN(Z’I)*GR“MA(I)

CONTINUE

REWIND 064 :

DO 21 I= 1ILPANEL

READ (04) (AW(K),K=1,LFANEL)

DZDXK(1)=0,

D0 22 J=1,LPANEL

DIDXKCI)=SDZOXK{(II+AW(JI*GAM(T,J)

CONTINUE

CONTINUE

RETURN

END

FORTY
INCCDE I BMF

SUBROUTINE JETNOB8 (RHS,KCODE) .

SET UP THE RIGHT HAND SIDE VECTORS OF THE BOUNDARY CONDITIONS

FOR INDEX=2

DIMENSION RHS (1)

COMMON /AERO/ AM1,AM2,81,B2,CL(30),CT(30),CD(30),GAM(2,100)
COMMON /7ADD/ CPC10Q)»,CNMC30),BREAK(8),SWP(8,15),GAL(30),ISYM,VMU,VU
1,TEMP,FCR,CAMLERJCAMLET,CAMTERSCAMTET »XJsYJrZJsRIAALPLCREF,TWISTR
COMMON /CONST/ NCSI,NCWsMICB)INSIAINCIC(S)ILLAST . MIWI(3,5),40W2(3,5),4
TPANEL,MJIJ(5)/NW(3) ,NNJLNJP

COMMON /7COST/ LTOTAL,LPANTLNIJW(S) ,LPANEL,IENTN,LPANZ,EXIT,PTIAL ,TY
1ISTLDF(S5),NFP

COMMON /GEOM/ HALFSW,XCP(200) »YCP(200),2CP(200) oXLE(SO)»YLE(SO) #XT
1E(S50),PSI(20),CH(95),XVv(200),YV(100),SNC B8,8),XN(200,2),YN(200,2).»
2 ZN(ZOOIZ)IWIDTH(B)IYCOV(ZS)ISNEEP(SO)IHALFBISJ(21'8)IEX(9512)0TX(
395,2),5C(160,5),51C160,5),LC(3) - :

COMMON /PARAM/ ALPT,ALFC,ALPS,CDF,SDF,TH,TDF

COMMON /SCHEME/ C(Z)IX(10141)'Y(10'41)lSLOPE(1S)IXL(ZI1S)IXTT(41)0
TXLLC4T)

NA=3 .

IF (NW(2) .EQ. 0) Nas1

IF (NW(2).NE. O .AND. NW(3) .EQ, 0) NA=2

22=YCONC(C25)

DFJ=CDF

VIAUC=VMU*ALPC

IPHI=1 :

MJI=LPANEL+NCJ (1)

INN=1

JNN=1

KI=1

LI=LAST+1

THENW(NA)+MJWT (NA,NJP) -1

KJ=L1I

IF (LI .GT. LAST) KJ=LI-JPANEL

CALL STREAM (ALPHA'VMUC(LIlIPHIILPANELfTEMPtLPAN?tLPANleSYMI
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1KCODE,EXIT,MJ,2,BA)
IF (KCODE .EQ. 0) GO TO 63
IF (12 .GE. 0.01) GO TC 63

_ADDITIONAL EXTERNAL FLOW DEFLECTION IS ALLOWED If THE JET ANGLE IS

GREATER THAN THE FLAP ANGLE BECAUSE OF THE EFFECT OF FINITE TRAI-.
LING‘EDGE ANGLES. FOR THIN AIRFOILS, THIS CAN BE ELIMINATED BY
INSERTING THE STATEMENT, IF (KCODE.EQ.1) GO TO 63°

IF (LI .GE. MIWI(NALNJP) aAND. LI JLE. MJIW2(NA,NJP)) GO TO 62
GO TO 63 : '
62 IF (LI  NE. IH) GO TO 63
IF(C(DFJ=-TDF) LT. 0.) GO TO 63
CZT=CAMTER=-(CAMTER-CAMTET) *YCP(LI)/HALFB
APA=0.5*(DFJ-TDF+CZT)
IF (VMU .GT., 0.85) APA=APA*{(1.-VMU)/0.15
IF (APA LT, 0.) APA=0.
ALPHA=ALPHA+APA
ITH=ITH+NW(NA)
63 CONTINUE
RHS(KI)=-ALPHA
45 1F (KJ .LT. MJ .OR. KJ .EQ. LAST) GO TO SO
IPHI=ZIPHI+1
MJ=MJ+NCJ CINN)
SO CONTINUE
MIIEMJICINNY =T
1F (KJ LEQ. MJI) GO TO 55
6o T0 60
55 JNN=INN
INN=INN+1 : _
60 IF (KJ .EQ. MJJCINN)) IPHI=T
IF (LI .EQ. LTOTAL) GO TO 65
GO0 19 70
65 CONTINUE
IPHI= :
MJ=LPANEL+MNCJ (1)
JNN=1
INN=1
70 CONTINUE
Ki=xI+1
IF (LI .EQ, LTOTAL) GO TO 75
1F (LI .EQG, LAST) GO TO 80
Li=LI# : :
GO TO 85
75 LI=LPANEL+1

GO TO 85
80 LI=1
85 CONTINUE
1F (KI LE. LTOTAL) GO TO 4C
RETURN
END
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FORTY
‘INCODE IBMF : ' oo

SUBROUTINE JETNOO9 (GAMNTpGAMOJoGAMAArRHSIAW'BA'CAIJ?:N:CDIIICLII:
1CMITI,CLBAR,CMBARL,NUMB,ITN)

"FIND THE JET VORTICES IN-"THE OUTER FLOU AND THE WINb ADDITIONAL

VORTICES . .

DIMENSION Ad(1)lBA(1)IRHS(1)'CAMMT(1)IGAMOJ(1)IGAMAA(1)

DIMENSION CDIIC1),CAC1)

COMMON [/ AERO/ AM1IAM2IE1IBZICL(SO)ICT(SO)OCD(30)'GAM(2'100)

COMMON /CLOPE/ DZDXK(1CO)IALPA0(1S)lGCB(1OO):GCBX(100)1THETAK(1O)
1,CCX(100),02Z0XK(100),5ANC2,100)

COMMON /LING/ GLBAR,GMBAR,FCLII,FCMII

COMMON /ADD/ CP(1OO)ICV(30)'BREAK(S)tSNP(8115)IGAL(30)pISOMpVMU’VU
1,TEMP,L,FCR,CAMLERFCAMLET,CAMTERSICAMTET »XJoYJr2JsRISALP,CREFLTWISTR

COMMON. /PARAM/ ALPT,ALFC,ALPS,CDF,SDF,TH,TDF '

COMMON /GEOM/ HALFSW,XCP(200),YCP (200) ,2CP(200) »XLEC(SO)»YLECSDO) »XT
1E(50),PSIC20),CH(9S5),XVv(200),YV(100) »SN( 8,8),XNC200,2),YN(200,2) »
2 INC200,2) »WIDTH(B) »YCONC2S5),SWEEP(S50) »HALFB,SJ(21,8) sEX(95,2),TX(
39512)’SC(160}5)151(16015):LC(3)

COMMON /CONST/ NCS:NCNIM1(8)INSJ1NCJ(5):LASTIMJU1(315)1MJU2(3IS)}J
TPANEL,MIJ(S) L NW(3),NNJ,NJP '

COMMON /COST/ LTOTAL;LFAN1,NJN(S)oLPANELlIENTNrLPANZ:EXIT;PTIAL:TH
1ISTLDF(S),NFP
PI=3,14159265

REWIND 09

PO 9 I=1,JPANEL
READ (09) (AW(K) ,K= 1ILTOTAL)

CONT INUE

00 1 1=1,47 ;

READ (09) (AW(K),K=1,LTOTAL)

BA(I)=0.0 ’

DO 2 J=1,LTOTAL
BA(I)= dA(I)+AH(J)*RHS(J)

"CONTINUE .

00 3 I=1,JPANEL
GAMOJ(ID)=BACD)

CONTINUE
DO 4 I=1,LPANEL

I I=JPANEL+] .

GAMAA(I)=BA(II)

CONTINUE .

DO S I=1,LPANEL
GAMMT (1) = GAM(1J1)¥GRMAA(I)

CONTINUE

D0 21 I= 1;LPANEL

CP(I)=GAMMT (1) =2 ,*ALPC

CONTINUE

CLII=0.0

CM1I=0.0
COII(CITN)=0.0

DO SO0 I=1,LPANEL -
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COIICITN)= CDII(ITM)+GCB(I)*DZDXK(I)*GAMMT(I)
CLITI=CLII+GCBCI)*GAMMT (1)
CMlIl= CMII+GCBX(I)*GAMMT(I)

CONTINUE -
CDII(!TN)=-PI**2*CDII(ITN)/(HALFSW*Z )

CLII=PI*PI*CLII/(HALFSW#*2,)
CMII=PI*PI+«CMII/(HALFSW*2,)
WRITE (6,134) COIICITN)

FORMAT (1H ,'INDUCED ORAG COEFFICIENT, CoII=

WRITE (6,135) (LIl

FORMAT (1H ,»'LIFT COEFFICIENT, - CLII=

WRITE (6,136) (CMII

FORMAT (1H ,*'PITCHING MOMENT COEFFICIENT,CMII=

IF (N.GT.1) GO TO 30
DLBAR=CLII-CLBAR
DMBAR=CMII-CMBAR
GLBAR=DLBAR/NUMS
GMBAR=DMBAR/NUWVB
FCLII=CLII-GLBAR
FCMII=CMII-GMBAR
CONTINUE
RETURN
END

FORTY

INCODE IBMF

'2F15.5)
'2F15.95)

'2F15.5)

SUBROUTINE CAMBER (AK,CAMZC,CONST,GAMMA,BA,NBC,MAXP)
COMPUTE THE CAMBER ORDINATES AND THE TWIST DISTRIBUTION

DIMENSION ALPA(1S)

DIMENSION AK(1),CAMZCC1),CONST(1),GAMMAC(T),BA(T)
COMMON /CLOPE/ DZDXK{(1C0),ALPAO(1I5),GCB(C100),GCBXC100),THETAK(1ID)

1,CCxC100),020xK(100)>,GAN(2,100)

COMMON /GECM/ HALFSW,XCP(200),YCP(200),2CP(200) sXLECSD),YLEC(CSD) ,XT
15(SO)oPSI(20)lCH(9S)IXV(200)IYV(100)ISN( 8,8),XN(200,2),YN(200,2)»
2 INC200,2) »WIDTH(8),YCCN(25),SWEEP(S5C) »HALFB,SJ (2118);EX(95:2)0TX(

395,2),5C(160,5),S1C160.,5),LC(3)

COMMON /CONST/ NCS:JCwoM1(8):NSJ:NCJ(5);LAST:MJH1(3;5);MJW2(3:5)'J

TPANELAMIJ(S5),NW(3)HNNJLNJP

COMMON /WLCNE/ DZ0OXKw(100) ,GAMW(IO0),CAMZCW(100),ALPAOW(20)
COMMON /COST/ LTOTALLLPANT NJW(S) »LPANEL,IENTN,LPANZ,EXIT,PTIAL,TW

1ISTLDF(5),NFP

102 FORMAT (1H ,'THE TWIST DISTRIBUTION IN THE SPANWISE

PI1=3,14156265
NW2=NW(1)+NW(2),

IF (NW(2).EQ,0) GO TO 48
I1=NCS+1

IF (NW(3) .NE. 0) 60 TO SO _

" CHORD=CH(1)+CH(II)
XX1=CH(1)/CHORD
THETAT1=ARCOS(1.=2.*XX1)
THETAZ=PI

GO TO 51

DIRECTION®)
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50 III=II+NCS
~ CHORDSCHUCTI)I+CHCII)4+CHCIID)
XX1=CH(1)/CHORD
THETATSARCOS(1,=-2,%XX1)
XX2=(CH(1)Y+CHC(II))/CHORD
~ THETA23ARCOS(1,-2.%*XX2)
ST CONTINUE
GO TO 49
48 THETA1=PI1
49 CONTINUE
K1=s1
Ke=2
IF (NBC.EQ.1 ,OR. NBC.EQ.MAXP) WRITE (6,102)
DO 23 KI=1,NCS
DO 25 N=1,NCW
NAS(KI=1)*NCW+N
AK (NAY=0.0
FN=N=1
DO 27 L=1,NCW
IF (LLLEJNW(TI))IKB=(KI=1)*NW(T)+L
IF (L,GT.NW(1) _AND. L.LE.NW2)KB=LPANT+(KI=1)*NW(2)+L~NWw(1)
IF (LoGTJNW2) KBSLPAN24(KI=1)*NW(3)+L-NW2
IF (L JLE. NW(1)) GO TC 100
IF (L .GT. NW(1) .AND. L LE. NW2) GO TO 200
IF (L .GT. NW2) GO TO 300 '
100 FNW=NW(1)
THETA=THET A
G0 TO 400
200 FNW=SNW(2)
THETA=THETA2-THETA1
G0 TO 430
300 FNW=NW(3)
THETA=PI-THETA?2
400 CONTINUE
AK(NAY=AK(NA)+THETA*DZDXK(KB) *COS(FN*THETAK(L))/(FNW*PI)
27 CONTINUE
IF (N ,GT. 1) AK(NA)=2 ,xAK(NA)
25 CONTINUE
CONST1=0.0

CONST2=0.0
DO 88 Jy=3,NCW
GK=J=1

KG=(KI=1)*NCW+J ,
CONSTT1=CONST1+0,25%AK(KG)*(1,/(1.-GK)+1,/(1.+GK)) N -
CONST2=CONST2+0.25*AK(KGI*(1./(1,=GK) *COS((1.=GK)*PI)+1./(1,4GK)I*C
10SC(1.+GK) *PI)) ‘ . '

88 CONTINUE
CONST3=0.125*AK(K2)
CONST(KI)=CONST1+CONST3
ALPAO(KI)=CONST2-CONST1-AK (K1) -
ALPA(KI)=ALPAO(KI)*180,/PI
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DO 29 M=1,NCW

MM=(KI=1)*NCW+M

CAMZIC(MM)=0.0

DO 30 K=3,NCwW

FK3K=1

KD=(KI=-1)aNCW+K . ' ,

CAMZC(MM)=CAMZC(MM)~0. ZS*AK(KD)*(1 /¢ -Fk)*COS((1.9FK)*THETAK(M))
T+1.7 (1 +FK)Y*COSC((1 , +FKI*THETAK (M)))

CONTINUE

CONST4=-CONST3*COS(2.*THETAK(M)) :

CANMZC(MM)I=CAMZC(MM)I+ (ALPAO(CKID+AK (K1) ) %0, S*(1,-COSC(THETAK(M)))+CON
1ST4+CONSTC(KI) '

CONTINUE

K1=K1+NCW

K2=K2+NCwW

IF (NBC.EQ.,1 .OR, NBC.EQ.MAXP) WRITE (6,126)KI,YLE(CKI),KILALPA(KI)

6 FORMAT (1H L 'YLEC(',12+,')="',F15.5,5%X+"ALPAO(',12,"')=",F15.95)

CONTINUE : ' '

IF (NBC.EQ.1 ,OR, NBC.EQ,MAXP) WRITE (6,129)

9 FORMAT (1H ,'CAMBER ORDINATES IN THE JET ON CASE')
IF (NB8C.EQ.1 .OR, NBC.EQ.MAXP)WRITE(6,127)(CAMZC(JJ),JJ=1,LPANEL)
7 FORMAT (1H ,6F10.5)
RETURN :
END
FORTY
LIMITS ,30K
INCODE I8MF

SUBROUTINE LOQAD

TO EVALUATE THE AERODYNAMIC CHARACTERISTICS

DIMENSION CA(30),CPSWL(30),AWC30)

COMMON /AERO/ AM1'AWZIE1lBZlCL(30)ICT(30):CD(30)1GAM(21100) .

COMMON ZADD/ CPC100),CNM(30),BREAK(8),SWP(8,15),GAL(30),1SYM,VMU,VU
1, TEMPLFCR,CAMLERSCAMLET,CAMTERJCAMTET » XJrYJr2JrsRILALP,CREFL,TWISTR

COMMON /JCLOPE/ DZDXK(1CO);ALPAO(1S):GCB(100)'GCBX(100)'THETAK(10)
1,CCx(100>,020%xK(C100),6AN(2,100)

COMMON /LING/ GLBAR,GMEAR,FCLII,FCMII

COMMON /WLONE/ DZDXKW(100) ,GAMW(1C00),CAMZCW(100),ALPAOW(20)

COMMON /CONST/ NCS,NCW,MICB) NSIINCIC(S)LLASTLMIWI(3,5),44W2(3,5),J
1PANEL,MIJC(S) o NW(3) ,NNJ,NJP , _

COMMON /GEQOM/ HALFSWoXCP(200),YCP(200)+,2CP(20D0) /XLECSO),YLE(SD)Y »XT
1E(SOY,PSI(20),CH(95),Xxv(200),YV(100),SNC B8,8),XN(200,2),YN(200,2),
2 INC200,2) s WIDTH(8) 4YCCN(25)/SWEEP(SD) L HALFB,SJ(21,8) +EX(95,2),TX(
395+2),5CC160,5)+S1C160,5),LC(3)

COMMON /PARAM/ ALPT,ALPC,ALPS,CDF/,SDF,TH,TDF

COMMON /COST/ LTOTAL:LPAN1:NJN(5):LPANEL;IENTN;LPANZ;EXIT:PTIAL'TH
- V1I-ST,DF(5) »,NFR .. . I

COMMON /SCHEME/ C(Z)oX(10,61),Y(10;41),SLOPE(1S):XL(2p15)'XTT(41);
TXLL(4T)

1 FORMAT (1HQ,26%X,7HALPHA =,F10.,3,3X,7HDEGREES)
2 FORMAT (1HO,ZOX,40HXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)

FCRMAT (14 1)
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PI=3,14159265
DO 18 I=1,NCS
CTC(I)=0.
XTECI)=D,
. X(5,1)=0.

18 'CONTINUE
ALPH=ALP*180,/P1
WRITE (6,101)

WRITE (6,2)

" WRITE (6+,1) ALPH
WRITE (6,2)
ZJET=YCON(25)
1USB=YCON(24)
NC=IENTN
DFJ=CDF
cMuU=Cc(1)
cLT=0,
tmMT=0,

COT=0.
CLwWw=0.
CMWT=0,
cow=0,
CLWwWw=0,
CMWWT=0,
coww=0,
KC=1
NCOL=MT()
KLL=C

"MNM=Q
1u=1
IF (NW(2) .NE. 0) 1uU=2
IF (NW(3) .NE. 0) TIu=3
NW2=NW(1)+NW(2)
NW3ISNW(2)+NW(3)
NCWISNCW+1
NL=1
DO 150 I=1,NCS
IF (NW(2) .EQ., 0) GO TO 160
II=I+NCS
IF (NW(3) .NE. 0) GO TC 144
CHORD=CHC(ID+CH(ID)

G0 TO 161
144 I1I=I1+NCS o
- CHORD=CHCI)+CHCII)+CH(III)
© 60 TO 161
160 CHORD=CH(I)
161 CONTINUE
cML=C.
cL(ly)=0.
co(l)=0.
CACI)=0.
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CM“=0.

CPSWL(I)=0.

CMWw=0.,

X(4,1)=0.

X(6,1)=0,

X(7,1)=0.

DO 155 J=1,NCW

NN=J +MM o

IF (NW(2) .EQ, 0) GO TO 151
IF (J JLE. NW(1)) GO TO 151
IF (J «GT. NW2) GO TO 153
LLELPANTHNW(2) * (I=-1)+J=-NW(1)
IL=11 .

JLL=J=NW(1)

L=2

FN=NW(2)

GO0 TO 152
LL=LPANZ2+NW(3)*#(I-1)+J~- Nwz
IL=111

JLL=J=-NW2

L=3

FNSNW(3) "

GO TO 152

LL=NN

IL=1I

JLL=J

L=1 _

FNSNW(T)

CONTINUE : :
XC=(XV(LL) XLE(I))/CHORD
X(1,J)=0.

xX{(2,4)=0.

GBS= CP(LL)*SN(JLL’L)*CH(IL)/(Z *FN)

WBS=GAMW( LL)*SNCJLL,LI*CHC(IL)*ALPC/FN

WAS=GAMW( LL)*SNCJLLAL)*CHCIL) *ALPC/FN

IF (DF(NL) JLE, 0.001) GO TO 521

IF (PTIAL .LE. 0.1) GO.TO S20

IF (NW(3) ,EQ. 0) GO TC S2&4 , R

IF (LL .GE. MJWT1(3,NL) ANDe. LL .LE. MJW2(3,NL)) GO TO 523

'Cs=’c

$S==DZDXK(LL)
SW=-DZDXKW (LL)

GO TO 522 . ‘ ' _

IF (NW(3) .NE. O .AND. LL .LE. LPAN2) GO TO 521
cs=1. ' . - . ,

524

$S==DZDXK(LL)
SW=-DZDXKW (LL)

GO TO 522 , : : c

IF (LL <GE. MJWI(2,NL) LAND. LL .LE. MJW2(2,NL)) GO TO 523
G0 TO 521 o ' '
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CONTINUE
CLCID=CLCII+GBS*CS
CML=CML=-GBS*XV(LL) *CS
COCINI=CDCI)I+GBS%SS
CACII=CACI)+WBS*CS -
CMW=CMW—wBS*XV(LL) *CS
CPSWL(I)=CPSWL(I)+WBS*SS
XCh,1)=XC4oI)+WAS*CS '
CMWW=CMAdW=-WAS*XV(LLI*CS
X(6,1)=XC6,1)+WASASU
CONTINUE

 CAMLE=CAMLER-(CAMLER-CAMLET)*YLE(I)/HALFB

EPHA=XLL(I)~ATAN(CAMLE)

X (1,NCW1)=COS(EPHA)

X (2,NCW1)=SINCEPHA)
CLCIX=CLCI)*PI/CHORD+CT(I)*X(2,NCWT)
CM(I)=CML*PI/(CREF*CHORD)
CDCIDI=SCD(ID*PI/CHORD=CT(I)*X(1,NCWT)
CACI)SCACID)*PI/CHORD+XTECI)*#X(2,NCW1)
AW(I)SCMW*PI/(CREF*CHORD)
CPSWLCI)=CPSWLC(ID*PI/CHORD=~XTECII*X(1,NCW1)
XC4rI)=2XCb,I)*PI/CHORD4X(S,I)*X(2,NCWT)
XC?,1)=CMWW*PI/(CREF*CFORD) ’
X(6,1)3XC6,I)*PI/CHORD=X(5,1)*X(1,NCWT)
IF (I .LT., NCOL) GO TO 210

KLL=NCOL=~1

KCsKC+1

NCOL=NCOL+M1(KC)-1

KL=I-KLL

FM=MT(KC)
AASCHORD*SJ(KL,KC)*WIDTH(KC)/FM
CLT=CLT+CL(I)*AA '
CMT=CMT+CM(I) *AA

COT=CDT+CD(I)*AA

CLW=CLW+CA(I)*AA

CMWT=CMWT+AW(I) *AA
COW=CDW+CPSWL(I)*AA
CLWW=CLWW+X(4,I)*AA
CMWWT=CMWW [ +X (7,1) xAA
COWWSCDWW+ X6, 1) *AA

MM=(NCW=NW3)*I

IF (LLLEQ., MJW2CIUANL)) NLENL*T

CONT INUE -
CLT=CLT*PI/(2.*HALFSW)
CMT=CMT*PI/(2.,*HALFSW)
COT=CDT*PI/(2.*HALFSW)

CDCL2=CDT/ (CLT*CLT)
CLW=CLW*PI/(2,*HALFSW)
CMWT=CHAWT*PI/ (2. *HALFSh)
COW=COW*PI /(2. *HALFSW)
CLWW=CLWW*PI/ (2, *HALFSW)
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CMWWT= CWUNT*PI/(Z *HAL FSW)
COWWSCOWW*PI/ (2. *HALFSW)

IF (CLWW (LE. 0.001) GC TO 67
COWL2=CDWW/ (CLWA*XCLWW)

GO TO 68

CowL2=0.

CONTINUE

WRITE (6,53)

FORMAT (1H ,SX,'VORTEX' 'SXI'XV 28X, YV ' ,8X, CP* L8X,'CPUT)
K1=0

JJ1=0

DO 60 I=1,NCS.

S IF (NW(2) .EQ.‘D)'GO TO 62

- II=I+NCS

69

62
63

59

64
65

61

60
54

30

D0 31 IS1LNCS S .

31
32

IF (NH(S) NE, 0) GO TO 69
CHORD=CH(ID+CH(IID)

GO TO 63

ITI=I1+NCS

CHORD= CH(I)+CH(II)+CH(III)
G0 T0 63

CHORD=CH(I)

CONTINUE

DO 61 J=1,NCW

JJd=JJ1+y

KK=K1+y

IF (NW(2) +EQ, 0) GO TO 64

IF (J JLE. NW(1)) GO TC 64

IF (J .GT. MNW2) GO TO 59
LL=LPANT+NW(2) *(I=-1)+J - Nu<1)

G0 TO 65 '

LL= LPAN2+Nw(3)*(I 1)+ -NW2

‘G0 TO 65

LL=JJ

CONTINUE

XI=(XV.(LL)~XLECI))/CHORD
ETA=YV(LL) /HALFB

CPW=2,*GAMW( LL)*ALPC

WRITE (6,54) KKIXI;CTAICP(LL)ICPH
JIT=(NCW-NW3) *1] ' '
K1=K1+NCW

CONTINUE

FORMAT (7X,13,3X,4F10.5)

WRITE (6,30)

.FORMATHHO"SX)AHY/SP}j?X'ZHCL'a 7Xs2HCM, TX,2HCT, 7Xs3HCDI, 6Xs

*3HCLWse EXsZHCMW, 6X,3HCDW)

YE=YLE(I)/HALFB
WRITE(6,32) YE:CL(I)'CN(I)ICT(I)zCD(I)tX(L:I):X(?fI):X(b:l)

FORMAT (3X,8F9.,5)

DO 80 I=1,NCS
AWCI)ISX(4,I)*CH(LI)/CREF
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CACI)=CLCI)*CHC(I)/CREF
80 CONTINUE
CWRITE (5,381) o .
81 FORMAT (1H ISX)'JET" CFF SPAN LOADING'I?XI.JET>‘ [ LOAD:NG
1), ' -
~ WRITE (6:82) (AWCI), CA(I)'I 1'NCS)
82 FORMAT (dH IZX'F10 5,10X,F20.5) -
WRITE (6,33) CLT
33 FORMAT (1H . 'THE LIFT COEFFICIENT =',F10.5) - ¢
" WRITE (6,24) CODT
264 FORMAT (1H , ‘TOTAL INDUCED DRAG COEFFICIENT =',r" [ %"
WRITE (6,35) CopCL2
35 FORMAT(1H ., 'THE INDUCED DRAG PARAMETER =':F10.5f
: . WRITE (6,42) CMT ’ :
42 FORMATC(IH 'TOTAL PITCHING MOMENT COEFFICIENT =b el
IF (IUS3 .NE. 1).60 TO 157
If (DFJ .LE. 0.001) GO TO 157
IF (ZJET .GT., 0.01) GO TO 157
"SDFJ=SINCDFJ)
CDFJ=COS(DFJ)
CLR=CMU*SIN(DFJ+ALP)
CCR=CMUA(VMU-COS(DFJ+ALP))
_CF=COS(TDF)
SF=SINCTDF)
IF (NNJ EQ. 1) CDR“CNU*COS(DFJ*ALP)
IJ=(NSJ+1)/2-1
IF {ISYM .EQ, UI» 1J=N J/Z 1
IF (NA(3) .NE. C) GO TC 156
IF (NW(2) .EQ. 0) GO TC 15¢
IZ=NCS+(MINTC(2,NIP)-LPANT=1)/NW(2)+1
KI=MIWT1(2,NIP)
NN=NW(2)
GC TO 159
156 11= NCS*Z*(VJH1(31NJP)‘LPAN2 1)/NU(3)+1
KJ=MIWTI(3,NIJP)
NN=NW(3)
GC TO 159
154 12=LCC1)
KJI=MIWI1 (1,1 0P)
NN=NWCT)
159 CONTINUE
Cmi=0.
D0 158 1=1,1J ' '
YDIFSYN(KJL,2)=-YN(KJ,1)
CV1—CM1+YDIF/WIDTH(NJW(NJP))*((XLE(IZ)+CH(IZ)*CF)*SDFJ C%(IZ)*SF*C
10FJ)
KJ=KJ+NN
158 12=12+1
CMR=-CA1*CMU/CREF
IF (NNJ JNE. 1) MWRITE (6,43) CLR i
43 FORMAT (1H ., 'THE COANDA LIFT COEFFICIENT, CLR="F10.5)

"
.
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IF (NNJ .EQ. 1) WRITE (6,47) CLR
47 FORMAT (1HG,47HTHE LIFT COEFFICIENT DUE TO JET- - REACTION, CLJ =,F10
1.5)
IF (NNJ .NE., 1) WRITE (6,44) CDR
44 FORMAT (1H . 'THE COANDA DRAG COEFFICIENT, CDR=',F10.5)
IF (NNJ .EQ, 1) WRITE (6,48) (DR :
48 FCRMAT (1HQ,47HTHE ODRAG COEFFICIENT DUE TO JET REACTION, CDJ =,F10
1.95)
IF (NNJ JNE., 1) WRITE (6,45) CMR
45 FORMAT (14 ., "THE COANDA MOMENT COEFFICIENT, CMR = ',F10.5)
IF (NNJ JEQ, 1) WRITE (6,49) (MR
49 FCRMAT (1HO,S8HTHE PITCHING MOMENT COEFFICIENT DUE TO JET REACTION
1, CMJ =,F10.5)
157 CONTINUE :
IF (I1US3 .EQ. 1) GO TO 171
WRITE (6+5) ClL W
ARITE (6,6) CDW
WRITE (6,7) CMNT
171 CONTINUE
S FORMAT(T1HO,2X,49HTHE LIFT COEFFICIENT WITH JET ENTRAINMENT ALONE =
1,F10.5)
6 FORMAT(THO »2X»S7HTHE INDUCED DRAG COEFFICIENT WITH JET ENTRAINMENT
1 ALONE =,F10.5)
7 FORMAT(TIHO,2X,»60HTHE PITCHING MOMENT COEFFICIENT NITH JET ENTRAINM
1ENT ALONE =,F10.5)
WRITE (%5,70) CLWW :
70 FORMAT(1H 'THE LIFTY COEFFICIENT FOR THE HING ALONE =',F10,5)
WRITE (5+,71) CDww
71 FORMAT(1H ., 'THE INDLCED DRAG COEFFICIENT FOR THE ~ING ALONE =°',
1F10.5)
ARITE (6,72) CMWWT :
72 FORMAT (1H ,'THE PITCHING MOMENT COEFFICIENT FOR THE WING ALONE =
1*,F10.5)
WRITE (6,73) CDOWLZ
73 FORMAT(1H *THE INDUCED DRAG PARAMETER FOR THE HING ALONE =',
1F1C.5) :
RETURN
CEND

147



Sample Output _ —

'Z22Z 2R ESZEEZEREEEEEZ AR R AR RS ESR RS RE 2 N

WING ALONE CASE

'EXEEZEEEEESENEAEERE AR SRR R R RS ERES R EREN,

1 ] 1 1

INPUT DATA :

0. 0. 0.257¢0 1.00000 0. ~0.29391 0.12318

- 1 1 0. _
0.36364 0. - 0. -0.29391 0.25945 0.05000 1.00000 0.37495
0. 1.00000 1.000C0 - -

1.67600 10.0C000 0.
- 1 11
1
6 0 0
-0.56776 =-0.09304 0. 0.48778 0.74033 1.00000
1 ? 6 .
-0.56776 =-0.09304 0. C.
~0.56726 =0.09304 0. 0, 10000
0.48778 0.74033 1.00000 0.10000
0.48778  0.74033 1.000C0 O '
HALF SW= 0.36364E CO CREF= 0,37495E 00

LPANEL= 60  JPANEL= 438 LAST=108 LTOTAL=156
VORTEX ELEMENT ENDPOINT COORDINATES=
X1 X2 Y1 Y2 21 22
-0.55947 =-0.51215 - 0. 0.04518 Q. 0.
-0.49824 -0.45202 0. 0.04518 O. 0.
-0.39183 -0.34786 _ 0. _0.04518 0. 0.
-0.26897 -0.22759 0. 0.04518 0. 0.
-0.16256 =0.12344 Oa 0.04518 0. 0.
-0.10113 -0.06330 0. 0.04518 0. 0.
-0.51215  =-0.43123 0.04518  0.12213 O 0.
-0.45202 -0.37330 0.04513 0.12213 0. 0.
-0.34786 =0.272298 0.064518 0.12213 . Q. 0,
-0.22759 =-0.1571¢4 0.04518 0.12213 0. 0.
-0.12346 =0,05681 0,04518 0,12213 0, 0.
-0.06330 0.00111 0.04518 0.12213 0. 0.
-0.43123 -0.31811 0.12213  0.22968 Q. 0.
-0.37330 -0.26328 0.12213 0.22968 0. 0.
-0,27298 -0.16831 0.12213  0.22968 Oa 0,
-0.15714 -0.05865 0.12213 0.22968 0. 0.
-0.05681  0.03632 0.12213 0.22968 0. O

-~-—0+001411 ——0-09115 . -0,12213 . 0.,22968 _O..___ O. -

-0.31811  -0.18195 0.22968  0.35913 Qo 0.

-0.26328 -0.1308¢4 0.229¢3 0.35913 0. 0.
-0.,146831 =0.04232 0. 2292488 Nn,39913% 0, 0.
-0,05865 0.05989 0.229¢8  0.35913 0. 0.
0.03632  0.14841 0.22948  0.35913 0. 0.
0.09115 0.16952 0.229¢68 0.35913 0. 0.
-0.,18195 =0.03379 0.35913 0.50000 0. 0.
-0.13084 0.01326 0.35913 0.50000 O. 0.

_=0.,04232 0.0847272 0.359213 0.50000 0 e _
0.05989 0.18889 0.35913 0.50000 0. 0. 148
0. 14841 0.22039 0.35913 0.50000 O 8]

0.19652 031745 0.35913 0.50000 0. 0.
-0.033729 0.11434 0.500C0 0. 64087 0. 0.




 0.01326 0.15737 0.500C0 0.64087 0. 0.
0.09477 0.23186 0.500C0 0.64087 0. 0.
0.18889 0.31788 0.500C0. 0.64087 0. 0.
| 0.27C39 0.39237 0.500C0  0.64087 0. 0. B
" 0.31745 0.43538 0.500C0 0.64087  O. 0.
0.11436 0,25052 0.64087 0.77032 0. . 0.
0.15737 0.28980 0.64087 0.77032 O, 0.
0.23186 0.35785 0.64087? 0.77032 .O. 0.
i 0.31788 0.43642 0.64087 0.77032 O. 0.
0.39237 0.50446 0.64087 0.77032 0. 0.
0.43538 0.54375 0.64087 0.77032 O, 0.
0,25052 0.36364 0.77032 0.87787 0. 0.
0.28980 0.39983 0.77032 0.87787 0. 0.
0.35785 0.46252 0.77032 0.87787 O, 0.
0.43642  0.53491 0.77022 0.87787 0. 0.
0.50446 0.59760 0.77032 0.87787 0. 0.
0.54375 . 0.63379 0.77022 0.87787 0. 0.
0.36364 0.44456 0.87787 0,95482 0. 0.
0.39983 0.47854 0.87787 0.95482 O. 0.
0.46252 0.53740 0.87787 0.95482 0. 0.
0.53491 0.60536 0.877&7 0.95482 0. 0.
0.59760 0.66422 0.87787 0.95482 O, 0.
0.63379 0.69820 0.877&7 0.95482 0. 0.
0.44456 0.48673  0.95482 0.99491 0. 0. )
0.647854 0.51956 0.95482 0.99491 0. 0.
0.53740 0.57642 0.95482 0.99491 0. 0.
0.60536 0.64208 0.95482 0.99491 0. 0.
0.66422 0.69894 0.95482 0.99491 0. 0. B
0.69820 0.73177 0.95482 C.99491 0. 0.
-0.55967 =-0.55967 0. 0. 0. 0.10000C
-0.49824 <-0.46824 0. 0. 0. 0.10000
-0.39183 -0.35183 0. 0. . 0, 0.10000
-0,26857 <~0.26897 0. 0. 0. 0.10000
-0.16256 =-0.16256 . 0. 0. 0. 0.10000
-0.10113 -0.10113 0. 0. 0. 0.100C0C
' <0.55967 ~-0.23504 0. 0.30866 0.10000 0.10600 _
-0.49824 =~0.18248 0. 0.30866 0.10000 0.10000
-0,39183 -0,06145 0. 0.30866 _ 0.10000 0.10000
-0.26897 0.01367 O, 0.30866 0,10000 0.10C00
-0.16256  0,10471 0. 0.30866  0.10000 0.10000 _
-0.10113 0.15727 0. 0.30866 0.10000 0.10000
-0.23504  0.,16745 0.30866  0.69134 . 0.10000 0.10000
-0.18248 0.20901 0.30866 0.69%134 0.10000 0.10000
~0.09145 0,28098 0,30866 0.69134 0.10000 0.10000
0.01367 0.36410 0.308¢6 0.69134 0.10000 0.10000
0,10471 0.43608 0.30866  0.69134 0.10000 0.10000
0.15727 0.47763 0.30866 0.69134 0.10000 0.10000
0, 16245.—— 0.49208 _ 0.6912% 1,00000 0.10000  0.10000 -
0.20901 0.52477 0.69114 1.0C000 0.10000 0.10000 —
0.28098  0.58137  0.69134 1,0C000 0.10000 0.10000
0436410 0.646746 0.6912% 1.0C000 0.10000. 0.10000
0.43608 0,70334  0.69134 1.00000 0.10000  0.10000
0.47763 0.73603 0.69134 1.00000 0.10000 0.10000
0.49208 0.49208 1.000CO _ 1,00000  0.10000 0.
0.52477 0.52477 1.000C0 1.00000 0.10000 0.
0.S58137 0.58137 1.000C0 1,00000 0.10000 0, -
0.64676 0.664676 1.00CCO 1.0C000 0.10000 0. 149
0.703364  0.7C334  1,000€0 1.0€000  0.,10000 0. -
0.73603 0.73603 1.,000C0 1,00000 0.10000 0.
=0 23504 0. 0. 30866 0. 0. . —_—

-0,55967



0.30866

-0.49824 -0.18248 0. 0. 0.
| -0,.39183 -0,09145 0. 0.30866 0. 0. -
[ -0.26897 0.01367 0. 0.30866 O. 0.
' -0.16256 0.10471 0. 0.30866 0. 0.
-0.10113 0.15727 0. 0.30866 0. 0.
-0,23504 0,162645 0.30866 0.69134 0. 0.
-0.18248 0.20901 0.30866 0.69134 0. 0.
_=0.09145 0,28098 0,308¢6 0,69134 0. 0.
0.01367 0.36410 0.308¢66 0.69134 O. 0.
0.10421  0.43608 0.30866 0.69134 0. g.
0.15727 0.47763 . 0.308¢&6 0.69134 0. 0.
0.16745 0,49208 0.,69134 1.00000 0. 0.
0.20901 0.52477 0.69136 1.00000 0. 0.
0.28098 0.58137 0,69134 1.00000 O, 0.
0.36410 0.64674 0.69134 1.00000 0. 0.
0.43608 0.7C334 0.69134 1.00000 0. 0.
I 0.47763 0.73603 0.69124 1,00000 O. 0.
CONTROL POINT COORDINATES=
1XCP, YCp ZCP XCcp YCP ICP
-0.51488 0.02025 0. -0,42883 0.02025 0.
-0.31127 0.02025 0. ~0.19372 0.02025 0.
-0.10766 0.02025 0. -0.07616 0.02025 0.
-0.45336 0.07937 0. ~-0.36971 0.07937 0.
-0.25544 0.07937 0. -0.14116 0,07937 0,
-0.05751 0.07937 0. -0.02689 0.07937 0. '
-0.35637 0.12257 0. -0.27651 0.17257 0.
-0.16742 0.17257 0. -0.05832 0.17257 0.
0,0215¢4 0.17257 0. 0.05077 0.17257 0.
-0.23178 0.29229 0. -0.15679 0.29229 0.
-0.054364  0.29229 0. 0,04810 0,29229 0.
0.12310 0.29229 0. 0.15055 0.29229 0.
-0.08968 0.42884 0. -0,02024 0,42884 0.
0.07462- 0.423864 0. 0.16948 0.42884 0.
0.23893 (0,42884 0. 0.26434 0.42884 0.
0.05842 0.57116 0. 0.12208 0.57116 0.
0.20903 0.57116 0. 0.29599 0.57116 0.
0.35965 0.57116 0. -~ 0.38295 0.57116 0.
0.20052 _Q.70771 0. 0.,25863 0.70771 0.
0.33800 0.70771 0. 0.41737 0.70771 0.
—0D.47547 Q.70?271 0. 0.4967¢4 0.70771 O,
0.32511 0.82743 0. 0.37835 0.82743 0.
__0.45107 0.82743% 0. 0.52379 0.82743 0.
0.57703 0.82743 0. 0.59652 0.82743 0.
0.42210 0.922043% 0e 0.47156 0.92063 Ou
0.53909 0.92063 0. 0.60664 0.92063 O.
0.65408 0.92063 0. D.67418 0.92063 0.
0.48362 0.97975 0. 0.53066 0.97975 0.
0.5949% 0. 979728 1 0.45919 0.%92972S5 0.
0.70623 _ N0.97975 0. 0.72345 0.92975 0.
-0,.53596 0. 0.0S000 -0,44908 0. 0.05000
-0.33040 0. 0.050C0 =~-0.21172 0. 0.05000 ,
=-0._12484 4] 0.0s50cC0 -0,.0930646 Q. 0.0s50409
-0.38356 0.14645 0.10CCO0 -0.30263 0.14645 0.10000
2 =0.19209 2.144845 0.13000 -0.08154 0.16464S  .10Q000 .
-0.,00062 0.14645 0.100€0 0.02900 0.14645 0.10000 150
-0.01563  0.5C000  0.100C0  0.05092 0.S0000  0.10000 _
0.16183 0.50000 0.100C0 0.23274 0.50000 0.10000
0.22929 0.SC300 0.100C0 0.32384 0.50000 0.10004q —



I

.
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0.35230 0.85355 0.100C0 0.40447 0.85355 0.10000
1 0447574 0.85355 0.100C0 0.54701 0.85355 0.10000
[ 0.59919 0.85355 0.100CO 0.61829 0.85355 0.10000
0.50470 1.00000 0.050C0 0.55092 1.00000 0.05000
b 0.61406 1.00000 0.050C0 . 0.67719 1.,00000 0.05000
I 0.72341 1.0C000 0.050C0 0.74033 1.00000 0.05000
" -0.38356 0.14645 0. ~0.30263 0.14645 0.
 =0,19209 . 0.14645 0. -0.08154 0.14645 0.
[’-o.ooooz 0.14645 0. 0.02900 . 0.14645 0.
) -0.01563 0.5C000 0. 0.05092 0.50000 0.
E ‘0.14183 0,5C0000 O. " 0.23274 0.50000 O.
0.29929 0.5C000 0. 0.32364 0.50000 0.
| 0.35230 0.85355 0. 0.40447 0.85355 0.
0.47574 0.85355 0. 0.54701 0.85355 0.
0.59919 0.85355 0. 0.61829 0.85355 0.
COBAR, CLBAR,CMBAR,DELTA,MAXP
0.02084% 0.6C000 -0.036C0 50.00000 15
THE COMPUTED STEP SIZE, DELTA= 50,000 AT 1TH ITERATION
INDUCED DRAG COEFFICIENT, Coll= 0.03282
LIFT COEFFICIENT, cLII= 0.60000
IPITCHING MOMENT COEFFICIENT,CMII= -0.03600 _
THE COMPUTED STEP 3IZE, DELTA= 9.174 AT 2TH ITERATION
INDUCED DRAG COEFFICIENT, €ol1= 0.02461
LIFT COEFFICIENT, CLII= 0.60000
PITCHING MOMENT COEFFICIENT,LCMII= -0.03600
THE COMPUTED STEP SIZE, DELTA= 1.670 AT 3TH ITERATION
INDUCED DRAG COEFFICIENT, CDIl= 0.02420
LIFT COEFFICIENT, CLII= 0.60000
PITCHING MOMENT COEFFICIENT,CMII= -0.03600 °
JTHE COMPUTED STEP SIZE, DELTA= 10, 489 AT 4TH ITERATION
| INDUCED DRAG COEFFICIENT, CDII= 0.02326 '
ILIFY COEFFICIENT, CLII= 0.60000
'PITCHING MOMENT COEFFICIENT,CMII= -0.03600 _
-THE_COMPUTED STEP S12E, DELTA= 5.512 AT STH ITERATION
INDUCED DRAG COEFFICIENT, CDII= 0.02296
LIFT COEFFICIENT, CLII= 0.60000
PITCHING MOMENT COEFFICIENT.,CMII= ~0.03600 . ‘ ,
THE COMPUTED STEP SIZE, DELTA= 9.641 - AT 6TH ITERATION
I INDUCED DRAG COEFFICIENT., coIl= 0.02277
ILIFT COEFFICIENT, CLII= 0.60000
PITCHING MOMENT COEFFICIENT,CMII= -0.03600- -
JTHE _COMPUTED STEP SIZE, DELTA= 15.344 AT 7TH ITERATION
[INDUCED DRAG COEFFICIENT, COII= 0.02258
I1FY COEFFICIENT, CLII= 0.60000
PITCHING MOMENT COEFFICIENT,CMII= - -0.03600
THE COMPUTED STEP S12E, DELTAS 4,746 AT 8TH ITERATION
INDUCED DRAG COEFFICIENT, - CDIlI= 0.02252
1FYT  COEFFICIENT, cLiy=———-- - 0,60000 -
PITCHING MOMENT COEFFICIENT,CMII= -0.03600 _
IHE COMPUTED STEP SIZE, DELTA= 215,245 AT __9TH ITERATION
INDUCED DRAG COEFFICIENT, coll= 0.02148
WIFT COEFFICIENT, CLIx= 0.60000
ﬂercnch MOMENT COEFFICIENT.CMII= -0.,03600
| A1ST DISTRIBUTICN IN THE SPANWISE DIRECTION
FYLEC 1)= 0.02025 ALPAO( 1)= 19.93581
WLEC 2)= 0.07937 ALPAQC 2)= 2.,04388
JYLEC 3)= 0.17257 ALPAO( 3)= 6.30106 151
CYLEC 4)= 0.29229 ALPAO( &)= 5,59977
‘YLE( S)= 0.42884 ALPAO( S)= 4,20544
)= D.572116 ALPAO( 6)=

CYLE(

3.00911



YLEC 7)= 0.70771 ALPAOC 7)= 1.90836
YLE( 8)= 0,82743 ALPAO(C 8)= 0.94083
YLEC 9)= 0.92063 ALPAO( 9)= 0.26668
YLEC10) = 0.97975 ALPAOC10)= -0.78169
:THE CAMBER ORDINATES IN THE WING ALONE CASE . _ .
. 0.0C887 0.C626S  0.09G79 0.05172  0,00993 0.00003
" 0.00516 0.C3465 0.06392 0.06067 0.02714 0.00328
0.00824  C.04995  0.06767  0,04648 0,01431  0,00140 )
0.00921 0.05673 0.07562 0.04872 0.01569 0.00139
0.00895  0.0S666  0.07250 0.05042 0.01616 _ 0,00137
0.0C817 0.C5342 0.07682 0.05268 0.01785 0.00162
0.0G713  0,04825 0.07367 0,05439 0.02019  0.00202
0.00597 0.04197 0.06835 0.05490 0.02258 0.00248
_0,00478  ©0.03515  0,06156  0,05456  0,02507 0,00296
0.00337 0.02655 0.05C37 0.04884 0.02478 0.00313
QPTIMUM PRESSURE LOADING IN THE WING ALONE CASE .
0.33925 0.95849 1.10169 0.664982  0.13565 ~-0.03151
0.30567 0.68236  0.90372 0.75224  0.33858  0.10925
0.49081 1.C1350 0.95480 0.56554 0.17322 0.03985
0.52897  1.1257?1 0,98873  0,52540 0.13808 _ 0.00525
0.49336 1.09702 0.99172 0.52162 0.12412 =-0.0088S
0.42952  0.99758  0.96347 ~ 0.54116  0.14645  0.00098
0.3551%  C.86232 0.90144 0.56180 0.19145 0.02388
0.27805  C.70889  0.80C97 0,55686  0.23455  0.04755
, 0.19747 C.53467 0.63793 0.48581 0.24292 0.05915
0.11020  0.30103  0.34792 . 0.28153  0.17088  0,04799
‘{tt*if**tii**iittt*ﬁt*ﬁtttﬁ*t***i***i**t ¥
: JET ON CASE WITH UPPER SURFACE BLOWING
I*tt****tt**tt*i*t*ti*t*t*ii*t'*ﬁ*t*ii*i
INPUT DATA : '
a. 0. 0.257€60  1.0C000 0. -0,29391 0412318
" 0.34364 0. 0. -0.29391 0.25945  0.05000 _ 1.0C000  0,.37495
0. 1.0CG00 1.000CO -
1.672600 10, 00000 Q.
3 ' 3 : 4 6
| 2
{ 6 0 0
-0.56776 =0.06304 0. -0,36750  0.06507 .0.,18972
-0.36750 0.06507 0.18972 =-0.22031 0.18128  0.32917
| _=0.2203%31 _ 0.18128  0.32917  0.487?28  0.74033 _ 1,00000
{ 2 7 ’ 6 4
-0_367580 . 04807 0. 18972 0.
-0.36750 0.0&507 0.18972 0.10000
-0.22031  0.18128  0.32917 __ 0.10000
-0.22031 0.18128 0.32917 0. -
__0.065C7  0.49764 0.18972 _ Q.
l 0.06507 0.49764 0.18972  0.10000
0. 18128 0.58237 0.32912 0.10000 .
0.18128 0.58287 0.32917  O.
p— HALE Sw= 0.34364F CO CREF= 0,37495€ 00
, _
LPANEL= 40 JPANEL = LAST=140 LIOTAL=220
iuaaxgx_ngucmr ENDPOINT COORDINATESS p
’ : 152
X1 X2 : 21 .
[ <0.55967 =0.45990 0. 0.09486 - 0. 0.
-0.40120 0.096486 0. 0.

=0, 49824



=1

| =0.39183 -0.29951 0. 0.09486 0. 0.
-0.26897 -0.18210 0. 0.09486 0. 0.
-0.16256 =-0.08042 0. 0.09486 0. - 0.
-0.10113_ -0.02171 _ O. 0.09486 0. 0.
-0.45990 -0.36013 0.0948  0.18972 O. 0.

-0.40120 -0.30415 0.0948  0.18972 0. 0.
-0.29951 -0.20719 0.0948  0.18972 0. 0.
-0.18210 -0.09524 0.0948 0.18972 0. 0.

-0.08042 0.0C172 0.0948  0.18972 0. 0.
-0.02171  0.057?0 0.09486 0.18972 Q. .
-0.36013 -0.31486 0.18972 0.23276 O. 0.
-0.30415 -0.26012 0.18972 0,23276  O. 0.
-0.20719 =-0.16531 0.18972 0.23276 0. 0.
-0.09524 -0,05582 0.18972 0.,23276 0. 0.

0.00172 0.03899 0.18972 0.23276 O. 0.
0.05770 0.09373 _ 0.18972 0.,23276 0. 0.
-0.31486 -0.25874 0.23276 0.28613 0. 0.
-0.26012 =-0.20553 0.23276 0,28613 0. . 0.
-0.16531 =-0.11337 0.23276 0.28613 0. a.
-0.05582 -0.00696 0.23276 0,28613 0. 0.
0.03899 0.08520 0.23276 0.28613 0. C.
0.0937?3 0.13841 0.23276 0.,28613 0. 0.
-0.,25874 =0,21347 0.28613 0.,32917 O. 0.
-0,20553 -0.16150 0.28613 0.32917 0. 0.
-0.11337 -0.07148 0.28613 0.32917 0. 0.
-0.00696 0.03245 0.28613 0.32917 0. 0.
0.08520 0.12247 0.28613 0.32917 0. 0.
0.13841 0.17444 0.28613 0.32917 0. 0. _
-0.21347 -0.11014 0.32917 0.427417 0. 0.
-0.16150 -0.06100 0.32917 ~ 0.42741 0. 0.
-0.07148 0.02412 0.32917 . 0.42741 0. 0.
0.03245 0.12241 0.32917 0.42741 0. 0.
0.12247 0.20754 0.32917 0.42741 0. 0.
0.1744%4 0.25668 0.32917 0.,427641 0. 0.
-0.11014 0.064800 0.42741 0,57777 0. 0.
-0.06100 0.09282 0.42741 0,57777 0. 0.

- 0.02412 0.17046 0.42741  0.57777 0. 0.
_0,12261  0,26010 0,42741 0,57777 0. 0.

. 0.20754 0.337764  0.642741  0.,57777 O. 0.

0,25668 0.38256 0.42741 0.57777 Q. 0.
0.048C0 0.23061 0.5777?7 0.75140 O. 0.
0,09282 0,27044 0.577?7 0.75140 0. 0.
0.17046 0.33943 0.57777 0.75140 0. 0.
0.26010 0,41909 0,577277 0,75140 O, 0.
0.33774 0.48808 0.57777 0.75140 0. 0.
0,38256 0,52791  0.5777?7  0.75140 0. 0.
0.23061 0.38876 0.75140 0.90176 O. 0.

| 0.27044 Q.42426 0,75140  0,90176 Q. Q.

. .0.33943 0.48576 0.75140 = 0.90176 0. 0.

_0.41909 0.55678 0.75140  0.90176 0. 0.

! 0.48808 0.61828 0.75140 0.90176 O. 0.

. 0.52791  0.65378 0.75140 0,90176 0, 0.

| 0.38876 0.48006 0.90176 0.98857 0. 0.

0.62626 0.,51307 0,.90176 0.98857 0. 0.
0.48576 0.57025 0.90176 0.98857 Q. 0.
0.55678  0.63627 0.90176 0.98857 0. Qa
© 0.61828 0.69345 0.90176 0.98857  O. C. 153
0.653238  0.72644 0.90176 0.98857 0. [
- -0.36013 -0.36013 0.18972 0.18972 0. 0.10000
=0.3041S  0.18972 0.38972 Q. 0.10000
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-0.20719

=0.20719 - 0418972 0.18972 0. 0.10000
-0.09524 -0.09524 0,18972 0,18972 O, 0.10000
0.00172 0.00172 0.18972 0.18972 0. 0.10000
0.05770 0.,05770 D.18972 " 0.18972 0. 0.10000
-0.36013 =-0.31486 0.18972 0.23276 0.10000 0.10000
-0.30415_ -0,26012 0.18972 0.23276 0.10000 0.10000
-0.20719 =0,16531 0,18972 0.23276 0.10000 0.10000
-0.09524 -0.05582 0.18972" 0.23276 Q0.10000 0.10000Q
0.00172 0.03899 0.18972 0.23276 0.10000 0.10000
0.05770 0.09373 0,18972 0.23276 0,10000 0.10000 -
- =0.31486 =0.25874 0.23276 0.28613 0.10000 0.10000

=0.26012 =0.20553 0.232726 0,28613 0.10000 0.18000

-0.16531 -0.11337 0.,23276 0.28613 0.10000 0.10000

-0.05582 -0.006496 0.23276 0.28613 0.10000 0.10000
0.03899 0.08520 0.,23276 0.28613 0.10000 0.10000
0.09373 D.13841 0.23276 0.28613 0.10000 0.,10000

-0.25874 -0.21347 0.28613 0.32917 0.10000 - 0.10000

=-0.20553 -0,.16150 0.28613 0.,32917 0.10000 0.10000

-0.,11337 -0.07148 0.28613 0.32917 0.10000 0.10000

-0.00696 0.03245 0.28613 0.32917 0.10000 0.,10000

- '0.08520 0.12247 0.28613 0.32917 0.10000 0.10000
0.,13841 0.12444 0.28613 0.32917 0.10000 0,10000

-0.21347 -0.21347 0.32917 0.32917 0.10000 0.

=0.16150 -0.16150 0.32917 0.32%17 0.10000 0.

-0.,07148 -0,07148 0.32917 0.32917 0.10000 0.
0.03245 0.03245 0,32917 0.32917 0.,10000 0,
0.12247 0.12247 0.32917 0.32917 0.10000 0.
017444 D.17444 0.,32917 0.32917 0.10000 0.

-0.36013 -0.31486 0.18972 0.23276 0. Q.

-0.30415 -0,26012 0,18972 0.23276 0. 0,

-0.20719 ~0.16531 0.18972 0.23276 0. 0.

=-0.095824 -0.05582 0.189722 0.23276 0. 0,
0.00172 0.03899 0.18972 0.23276 O. 0.
0.05770 0.09373 0.18972 0,23276 O, 0.

-0.31486 -0.25874 0.23276 0.28613 0. 0.

-0.26012 -0.20553 Q.23276  0.28613 0. 0.

-0.16531 =-0,11337 0.23276 0.28613 0o 0.

-0 .0S582 -0. 006496 0.,232764 0.28613 0. 0.
0.03899 0.08520 @ 0.,23276 0.28613 0. 0.
0.09373 0.13841 0.23276 0.28613 0. 0.

~-0.25874 =0.21347 0.28613 0.329%17 0. 0.

-0.,205853 -0.16150 0.286K13 0.32917 0. 0.

-0.,11337 -0.07148 0.28613 0.32917 0. 0.

-0 . 00,948 0. 03248 0. 28613 0.32917 _ 0. 0.
'0.08520 0.t12247 0.28613 0.32917 0. 0.
0.13841 0.12444 0.284613 0.32917 0. Q.
0.08153 0.08153 0.,18972 0.18972 C. 0.10000
0.198259 0.19859 0.18922 0.18972 0. 0.10000
0.36412 0.36412 0.18972 0.18972 0. 0.10000
0. 48118 0. 48118 0.18972 0. 18972 N, 0.100q0 .
0.08153 0.1170¢4 0.18972 0.23276 0.10000 0.10000
0..19859 0.23150 0., 18972 (N.23274 0.1000Q0 0.100G40
0.36412 0.35338 0.18972 0.23276 0.10900 0.10000
0.48118 0.S5078% 0.18972 0.23276 0.100040 0.10000
0.11704 0.16106 0.23276 0.28613 0.10000 0.10000
1.23150 0.,27232 0. 232748 0.28613 0.10000 0.1400440
0.39338 D.42966 D,23276 0.28613 0.10000 0.10000 154
0.5078S 0.54091 0.23274 0.28613 0.10000 0.10040
0.16106 0.19656 0.28613 0.32917 0.10000 0.10000
0.272232 0.3205823 nN.28413 0.32917 0.10000 0.10000



-0.08537 0.25944 0.100C0 0.01890

0.42966° 0.45892 0.28613 0.32917 0.10000 0.10000
0.54091 0.56759 0.28613 0.32917 0.10000 0.10000
0.19656 0.19656 0.32917 0.32917 0.10000 0.
0.30523 0.30523 0.32917 0.32917 0.10000 0.
0.45862 0.45892 0.32917 0.32917 0.100060 0.
0.56759 0.56759 0.32917 0.32917 0.10000 0.
0.08153 0.11704 0.18972 0.23276 0. 0.
0.19859 0.23150 0.18972 0.23276 0. 0.
0.36412 0.39338 0.18972 0.23276 0. 0.
0.48118 0.50785 0.18972 0.23276 0. c.
0.11704 0.16106  0.23276 0.28613 0. 0.
0.23150  0.27232 0,23276 0.28613 0. 0.
0.39338 0.42966 0.23276 0.28613 0. 0.
0.50785 0.54091 0.23276 0.28613 0. 0.
0.16106 0.16656 0.28613 0.32917 0. 0. -
0.27232 0.30523 0.28613 0.32917 0. a.
T 0442966 0.45892 0.28613 0.32917 0. 0. .
| 0.54091 0.56759 0.28613 0.32917 0. 0.
CONTROL POINT COORDINATES=
CP - YCP ZCP XCP . YCP ZCP
-0.48660 0.04743 0. -0.40165 0.04743 0.
-0.28560 0.04743 0. -0.16956 0.04743 0.
-0.08461 0.04743 0. -0.05351 0.04743 0.
-0.38788 0.14229 0. ~-0,30679 0.14229 0. .
-0.19601 0.146229 0. -0.08523 0.14229 C.
-0.00414 0.14229 0. 0.02554 0.14229 0.
-0.31727 0.21014 0. ~0.23894 0.21014 0.
:=0.13193 0.21014 0. -0.02492 0.21014 0.
- 0.05342 0.21014 0. 0.08209 0.21014 0.
i -0.26567 0.25944 0. -0.18964 0.25944 O.
' =-0.08537 0.25944 0. 0.01890 0.25944 0.
0.09524 0.25944 0. 0.12317 0.25944 0.
L =0.,21466 0.30875 0. -0,14033 0.30875 0.
=-0.03880 0.30875 0. 0.06273 0.30875 0.
0.13706 0.3087S 0. 0.16426 0.30875 0.
~0,14664 0.374611 0. -0.,07498 0.37411 0.
0.02293 0.37411 0. 0.12083 0.37411 0.
0.19250 0.37411 0. 0.21873 0.37411 0. .
-0.01888 0.69638 0. 0.04779 0.49688 0.
0.13888 0.69688 0. 0.22996 0.49688 0.
0.29664 0.49688 0. 0.32104 0.49688 i
0,15564 0.66458 0, 0.21550  0.66458 0.
0.29727 0.66458 0. 0.37904 0.66458 0.
0.43890 0.66458 0. 0.46080 0.66458 0.
{ 0.33C17 0.83229 0. 0.38321 0.83229 0.
| _0.65566  0.83229 Q. 0.52811 0.83229 0.
i 0.58115 0.83229 O. 0.60057 0.83229 0.
I _0.45793 0.95506 0. 0,50598 . 0,95506 0.
T 0.57161 0.95506 0. - 0.63725 0.95506 0.
. 0.68529 0.95506 . 0. 0.70288 0.95506 0.
1 =0.33852 0.18972 0.050C0 =-0.25936 0.18972 0.05000
L =0.15122 0.18972 0,05000 -Q.04307 0,.18972 0.05000
0.03609 0.18972 0.050C0 0.06507 0.18972 0.05000
=0.31727 0.21014 0.10000 -0.23894 0.21014 0,10000
-0.,13193° 0.21014 0.100C0 -0.02492 0.21014 0.10000 155
~N.05342 0,.21014 0.100C0 0.08209 0.21014 0.10000
-0,26597 0.25944 0.100C0 -0.18964 0,25944 0.10000
0.25944 0.10000



0.09524 0.25944 0.100CO 0.12317 0.25944 0.100DD
-0,21666 0.3087S 0,10000 -0,14033 0.30875 C. 10000
-0.03880 0.30875 0.,100C0 0.06273 0.30875 0.1000D

0.13706 0.30875 0.,10000 0. 16426 0.30875 0.100D00
-0.19341 0.32917 0.050C0 -0.11991 0.32917 0.0500C
-0.0195%52  0.32917 0.050C0 0.08088 0.32917 0,0500C |
" 0.15438 0.32917 0.050C0 0.18128 0.32917 0.0500C
-0.31727 0.21014 0. -0,23894 0.,21014 0.

-0,13193 0.21014 D -0.02492 0.21014 D.

0.05342 0.21014 0. 0.08209 0.21014 0.

. =0,26597 0.25944" 0. -0.18964 0.25944 0.
-0.08537 0.25944 0. 0.01890 0.25944 0.
0.0952¢4 0.25944 0. 0.12317 0.25944 0.
-0.21446 0.30875 Q. -0,14033 0.,30875 0.
-0.,03880 0.30875 O. 0.06273 0.30875 0.
0.13706 0.30875 0. 0.16426 0.30875 0.
0.12842 0.18972 0.05000 0.28135 0.18972 0.0500C
0.463429 0.18972 - 0.050C0 0.469764 0.18972 0.050CC
0.14477 0.21014 0.100C0 0.29611 0.21014 0.1000¢C
0.646744 0.21014 0.100C0 0.51012 0,21014 0,100C¢C
j 0,18425 0.25944 0.100CO 0.33171 0.25944 0.1000¢C
1 0,.67918 0.25944 0.10000 0,54026 0.25944 0.1000¢C

0.22374 0.30875 0.100C0 0.36732 0.30875 0.100C0
___0.51C91 0,30875 0.100¢€C0 0.57039 0.30875 0.10000 -
v 0.26009 0.32917 0.050C0 0.38207 0.32917  0,0500¢C
l 0.14477 0.21014 . 0.29611 0.21014% -

Q.44744 0.21014 0, 0.51012 0.21014 0.

0.18425 0.25944 0. 0.33171 0.25%44 - O,

0.47618 0.25944 0. 0.54026 0.25944 0.

0.2237¢ 0.30875 0. 0.36732 0.30875 0.

0.51C91 0.30875 Q. 0.57039 0.30875 0.

CLIILCMIILDELTA,MAXP '
1.20000 -0.07500 0.10000 20 }
NUMB.,SIZ2E
_ S N.4C000 » ~
JINDUCED DRAG COEFFICIENT, CDII= 0.02932
LIFT COFFFICIENT, CLIL= 0.88280
PITCHING MOMENT COEFFICIENT,CMII= 0.06624
IIHE ITWIST DISTRIBUTIQN IN THE SPANWISE DIRECTION
YLEC 1)= 0.04743 ALPAOC 1)= 6.37815
YLEC 2)= 0.14229 ALPAOC 2)= 4,.85762
[YLEC 3)= 0.21014 ALPAO(C 3)= 6.91677
YLEC &)= 0.25944 ALPAOC &)= 6.30695
YLE( 5)= 0.30875 ALPAOC S)= 5.26961
YLEC &)= 0.37411 ALPAO( &)= 4,.44399 —
'YLEC 7)= 0.69688 ALPAOC 7)= 3.82860 -
YLEC 8)Y = 0,.664S58 ALPAQC 8)= 2.11882
IYLE( 9)= 0.83229 ALPAO( 9)= 0.88134%
‘ 2 0.95506 ALPAO(CIC)= 0.05732
CAMBER ORDINATES IN THE JET ON CASE
0. 00564 0. C4024 0. 07280 0. 06318 0. 02S648 0.00281 e
0.0073¢C 0.04475 0.06478 0.04747 0.01730 0.00190
0.00892 0. 05413 0.07107 0.04421 0.01331 0.00118 —
0.0C921 0.05636 0.07428 0.06682 0.01456 0.00127
0.00918 0.05627 0. 07410 0.04947 0.01612 0.00163
0.00906 0.05678 0.07718 0.05068 0.01660 0.00145 156
0.00848 0. 0s52721 0.02724%  0.,05083 0.01629 0.00138
0.00745 €.04990 0.07499 0.05441 0.01977 0.0019¢
—0.00591 0. 04164 0. 06808 0.05499 0. 02276 0.00251 -
n.0041 0.03136 0.05¢46 0.05174 0.02481 0.00302



AXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX XXXX XX

ALPHA = 0. DEGREES

AXAXXLXXXXXXXLLAXLXXXXXLLXXXXXXLAXXX XL XX
VORTEX X\ YV cp CPW

1 C.01704 D.04743  0.36369 0.27324
2 0.166465 D.06263 _ 0.74771 0.69602
3 0.37059 0.04743 1.01748 0.95547
4 0.62941 D.C4763 0.82461 076591
5 0.85355 0.C4743 0.35414 0.31755
& 0.9829¢& D.L4743 0.09244 0.08041
7 0.01704 0.14229 0.60472 0.46343
8 0,14645 0.14229 1.02375 0.91657
9 0.3705% - 0.14229 1.04341 0.93288
1Q_ 0.62941 0.14229 0.67637 0.61393
11 0.85355 0.14229 0.264634 0.21871
12 0.98296 0.16229 0.07384 0.06350
13 0.0170¢4 0.21014 -0.,07581 0.52313
164 0.14645  0.21014 5.09808 1.08723
15 0.37059 0.21014 4,10085 0.97367
16 D.629461 0.21014 1.51720 0.53386
17 0.85355 0.21016¢ ~-0.29706 014443
18 _0.9829¢6 0.,21014 0.65598 0,02075
19 0.01704 0.25944 ~0,20226 0.53314
20 0.14645 0.25944 5.58176 1.12298
21 0.37059 D.25944 4.15151 0.98545
22 0.62941 0.25944 1.33517 0.52403
o 23 0.85355 D.25944 ~0.,22270 0.13686
L 24 _0.98294 0.25964 0.75326 0,00914
| 25 0.C170¢ 0.30875 ~0.54272 0.52548
26 0.14645 0.320875 S 229067 1.12427
27 0.37059  0.20875 4,12287 0.98979
28 0.62941 0.20875 1.62636  0.52630
29 0.85355 0.20875 -0.14901 0.13835
20 _0.98294 0N.3087S5 0N.69648  0.00357
31 0.017C4  0.37411 0.55533 0.50901
32 - 0.16645 0.27611 1.17755 1.11257
33 0.3705¢ 0s27411 1.08933 0.99236
34 _0.62941 0.37411 0.63420  0.52534
35 0.85355 0.274611 0.22314 0.13237
16 N.98294  0.27411 0.02890 -0.00368
37 0.01704 0.49688 0.63958 D.46737
38 0.164665  0.4968R ~ 1.13313 1.06Q076
39 0.37059 0.49688 1.04C20 0.98344
40 _0.62941 - D 49488  0.54221 N.52421
41 0.85355 0.49688 0.15053 012542
42 0.98294  0_49488 <=0.00041 -0.008270
43 0.01704 0.66458 0.54141 0.37828
L _0.1444S5 0. 64458  (0.96227  0.90573
45 0.37059 0.66458 0.95878 0.92505
L. _0.62941 0.£6458  0.S8C67 _ 0.559727
47 - 0.85355S 0.66458 0.19068 0.17927
48 _0.9829¢4 0_66458 0.02029 0.01216
- 49 0.01704 0.83229 0.4005¢0 0.27428 157
sQ. £.1464S 083229  0.24232 0.70117
51 0.37059 0.83229 0.81743 0.79535

52 0.629461 D.R3229 0.564839 0.55416




0.83229

53 0.85355 0.24280 0.23663
54 0.98296 0.83229 0.05058 0.04868
55 0.01704 0.55506 0.24694 0.15589
56 0.14645 0.55506 0.45343 0.42816
57 0.37059 0.55506 0.51478 0.50533
58 0.62941 0,55506 0.39531 0.39131
59 0.85355 0.55506 0.21155 0.20976
60 0.98296 0.65506 0.05405 0.05351
Y/SP . CL cM cT CoI CLW CMW CoOwW
0.C4743 0.70071 0.58443 0. 0.06288 0.64689 0.53890 0.05870
0.14229 0.71599 0.46915 0. 0.03353 0.63567 0.413317 0.03247
0.21014 2.34876 1.29871 0. 0.16684 0.64609 0.33297 0.04727
0,25944 2.41687 1.040S7 0. 0.12010 0.65168 0.25603 0.,0366¢4
0.30875 2.41610 0.68023 0. . 0.10127 0.65297 0.17240 0.02297
0.27411 0.73473 0.0538 Q. 0.02235 0.64850 0.06084 0.01286
0.49688 0.68753 -0.15679 0. 0.00496 0.63204 -0.14489 0.00759
0, 66458 0,64082 -0.43835 0. -0.00905 " 0.60313 -0.41597 -0.00433
0.83229 0.56337 -0.64422 0. -0.01178 0.53726 ~-0.61765 -0.00805
0,95506 0.37364 ~0.55137 0. -0.01011 0.,35902 -0.53237? ~-0.00783
JET = OFF SPAN LOADING JET - ON SP LOADING '
0.80084 0.86746 -
0.75122 0.84614
0.73756 2.68128
0.72490 2.68843
0.,70726 2.61700
0.67731 0.76737"
D.61414 0.66806
0.52611 0.55899
D.41526 0.,43545
0.25138 : 0.26162
THE LIFT COEFFICIENT = 0.88280
TOTAL INDUCED DRAG COEFFICIENT = 0.02932
THE INDUCED DRAG PARAMETER = 0.03762
TOTAL PITCHING MOMENT COEFFICIENT = 0.06624
. THE COANDA LIFT COEFFICIENT, CLR= 0.29103
. THE COANDA DRAG COEFFICIENT, COR= -1,21880
| THE COANDA MOFENT CCEFFICIENT, CMR = -0.,09561
ITHE LIFT COEFFICIENT FOR THE WING ALONE = 0.57709
' THE INDUCED DRAG COEFFICIENT FOR THE WING ALONE = 0.01552
' THE PITCHING MOMENT COEFFICIENT FOR THE WING ALONE = -0.04943

THE INDUCED DRAG PARAMETER FOR THE WING ALONE = 0.Q4659

INTERMEDIATE CYCLES

DELTA= 0.100 17TH ITERATION OF 1TH

INDUCED DRAG COEFFICIENT, Cori= : 0.0459¢ o

IFT COEFFICIENT, CLII=" 0.94622 ' ~ S
0.03800

PITCHING MOMENT COEFFICIENT,CMII=

DELTA= 0.400 2TH ITERATION OF 1TH INTERMEDIATE CYCLES
INDUCED DRAG COEFFICIENT, Coll= 0,04055
LIFT COEFFICIENT, CLII= 0.94624
|PITCHING MOMENTY COEFFICIENT ,,CMIl= 0,03800
ELTA= 0.100 . 1TH__ITERATION OF 2TH INTERMEDIATE CYCLES

INDUCED DRAG COEFFICIENT., CDl1= 0.05243
ILTFT COFEFFICIENT, CLlil= 1.00966
PITCHING MOMENT COEFFICIENT,CMII= 0.00975
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DELTA= 0.400 2TH

ITERATION OF 2TH INTERMEDIATE CYCLES
INDUCFD DRAG COFFFICIENT, -

CpII= 0.046604




LIFT COEFFICIENT, ‘CLII= "1.00968
PITCHING MOMENT COEFFICIENT,CMII=_ 0.00975S
DELTA= - 0.100 1TH ITERATION OF 3TH INTERMEDIATE CYCLLES
INDUCED DRAG COEFFICIENT, CDII= 0.05924
LIFT COEFFICIENT,- CLIl= 1.07310
PITCHING MOMENT COEFFICIENT,CMII= -0.01850
DELTA= 0.400 2TH ITERATION OF 3TH .  INTERMEDIATE CYCLES
INDUCED DRAG COEFFICIENT, CDIlI= 0.05167
LIFT COEFFICIENT, CLII= 1.07311
1 PITCHING MOMENT COEFFICIENT,CMII= -0,01850
DELTA= 0.10Q 1TH JITERATION OF 4TH INTERMEDIATE CYCLES
INDUCED DRAG COEFFICIENT, CDIIs=s 0.06599
LIFT COEFFICIENT., CLII= 1.13654
LPITCHING MOMENT COEFFICIENT,CMII= -0.04675
DELTA= 0,400 2TH ITERATION OF 4TH INTERMEDIATE CYCLES
- INDUCED DRAG COEFFICIENT, CDII= 0.05725
LIFT- COEFFICIENT, CLIL= 1.13655
PITCHING MOMENT COREFFICIENT,CMII= ~0.04675
DELTA= 0.100 1TH _ITERATION OF STH INTERMEDIATE CYCLES:-
| INDUCED DRAG COEFFICIENT, CDILI= 0.07251
LIFT COFFFICIENT, CLIl= 1.19998
T PITCHING MOMENT COEFFICIENT,CMII= -0.07500
1 DELTA= 0.400 2TH ITERATION OF STH INTERMEDIATE CYCLES
INDUCED DRAG COEFFICIENT, CDII= 0.06263
LIFT COEFFICIENT, CLII= 1.19999
-0,07500

PITCHING MOMENT COEFFICIENT ,CMI]=

THE _1TH ITERATION IN THE FINAL CYCLE, DELTA= 0,400
| INDUCED DRAG COEFFICIENT, CDII= 0.05417
LIFT COEFFICIENT. CLiI= 1.19999
PITCHING MOMENT COEFFICIENT,CMII= -0.07500 .
L THE ROOT MEAN SQUARE QF CAMEER ORDINATES= 0,00075
THE 27TH ITERATION IN THE FINAL CYCLE, DELTA= 0.400
| INDUCED DRAG COEFFICIENT, CoII= 0.04681
| JIFT COFEFICIENT. CLII= 1,20000
PITCHING MOMENT COEFFICIENT,CMII= -0. 07500
IIHE ROOT MFEAN SGQUARE CF CAMEER ORDINATES= 0.00068
| THE  3TH ITERATION IN THE FINAL CYCLE, DELTA= 0.400
INDUCED DRAG COEFFICIENT, CDII= 0.04030
| LIFT COEFFICIENT, ClLII= 1.20000
;PITCHING MOMENT COEFFICIENT;CMII- -0.07500
ORDINATESS : 0. 00062
' IHE 4TH ITERATION IN THE FINAL CYCLE, DELTA= 0.400
INDUCED DRAG COEFFICIENT, CDIl= 0.0345C
T LLIET - COEFEICIENT. CL11l= 20000
PITCHING MOMENT COEFFICIENT,CMII= -~-0.07500
_IHE ROOQOT MEAM SQUARE OF CAMEFER ORDINATES= 0.00087
; 159
Lru: STH ITERATION IN THE FINAL CYCLE., DELTA= _0.400
] INDUCED DRAG COEFFICIENT, CDIi= 0,02928
15151 COEEFICIENT, cLll= 1.20000



PITCHING MOMENT COEFFICIENT,CMII=

~0.07500

053

_THE ROOQT MEAN SQUARE OF CAMBER ORDINATES=

THE ROOT MEAN SQUARE OF CAMBER ORDINATES=S 0.00
THE 6TH ITERATION IN THE FINAL CYCLE, DELTA=s 0.400
INDUCED DRAG COEFFICIENT, CDII= T 0.02454
LIFT COEFFICIENT, CLII= 1.20000
PITCHING MOMENT COEFFICIENT,CMII= -0.07500
_THE ROOT MEAN SQUARE CF CAMBER ORDINATESS 0.00050
|
{ THE 7TH ITERATION IN THE FINAL CYCLE, DELTA= 0.400
INDUCED DRAG COEFFICIENT, CoIl= 0.02018
IFT__COEFFICIENT, CLII= 1.20000
PITCHING MOMENT COEFFICIENT,CMII= -0.07500
THE ROOT MEAN SQUARE OF CAMBER ORDINATES= - 0.00046
THE 8TH ITERATION IN THE FINAL CYCLE, DELTA= - 0.400
' INDUCED DRAG COEFFICIENT, CDII= 0.01615
" LIFT. COEFFICIENT, CLII= 1.20000
PITCHING MOMENT COEFFICIENT,CMII= -0.07500
THE ROOT MEAN SQUARE CF CAMEER ORDINATES= 0.00044
THE 9TH ITERATION IN THE FINAL CYCLE, DELTA= 0.400
INDUCED DRAG COEFFICIENT, coll= 0.01237 ’
"LIFT COEFFICIENT, CLII= 1.20000
PITCHING MOMENT COEFFICIENT,CMII= -0.07500
THE TWIST OISTRIBUTION IN THE SPANWISE DIRECTION .
"YLE( 1)= 0.04743 ALPAO( 1)= 8.58050
YLE( 2)= 0.14229 ALPAOC 2)= 18.26916
YLEC 3)= 0.21C14 ALPAO( 3)= <13.3517C
YLE( 4)=  D.2594¢ ALPAO(C 4)= 4,09779
L YLE( S5)= 0.30875 ALPAO( S)= -10.28359
LYLE(C 6)= 0.376411 ALPAO( 6)= 11.19529
YLEC 7)= 0.49688 ALPAO( 7)= 3.86014
_YLE( 8)= 0.66458 ALPAO( 8)= 3.46656
L YLEC 9)= 0.83229 ALPAOC 9)= 1.20347
YLEC10)= 0,955C6 ALPAO(10)= -1.35737
7 CAMBER ORDINATES IN THE JET ON CASE
0,00770 u.osoos 0,08393 0.06981 0.02866 0.00332
0.01452 .0%007 0.12577 0.08447 0.02843 0.00302
0.00134 0.02399 0.06C68 0,07131 0.04191 0.00505
0.00597  C.0538¢ 0.07719 0.04690 0.02129 0.00218
0.00105 C.02396 0.04697 0.05066 0.03258 0.00401
0.01422 C.08461 0.11489 0.08181 0.03076 0.00337
0.01141 0,07264 0.10650 0.08672 0.03636 0.00423
0.01090 0.07187 0.11509 0.09656 0.04255 0.00513
0.00882 0.06103 0.10401 0.09259 0.04315 0.00534
0.00572 C.04239 0,07835 0.07599 0.03840 0.00489
_ 0.00041 '
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XXXXXXXXXXXXXXXXXAXXXXX XXX XXX XXXXXXXXXX XX

ALPHA

-
-

0.

DEGREES

XXX XXX XXX XXXXXXXXX XXXXX XXX XXX XXXXX XX XX X%
VORTEX XV YV cp CPW L
1 0.01704 0.C4743 0.67346 0.27324 -
2 0.1466645 _ 0.04743 1.00333 0.69602
3 0.37059 0.C04743 1.31955 0.95547
4 0.62941 0.C4743 1.10117 0.76591
5 " 0.85355 0.04743 0.53810 0.31755
8 0.98294 0.C4743 0.16716 0,08041
7 0.01704 0.14229 0.95024 0.464343
8 0.14645 0.14229 1.72062 0.91657
9 0.37059 0.,14229 1.60856 0.93288
10 0.62941 0,14229 0.93595 0.61393
11 0.853S5 0.14229 0.31193 0.21871
12 0.98294 0.16229 0.10460 0.06350"
13 0.01704 0.21014 -1,85986 0.52313
14 0.146645 0.21014 2.19873 1.08728
15 0.27059 0.21014 4.,36602 0.97367
16 0.62941 0.21014 3,.36949 0.53386
17 0.8535S ‘0.21014 2.39451 0.14443
18 0.98296 0.21014 1,00400 0,02075
19 0.01704 0.25944 -0.75528 0.53314
20 0.14645 0.25944 L,74276 1.12298
21 0.37059 0.25944  4,65973  0.9854S
22 0.629461 0.25944 1.461030 0,52403
23 0.85355 0.25944 1.73256 0.13686
24 0.98296 0.25944 0.95776 0,00914
25 - 0.01704 0.30875 -1.59881 0.52548
26 0.146645 0.20875 2.76823 1,12427
27 0.37059 0.20875 3.97128 0.98979
28 0.62941 0.20875 266443 0.52630
29 0.85355 0.20875 2.67985 0.13835
() N.9829¢& 0.3087S 1.15858 0.00357
31 0.017Cs 0.27411 0.70660 0.50901
32 0.16645 L224611 1.61202 1,11257
33 0.37059 0.27411 1.47602 0.99236
34 0.62941  0.3272411 1.029585 0.52534
35 0.85355 e 17411 0.48928 0.13237
26 0.982%964 N.27411 N.14618 =-0.00368
37 0.01704 0.49688 0.74190 0.46737
28 0.166€45 0.49688 1.640286 1.06074
39 0.37C59 0.49688 1.41070  0.98344
40 0.62941 0.4968R 1.02394  0.52471
41 0.85355 0.49688 0.50286 0.12542
42 Q0. Q8294 0, L9688 0. 158149 -00.00870
43 0.017C4 0.66458 0.67556 0.37828
A 0.14645 0.66458 1.299364 0.90573
45 0.370569 0.66458 1.40971 0.92505
‘6 0.62941 0.£6458 1.09592 0.55977
47 0.85355 0.66458 0.57263 0.17927
4L8 0.98294 0. £6458 0.18311 0. 017214 ,
49 0.01704 0.83229 0.52237 0.27428 161 -
S0 0., 144645 0, £3229 1.04220 0.70117
51 0.37059 0.83229 1.22420 0,79535
52 0.83229  1.01504 0.556416

0.02941



N\

53 0.85355 0.83229 0.57032 0.23663
5S4 0.98296 0.83229 0.18453 0.04868 -
55 0.0170¢4 0.95506 0.32196 0.15589
56 0.14645 0.95506 0.62419 0.42816
57 0.37059 0.95506 - 0.74849 0.50533
58 C.62941 0.55506 0.64621 0.39131
59 0.85355 0.95506 0.39385 0.20976
60 0.98296 0.55506 ‘0.12604 0.05351
Y/SP - CL cM cT col CMW Cow
0.04743 (0.940917 0.77565 0. 0.12627 0.64689 0.53890 0.05870
0.14229 1.C9119 0.73811 0. 0.,25540 0.63567 0.41331 0.,03247
0.21014 2.74845 0.882¢7 0. ~0.67459 0.64609 0.,33297 0.04727
0,25944 2.74741 0.90059 0. 0.11828 0.65168 0.25603 0.03664
0.30875 2.64799 0.,22817 0. -0.48506 0.65297 0,17240 0.02297
0.376411 1.08114 0.04516 0. 0.15507 0.64850 0.06084 0.01286
0.49688 1.02899 -0.29282 0. 0.01429 0.632064 -0.14489 0.00759
0.,66458 1,03835 -0.75872 0. 0.01472 0.60313 -0.,41597 -0,00433
0.83229 0.91279 -1.07154 O. -0.01101 0.53726 -0.61765 -0.00805
0,95506 0.57151 -0.85388 0, -0.,02845 0.35902 -0.53237 -0.00783
. JET - OFF SPAN LOADINGEC JET = ON SPAN LOADING
0.8008¢4 1.16483
0.75122 1.28954
0.73756 3.13756
0.72490 3.05612
0.,70726 2.86817
0.67731 1.12917
0.61414 0.99984
0.52611 0.90575
0.,41526 0.70553
' 0.25138 C.40016
THE LIFT COEFFICIENT = 1.20000
TOTAL INDUCED DRAG COEFFICIENT = 0.01237
THE INDUCED DRAG PARAMETER = 0.00859
TOTAL PITCHING MOMENT COEFFICIENT = =-0.,07500
THE COANDA LIFT COEFFICIENT, CLR= 0.29103
THE COANDA DRAG COEFFICIENT, CDR= -1,21880
THE COANDA MOMENT COEFFICIENT, CMR = ~0.09561
THE LIFT COEFFICIENT FOR THE WING ALONE = 0.57709
THE INDUCED DRAG COEFFICIENT FOR THE WING ALONE = 0.01552
THE PITCHING MONMENT CCEFFICIENT FOR THE WING ALONE = =-0.06963
THE INODUCED DRAG PARAMETER FOR THE WING ALONE = 0.04659
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