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COMPUTER PROGRAMS FOR CALCULATION OF
AERODYNAMIC INTERFERENCE BETWEEN
LIFTING SURFACES AND LIFT AND
CRUISE FANS

By M. F. E. Dillenius, M. R. Mendenhall,
and S. B. Spangler
Nielsen Engineering & Research, Inc.

SUMMARY

This document is a user's manual for a series of three computer pro-
grams developed to predict aerodynamic interference in transport-type
aircraft. The cases considered are interference between a high-bypass-
ratio turbofan engine and a wing-pylon-tail configuration and interference
between a fuselage-mounted lift fan and a wing-tail configuration. The
methods are applicable to all speeds up to the critical speed of the con-
figuration. The first program calculates the singularity distributions
representing the flow model of a high-bypass-~ratio turbofan engine and
computes the velocity field induced by the singularities. The second
program computes the singularity distributions representing the wake of a
lift fan exhausting in a crossflow. The path of the jet is predicted and
the velocity field induced by the jet is computed. The third program is
a vortex lattice lifting surface method which can accommodate a wing with
a gsingle pylon per panel and a horizontal tail surface. This program can
accept externally induced velocities such as those obtained from the turbo-
fan engine program or the lift-fan program. The information obtained from
the program is the detailed loading distributions on the wing, pylon, and
tail at any angle of attack. The gross 1lift and pitching moment coefficients
are computed. Included in this manual are a brief description of the theory
and the calculation procedure, descriptions of input and output, program
listings, and sample cases from each program. A description of a complete
interference calculation for a turbofan engine adjacent to a wing-pylon-
tail configuration is included to indicate how the programs can be used in

sequence to calculate loadings with interference for a complete configuration.



INTRODUCTION

This report is the second of two reports prepared under Contract
NAS2~5247 for the Ames Research Center, NASA. The work on this contract is
concerned with the development of analytical methods for predicting the
aerodynamic interference effects between fan engines and transport-type
airframes. This document is a user's manual for the computer programs
developed under the contract. The first document (ref. 1) describes the
theoretical analysis on which the programs are based and some results and

data comparisons.

The principal airframe components that were investigated are a wing
with pylon, horizontal tail, high-bypass-ratio turbofan engine, and a lift
fan mounted adjacent to the wing. Angle of attack with zero sideslip was
considered. The speed range is subsonic, with a Prandtl-Glauert correction
used to account for compressibility effects. The basic approach consists
of constructing potential flow singularity models for each component, in
which the boundary conditions include not only self-induced velocities but
velocities induced by other adjacent airframe components. No frictional
effects are considered. For purposes of computing engine or fan interfer-
ence on the airframe, the flow blockage effect of the cowling and the
induction effect and wake are modeled; the details of the flow within the

engine and fan are not considered.

Three programs are described herein. The first program computes the
flow model and the induced velocity field due to a high-bypass~ratio turbo-
fan engine. The second program performs the same operations for a lift
fan exhausting normal to the free stream. The third program is a vortex
lattice lifting-surface method for a wing with a single pylon per panel and
a horizontal tail. The vortex lattice program includes interference effects
from fans in the vicinity of the airframe by accepting externally induced

velocities in the boundary conditions which are satisfied.

This report includes a brief discussion of the theoretical approach
and the assumed flow models with a summary of the eqguations used in the
program. No detailed derivations are included, but references are given to
all the derivations of interest. The operation of the program is discussed
along with descriptions of input and output. Program listings and sample
cases are also included. A brief description of the use of the three

programs in a complete interference calculation is presented.
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LIST OF SYMBOLS

local speed of sound

wing span

Fourier series coefficients for the

radial velocity induced on

the core engine reference cylinder by the vortex cylinder trail-
ing from the engine duct

Fourier series coefficients for the axial velocity induced on
the core engine reference cylinder by the vortex cylinder trail-
ing from the engine duct

Pourier series coefficients for the radial velocity induced on
the core engine reference cylinder by the vortex cylinder trail-
from the fan duct

Fourier series coefficients for the axial velocity induced on
the core engine reference cylinder by the vortex cylinder trail-

ing from the fan duct

Fourier series coefficients
the fan reference cylinder
the fan duct, eqg. (25)

Fourier series coefficients
the fan reference cylinder
the fan duct, eqg. (26)

Fourier series coefficients
the fan reference cylinder
the core engine duct, eq.

Fourier series coefficients
the fan reference cylinder
the core engine duct, eq.

for the radial velocity induced on
by the vortex cylinder trailing from

for the axial velocity induced on
by the vortex cylinder trailing from

for the radial velocity induced on
by the vortex cylinder trailing from

(27)

for the axial velocity induced on
by the vortex cylinder trailing from

(28)

local wing or duct chord, ft.

average wing chord, 8§ /b
> "ref

Glauert series coefficients

Glauert series coefficients

for v, o ©9- (38)
e

for v_, eq. (36)
vf

section 1lift coefficient, based on local chord

Glauert series coefficients

for Vp » ©d- (16)

e



Ea Ry
2]

2k
Hho

Glauert series coefficients for Yp o ©d- (15)

lift coefficient, based on &
ref

pitching-moment coefficient, based on S £ and wing average
chord re

1lift fan wake initial diameter

duct diameter

Fourier series coefficients for the axial velocity induced on
the core engine reference cylinder by the bound vorticity on
the engine duct

Fourier series coefficients for the radial velocity induced on
the core engine reference cylinder by the bound vorticity on
the fan duct

Fourier series coefficients for the axial velocity induced on
the core engine reference cylinder by the bound vorticity on
the fan duct

Fourier series coefficients for the axial velocity induced on
the fan reference cylinder by the bound vorticity on the fan
duct, eq. (23)

Fourier series coefficients for the radial velocity induced on
the fan reference cylinder by the bound vorticity on the core
engine duct, eq. (30)

Fourier series coefficients for the axial velocity induced on
the fan reference cylinder by the bound vorticity on the core
engine duct, eq. (29)

backwash velocity influence coefficient for a pylon image horse-
shoe, length™*

sidewash velocity influence coefficient for a pylon image horse-
shoe, length~?

downwash velocity influence coefficient for a pylon image horse-
shoe, length~?

backwash velocity influence coefficient for a wing, pylon, or
tail horseshoe vortex, length™!', eq. (102)

sidewash velocity influence coefficient for a wing, pylon, or
tail horseshoe vortex, length™, eg. (102)

downwash velocity influence coefficient for a wing, pylon, or
tail horseshoe vortex, length™!, eqg. (102)



MP

MT

pylon root chord angle of incidence, positive for toe-in,
fig. 11

angle between tangent to pylon camberline and pylon root-
chord direction, fig. 11

i+ i, fig. 11

number of control points on a wing panel

free-stream Mach number

number of control points on pylon
number of control points on one horizontal tail panel

total number of vortices (including images) on the wing panel,
pylon, and tail panel, N = M + MP + MT

influence coefficients for radial velocity induced on a cylin-
drical duct by the bound vorticity on that duct, eqg. (24)

total pressure
free-stream static pressure

free-stream dynamic pressure, %-pwVE

radius measured from duct centerline to effective camberline
of core engine duct, eqg. (18)

radius measured from duct centerline to effective camberline
of fan duct, eq. (17)

radius of lift-fan wake

Fourier series coefficients of the core engine duct effective
camberline, eqg. (18)

Fourier series coefficients of the fan-duct effective camber-
line, eqg. (17)

semiwidth of horseshoe vortex measured in chordal plane; or
distance along jet wake centerline

planform wing area
total temperature
free—-stream static temperature

perturbation velicities in x, y, and =z directions,
respectively

(O3]



and

perturbation velocities in the x, vy,
tively, induced on the wing-pylon-tail by external components

and =z

velocities induced on the core engine duct by the core engine
duct-bound vorticity, Yp
e

velocities induced on the fan duct by the core engine duct-
bound vorticity, Yo » ©4s- (29) and (30)
e

velocities induced

on the core engine

bound vorticity, Yp
£

velocities induced
ticity, v, , €gs.
De

velocities induced
vorticity, Ye

velocities induced

Yoo ©4S- (27) and

velocities induced
vorticity, Ye

on the fan duct by
(23) and (24)

on the core engine

on the fan duct by
(28)

on the core engine

duct by the fan duct-

the fan duct-bound vor-—

duct by the trailing

the trailing vorticity,

duct by the trailing

directions, respec-



v
'Ya(f:f)

v/
Y3

velocities induced on the fan duct by the trailing vorticity,

Ygs €4S (25) and (26)

axial velocity induced by a nonaxisymmetric vorticity, Yo
eq. (52)

radial velocity induced by a nonaxisymmetric vorticity, v_,
a
egs. (55) and (56)

tangential velocity induced by a nonaxisymmetric vorticity,
Yoy egs. (59) and (60)

radial velocity induced on the core engine duct by the bound
and trailing vorticity associated with Yy eq. (42)
e

radial velocity induced on the fan duct by the bound and trail-
ing vorticity associated with YV, > ©d- (40)
£

radial velocity induced on the core engine duct by the bound and
trailing vorticity associated with Yy » ©d- (43)
e

radial velocity induced on the fan duct by the bound and trail-
ing vorticity associated with Y3 _» €d- (41)
£

free-stream velocity

jet velocity at fan or engine exit

coordinates with origin located at the midspan of a horseshoe
vortex and with same directions as X,Y,Z coordinate system,
fig. 113 also, coordinate system fixed in lift-fan exit,
fig. 7

coordinates with origin located at the wing root chord nose
(fig. 11). X axis coincident with wing root chord, positive
in forward direction, Y axis positive in starboard direction,
Z axis positive in downward direction

angle of attack of wing root chord relative to free stream,
fig. 11

angle between streamwise tangent to wing camberline and the
X~-Z plane, fig. 11

oot A, fig. 11



Qg

horizontal tail angle of incidence relative to X-Z plane,
fig. 11

angle between streamwise tangent to tail camberline and tail
root chord, fig. 11

a + q fig. 11 (a)

ts ti?

Cy g +oag, toa, fig. 11 (a)

compressibility factor, 1/1 - Mi ; or angle of sidewash,
degrees

strength of trailing wake vortex cylinder; also, ratio of
specific heats

axially symmetric component of duct-bound vorticity, egs. (15)
and (le)

duct-bound vorticity component due to angle of attack
duct-bound vorticity component due to angle of sidewash

vortex strength

deflection angle of Jjet-exit centerline, degrees, fig. 7

nondimensional wing spanwise coordinate, Y/ (b/2)

transformed axial distance along duct, x = (c¢/2)(1 - cos 8);
or local angle of jet centerline, fig. 7

coordinate system in 1lift fan wake, fig. 7

free—-stream density

dihedral of wing; or azimuthal angle on the engine, degrees

dihedral angle of horizontal tail

sweep angle measured in the plane of the wing planform, degrees

sweep angle measured in the plane of the wing panel, degrees

Subscripts

core engine

fan



LE leading edge

jo pylon

r ; radial ’
t i total or tail

TE trailing edge

w wing )

x component in x direction

vy component in y direction

o) ’ tangential

TURBOFAN ENGINE PROGRAM‘

The‘pﬁrposes of the turbofan engine program are to calculate the
singularity distributions representing the engine flow model and then to
calculate the velocity field induced in the vicinity of the engine. The
engines of interest are high-bypass-ratio turbofan engines which consist
basically of a high-pressure-ratio, single-stage fan driven by a core
engine. Since the purpose for which the program was developed is the
calculation of interference between the engine and an adjacent wing=-pylon,
the computer program is oriented principally to use in such interference

calculations.

Theoretical Analysis

For purposes of modeling the interference induced by a turbofan
engine, the engine model must represent the fan and core engine ducts,
the fan and core engine thrusts, and the resulting wake. The details of
the flow within the engine need*not be considered except insofar as they
determine the wake velocity profile.; The following analysis is the same
as that described in reference 1. The approach is based on the ducted fan

theory presehted in reference 2.

Wake .model.~ The core engine and fan wakes are represented by semi-
infinite, concentric, constant-diameter vortex cylinders extending down-
stream coaxial with the engine centerline (fig. 1l(a)). The constant-diameter

assumption is consistent with the results of reference 3, which indicate



wake spreading angles of 2° to 3° for a turbulent jet in a coflowing stream
where the jet velocity is 50 percent greater than the free stream. This
wake model assumes that the fan and engine thrust are produced by uni-
formly loaded actuator disks within the ducts. Thus, the performance of
the engine determines the strengths of the trailing vortex cylinders,

Ve and Ve The velocity profile in the engine wake is given by the

asymptotic velocity distribution inside a vortex cylinder and is shown in

figure 1{b). The wake velocity distribution is written as
Vi = Vb g (1)
£
Vi =V gty (2)
e
Therefore, if the wake velocities Vj and V. are known, the strengths
f e

of the trailing vortex cylinders, &f and vy, are

V. V.
Yo _ Jde ¢ (3)
Vv v v
v Vj
f""——_
v - v -1 (4)

A second method may be used if engine performance tables are
available. For example, in reference 4, predicted performance tables for
an advanced turbofan engine are presented. For a specified flight Mach
number and altitude, the tables include bypass ratio, mass flow rate of
air, total temperature and total pressure in the fan exhaust, and total
temperature and total pressure in the core engine exhaust as a function
of total engine thrust. Assuming that the static pressure in the wake is

egqual to the free-stream static pressure, the information in these tables

is adequate to compute the unknown wake velocities V., and V. using
. . Je Je
isentropic relations.
The fan and engine exit pressure ratios are
P
Py _ Py o (5)
p p b
e TE TEg

10



Py

b o 2

@]

Pr Py Py
e 2 e

where the subscript 2 refers to inlet conditions.

numbers are
< Y
£

M vl po>
Pk:pt (Iéi)

N

A

Pq

s

The total temperature in the wake is

th Tt2
T = = T
te | T, T,
2
Tte Tt2
Te =7 7 T
e t o

=
]
=]
o
[0]
VRN
}._I
+
,i
=

The local speeds of sound are

§,
e

1

1

1/2

1/2

The exit Mach

&2}

(11)

(12)



which when combined with equations (7) and (8) give the velocities in
the wake. The trailing vortex cylinder strengths are then easily computed

using equations (3) and (4).

Turbofan engine flow model.- When the trailing vortex cylinder

strengths are known, the basic turbofan engine model can be determined.
The flow model 1s considered in two parts: the axial flow portion which
imposes boundary conditions on the engine ducts due to the actuator disk
and wake, and a crossflow portion which imposes duct boundary conditions
due to angle of attack and sidewash on the engine. These two portions
are combined by superposition since both properly satisfy the boundary

condition of flow tangency to the duct.

Axial flow solution: The axial flow model is determined by satis-
fying the boundary conditions of flow tangency to the mean lines of both
the fan duct and the core engine duct. The flow tangency condition on

both ducts is satisfied in a manner analogous to the method used for a

single duct in reference 2. A bound vorticity of the form
D¢ TRy
5 = Cfo cot =5 E: Cfn sin (nef) (15)
n=1

VDe Oe
= C cot — + }Z: Ce sin (n@e) (16)

is placed on the core engine duct reference cylinder.

The fan duct has an effective camber distribution given by

drf - *
— = Z Rf cos (no (17)
£ n

n=o

£

and similarly the core engine duct has an effective camber distribution

given by

0,
"
0]
il

)
0
(o]
[
o]
DO

1]
-
[00]

12



The effective camber is made up of a geometric camber and an induced camber,

as discussed in detail in section 2.3 of reference 5 (also ref. 11).

The two boundary conditions which must be satisfied are the flow
tangency relations on the surface of the fan duct and the core engine
duct.

drf

Ve = g (Ug) (19)
£
dr

v = = (u) (20)

e E§g e
The left sides of equations (19) and (20) represent the sum of the
axisymmetric radial velocities induced by the two wake vortex cylinders
and the two duct-bound vortex ring distributions. The corresponding
axial velocity sums appear on the right sides of both equations. These
equations are solved on the duct reference cylinder, which is defined as
a constant-diameter cylinder passing through the trailing edge of the
actual duct and having the same chord-to-diameter ratio as the actual
duct. Expanding equations (19) and (20) into their components results

in the following. From equation (19), for the fan duct

V&8 T VE ) T Ve, ) T Vyle,£)
drf
= EQE' uYD(f,f) + uy(f,f) + uYD(e:f) + uy(e,f) + Vv (21)

and from equation (20) for the engine duct

+ v +

Vigle,e) T Ve, e) TV (g,e) T Yy (£, e)

dr

u + u + u + u + V 22
dxe yD(e,e) vie,e) yD(f,e) v(f,e) :] (22)
where the induced v velocities are normal to the duct reference cylinder
and the induced u velocities are in the axial direction on the reference

cylinder.



The velocities in equation (21) induced on the fan reference
cylinder are described as follows. From equations (15) and (16) of
reference 2, the velocities induced on the fan duct by the fan duct-

bound vorticity Ype Bare

ap, Py (£,0) 16D, s “t,
. = in = 1 Cf + > + Cf + 5 cos Qf
Tf v £ o o

4 £ 6
Cg, - Cfa Ce
+ 3 cos 49f - 9o c°os 59f
s
= }: Fr 0s no (23)
= £ © £
n=o
and
; C C 5 C.
Vg (£, ) £ £, £ CfE
v = — - E: —3—-PO’£ + }: cos kef -5+ E: -3-Pk’z
£=0 k=1 f=0
(24)
The Py I coefficients are described in Appedix B of reference 1.
3
The velocities induced on the fan duct by the vortex cylinder
trailing from the fan duct are given by equation (C=3) of reference 6
and equation (23) of reference 7. These velocities are expressed in
nondimensional form by six~-term Fouriler cosine series as
5
vy(f,f) = Vg E: Bf cos nef (25)

14



5
== * P
U (£, £) Ve E: By COs nb. (26)

These equations are analogous to equations (8) and (9) of reference 2;
that is, the coefficients Bf and BE are a function only of the fan
n n

duct chord-to-diameter ratio.

The velocities induced on the fan duct by the vortex cylinder
Ve trailing from the engine duct are given by equations (13) and (20)
of reference 7. These velocities are expressed in nondimensional form by

a similar six-term Fourier series as

Vy(e,f) = Y }: Ef cos no. (27)
n=o0 ©
S
- B* 28)
uy(e’f) = Ve By cos ng, (28)
j n
n=o

~ ~%
where, as before, the B¢ and Bg coefficients are a function only
n n

of the geometry of the turbofan engine.

The velocities induced on the fan duct by thé vortex ring distri-
bution bound to the engine duct Yp, 2are functions of the unknown
coefficients Cen. The axial velocity is computed using equation (a-9)
of reference 6 and is then expressed as a six-term Fourier series as

before. Thus,

5

u = V E: F* cos ne (29)
VD(e,f) £ £
n=o

The radial velocity induced by vp is computed in exactly the same

e
manner as the axial velocity except that equation (A-8) in the &bove
reference is replaced by equation (27) on page 307 of reference 8. This

velocity is also expressed in a Fourier series as



5

v =V }: E cos nb
'yD(e,f) fn £
n=o0

The velocities in equation (22) induced on the core engine reference
cylinder are the same as equations (23)

through (30) with the subscripts
£f and e

interchanged everywhere.

Substituting equations

(17) and (23) through (30) into eguation
{21) results in the following equation which is analogous to egquation
(17} of reference 2.
5 Q0 5
Cfo Lfﬁ ka Cf£
—~= - Ez _?r-Po,ﬂ + 2: -+ 2: 5 Pk,ﬁ cos kef
=0 k=1 f=0
rYf ~ rYe ~
+ 17-Bf + Ff + ?7-Bf cos nef
= n n

* — B
4D £ v £
m £ n n
m=0 n=0
~ Yo ~
* (=) < '
+ an + TF Bf cos nef (31)

n

A similar equation is obtained from equation (22) by interchanging
subscripts f and e

in the above eqguation, with the following result

Ce 5 Ce 5 Ce 5 Ce
DI W G e
5 }: 5 Po,ﬁ + > + > Pk,ﬂ cos k@e
)
Ve ~ Ye -
+ B + + —= B cos nbf
v e e \ e
n n n
n=o\\\

(continued on next page)

(30)



e
m=0 n=o0 n
~ Ye ~
+ F* 4+ — B* cos né
e v e e
n n

Expanding both sides of equation (31) into Fourier cosine series

and equating harmonics on both sides results in six linear algebraic

equations in terms of the six unknowns Cg . These equations are con-
n

siderably simplified if we define the following coefficients.

g ~ Ye ~
Ef = < Bf + Ff t 5 B n=0,1,...,5
n n n n
Y Y W
* o £ oox * & g* =
E. = v Bf t Fg o+ 3 Bf n 1, 2,..., 5
n n n n
Y ~ Yo ~
* . _L % * e o*
Ef =< Bf + Ff + 5 Bf + 1
o o} o o)
J/
The first set of six equations is as follows:
Zeroth harmonic:
R*
¢ |L_Foo _ St o [, 1%\ _ el 5
fo 2 2 4Df fo Ce 4D, 2
* *
- R R
' G _ Pol _ Ce fo n l6Df AN Ce £,
£ 2 4Df Ce 4Df 8
*
~ R R
. G _ P02 . Ce f3 _ Ce fl
£, 2 4Df 12 4Df 4
— R*
L C _ Poe _ cf fz
f8 2 4Df 8
L (continued on next page)

(33)

w
N
N

17



*
r R* R
. e P, . Ce £, _ Cg (L> . . £,
fg 2 4Df 12 4Df 2 ,fo 2
r * * *
p c Reg *+ Rg Re
+C 13 £ 1 3 _ 3
i 2 4D 8 16
a2 L £
*

*
R R
. P, Ce £, ‘o P, Ce f8
T e, T2 T aD. (12 £, 72 T a.\16

£ £

3 3
= r* g*¥ + r* g* +£E R* ¥ + L R* g - E
= Re Bg £ oF 2 £ UF 2}1 £ UF £
O 1 1 O n n-+1 n n—21 1

n=1 n=2

- * *
Bz c Re 16D Re

L C | 21 f 2 In £ _ 1) - —2
fz L 4Df 2 Ce 4

(35a)

(35Db)

(continued on next page)
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* * *
p c Re + Re Re
c l_ + 22 _ f 1 3)_ 1
TS -3 2 4D Z 15
2 £
— * *
p e Re Re |]
L C 23 _ £ o _ 2
£ 2 4D 2 16
s | £ N

E¥ | - E (35¢)

P c 16D R;
c 30 £ R* ) - 1) + 2
£ 2 4D £ no—e 2
e} £ 3 £
* *
p c Re 16D Re
+C R | 2 (n £_ 1) - =2
fl 2 4Df 2 Cf 8
* * *
p c. [ Re Re P c Re
+ C s2 , £ o _ 2 + C L, ss __£ 1
£, |2 T £, 2" 72 T4, \Ts
r~ * * *
P, c Re Re P c. [ Re
+C 4 £ o _ 2 s R £ 1
f4 L 2 4Df 20 f5 2 4Df 16
- R*E* +R*E* + 2% [R* X+ g* )+ r* [(&* + E* E (35d)
fO fB f3 fO 2 fl f2 f4 f2 fl f5 f3 )

e} £ 1 £ (continued on next page)
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* * * *
P c. [ Rs Re p c. [Re Re
. sz £ 1o 3 +C 43 _ __ T 2 _ o
£ 2 4Df 12 4 f8 2 4Df 8
* *
R R
L B £‘+ Pis _ °f f1> +C Fao _ ‘£ ( fo>
f4 2 2 4Df 30 fS 2 4Df 8
_ ¥ oo* L | o= * * * % * L% |
= Rf Be + 5 Rf <Ef + Ef> + Rf Ef + Rf Ef Ef (35e)
O 4 1 3 5 2 P=} 3 1 4
Fifth harmonic:
* *
R R
qF
1 Zsol o | B, Se )| o | fem, e t2>
£ L 2 £ 72 4D, \ 8 £ 2 ap. \12
. * * * *
| p c Rf Rf b2 c Rf Rf
L C | _58 £ 3 _ 1 L C ;4 _ f 122 _ lo
£, L 2 4Df 8 16 f4 4Df 0
*
i R
L e ) ;.+ P55 Ce fl>
t5 2 2 4Df 16
3
- r*p* 4+ 1 Z R. Ex - E (35F)
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These eguations are linear in terms of the unknown Cg¢ coefficients,
but because of the terms gfn and %En’ the coefficients a?e implicit
functions of the six unknowns, Co . Equation (32) can be expanded into
Fourier cosine series and like ha?monics equated as before. The six
equations obtained in this manner are linear algebraic equations in terms
of the unknown coefficients Cg and implicit functions of the Cg
coefficients because of the tergs Ee and fg . These eguations gre
identical to equations (35) with f and e interchanged everywhere.

Thus, there exists a set of twelve equations and twelve unknowns, Cg

and C, . The solution is obtained by iteration.

e}
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For the case where the Mach number is not zero, the Prandtl-Glauert
compressibility transformation discussed subsequently in connection with
the wing model is employed (egs. 5 to 7 of ref. 1l). Accordingly, the
engine and fan chord-to-diameter ratios are increased by the factor
B8 and the duct camberline slopes remailn the same at a given percent choxd

station.

Angle of attack solution: A turbofan engine mounted on a pylon
beneath a swept wing is subjected to nonuniform wing-induced downwash
and sidewash fields as well as a uniform downwash (or upwash) due to wing
angle of attack. For most configurations, the angles and their spatial
variation are small enough that they may be averaged axially and circume-
ferentially over the fan duct and the engine duct. This approximation
allows the use of an existing solution for a thin cylindrical duct in

a uniform crossflow (ref. 9).

The procedure using the averaged crossflow velocities is to place
a nonaxisymmetric bound vorticity distribution on each duct to cancel
the appropriate crossflow through the duct reference cylinder (fig. 1l(c}).
Assuming that Qg and Bf are the average induced angles of upwash and
sidewash on the fan duct, the two components of bound vorticity on the

fan reference cylinder have the form

r . b )
—— = sin a; cos o) Ce cot -+ }: Ce sin nef (36)
o n
n=i B
and
5 -
v = sin Bf sin ¢ cfo cot -5 2: cfn sin nef (37)
n=1

Similarly, the two components of bound vorticity on the engine duct

are
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The £ and cen coefficients are functions only of the respective
duct chord=-to-diameter ratios and are tabulated in Table I of reference
10. In addition to the bound vorticity, there is a distribution of free
axial trailing vortex filaments associated with each bound ring caused
by the variation of strength around the Yo ©OF VB rings. Equations
(36) through (39) are used to satisfy the following boundary conditions
on the fan and engine ducts. On the reference cylinder representing the

fan duct

Vva(f,f) - V sin Qg cos ¢ = 0 (40)

VVB(f’f) + V sin Bf sin ¢ = 0 (41)
and on the reference cylinder representing the engine duct

vva(e’e) - V sin a, cos o =0 (42)

VVB(e>e) + V gin Be sin ¢ = O (43)

It is apparent from these boundary conditions that the mutual interference
between the bound Yo and Vs vorticity of the two ducts is not con-
sidered. Since the induced crossflow is small, the strength of the

bound vorticity is small and the velocities induced by the bound vorticities

on each other is neglected as a second-order effect.

The above theory for the crossflow solution is applied to the engine
transformed according to the Prandtl-Glauert rule in the event a com-

pressibility correction is required.

Induced velocities.- COnce the strength of the trailing vorticity

is known and the coefficients for the bound vortex strength are computed,
the velocity field induced by the engine may be calculated. The velocity
at a field point is the sum of the velocities induced by each of the

singularity distributions making up the engine model.
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The velocity induced at a field point P by a constant strength

vortex cylinder illustrated in the following sketch is computed as follows.
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where the argument of the elliptic integrals K and E is

D) o
RIS

and the first argument of the Heuman Lambda Function AO(B,kO) is
4 N

Ty
B = sin " 2 R I (46)
(&) -G-Y]
+(E-1
- R R S

The radial velocity induced by the constant strength vortex cylinder

Y

is given by equation (C-3) of reference 6.

# s LR e
W %) G-y

The velocity induced by the duct-bound vorticity described by

equations (15) or (16) is computed as follows. When the point P 1is

on the duct surface, the approximate induced axial velocity on the surface
of the duct is given by equation (23), and the radial velocity is given
by eguation (24). When the point P 1is not on the surface of the duct,
the induced velocities must be obtained by numerically integrating over
the vortex distribution bound to the duct. The axial velocities are

computed using equation (A-9) of reference 6.

ua/D e d 1;-flzsin ) X . 2(‘1:‘;% - l)E
vV 47R 1/2 o £ <m S
K%)g - (& 1)2] & - ) (48)
where
% = % (cos 6 - cos 89) (49)
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and the argument of the elliptic integrals is

<i> <—£— D)

The radial velocity at point P 1is

vVD _ _c g - (%)W%D_ sin © K= |14+ 2(% E Y as
v ATR L7z /2 (g)z . <£ _ ]>2
’ iKR) ' <E ’ l” : ) (51)

The velocity induced by the bound nonaxisymmetric vorticity, Yoo
described by equation (36) or (38) and its associated trailing vortex
filaments is given as follows. The axial velocity is induced only by
the bound vorticity and it is given by the following.
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The radial velocity component induced by the bound vorticity is

v T
T £ _
Yo _c 9(0) R k°E SE 2 - k%
V sin o cos ¢ ) 3/2 >tk 4 k K|de
bound gL 1 -k
o 7T<R
(55)
and the component induced by the trailing filaments is
v
Ty
o 4
.: = e (K - E)
V sin a cos ¢ trailing k
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The tangential velocity component induced by the bound vorticity is
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and the component due to the trailing filaments is
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The above equations for the velocity induced by Yo type vorticity
can be used for the velocity induced by g type vorticity. The only
change that should be made is that the aximuth angle ¢ should be
replaced with ¢' = ¢ - 90°.

Program Description

Calculation procedure.- The computation is considered in two parts

and proceeds as follows. Upon input, the main program immediately calls
subroutine MODEL and the singularity distributions making up the axial
flow model of the turbofan engine are calculated. These results are out-

put and control returns to the main program. If the flow field induced
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by the turbofan engine is to be computed, the local angles of attack and
sidewash, the engine location relative to the wing, and the coordinates
of the field points to be considered are input. MAIN then calls sub-
routine VELCTY where the total velocity induced at the field points by
the axisymmetric and the nonaxisymmetric loadings on the engine are com-
puted. These velocities are output and control returns to MAIN where a

new case may be input.

Program use.- The program is written in Fortran IV for the IBM 7094

computer. No tapes other than the standard input and output tapes are
regquired. Typical execution time for the complete program is approximately
6 minutes for a case with 100 field points. Since the engine model solution
is obtained by iteration, the time estimate is strongly dependent on the
the number of iterations (9 iterations for the above example). The program
is buillt around three basic options. The complete program calculates

the flow model for a high-bypass~ratio turbofan engine and then computes
the velocity field induced by the engine. The program may be used just

to calculate the engine flow model, or if the flow model is known a priori,
the program may be used to compute the induced velocity at specified field
points. A complete description of the input and output is presented in

the following sections.

Description of Input

This section contains a description of input for the turbofan
engine program. The relationship between the turbofan engine and the
wing is shown in figure 2 for purposes of illustrating the geometry of

the configuration which must be input.

A sample input form is presented in figure 3(a) for a normal run.
A1l variablss shown on the input forms in figure 3 are defined in the
table at the end of this section. The first card contains identification
information to be printed at the top of the output. The second card
contains the geometry specification of the fan duct CDF, CHF, TCF,
and RF{n). The third card contains similar information for the core
engine duct. The fourth card contains more geometric information,
RFRE and XECF; the free stream Mach number, EMZ; and the fan and engine
wake velocity ratios, VFVZ and VEVZ. The fifth card is made up of four
indices, NTYPE, MMP, NPRNT, and NCALC which specify the type of engine

calculation required, the number of field points, the output options,
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and the manner in which the program is to be used respectively. These
first five cards appear as described in any input deck prepared for this
program. The subsequent cards are dependent on the program options

specified.

If the program is only to compute the turbofan engine flow model
using the known values of jet wake velocities (NTYPE = 1) and no induced
velocity field is wanted (NCALC < 0), the input deck is complete with
the first five cards and items 6, 7, and 8 are omitted. If multiple
cases are to be run, additional input decks following the first start
with item 1 immediately after the last card of the previous deck. Any
following cases are independent of the previous sets of input; therefore,

they must specify the desired options.

When NCALC = 0, the induced velocity field is to be computed and
items 6, 7, and 8 follow item 5 as shown in figure 3(a). Card 6 contains
the combined geometric and induced angles of attack and sidewash on the
fan and engine ducts. These are handled as the sum of two parts. The
first consists of the flow and incidence effects on the engine at zero
wing angle of attack and constitutes the engine~wing interaction effects
not proportional to wing angle of attack. Thus ALPF and ALPHE are made
up of the engine incidence angle with respect to the wing root-chord
and any upwash induced on the engine due to the wing camber and twist
at zero wing angle of attack. BETAF and BETAE include any geometric toe-
in of the turbofan engine with respect to the wing root chord and any
induced sidewash at zero wing angle. The second part consists of the
flow and incidence effects on the engine which are proportional to wing
angle of attack. For this purpose, the engine axis is assumed parallel
to the root chord of the (uncambered and untwisted) wing. The fan and
engine angles of attack ADALF and ADALE are made up of the geometrical
angle of attack plus the wing-induced upwash due to angle of attack.

The fan and engine angles of sidewash, ADBTF and ADBTE, are those induced
by the wing due to angle of attack.

Card 7 contains the coordinates (XQ, YQ,Z2Q) of the center of the fan
inlet in the wing coordinate system as shown in figure 2. Item 8 is a
deck of MMP cards; each card contains the coordinates (XW,YW,ZW) of a
field point at which induced velocities are to be calculated. These

coordinates are also in the wing coordinate system. If the turbofan
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engine procram is used to compute externally induced velocities for input
into the vortex lattice program, the order of the cards in item 8 should

be the same as the order of the control points in that program. This use

of the program is illustrated in the final section of this manual describing
a sample interference calculation. If an engine-alone calculation is

made, then XZ, YZ, and ZQ can be set equal to zero, and the field point
coordinates XW, YW, and ZW would then be specified relative to a coordinate

system with its origin at the center of the fan duct inlet face.

As an alternate method of calculating the engine vorticity, isen-
tropic equations can be used to determine the wake characteristics if
certain temperature and pressure ratios in the wake are known. This
particular option is specified by the index NTYPE = 0 on card 5, and
the changes in the input are shown in figure 3(b). Items 1 through 5 in
figure 3(a) are unchanged. The two cards denoted as item 5(a) in
figure 3 (b) are inserted after item 5. The first card contains the
ambient conditions, altitude, pressure, temperature, density, and the
ratio of specific heats (the altitude is for information purposes only
and is usually input in feet). The second card is the engine information
obtained from some source similar to reference 4. The presence of
items 6, 7, and 8 is determined by the index NCALC as discussed above.

3 B4

The final option available to this program is the calculation of
the induced velocity field using a known turbofan engine flow model.
This option can be used to avoid recomputing the turbofan singularity
distributions for cases when the only changes in the input are the angles
of attack and sidewash. The appropriate input is shown in figure 3(c).
The first five cards are the same as shown in figure 3(a), and when
the index NCALC > O on card 5, the two cards identified as item 5(a)
in figure 3(c¢) are inserted after item 5 of the normal input. The first
card contains the six coefficients of the fan duct-bound vorticity, Cg .
The second card contains the coefficients for the engine duct-bound

vorticity, C Items 6, 7, and 8 are the same as shown previously.

€n

The input program variables are defined as follows:

Program Algebraic Symbol

Variable (if applicable) Comments
CDF (c/D)fan fan duct chord-to-diameter ratio
CHF Ce fan duct choxrd



(Input program variables cont.)

Program

Variable

TCF

RF (N)

CDE

CHE

TCE

RE(N)

RFRE

XECF

EMZ

VFVZ

VEVZ

NTYPE

MMP

NPRNT

NCALC

Algebraic Symbol
(if applicable)

(t/c)fan

Re
n

(c/D)

engine

(t/c)

engine

Comments

fan duct section thickness ratio

fan duct geometric camberline
coefficients

engine duct chord-to-diameter ratio
engine duct chord
engine duct section thickness ratio

engine duct geometric camberline
coefficients

ratio of fan duct radius to engine
duct radius

location of engine duct leading edge
relative to the fan inlet face

Mach number
fan wake velocity ratio
core engine wake velocity ratio

index specifying type of engine
calculation
NTYPE = 0 -~ compute turbofan engine

model using known engine thermo-
dynamic characteristics

NTYPE > O ~ compute turbofan engine
model using known wake velocities

number of field points at which induce
velocities are to be computed;
MMP < 150

index controlling optional output

NPRNT
NPRNT

0 for normal output
1 for expanded output

|

index controlling use of program

NCALC < 0 = calculate engine model
only

L2
ot



{(Input program variables cont.)

Program
Variable

NCALC (cont.)

GAMMA

FNT

WAT?Z2

ALPHE

BETAF

BETAE

32

Algebraic Symbol
(1f applicable)

Comments

NCALC = 0 ~ calculate engine model
and induced velocity field

NCALC > 0 =~ calculate induced velocity
field only

altitude (information only)

ambient pressure (psf)
ambient temperature (OR)
ambient density (slugs/fts)

ratio of specific heats

total turbofan engine thrust (lbs)
fuel consumption (lb/sec)

bypass ratio

total pressure ratio in fan wake
total temperature ratio in fan wake
total pressure ratio in engine wake

total temperature ratio in engine
wake

average angle of attack of fan duct,
including engine incidence, for
o = 0, degrees

average angle of attack of engine
duct, including engine incidence,
for o = 0, degrees

average angle of sidewash of fan
duct including engine toe-in angle,
for o = 0, degrees

average angle of sidewash of engine
duct, including engine toe-in angle,
for o = 0, degrees



(Input program variables cont.)

Program Algebraic Symbol
Variable (1f applicable) Comments
ADALF A average angle of attack of fan duct
for additional loading, degrees
ADALE ag average angle of attack of engine
duct for additional loading, degrees
ADBTE ﬁf average angle of sidewash of fan duct
for additional loading, degrees
ADBTE B average angle of sidewash of engine
e duct for additional loading, degrees
XQ,YZ,Z2Q X6s¥5sZq coordinates of center of turbofan
inlet in wing coordinate system
XW(JT) ,YW(J), X ,Y ,Z coordinates of field points in wing
w? w?!Tw .
ZW (J) coordinate system

Samples of input decks are shown in figure 4 illustrating all of the
options discussed previously. In figure 4(a), the input deck is shown
for a normal run in which the engine flow model is computed using known
wake velocities, and the induced velocity field is calculated at a number
of field points. 2an input deck for computing only the turbofan flow
model using known wake velocities is shown in figure 4(b). The input
deck for computing only the velocity field induced by a known engine flow
model is shown in figure 4(c). An input deck to compute the flow model

when engine characteristics are known is shown in figure 4(d).

Input limitations.- Some care must be used in the specification cf

input variables. The calculation of the camber coefficients RF(N) and
RE(N) on cards 2 and 3 respectively must be carried out with some care;
therefore, the procedure is considered in detail in the foliowing section.
The chord-to~diameter ratio may be any number greater than zero. The
duct chords, the coordinates of the engine location, and the cocrdinates
of the control points are dimensioned variables, and they should have
consistent units. All angles are input in degrees. Angles of attack

are positive in the usual sense, and anglées of sidewash are positive if

their lateral component is directed in the +y direction (fig. 2).

The values assigned to Rf/Re and xe/cf to determine the relative

positions of the fan and core engine ducts are important. If the corc



engine duct extends inside the fan duct (x /c < 1), the value of Rf/Re
should be greater than 3. This limitatlon occurs because the turbofan
engine flow model will not converge on a solution if the ducts are too
close together., If Rf/Re < 3, convergence may be obtained if

xe/cf > 0.5, although convergence is highly dependent on flow conditions.

Good results have always been attained when xe/cf = 1.

The free-stream Mach number may be any value less than 1.0 for most
calculations. One exception is when the turbofan model is to be computed
from known engine thermodynamic characteristics (NTYPE = 0), as illustrated
in figure 3(b}. For this calculation, the Mach number should not equal

zZero.

Canber coefficients.- The geometric camber coefficients RF(N) and

RE(N) are computed according to methods described in reference 2. These
methods are repeated herein for convenience. The following equations are
written in terms of the fan duct but they apply equally to the core
engine duct by simply changing the subscripts.

The sliope of the camberline is described with a Fourier series as

3

E—é E: R cos (an) (62)

n=0

*e
cos . =1 - 2\ — (63)
£ cf

This can be integrated to give the camberline slope as

2
rf-—Rf (? + cos Gf 1l - cos Qf
= -R ——= |+ R
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Note that the camberline radius at the trailing edge is identically that

of the fan duct reference cylinder, which, be definition, passes through

the trailing-edge radius. Four other points along the camberline must be

selected and their corresponding Gf and r values put inte the

f
above equation to obtain four simultaneous equations for the four
an coefficients. It is suggested on the basis of past experience
that these points be equally spaced for best results; that is, at
xf/cf = 0, 1/4, 1/2, and 3/4. 1If these four points are chosen, the

an coefficients are obtained from the following equations.

If the camberline is not well behaved, four other values of xf/cf may
be necessary to give the best overall fit to the actual camberline. A
word of caution is necessary here. Once the four values of Rf are
computed, equation (64) should be used to compute the duct radius at
various points other than those used to obtain the Rg coefficients,
Comparison between these computed radii and the actualnshape may dictate
another choice of xf/cf values and a recalculation of an. It is
absolutely necessary to check the computed camberline shape because the
character of equation (62) is such that if the chosen values of Xf/cf

are not nearly equally spaced, large undulations in the camberline will

appear.

The above values of Rg¢ and Ry describing the geometric
n n
camberline are corrected in Subroutine CAMBER to include induced camber
coefficients. The concept of induced camber is discussed in references

5 and 11. Suffice it to say here that these induced camber coefficients
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are known only for ¢/D < 1.0 and values corresponding to c¢/D > 1 are
obtained by extrapolatio;. This method is adequate for ¢/D = 2 Dbecause
the coefficlients are nearly linear functions of c¢/D; however, for very
large ¢/D values extrapolation can lead to erroneous results. For a
typical duct camberline shape described in reference 2, the induced
camber coefficients vary from a few percent of coefficients Rfo and

ng to nearly 50 percent of Rfl.

The effect of the induced camber coefficients can be removed from
the program in the following manner. These coefficients are proportional
to the duct thickness~to-chord ratio; therefore, the induced camber can
be removed from consideration by setting t/c = 0 on cards 2 and 3 in
the input deck. This change will not alter any other part of the

program.

Description of Output

A sample set of output for a normal run is shown in figure 5. This
set of ocutput was generated from the input deck illustrated in figure
4(a). The entire set of optional output has been obtained for this

case.

The pages are numbered and each page features the identification
information from the first card of the input deck. At the top of page 1,
the input turbofan geometric characteristics are output followed by the
transformed geometric characteristics if M # 0. Under the major
heading WAKE CHARACTERISTICS, the computed values of the strengths of the
trailing vortex cylinders associated with the fan, G(F)/V, and the core
engine, G(E)/V, are printed along with the input wake velocity ratios.
The following information is the coefficients of the fan duct-~bound

e, The next
line labeled CONVERGENCE indicates the number of iterations (9) and the

vorticity, Cfn, and the core engine duct-bound vorticity, C

convergence criterion (0.001). The maximum number of iterations allowable
is 20 and the convergence criterion is a built-in constant and means that

each of the Cn coefficients has converged within 0.1 percent.

The remainder of the output on this page is optional (NPRNT = 1).
The first block of data is the Fourier coefficients of the induced velocities
on the fan duct (eqgs. (25) through (30)). The next block is the corres=-
ponding set of coefficients for the core engine duct. This page completes

the turbofan engine flow model.

36



The output from the induced velocity portion of the program starts
with page 2. This page contains the turbofan geometry and the coefficients
of the bound vorticity repeated from the first page and the coordinates
of the field points at which induced velocities are to be computed. The
field points are output in several forms. The first three columns
(XW, YW, ZW) are the coordinates in the wing system as input. The next
three columns (X, Y, Z) are the coordinates transformed to the engine
system, and the last two columns (R, PHI) are cylindrical coordinates in

an engine-~based reference system (fig. 2).

The next page (page 3) of output is optional (NPRNT = 1l). This

page lists the engine-induced velocity components at the field points

in the engine velocity reference system (radial, tangential and axial).
Note that the axial velocity, U/V, 1is positive aft, the radial veloccity
is positive in the direction of increasing radius, and the tangential
velocity is positive in the direction of increasing azimuthal angle ¢.
These velocities are those induced by the turbofan engine model when the
wing root chord is at zero angle of attack. Engine incidence angle and
toe-in angle relative to the wing root chord are included at this time,

as are any flow angles induced by wing camber and twist.

Page 4 contains the engine-induced velocity components for zero
wing angle transformed to the wing reference system. The coordinates
of each point (XW, YW, ZW) are output with the wvelocity components at
that point. The velocities are positive in the positive coordinate

direction as shown in figure 2.

The final page of output, page 5, contains the engine-induced
velocities proportional to wing angle of attack. The angles of attack
and sideslip at the fan and engine ducts are printed at the top of the
page. The angle of attack includes both the geometric angle and the
wing=-induced upwash. The angle of sideslip is the wing-induced sidewash
due to «a. If these angles are zero, no further output is printed,
since the engine-induced velocities are zero. If the angles are not
zero, the three components of induced velocity at each field point (in
the wing coordinate system) are printed. This concludes the output

listing.

To obtain the total velocity induced by the engine at the field

points, the o = 0 velocities at a givén field from page 4 are added



directly to the additional-type velocities from page 5. For purposes
of computing engine-wing interference using the vortex-lattice program,

these two sets of velocities are input as separate blocks of data

Description of Error Messages

The turbofan engine program has only one built-in error message
to stop the computation. If the model calculation fails to converge
on a solution in 20 iterations, the following message is printed in
Subroutine MODEL:

"*%&%*SOLUTION HAS NOT CONVERGED IN 20 ITERATIONS#**%!

The program then outputs the solution from the last iteration including
all the Fourier coefficients corresponding to the optional output
discussed previously. Control is returned to the main program where

execution is terminated at a STOP.

When the above problem occurs, first check the geometry of the
turbofan engine. If the core engine duct is too near the fan duct
(xe/cf < 1 and Rf/Re < 2) there is a possibility that no solution
can be obtained in the conventional manner used in this program.
Generally, a solution may be obtained by setting xe/cf = 1, and the
results will not be greatly different from those which would have been
calculated with xe/cf < 1.

The variables controlling the convergence are EPS = 0.001 and
MAXIT = 20 in Subroutine MODEL. These variables may be modified, but
experience has shown that EPS should not be greater than 0.01 and in
most cases that have converged solutions, convergence is obtained in

less than 15 iterations.

Program Listing

The turbofan engine flow model program is written in Fortran IV
for the IBM 7094 computer. The program consists of the main program
and 17 subroutines. The table below will act as a table of contents

for the program listing given on the following pages.
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Program Identification Page NoO.
frogram Fadge o

MAIN TF 01 40
MODEL TF 02 40
VELCTY TF 03 42
ELLIPS TF 04 44
LAMBDA TF 05 45

PKL TF 06 46
FOURCS TF 07 47
MATRIX TF 08 47
BNCOEF TF 09 48
BSCOEF TF 10 48
BTCOEF TF 11 49
FTCOEF TF 12 50
CNCOEF TF 13 51
CAMBER TF 14 52
ENGINE TF 15 52
MMGAMD TF 16 53
MMGAMC TF 17 54
MMGAMA TF 18 55
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TO CONTROL CALCULATIOR OF HWIGH BYPASS RATIO
INDUCED VELOCITY FLow FIELD

MATHN PROGRAM
TURROGFAN ENGINE MODFL AND

DIMENSTON TITLF {20y sCF{61sCE(8) sPF(6s61PELLsEY
NIMENSTON RFI4)sRE{4 s XWI150)YW{1803¢ZW 150}
COMMON MZZZ

COMMON/FAN/ CDF s CHF s TCF sRFRE s VFVZ s RF
COMMON/ENG/ CDE s CHE s TCEsXECF s VEVZRE

COMMON/ INDEX/ NTYPE sMMP sNPRNT s NCALC
COMMON/SAVE/ GVFsGVEsCFCE sPFsPE

COMMON/MRMLA/ EMZsPZ3TZaRZyGAMMASFNTsWAT23BPRIPFP2sTFT29PEP2STET2

COMMON/MRM2A/ ALPHF sBETAF s ALPHE »BETAE s ADALF s ADBTF s ADALEYADBTE
XQ1YOsZQsXW s YW sZW

1
COMMON/PAGE/ TITLEsNPAGE

702
703
704
706

10

20

2

w

20

FORMAT (8F10,0)
FORMAT (6E1346)
FORMAT (515}
FORMAT (20A4)

READ (5»706) TITLE
MZZZ=1

NPAGE=0

CDF s CHF s TCF s (RF(J) sd=114)
CDE2CHE»TCE» (RE(J)sJ=144)

RFRE sXECF sEMZ s VFVZsVEVZ
NTYPEsMMP sNPRNT s NCALC

IF (NCALC «GTs 0) GO T0 19

IF {NTYPE +GT. 0) GO TO 15

READ (55702) ALTPZsTZsRZIGAMMA

READ (5s702) FNTsWAT2+BPRIPFP21TFTZ2PEP2-TET2
CONTINUE

READ (5,702)
READ (5,702}
READ (55702}
READ (53704}

CALCULATE HIGH BYPASS RATIO TURBOFAN ENGINE MODEL

CALL MODEL

IF {MZZZ «EQ. 10) STOP
IF {NCALC) 10520»20
RFAD (5+703) (CFIN)sN=11+6)

READ (59703) (CE{N)sN=146)

GVF=VFVZ=1.0

GVE=VEVZ~VFVZ

CONTINVE

READ (5s702) ALPHFsBETAFsALPHEsSETAEsADALFsADBTFsADALEADBTE
READ (557021XQsY0s20Q

DO 25 J=1sMMP
READ (53702) XW(J)sYW(J)ZWLY)
CALCULATE VELOCITIES

CONTINUE

CALL VELCTY

GO TO 10

END -

TFOL
TFOl
TFOo1
TFOL
TFOL

Tept
TFOL

TFO1
TF01
TFO1
TFO1
TFO1
TFO1
TFO1
TFO1
TF01
TFO1
TFO1
TFO1
TFOL
TFO1
TFOl
TFO1
TFOl
TFOl
TFO1
TFO1
TFO1
TFO1
TFO1
TFol
TFO01
TFO1
TFO1
TFOl
TFO1
TFO1
TFO1
TF01
TFO1
TFO1
TFO01
TFO1
TFOl
TFO1
TFO1
TFOl

INDUCED BY A HIGH BYPASS RATIO TURBOFAN ENGITFO1

TFO1
TFO1
TFO1
TFOL
TFO1

col
002
003
004
005

an s
Rz

007
008
009
010
011
012
013
014
015
o0lé
017
018
019
020
021
022
023
024
025
026
a27
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052

ann
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701
702
703
7190
711
713

714

716
717
718
719
720
730

. 731

732
740
141
142
750
751
752
753
754
755
799

SUBROUT INE MODFL . TFO2
SURPROGRAM TO CALCULATE A HIGH BYPASS RATIC TFo2

TURBOFAN ENGINE FLOW MODEL TFQ2
TF02

DIMENSTON RFU41sRE(4L) sRPF (LY sRPE(4I«TITLEL20) TFO2

COMMON

COMMON/
corMon/
COMMON/
COMMON/
COMMON/
COMMON/

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

1
FORMAT
1

2
715
1

FORMAT

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
1E/CF)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
10NS  #%
EPS=0,0
MAXIT=2

QUTPUT

NPAGE=N
WRITE |
WRITE
WRITE
WRITE
WRITE
AETA=50
1F (EMZ
WRITE (
CDF=CDF
CDE=CDE
CHF =CHF,
CHE=CHE
WRITF (

CALL PK
CALL PK
CALL CA
CALL CA

PEI62612PELE:6)2BF (6} 2BEIS) sAFSI6)RBES(S} Tro2

¢ £x8} = BF BELSY: &y

Segy
TSsy
sBFT{6)sBFTS{6)sFFT B sFFTS(6)»FETIGIsFETS(6)sEFLGYsEE(HITFO2

SBET sy

pET
5B

SEFS{G6)sEESI6) sCF6) s CELH} s CFSAVIGY s CESAVIG) TFO2
MZZZ TFO2
FAN/ CDFsCHF s TCFsRFRE s VFVZ 4RF TFO2
FNG/ CDFsCHEsTCE»XECFsVEVZsRE TFO2
INDEX/ NTYPE sMMPINPRNTsNCALC TFO2

MRM1A/ EMZsPZsT2ZsRZsGAMMASFNT sWAT24BPRIPFP22TFT23PEP2TET2 TFO2
SAVE/ GVFsGVE»CFsCESPFPE TF02
PAGE/ TITLE»NPAGE TFo2

TFO2
(1H1/5X920A4 s 5X4HPAGE»13//) TFO2
tid ) TF02
{ 5X36(1PE14.7)) TFO2
(BX3HFAN3IGF1045) TF02
{ S5X6HENGINE»7F1045) TF02

(/75Xs 17HFLIGHT CONDITIONS/17Xs3HALT7XIHMSX6HP{PSFI6X4HT IR s TFO2

4X3HRHOIOX3HGAM/ 10X sF1U,09F104332F10425F10463F1042) TFO2
{/5Xs22HENGINE CHARACTERISTICS/14Xs6HF(LBS)3X9HWILB/SEC)s TFO2
3X3HBPRGEXGHPTF/PTaX6HTTF/TT4X6HPTE/PTaXeHTTE/ TT3XBHF (FANY/FTFO2
/10X2F104196F1044) ’ TFO2
(/75X 20HWAKE CHARACTERISTICS/15Xs6HGIF ) /VAXEHGIE )} /VAXGHVF/VTFO2

S6X4HVE/V/11X34F1045) TFO02
(/5X931HCOEFFICIENTS OF BOUND VORTICITY»SX10HC(N)sN=1s6)  TFO2
(8Xs3HFAN6(1PE1547)) TFO2
(5X36HENGINE+6(1PE15.71) TFO2
( /5Xs29HINDUCED VELOCITY COEFFICIENTS//) TFO2
(/710X 12HCONVERGENCE +15+F1044) TFo2
(16X3HC/DTXIHCIXIHT/CTX2HROBX2HR18X2HR28X2HR3 7XSHRF /RESXSHXTFO2

TFO2
(8X3HFAN) TFO2
{8X6HENGINE) TFO2
(5X25HGEOMETRIC CHARACTERISTICS) TFO2

(/3X37THTRANSFORMED GEOMETRIC CHARACTERISTICSs5Xs3HM =sF6.3)TF02

(14XTHFAN C/D3XTHENG C/D4XSHFAN CS5XSHENG C/11X4F10+5) TFO2
(5Xs12HBIN) 26 (1PE144T)) TFO2
(55X 12HB% (N $601PET4.T)) TFO2
(5X312HBINY=TILDE +6{1PE14.7}) TF02
(5X912HR®(NY~TILDE +6(1PE144T)) TFO2
(5X312HFIN)=TILDE  s6(1PE1447}) TFO2
(5X312HF*(N)=TILDF s6(1PE1447)} TFO2
(//710X35H%%%x  SOLUTION HAS NOT CONVERGED IN »13s16H ITERATITFO2
%7/ TF02
01 TFo2
0 TFO2
TFO2

TURBOFAN ENGINE GEOMETRY TFO2
TFO2

PAGE+1 TF02
63701) TITLE.NPAGE TF02
(63740) TFO2
(62730} TF02
(65710) CNFsCHFSTCF 2 (RFUJ) 5 J=134) sRFRE s XECF TFO2
(69711} CDEsCHEsTCEs(RE(J) sJ=114) TFo2
RT(1,0 ~ EMZ*EMZ) TFO2
«LEs 0.0) GO TO 9 TFO2
63741) EMZ TF02
/BETA TFO2
/BETA TFO2
/BETA TFO2
/BETA TF02
6+742) CDFsCNE s CHF s CHE TFO2
TFO2

L (CDFsPF} TF02
L {CDESPE) TEQ2
MBER {CDFsTCFsRPF) TFO2
MBER (CDESTCEsRPE) TFO2

001
oG2
003
004
005

208

007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
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ann

12

20

2

-

30

21

22

DO 11 J=1ls4
RE(J)=RECSI~RPE (L)
RF L J)=RF{JI~RPF (J}
IF (NTYPE) 12912415

OUTPUT FLIGHT CONDITIONS

WRITE (657131 ALT»EMZsPZsTZ,RZsGAMMA
CALL ENGINE (EMEsEMFsVEVZ sVFVZ1FRAT)
OUTPUT TURROFAN ENGINE CHARACTERISTICS

WRITE (63714) FNTsWAT258PRIPFP2sTFT2sPEP2sTET2sFRAT
GVF = VFVZ ~ 1,0
GVE = VEVZ ~ VFVZ

WRITE (65715) GVFsGVEsVFVZsVEVZ ‘
NTIME=0

COMPUTE THE BIN} FOURIER COEFFICIENTS

CRF=CDF%2.0
CRF=CNE*2,0
CALL BNCOEF (CRF»BF)
CALL BNCOEF (CREBE)

COMPUTE THE B#(N) FOURIER COEFFICIENTS

CALL BSCOEF (CRFsBFS)
CALL BSCOEF (CREBES)

COMPUTE THE B(N)~TILDE AND B*(N)}~TILDE FOURIER COEFFICIENTS

XGECE=CDE/CDF/RFRE + XECF
XGFCE={140-XECF ) *COF*#RFRE/CDE
RERF=1+0/RFRE

CALL BTCOEF (CREXGFCEsRFREsBET+BETS)
CALL BTCOEF (CRF +XGECFsRERFBFT»BFTS)
DO 21 N=ls6

FFTIN) =0.0

FFTS(N)=040

FET(N)=0.0

FETS(N}=0.0

CFSAVINI =040

CESAVINI=0.0

DEFINE E{N)} AND E®#{N) FOURIER COEFFICIENTS

DO 31 N=11+6

EF{N}= GVF#BF{N} + FFTIN} + GVE*BFT(N)

EFS{N}= GVF*BFS(N} + FFTS(N) + GVEXBFTS(N)

EE(N}= GVE*BE(N} + FETIN} + GVF*BET(N)

FESINY= GVE#BESIN) + FETS(N} + GVFRBETS(N} B
FFST1)=EFS5(134+1.0

FFS(11=EES{11+140

NTIME=NT IME+]

CALL CNCOEF (CFyCDF sRFsPFsEFEFS)

CALL CNCOEF (CFsCDESRESPESFELEFS)

TEST CONVERGENCE OF CE(N) AND CF(N) COEFFICIENTS

NTEST=0

DO 32 N=1s6
TEST=(CFIN)I=CFSAVIN}}/CFIN}

IF (ARS({TEST)eGToEPS) NVEST=NTEST+1
TEST=(CFINI=-CESAVIN)I/CE(N)

1F [ARSIETESTIoGToEPSY NTESTaNTEST+1
CONTINUE

TF02
TFO2
TFQ2
TFO2
TFo2
TF02
TFO2
TFO02
TFO2
TF02
TFO2
TFO2
TFO2
TFO02
TFG2
TFO02
TFo2
TFO2
TF02
TF02
TFO2
TFO2
TFO2
TF02
TFQ2
TFo2
TFO2
TFQ2
TF02
TFO2
TFO2
TFO2
TFo2
TF02
TF02
TFO2
TFO2
TFO02
TFO2
TFO2
TFQ2
TFO2
TFO2
TFQ2
TF02
TFO2
TF02
TFO2
TFO2
TFo2
TEO2
TF02
TFO2
TFO2
TFO2
TFO2
TF02
TFo2
TF02
TFQ2
TF02
TFO2
TFO2
TFO2
TFO2
TF02
TFO2
TF02

073
074
075
076
Q77
078
079
080
081
082
083
084
085
086
087
o088
089
090
091
092
093
094
095
096
097
oge
099
190
101

103
104
105
106
107
los
lo9
110
111
112
113
114
115
16
n7
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

136

137
iz8
139
140

ann

33
134

o

3

35
38

24

37

99

i=]

5

5

-

10

TF (NTEST) 37937433

1F (NTIME-1} 1349134135
DO 36 N=116
CFSAVINY=CFIN)

CESAVIN) =CE(N}

G0 Tp 37

IF (NTIME-MAXIT) 38,9999
DO 34 N=116
DUM=CFSAV (N}
CFSAVIN)=CF (N}
CFINI=(CFIN)+DUM) /2,0
NUM=CESAV(N)
CESAVIN)=CE{N)
CFIN)=(CEINI+DUMY/ 2,0

COMPUTE THE FIN)}~TILDE AND F#{N)-TILDE FOURIER COEFFICIENTS

XGAMCE=~XECF %CDF #RFRE/CDE
CALL FTCOEF (CDEsCDF sRFRE»CE s XGAMCESFFTHFFTS)
CALL FTCOEF (GDFsCDEsRERFsCFyXECF2FETHFETS)
IF (NTEST) 5045030

WRITE (63799) NTIME

MZZZ=10

NPRNT=1

CONTINUE

WRITE (63716}

WRITE (697173 (CFIN)aN=116)
WRITE (64718) (CE(N)sN=1+6)
WRITE (69720) NTIMESEPS

IF (NPRNT) 10s10s51

WRITE (63719)
WRITE (69731}
WRITE (69750} (BF(J)9sJ=1+6)
WRITE (69751} (BFS{J)sJ=116)
WRITF (64752} (BFT (J)sJ=1+6)
WRITE (69753} (BFTS(J)sJ=116)
WRITE (63754) (FFT (Jysg=116)
WRITE (61755) (FFTS(U) s =196)
WRITE (61,702)

WRITE (61732)

WRITE (627501 4BE(JIsU=116)
WRITE (69751} {BES(J)»J=146)
WRITE (6327521 {BET (JysJ=116)
WRITE (65753) (BETS(J)sJ=116)
WRITE (62754) (FET (J)rJd=1s6)
WRITE (63755} (FETS(J)rJ=126)

CDF=CHF#BETA

CDE=CDE*BETA

CHF=CHF*RETA

CHE=CHE*BETA

RETURN

END

TFO2
TFO2
TF02
TF02
TFO2
TFO2
TF02
TFO2
TFO2
TFO2
TF02
TFO2
TF02
TFO2
TFO2
TFO2
TFo2
TFO2
TFO02
TFO02
TFO2
TFO2
TFO2
TFO2
TFO2
TFO2
TFQ2
TFO2
TFO2
TFO2
TFO2
TFO2
TF02
TFQ2
TFO2
TF02
TFOZ
TFO2
TFO2

TFO2

TFO2

TF02

TFO2

TFO2

TFO2

TFo2

TF02

TFO2

TFO2

TFO2

TFO2

TF02

141
142
143
146
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
le0
161
162
163
164
165
166
167
168
169
170
171

172
173
174
175
176
177
178
179
180
is1

182

183
1864
185

i8s
187

188

189
190

191

192
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SUBROUTINE VELCTY TFO3
TFO3

SUBPROGRAM TO CALCULATE THE VELOCITIES INDUCED AT SPECIFIED TFO3
CONTROL POINTS BY A HIGH BYPASS RATIO TURBOFAN ENGINE TFO3

TFO3

DIMENSTON XW(150)sYW(150)sZW(150)sX(150)Y(150)52(150)sR(150)5 TFO3

1 PHI(150) TFO3
NIMENSTON U(150)sVR(150)sVP(150)sUA(150)sVRA(150)sVPAL150) TFO3
AVRT(150)sAVPT(150)sAU(150) »AVR(150) »AVP(150) » TFO03
UB(150)sVRB(150)sVPB(150)»BU(150)sBVR(150)3sBVP(150) TFO3

DIMENSION PF(696)sPEI636)sCF(6)2CE(6)sTITLE(20) sRFDUMI(4)REDUM(4)TFO3
TFO3

COMMON MZZZ TFO3
COMMON/FAN/ CDF sCHF s TCF sRFRE s VFVZ s RFDUM TFO3
COMMON/ENG/ CDE s CHE s TCE sXECF s VEVZ s REDUM TFO3
COMMON/SAVE/ GVF sGVEsCF sCEsPFsPE TFO3
COMMON/ INDEX/ NTYPE sMMP sNPRNT s NCALC TFO3
COMMON/MRM1A/ EMZsPZsTZsRZ »GAMMASFNT sWAT23BPRsPFP2sTFT25PEP25sTET2 TFO3
COMMON/MRM2A/ ALPHF sBETAF s ALPHE »BETAEs ADALF s ADBTF>ADALE»ADBTE TFO3

1 XOsYQsZQrsXWoYWsZW TFO3
COMMON/PAGE/ TITLEsNPAGE TFO3
TFO3

701 FORMAT (515) TF03
702 FORMAT (6E12.5) TFO3
703 FORMAT (1H1/5Xs20A435Xs4HPAGEs13) TFO3
704 FORMAT (8X3s8F10e4) TFO3
705 FORMAT (9X6(1PE1547)) TFO3
706 FORMAT (5X91556(1PE1547)) TFO3
707 FORMAT (5Xs15393(1Xs3(1PE1244))) TFO3
708 FORMAT (//5X15) TFO03
709 FORMAT (/12X1H(6X22HWING COORDINATE SYSTEM»5X1H)»2X1H(5X24HENGINE TFO3
1COORDINATE SYSTEMs4X1H)) TFO3
710 FORMAT ( 9X1HN»s6X2HXWs10X2HYWs10X2HZWs10X1HX 5 11X1HY s 11X1HZ»12X1HR» TFO3
1 11X3HPHI) TFO3
713 FORMAT (/9X1HN*4XT7TH XW s 6X2HYWs10X2HZWs10X3HU/Vs7X8HVIRAD)/Vs TFO3
5 1 4X8HV (TAN) /V) TFO3
714 FORMAT (/9X1HN4XTH XW 6X2HYW s 10X2HZW s 10X3HU/ Vs 9X3HV/Vs9X3HW/V)TFO3

la¥aXal

715 FORMAT (// 2X1BHADDITIONAL LOADINGs8X8HALPHA(F)3X7HBETA(F)2X8HALPHTFO3

1A(E)3XTHBETA(E ) /25X4F 104/ /) TFO3
716 FORMAT (/5Xs31HCOEFFICIENTS OF BOUND VORTICITYs5X10HC(N)sN=1s6)  TFO3
717 FORMAT (8Xs3HFANs6(1PE1567)) TFO3
718 FORMAT (5Xs6HENGINE»6(1PE1547)) TFO3
720 FORMAT (/14X1HM9X4HBETA6X2HXQ8X2HYQBX2HZQ) TFO3
721 FORMAT (// 2X42HBASIC TYPE LOADINGs ALPHA(ROOT) = 0.0 DEGe » TFO3

1 5X@HALPHA(F)2XTHBETA(F)3X8HALPHA (E)2XTHRETA(E) /46X4F10e4) TFO3
722 FORMAT (//13X3HC/DBX1HCTX5HGAM/V5X s SHRF/RE5XSHXE/CF) TFO3
723 FORMAT (5X3HFAN9BF10e4) TFO3
724 FORMAT (2X6HENGINEs6F1064) TFO3

730 FORMAT (/10X54HINDUCED VELOCITY COMPONENTS IN ENGINE REFERENCE SYSTFO3
1TEM) TFO3
731 FORMAT(/9X52HINDUCED VELOCITY COMPONENTS IN WING REFERENCE SYSTEM)TFO3
TFO3

MZ2Z2=1 TFO03
P1=3,1415926 . TFO3
RAD=180,0/P1 5 ’ TFO3
RETA=SQRT (1,0=FMZ*EMZ) TF03
TFO3

TRANSFORM CONTROL POINTS To ENGINE COORDINATE SYSTEM ;Egg

DO 12 N=1sMM® " TFO3
X(N)=XQ=-XW(N) TFO3
Y(N)=YW(N)=YQ TFO3
Z(N)=ZQ-ZW(N) TFO3
PHI(N)=0,0 TFO3
U(N)=0,0 TFO3
VR(N)=0,0 TFO3

12 VPIN)=0,0 TFO3
NPAGE=NPAGE+1 TFO3
WRITE (65703) TITLEsNPAGE TFO3
WRITE (63722) TFO3
WRITE (69723) CDFsCHF sGVF sRFREXECF TFO3

WRITE (69724) CDEsCHEsGVE TFO3

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
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022
023
024
025
026
027
028
029
030
031
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034
035
036
037
038
039
040
041
042
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044
045
046
047
048
049
050
051
052
053
054
055
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058
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060
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15

18
17

16
116
20

70

32

-

21
222
22

223

27

‘Do 20

WRITE (6+720)
WRITE (69704) EMZsBETAsXQ9YQsZ0Q
WRITE (6+716)
WRITE (6s717) CF
WRITE (6»718) CE
WRITE (69709)
WRITF (65710)

COMPUTE RADIUS AND AZIMUTH ANGLE FOR EACH CONTROL POINT

N=1sMMP
RIN)=SQRTIY(N)#Y(N) + Z(N)*Z(N))
IF (Y(N)) 15516915
DUM=ATAN(Z(N)/Y(N))*RAD

IF (DUM) 17518519

IF (Y(N)) 17520519

PHI(N)= 90,0 = DUM

GO TO 20

PHI(N)= 27000=DUM

GO TO 20

IF (Z(N)) 205205116

PHI(N)=180,0

WRITE(63707) NsXWIN)s YWIN)sZWIN)sXIN)sYIN)sZ(N)sRIN)sPHI(N)

APPLY COMPRESSIBILITY FACTOR = STRETCH X=COORDINATE

DO 70 N=1,MMP
X(N)=X(N)/BETA
CDF=CDF/BETA
CDE=CDE/BETA
XQ=XQ/BETA
CHF=CHF/BETA
CHE=CHE/BETA

IF (NCALC +EQe 0) GO TO 321
CALL PKL (CDFsPF)
CALL PKL (CDESPE)
CONTINUE

COMPUTE VELOCITY INDUCED BY FAN DUCT BOUND VORTICITY

RF=CHF/CDF/2.0

DO 21 N=1sMMP

X{N)=X{N)/CHF

R(N)=R(N)/RF

CALL MMGAMD (CDF sCFsMMP3sXsR3AUsAVRPF)
DO 22 N=1sMMP

U(N)=U(N)+AU(N)

VRIN)=VR(N)+AVR(N)

COMPUTE VELOCITY INDUCED BY FAN DUCT TRAILING VORTICITY

XCYL=1.0
CALL MMGAMC (CDFsXCYL sMMPsXsRs»AU»AVR)
DO 23 N=1,MMP

UIN)=U(N)+AU(N) *GVF
VR(N)=VR(N)+AVR(N)*GVF

COMPUTE VELOCITY INDUCED BY ALPHA AND BETA VORTICITY

CALL MMGAMA (CDFsMMP3»XsRsAUsAVRIAVPSAVRTSAVPT)
DO 27 N=1jsMMP
CSPHI=COS(PHI(N)/RAD)
SNPHI=SIN(PHI(N)/RAD)
UA(N)=AU(N)*CSPHI
VRA(N)=(AVR(N)+AVRT (N) ) ¥CSPH1
VPA(N)=(AVP(N)+AVPT (N) ) *SNPHI
PHIP=PHI (N)=90,0
CSPH1=COS(PHIP/RAD)
SNPHI=SIN(PHIP/RAD)
UB(N)=AU(N)*CSPHI
VRB(N)=(AVR(N)+AVRT (N) ) *CSPHI
VPB(N)=(AVP(N)+AVPT(N))*SNPHI1

TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO03
TFO03
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO03
TFO03
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO03
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO03
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3

073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091

092
093
094
095
096
097
098
099
lo0
101
102
103
lo4
105
106
lo7
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138

139

1490

141

142
143
144
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nan

24
26

21

232

32

313

37

14
36

916

IF (ALPHFJ.EQ«O4OsANDsBETAFEQeD.0} GO TO 26
SNALPH=SIN(ALPHF/RAD}
SNBETA=SIN(BETAF/RAD)

PO 24 N=1iMMP

UEN)=UIN) + UAIN)%SNALPH
VRI{N}=VR(N} + VRAIN}#*SNALPH
VPINI=VPIN) + VPAIN)*SNALPH
UINY=U(N} + UBIN)*SNBETA
VRIN}=VRIN) + VRBIN)=SHRETA
VPIN)=VP(N} + VPRIN)}*SNBETA
CONTINUE

COMPUTE VELOCITY INDUCED BY ENGINE DUCT BOUND VORTICITY

DC 31 J=1lsMMP

X(Jy=X(J)-XECF

X(3y=X(J)#CHF /CHF

R{J}=RI1J)*RFRE

CALL MMGAMD (CDES>CEsMMPXsRsAU»AVRSPE)
NO 32 J=1sMMP

Uty =Utgy+AULY)

VR =VR{JY+AVR )

COMPUTE VELOCITY INDUCED EBY ENGINE DUCT TRAILING VORTICITY

XCYL=1.0
CALL MMGAMC (CDEsXCYLWMMP X sRsAUSAVRY)
NO 33 J=1sMMP

UJd)=ULU+AU(J) *GVE
VR =VRUIJI+AVR(J)%GVE

COMPUTE VELOCITY INDUCED BY ALPHA AND RETA VORTICITY

CALL MMGAMA (CDEsMMPsXsRsAUSAVRIAVPSAVRTSAVPT)

DO 37 J=1sMMP

DMAzAULY)

DMB=AVR(JI+AVRT ()

DMC=AVP U +AVP T ()

CSPHI=COSIPHI{ J)1/RAD)

SNPHI=SIN{PHIL (J)/RAD)

AUl =DMAXCSPHI

AVR(J)=DMB*CSPHIT

AVP(J) =DMC2#SNPHI

PHIP=PHI(J1~90.0

CSPHI=COS{PHIP/RAD}Y

SNPHI=SIN{PHIP/RAD}

RBULJ )} =DMAXCSPHT

BVR{J)=DMB*CSPHI

BVP{ 1) =DMC*SNPHI

IF LALPHE.EN.0+0sANDIBETAESEQ.00) GO TO 36
SNALPH=SIN{ALPHE/RAD)

SNBETA=SINIRETAF/RAD)

PO 24 J=1sMMP .
UGJy=UCJ) + AULJYXSHALPH

VRIJ)=VR({J) + AVR(J)*¥SNALDH.

Ve =VP L) + AVP(J)#5SNALPH

UtJr=UlJ) + BULJIZSNBETA

VR{J)=VR(J) + RVRIJ}*SNBETA

VPLJ)=VPIJ) + BVP{J)*SNBETA

CONTINUE
CONTINUE
1IF (NPRNT.LE.0) GO TO 236

OUTPUT ENGINE INDUCED VELOCITIES IN ENGINE COORDINATE SYSTEM

NPAGE =NPAGE+1

WRITE 162703} TITLENPAGE
WRITE (63721} ALPHFsBETAF »ALPHF:8FETAE
WRITE {65730}
WRITE {6,713}
DO 936 J=1sMMP
WRITE (657071 JoXMiJ) s YW1 2W 0] sULd) s VRIJY s VP L)

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
les
167
168
169
170
171
172
173
174
175
176

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

3 210

211
212
213
214
215
216

C
C
C
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937

3

23

40
10

OUTPUT ENGINF INDUCED VELOCITIES IN WING COORDINATE SYSTEM

NPAGE=NPAGE+1
WRITE (6+703)
WRITE (6s721)
WRITE (61731)
WRITE (69714}
DO 937 J=1sMMP

Uty ==UtJ)

PHIP=PHI (J)1=90.0

CSPH1=COS(PHIP/RAD}

SNPHI=SIN(PHIP/RAD}

V=VP(J)*¥SNPHI = VR{J)*CSPHI

We=VP({J)*CSPHI - VR(J}*SNPHI

WRITE (637071 JaXWIJ)sYWIJ)sZWIJ)sUlI) sV el

CONT INUE

NPAGE=NPAGE+1
WRITF (65703}
WRITE (64715)
CONTINUE

IF {ADALF+EQ+0.0 +ANDs ADBTF¢EQe0s0 +ANDs ADALE.EQeQe0 +AND.

ADBTE.EQ.0.0} GO TO 10

SNALF=SIN(ADALF/RAD)

SNBTF=SIN{ADBTF/RAD)

SNALE=SIN(ADALE/RAD)

SNBTE=SIN(ADBTE/RAD)

WRITE (65731}

WRITE (69714)

0O 40 J=1sMMP

UtJy= UALJI®SNALF + UBCJ)#SNBTF + AU(JI%SNALE + BU(J)*SNBTE
VR{J)= VRAUJ)%SNALF + VRB(J)*SNBTF + AVR(J)*SNALE + BVR{J)*SNBTE
VPUJ)= VPALJ)*SNALF + VPBUIJ)*SNBTF + AVP(J)*SNALE + BVP(J)*SNBTE

PHIP=PHI (J)~90.0

CSPHI=COS(PHIP/RAD)

SNPHI=SIN(PHIP/RAD)

V=VP(J)*SNPHI = VRIJ}*CSPHI

W=—VP{J}RCSPHI — VR(J}*SNPHI

Utdy==-UtJy

TITLE»NPAGE
ALPHF s BETAF »ALPHE »BETAE

TITLE sNPAGE
ADALF s ADRTF ¢ ADALE sADBTE

OUTPUT INDUCED ADDITIONAL VELOCITIES IN WING COORDINATE SYSTEM

WRITE (69707) JeXW{JYsYWII)sZWIJ)sUlJ) sV
CONTINUE

RETURN

END

TFO3
TFO3
TFO3
TF03
TFO3
TFO2
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3

. TFO3

TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFO3
TFQ3

217
218
219
220
221
222
223
224
225
226
2217
228
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230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
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SUBROUTINE ELLIPS (AKSQ:TKsTE}

== TABLE LOOK=UP OF ELLIPTIC INTEGRALS ~-=

DIMENSION CKK{100}:CK{100)sCE{100)

CKX

ARGUMENT OF ELLIPTIC INTEGRALS

TFO4
TFO4
TFO4
TFO4
TFO4
TFO&
TFO4
TF04
TFO4
TFO4

DATA CKK/040054019402240394069405540694075408940954102.11541254133TF04
014941594165417961819419>02094219022942392249425142654273TF04
02894299430 9.319032143394349435943624379438943924403.419TF04
e829,43908630855046304T9064890499050945194529.539054134559TF04
056345750585 45994609061106290639464966550669.6794685.693TF04
2709072307290 7320T69a755a765aTT9eTB32T795080348194823,835TF04
+849.8594865487948854899090949190492949352949.95929634979TF04

~NON U S W N

984,99/

CK = COMPLETE ELLIPTIC INTEGRALS OF FIRST KIND

DATA CK/1e57079691457674651457874091458278091458686851.591003

OMMUNTD>OE G WN -

1459518811459942391460371021.608049914612441114616889»
162139351462595591e630576214635257+11464000022,6448065
1e6496TB214654617191465962421466470191466985091.675073
1468037351,68575051.69120891469674951470237491.708087»
14713889914719785+1472577621473186591473805591,744351
16750754914 757269914 763898916 T70647224777515914784519
1aT9165091479891891.80632851.813884+1482159351.829460
1e83749191484569491485407551¢86264191487140091.880361»
128895338 1%89892521.908547514918410914928526+1,938908>»
1e94956891+96052191497178391.498337151499530332,007598»
2402027992+03336992.04689422,06088232,07536352.,090373,
2¢10594832212213292413897092.15651692,17482752.193971»
24214022524235068924257205224280545224305232524331409,
203592643524389016524420933924455338+2,492635324533335,
2457809292462 7T77332+68355192.747073+2,82075252,508337»

. 34016112+34155875+934354141+34695637/

CE = COMPLETE ELLIPTIC INTEGRALS OF SECOND KIND

DATA CE/1457079691456686291456291351455894851,554969+1.550973

FWN

1454696391,54293651453889351453483351,53075851,526665,

1452255591451842851e51628631,51012251,50596251.501743,

1449752691449329051448903591,48476191,48046651,476152
1e47181811446746291046308651445868891,45426921.449827,

TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO&
TF04
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
T£04
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO%
TF04
TFO4
TFO4

00l
002
003
804
005
006
007
008
009
010
011
012
013
014
015
016
017
018
01%

020

021
622
023
024
025
026
027
028
029
030
031
032
033
034

035 -

036
037
038
039
040
041
042
043
044
045
046

OMMOAE > 0@

w

21
700

701
702

20

23

22

13
721

720
30

1664536391:06087651:436366v1.43183251.4272T451:4226%15
1.61808351,41345051,408791516406410551,39939291:394652
1.389883:1638508691:380259+1,37540251.3705155163655%965
1:360645+135566131.35064451:34559251534050551,335382»
103302235232502451631978821431451151.30919251.303832,
1.29B62841.29297951u28748451,28194251,27635051,270707+
1:26501331:725926351025345851,26759551.24167151.235684s
1422963251422351251021732151:211056:1:20471451,198250,
1619178151.18518351.17849051,171697+1.16479851.157787+
1615065691416339651413599831,12865251,12074211,112856
1410477521.096478514087938351,079121+91,069986351.060474
1.050502514039947+1.02859551,015994/

IF tMZZZ) 7393013
1F(AKSQ=~499120+20521
PARA=0425%(1,0-AKSQ}

TEST = 1400£-07
1F{PARA-TEST}7015702,+702
PARA=TEST

ZLP=ALOG (44 /PARA}Y
TR=Z1.P*0+5% (14 +PARA} ~PARA
TE=1,0+{ZLP*PARA)-PARA

GO TO 30

JA=100,0%AKSQ

JA=14JA

IFICKKIJA)=AKSQ) 22923922
TK=CK{JA) .

TE=CE(JA}

GO 7o 30

CON= { AKSQ=CKK { JA) }/ LCKK LJA+1)=CKK(JAY)
TR=CK {JA)+CON* (CKLJA+1)=CK{JAY Y
TE=CE (JA)+CON* [ CE(JA+1)~CE(JAY)
GO TO 30
IF{AKSQ=e011721+721+720
PARA= 4 25%AKSQ

GO To 700

AKSQ=1+~-AKSQ

GO TO 20

CONT INUE

RETURN

END

TFO4
TFO4
TFo4
TFO&
TFO4
TFO4
TFO4
TFO4
TFO4
TFO&
TFO4
TFO4
TFo4
TFO4
TFo4
TFO4
TFO4
TFO4
TFO4
TFo4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFO4
TFo4
TFO4
TEO4
TFO4
TF04
TFO4
TFO4
TF04
TFO4
TFO4
TFO4
TFO4

047
048
049
050
051
652
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078"’
079
080
081
082
083
084
085
086
087
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SUBROUTINE LAMADA (XP2ZP,YP) TFO5 001 DATALY(1490)9J=1>19)/0e050,06461450,12896890,19280920,255897» TFO5 073

TFO5 002 1 0431800950,37894610.43856150¢69666190455321450,608153 1 TE05 074
TARLF LOOK=UP OF HEUMAN LAMBDA FUNCTION e TFO5 003 H 0e66148090,71324620,763552304812552504R60443+0,907464 TFOS5 075
TF05 004 3 04953885+1.0/ TF05 076
DIMENSION Y(19519)1+X(19}+2(19) . TFO5 005 DATALY(155019J=1919}1/0,050,062100,04124600950,18554050,246517 TFO5 077
TFO5 006 1 0430677890.36618090,424604504681959»0453818310,593247» TFO5 078
COMMON MZZZ . TFO5 007 2 0464715930,69996150,75173150.80258130.852654204902119+ TFO5 079
TFO5 008 3 0495116691407 TFO5 080
X = ARCSIN X (DEGREES) . TFO5 009 DATAIY{169J)5J=1119)70.0+0,059779504119433+0417883950,237883» TFO5 081
TFO5 010 1 04296459506354647550,41185750.468566504524506+0.579721 s TFOS 082
NATA X/04035.011040215.09204002500130060435.00404094540950,0555409 TFO5 011 2 0563420050,6B797250,74108950,793624+04845669s0.897332 TFO5 083
1 6040565409 70,0575.0280,0185,0590,0/ TFO5 012 3 069487334140/ TFO5 084
TFO5 013 NATALY(17250190=19191/0,050,057773504115479+0,173054+04730436» TFO5 085
2z = BETA (DEGREES) TFOS5 0l4 1 0428757150.34461090,40091550¢457055104512813504568181 s TFO5 086
TF05 015 2 0462316610,67778250,73205950,78603620483975910,893286 TFO5 087
NATA 2/04095.035104001540920409254093040935.016404096540950.0155209 TFOS 016 3 049466772140/ TF05 0388
1 6060165.0370,0575.0580,0985,0+90,0/ TFO05 017 NATALY(183U)5U=1919)/04030,056256+04112490+0,168682+0.224814 TFO05 089
TFO5 018 1 0428086790433682630439267910+6484171045064034204559529 TFO5 090
Y = HEUMAN LAMBDA FUNCTION TF05 019 2 0461490310,67016270,72531550.780373104835352504890270+ TF05 091
TFO5 020 3 0494514521407 TFO5 092
PATA (Y(1sJ)9J=1519)/04050408715650417364850,258819,04.3420205 TFO5 021 DATA{YU1954)9J=1+19)/00050.055556504111111304166667+0.222222» TFO5 093
1 0442261830.50000050457357650464278820,707107+0,766044 > TFO5 022 1 0427777830433333350.38888950446444410450000050¢5555561 TFO5 094
2 0e81915220486602510.906308504939653,0.965926504984808 TFO5 023 2 0461111190466666730.722222504777778504833333+,0.888889 TF05 095
3 029961959140/ TFOS 024 3 0696644411407 TFO5 096
NATA (Y{29J)9J=19191/0.050.08699050.173218+0.25832750.341370> TFO5 025 C TF05 097
0442181590449905020457248750466156730.705765204764592» TFO5 026 IF {M22Z) 20590420 . TFO5 098
2 0481760010.86438810.,90659950,93792050,964135+50,983037 TFO5 027 C TF05 099
3 049946249140/ TFO5 028 20 DX = 5.0 TFO5 100
DATA (Y(3+4J)9J=1919)/04050.086495,0417233250,256858,04339430 TF05 029" DZ = 5.0 TFO5 101
1 0441961990449621920,56926450,63794010,70178610,760298» TFO5 030 FNX=XP/DX TFO5 102
2 0481303450485960210.89966050493293410,95924430,978597 TFO5 031 N=FNX TFOS 103
069915114140/ TFO5 032 N=N+1 TFO5 104
DATA {(Y(43J)9J=1519)/0,050.085677+04170704304250434504336231 TFO5 033 FNZ=2P/DZ TFO5 105
1 0a415647590464915655045639265006320103504695307+04753346 TFO5 034 M=FNZ TFO5 106
H Ba80570320.852010:0.80106950692538650,952226,0.9727R7» TFO5 035 M=M+1 TFO5 107
3 0,98801591,0/ TF05 036 C1=1ZP-Z(M)1}/DZ TFO5 108
PATA (Y(550)9J=1519)/04010.084549+04168458+04251092+04331827+ TFO5 037 ’ C2=(XP=X{N)}/DX ’ TFO5 109
1 0041005490,4B8518610,55665730462393950,6B8654020,744012 TF05 038 - Ax{Y{NsM+L)=Y (NsH) ) 2C1 TFO5 110
? 04795963+0,842073+0,882119:0,916018s0,94391810,966343 1 TF0S 039 B={Y{N+1sM)=Y(NoM))%C2 TF05 111°
3 0498441091,0/ TFO5 040 D=CLRC2% LY IN+1oM+1)=Y IN+1 M)V ENs MY (NsM+1)) TFO5 112
DATA (Y(63J)5J=1919)/04050,08312410416562520,246882+10.326288» TFO5 041 YP=Y(NsM)+A+B+D TFO5 113
1 0440325290,47720390e547600350661393620.4675768204732623» TFO5 042 90 RETURN TFO5 114
? 0478422090,83028210.87067650490546150,936867»0.959607 TFO5 0643 END TFO5 115
0498077991,0/ TFO5 044
DATA (Y(T73J19351119)17/04050.081425+0416224720.24187050,319707> TFO5 045
02395191904467777+0+5369935046022464904663225500719533, TFO5 046
H 0477088320481709350,85811750489409550,92540920.952751>» TFO5 047
3 049771599140/ TFO5 048
DATA (Y1814 sU=1+191/04010,079476506158377+04236134504312192» TFO5 049
1 0438601390,45708630.526935504589127+0,64928350.705094s TFO5 050
» 0475633710,80290350,8448205048R270750,915757504945873» TFOS 051
3 0497357351.0/ . TFO5 €52
DATA (Y(99J)2J0=1919)1/70,050.077307+0415407320.22976710.303869» TFO5 053
1 0437588010,445330504511786+0457686220.63423110,4896425 TFO5 054
2 0474093250,78805130,831085+0,87027710.90605610.939042> TFO5 055
3 049700391140/ TFO5 056
DATA(Y{10+J)2J=1919)/0.050.07495350414940850,222878+04294884 TFO5 057
1 0436497630443272950.497760504559735»0,618381,0.673501 TFO5 058
H 04724985504772830504817155,0485821750489641950.932311 TFO5 059
3 0496657631407 TFO5 C60
NATALY (119150219191 /0,050.0724555041664646+0,215587+04285399, TFO5 C61
1 0.35950090,619519+044P3175+04564036850,602038:3.5656976 TFO5 062
? 0,7087R620,75749620,80324110,86626930,88696210,925731» TFO5 063
0496320411.0/ TFO5 064
PATAIY(125J)9J=1919)/0,050.06986150+13933450,20803450,275597» TFO5 065
1 0,36167690,40595850,468167:0452807620,58551210.640369» TFO5 066
? 0,69261230,746229120,78953750,83657620,87771720.919353 TFO5 067
0695994631,07 TFOS5 068
DATAIY{135015=1519170,0+0.067226+0013612620.200380502265684, TFOS 069
1 0,32975190,39232850.653192,0051216710,56912210:6239854 TFO5 070
7 Deb76TL530, 772745550, 776237:0.0232R3+10,068846+0:.213240: TFo5 071
3 0,95682691,0/ TFO5 072
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SUBROUTINE PKL (CDsP)

SUBROUTINE TO COMPUTE P(KsL) COEFFICIENTS FROM BTZ
REFes THERM TAR=TR 613 (PAGE 22)
REFe BTZ DA-91-508-EUC=393 (TABLE 8)

DIMFNSION Bi858)sFNU(100)»THETAL100)sP{636)5U1(100)
COMMON MZZZ

P1=3.1415926

IF (MZZZ +EQ. 0) RETURN
M=31

IF (CD «GTo 560) M=63

DO 11 NUP=158

DO 11 MUP=1+8
B(NUPsMUP)=0,0
MP=M+1

MPP=MP+1

EMP=MP
DTH=PT/EMP

DO 12 L=1>MPP
NL=L=1

EL=NL
THETA(L)=EL*#DTH
DO 20 NUP=1,7
NU=NUP-1
MUPI=NUP+1

DO 20 MUP=MUPIs8
MU=MUP-1

EMU=MU
SIGN=(-14,0)#*MU
IF (MU.EQ.NU) GO TO 20
RDEX=MU+NU
MDEX=NDEX/2
MDEX=2#MDEX

IF (MDEX<EQe.NDEX) GO TO 20

FSIGN=(=-1.0)%*NU
MPF=MPP~1
EMPF=MPF

ENU=NU

DO 120 I=1sMPP
THI=THETA(T)

COEFFICIENTS

TFO06
TFO6
TFO6
TFO6
TFO6
TFO6
TF06
TF06
TF06
TFO6
TFO6
TFO6
TFO6
TF06
TFO06
TF06
TF06
TF06
TFO6
TFO6
TFO6
TFO6
TFO6
TF06
TFO6
TF06
TFO6
TF06
TF06
TF06
TF06
TFO6
TFO6
TF06
TFO6

TE06

TF06
TF06
TFO6
TFO6
TFO6
TFO06
TFQO6
TF06
TFO6
TF06

0ol
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040

042
043
044
045
046
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220

110
120

15

20

CSTHI=COS(THI)

DO 220 K=1sMPP
THK=THETA(K)

UI(K)=0.0
FTA=CD*(COS(THK)=CSTHI)

. IF (ETA.EQe0.0) GO TO 220

AK2=4,0/(ETA¥ETA+4,0)

AK=SQRT (AK2)

AKP2=1+0~AK2

CALL ELLIPS (AK23sZK»sZE)
W=((1e0+AKP2)%ZE ~ (2+0%AKP2%ZK))/AK
UIT(K)=(W=1.0)/ETA

CONTINUE

FNU(I)=(UI(1)+FSIGN*UI (MPP))/2+0
DO 110 K=2sMPF

THK=THETA (K)
FNU(T)=FNU(I)+UI(K)*COS(ENU*THK)
FNUIT)=PI/EMPF*FNUI(T)

B(NUP»MUP)=(FNU(1)+SIGN*FNU(MPP)) /2,0

DO 15 I=2+MP

THI=THETA(I)

B (NUPsMUP ) =B (NUP sMUP ) +FNU( I ) *COS(EMU*THI )
B(NUPsMUP)=2,0/EMP*B (NUPsMUP)
B(MUPsNUP)==B(NUP»MUP)

COMPUTE P(KsL) COEFFICIENTS FROM B(NUsMU) COEFFICIENTS

DO 13 K=118

B(Ks1)=B(K»1)/240

B(1sK)=B(15K)/2,0

B(151)=B(151)/440

DO 14 K=1+6
P(K»1)=CD/PI®(=B(Ks2)=2e%B(Ks1))
P4K32}=CD/P L2 BXABH K F)=>2 X BHK»EFF
DO 14 L=356
P(KsL)=CD/PI/2+0%(B(KsL+1)=B(KsL-1))
CONTINVE

DO 16 L=1s6

P(1lsL)==P(1sL)

RETURN

END

TFO6
TFO6
TFO6
TFO6
TFO6
TF06
TFO6
TFO06
TF06
TFO6
TFO6
TF06
TFO6
TFO6
TFO06
TFO6
TFO6
TF06
TF06
TFO6
TFO6
TF06
TFO06
TF06
TF06
TFO6
TFO6
TFO6
TFO06
TFO6
TF06
TFO06
TFO06
TFO6
TF06
TF06
TFO6
TFO6
TF06
TF06
TFO6
TF06
TFO06

047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
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700
701
702

11
10

221
220
202

291
290

203
204
201

-
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SUBROUTINE FéURCS (FsBsNsNOUT»NPRINT)

SUB, FOURCS =~ FOURIER COSINE SERIES DETERMINATION
FROM RALSTON AND WILF ~- MATHs METHODS FOR DIGITAL COMPUTERS

CHAPT, 24 BY G. GOERTZEL

DIMENSION F(50)sFF(50)sB(50)

COMMON MZZZ
FORMAT (1H /)
FORMAT (4F15,7)

TFO7
TFO7
TFO?
TFQ7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7

FORMAT(SX5HTHETA6X1OHFOURTER FN6X11HORIGINAL FN4X12HFOURIER COEF/)TFO7
7 0312

P1=341415927
1F(NOUT=N)10510511
NOUT=N

ZRO=0.

ONE=140

THWO=240

1ZR0=0

I0KE=1

1THO=2
HP1=145707963

NH=N

NS=ITWOX {NH=TONE}
FNS=NS

FR=TWO/FNS
PIN=PI*FR

D0 201 I=1sNH
CJ=1~JONE

CSI=COS (PIN*CJ}
CCSI=CSI+CS1

CA=ZRO

CB=ZRO

DO 202 J=24NS
JK=NS=J+1TWO
1FL{UK=-NH) 2202220,221
JK=1TWO*NH=JK

CC=F (UK} +CA%CCSI-CB
CB=CA

CA=CC
FF{I)=FR®¥(F(1)+CA%CSI-CB}
1F(I=10NE) 290+291+290
FFUI)=FFLI}/TWO
JN=NS-1-1+IONE
1F{UN) 20352049204 -
FFLI)=FF (1}/Tw0
CONTINUE

CONTINUE

IF (NPRINT=1)256,7
M=N

GO 70O 1

M=NOUT

CN=N

WRITE (6+700)

WRITE (69702)
DTH=PI/(CN~1.0}
TR==-DTH

DO 3 I=1eN
TH=TH+DTH

SUM=0,0

DO 4 J=1sM

CJ=J=1

SUM=SUM+ FF(J)}*COS (CJU*TH)

WRITE (65701) TH» SUMsFI(T)»

DO 8 K=1sNOUT

BIK)=FFIK)
RETURN
EMD

TFO7
TFO7
TFQ7
TFO7
TFO7
TFQ7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7?
TFO7
TFG7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFQ7
TFO7
TFO7
TFO7
TFQ7
TFO7
TFO7
TFO7
TFO7
TFO7
TFQ7
TFO7
TFO7
TFO7
TFQ7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7
TFO7

001
002
003
004
005
006
007
008
009
010

013
o014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
056
055
056
057
058
059
060
061
062
063
064
065
066
067

-

ol P W

w

600
601

500

12

13

15
16
14

18
17

~

20
19

22
21

SUBROUTINE MATRIX
DIMENSION Al 69 7)
NC=NR+1

DO 1 J=1sNR

N =0

DO 2 I=1NR
CON=0.0

I1=1-1

DO 3 J=1sNR
Jd=d=1

IF (11) 43445

DO 6 K=1211

IF (J=NIK)) 69396
CONTINUE
CONA=A{Js1)

IF (CONA) 85919
CONA==CONA

(ASNRY
2BO T TYoN{

IF (CONA=CON) 33511

CON=CONA
NiD)=J
CONTINUE

IF{CON} 50056005500

WRITE (69601} 1

FORMAT{13H SINGULARs I=313)

sTopP

NN=N{T}

DO 12 J=1sNR
ALJSINC)=0,0

A{NNINCI=1e0
DIV=A{NN»1)

DO 13 L=1sNC

A{NNsL)=A(NNsL}/DIV

DO 14 L=19NR
IF (L-NN} 15914515
CMULT=A(Ls1}
DO 16 J=1sNC

AtLs Jy=A{L»J)~CMULT*A (NN J)

CONTINUE

DO 17 L=1sNR
DO 18 J=1sNR
AfLsJ)=A(LsJ+1)
CONTINUE

CONT INUE

DO 19 J=1sNR
NO 20 L=1»NR
NN=N{J)
BLJsLI=AINNIL)
CONTINUE

DO 21 J=1sNR
DO 22 L=1»NR
NN=N{J)
ALLsNNY=B (L))
CONTINUE
RETURN

END

k8}

TFO8
TFOB
TFO8
TFO8
TF08
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TF08
TFO8
TFO8
TFO8
TF08
TFQ8
TFO8
TFO8
TF08
TFO8
TFO8
1F08
TFO8
TFO8
TF08
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFo08
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFO8
TFo8
TFO8

ool
002
003
004
005
006
007
008
009
010
011
Q12
013
ol4
015
016
017
018
019
020
021
0z2
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055



8%

[aXa¥als)

10

72
73

w N

owm

SUBROUTIHE BRCOEF (CsBGIY

FOURTER ANALYSIS OF RADIAL VELOCITY INDUCED BY AN
ACTUATOR DISK IN THE EXIT PLANE =— BI{N)

DIMENSION BG( 6+21sBGI{6)¢BGO( 6}
COMMON MZZZ

P1=341415927

MZZZl==10

N=100

KMAX=6

DO 10 K=1sKMAX

BGI{K)=0.,0

EPS=PI1/1B80.

PIM=PI=EPS

CN=N

DELTH=«5%PIM/CN

NP=N+1

DO 6 I=1»NP

DO 3 J=192

Fi=1=-2

FJ=J

TH=F I *PIM/CN+FJ*DELTH

STH=SIN (TH)

CTH=COS (TH).

XG== o 5#CH (1o +CTH)

XGSQeXG*XG

GK SQ=X65Q/ (4. +XG5Q)

GK=SQRT (44/14,+XG5Q)}

CALL ELLIPS {GKSO+ZKGZCG)
BGC=a8/PIREIGK=2s /GKIXZKG+24/GK¥ZLGY
STHK=04

CTHK=1e

DO 2 K=l sKMAX

BG (K s J}2BGC*CTHK
CON=STHK*CTH+CTHK*STH
CTHK=CTHK%¥CTH~STHK#*STH

STHK=CON

CONTINUF

0O 5 K=1sKMAX

1F{1=1)49514
BGI(K):BGI(K)+DELTH*(BG(Kvl)¢(BGO(K)+BG(K91)+BG(K:2))/3.)
BGOIK)=BG(Ks2)
CONTINUE
EXTRA=-EPS/PI®ALOG 4 /EPSHSORT (24/C))
Si==1

DO 7 K=1sKMAX
S1==81
BG1{K)=24%(BGI(K)+SI*EXTRA)/PT
RGI(1¥=.5%BGI (1)
MZ2Z=1

RETURN

END

TFO9
TFO9
TFO9
TFO09
TFO9
TFO9
TFO9
TFO9
TFO9
TFOS
TFQ9
TFO9
TFG9
TFO9
TFO9
TFO9
TFO9
TFO9
TFO9
TFO9
TFO9
TFO9
TFO9
TF09
TFO9
TFO9
TFO09
TFO09
TFO9
TFO9
TFO9
TFO9
TFO9
TF09
TFO9
TFO9
TF09
TFO9
TFO9
TF09
TFO9
TFO9
TF09
TFO9
TF09
TFO9
TF09
TFO9
TFO9
TFO9
TFO9
TFO9
TF0%

1028
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019

o2}
022
023
024
025
026
027
028
029
030
031
032

033

034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
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SUBROUT INE BSCOEF (CR»BSY

DIMENSION BS{6}+FI50}

. COMMON MZZZ

P1=3,1415926

N=50

CN=N

DTH=P1/{CN~1.0}
TH==DTH

DO 30 J=1sN
TH=TH+DTH
CSTH=COS{TH}
XG=m045%CREL120+CSTHY
GKSO=XG¥XG
GKS0=4+0+GKSQ
GKSQ=440/GKSQ

CALL ELLIPS (GKSQ»ZK+ZE}
GK=SQRT (GKSQ)

FlJ) 20425+ {GK¥XG/ 4. O%ZK/PT)

CALL FOURCS (FsFsNs6+0)
DO 31 J=1s6

BS{Jy=F(J})

RETURN

END

TF10
TF10
TF10
TF10
TF10
TF10
IF10
TF10
TF10
TF10
1F10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10
TF10

00l
002
003
004
005
006
007
008
009

011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
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6

64

6

2
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SUBROUTINE BTCOEF (CRVsXGAMCVsRGAMRVsBTsBTS)
NIMENSION BTU6}1sBTS(6)sF(50)+GL50)

COMMON M2ZZ

CR=CRV
XCYL=XGAMCY
RCYLR=RGAMRV

DTH=PI/(CN=-1.0)
RAD=180.,/P1
RRA=140/RCYLR
RRAP={RRA+1,0)*%2
RRA4=4.0%RRA
RASOGT=SORT(RRA}

TH==DTH

DO 48 J=1sN

TH=TH+DTH

CSTH=COS(TH)
XR=CR%¥(1e-CSTH}/2e
XG=XR~XCYL*#CR

XG=XG*RRA

XGSQ=XG*X6
GKSQ=RRA4/{RRAP+XGSQ)
GK=SQRT{GKSQ)

CALL ELLIPS (GKSQr»ZK»ZE)
FIN={(ZE~ZK}/GK + (GK#ZK/24)}/P1/RASQT
NDEX=0

SNB={ (RRA~1.,0) #%#2)+XGSQ
SNB=XG /SQRT{SNB}
BETA=ASIN(SNB)*RAD
ASK=ASIN(GK) *RAD
XG=XG*RCYLR

IF {BETA} 624963463
BETA==BETA

NDEX=-1

CALL LAMBDA (ASK»BETA»HLMB)
IF {NDEX) 64365165
HUMB=—-HLMB

NDEX=0

BETA=-BETA

CONTINUE

IF (XG) T1972»73

TF1l
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF1l
TF11
TF11
TF11
TF11
TF11
TFi1
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF1l
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11

001
002
003
004
005
006
007
008
009
010
o1l
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046

72
T4

75

76

71
77

78
79

80

8

e

82

83
48

20

IF {RCYLR=140}) T74+975+76
GlJ}=0.0

GO TO 48

GlJy=-0.25

GO To 48

G(J}=-0.50

IF (RCYLR-1.,0) 7757878
GlJ)==~GK*XGHZK*RASQT/ {4+ %P1}
GlJy=GlJ) + (425%HLMB}
GO TO 79
GlJ)=~GKRXGRLZK¥RASQT/ (44 *P 1)
GlJY=GlJ1~e5=1 ¢ 25%HLMB}
IF (NDEX) 80s4Rs48
XG=-XG

NDEX=0

IF (RCYLR=1.0) 81382:83
Gy ==GtS)

GO TO 48

G{Jy==G{U)=045

GO TO 48

GlJy==GlJ)=1.0

Gl =~G(S)

CALL FOURCS (FsFsNsbs0)
CALL FOURCS (GrGsNy»690}
DO 20 J=136

BT{JI=F{J)

BTStJ1=6())

RETURN

END

TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11
TF11

047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
Q74
075
076
077
078
079
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120
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SUBROUTINE FTCOEF (CDGAMsCDVsRVRGAMs CNs XCGAMIFTsFTS)

DIMENSION THU105):GD(105}+DII3}sDJ(3}
DIMENSION CNEB)sFULB0)sFVIBOsFTL6 swFTSLS)

COMMON MZZZ

TF12
TF12
TF12
TF12
TFiz
TF12
TF12

FORMAT (//5XT7HSUBROUTINE FTCOEF DOES NOT ALLOW THE INTERSECTION OTF12

1F THE FAN AND ENGINE DUCTS//10XZUHEXECUTION TERMINATED)
CD=CDGAM
CO=CR4 1)
Ci=CNL2) s
€2=CN43)
CI=CRELY
C4=CNI{S)
C5=CN(6)

SET UP A TABLE OF GAMMA D/VZERC * SIN(THETA) VERSUS THETA

PG=100,
PI=3.1415926
pT=P1/0G

N=DG

NM=NR

N=N+1

K=N+4

DO 12 J=1sK
TH(J) =0,

$T=0.0

GD{J)=0.

DO 19 J=2sN
THOS =TH{J=1)4DT
T=TH{ )

CT=COS (1724
CT=CT/SIN (T/2.})
A=CO*CT

ST=SIN (T)
B=C1%ST
CeC2RSIN (24%T3
DaC3%XSIN {34%T)
E=C4*SIN {44%T)
F=CHASIN {54#7)
GD{ ) =A+B+C4+D+ESF
GDEJY =GD (I #5T
CONTINUE
THIN+1)=PT1+1.
GD{N+11=GD{N}
GD{1}=2.%C0
TH{1)=0.

COMPUTE INDUCED RADIAL AND AXIAL VELOCITIES

NF=50

CNF=NF
DTF=P1/{CNF=14)
nTI=100,
PTP=P1/DTI
H=DTP/ 3,
TF==DTF
R=RVRGAM

DO 99 JX=1sNF
TF=TF+DTF

TP=0.

X5CV==045%COS! TF)

XCV=XSCV+0e5

XSP= XCGAM = 0.5 + XCVECDV*RVRGAM/CDGAM

IF UXSP,GEe=0s5,ANDsX5P+1T4045:ANDsRsEQs 120} GO TO 998
k=1

NT=1

TF12

TF12.:

TF12
TF12
TFi2

TFiZ

TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TFl2
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TFi2
TF12
TF12
TF12
TF12
TF1i2
TF12
TF12
TF12
TF12
TF12
TF12
TFizZ
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
Fl1e

001
002
003
004
003
006
007
008
009

010.

011
012
013
Ol4
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
064
045
046
047
048
049
650
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072

51

62
53

]

&

55
56

6

il

6

-

99

70
999
998

DO 60 J=Ks3

STP=SIN TPy

CTP=COS (TP)

XS=-0,5#CTP
X1={X5P=XS)#CD%2,0
X2=X1*X1

RR=R+140

RM=R—1,0

PP=X2+RR¥RR

PM=X24RMERM

RTPP=SQRT(PP}

AK2=4 o ¥R/ PP

CALL ELLIPS (AK2+ZK1E)
DUM=ZK~ZE~2+ 0%RM/PMEZE
U=DUM/RTPP
DUM=ZK~ZE~2,0%R/PMRZE
V2DUM*XI/R/RTPP
IF{TP=THINT) 55954953
NT=NT+1

GO YO 52

G=GDINT)

GO TO 56

G=GDINT~1 )4+ (TP=THINT=1 1 4 ¥ {GDINT1-GDINT =L} 1 /L THINT ) =THINT =11}
DI{Jy=G*U

DILI) =GRV

TP=TP+DTP

K=2
UT=UT+H®(DI(1)+4e%D1(2)4D1(3))
VI=VI+H®{DJ(1)+44X¥DJ(2}4DI(3})
D1{1)=D01(3)

DJ(11=DJ(3)
IFITP~-PI)51451961
FULUX)=CD/24/PT#UI
FVYIJIX)y=CD/2.,/PI%V]

Ur=0.

VIi=0,

TP=0,

CONTINUE

CALL FOURCS (FVsFVsNFs650)
CALL FOURCS (FUSFUsNF»650)
DO 70 J=1+6

FTLJy=FVIJ)

FTIS{J)=FULd)

RETURN

WRITE (69700)

sT0P

END

TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12

TF12

TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TF12
TFl12
TF12
TF12
TF12
TF12
TF12
TF12
IF12
TF12
TF12
TF12
TF12
TF12

073
074
075
076
677
078
079
080
081
0az2

084
085
086
087
088
089
a90
091
092
093
094
095
096
097
098
099
100
10l
102
103
104
105
106
107
los
109
110
111
112
113
114
115
116
117
118
119
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1
RHS{3)= R(1)¥ES(3) + R(BIXES(1) + O45%(RI2)¥(ES{2)+ES(4)) + Ri4)*

1
RHS{4)= R{1)*ES{4) + RU4)IFES(1) + O45%(R(2I%¥(ES(3)+ES(5)) + RI3)*%

1

SUBROUTINE CNCOEF (CrCDsRIPIESES)
DIMENSION CU6)sRU4)}3PIBI6)IE(EIESIEI2QI67)IRHS(E)

Can=CN/4,0
CLN=ALOG(1640/CD) = 1.0

COMPUTF RIGHT HAND SIDE

DO 10 N=11+6

RHS(N}=0,0

DO 12 J=2s4

K=T=J

RHS({1)=RHS5(1) + OJ5%R(J}*ES(Y)
RHS(2)=RHS{2) + O¢5%RIJIHESII+]])
RHS{6)}=RHS(6) + O+5#%#R{JI%ESIK)
RHS{1)=RHS(1) + R{1)*ES(1) - E(1)

RHS{2)=RHS(2) + R(1)*ES(2) + R(2}%ES(1) + D.5*%*R(3}%ES(2)

+ 0.5%R{4)1*ES(3) ~ E(2}
{ES(2)+FS{6)) + RI3)XES(5}) = E{3}

(ES{21+ES5(61)) - Ela)

RHS(5)= RI1V#ES(5) + 0.5%(R(2)*(ES(4)+ES(6)) + RI3)XES(3) + Ri4)*

ES{2}) - E(5)

1
RHS16)= RHS(6) + R{1}1*ES(6) ~E(6)

COMPUTE COEFFICIENT MATRIX

NO 15 J=11s6

DO 15 K=1s6 B
QEJIsK}=P(JsK)/240

DO 16 K=116

J=K

QK JI=0{KsJ)=045

Q1sK)==Q{1sK}

Q1s1)=Ql191) = CAD*(RII}*CLN + R{2)/2.0}
QU1921=0(192) - C4D¥(R(1}*CLN/2+0 = R(3)/840)
Q1+3)=001+3) + C4DR(R{4}/1240 ~ R{2)/44+0)
0f1s4)=0(1s4) =~ C4D*(R{3)/840}

Q(1+51=0{1+5) ~ C4D*(RI{4}/12.0}

00251)=0{2+13 ~ C4D®IR(2)%CLN + R(1}) + R{3)/2,0)
QU292)=0(292) - CaD*(R(2})%CLN/2+0 = (R(2}4R(4))/8.,0)
0{293)=Q(293) = C4DEL(R(1I14R(3}1/2,0)/240 ~ R(3}/12,.0)
Q{214)=01{254) — C4DX¥{(R{2}+R14))/8.0 ~ R{4)1/1640)

TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13

ool
co2
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029

030 -

031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046

59

60

6

—

Ql2+5)1=Q1(2s5)
Q(2:6)=Q1256)

Q03+1)=0103+1)
Q3+2)=01352)
Q3531=01(3+3)

Q€3963=0(356)

Qlar1)=014s1)
Ql4s2)=014s2)
Q0l4s3)=00(423)
Qls4)=004s4)
Ql435)=01415)
Ql4s6)=00496)

Ql551)1=Q(51)
0L5921=00542)
Q{593)=Q(5:3)
0(5:4)=01(554)
0(53151=0(5+5)
Q(5+61=0(5+6)

0{692)=0(692)
Ql6+3)=Q0(6+3)
0l62v4)=0(6r4)
Q(695)=Q(695)
Gl636)=Q1646)

LI

C4D*IR(3)/1240)
CaD®{R{4)/1640)

CHOR(R{3}*CLN + (RIZ2)+R(4}11/2.0)
C4D*(R{3I*CLN/2+0 = R{1)/440})
CaD*UIR(2)4+R(4) ) /440 = R(2)/12,0)
C4D*(R{1)/4+0 = R(3}/1640)
C4D*(RL2)/12.0 -~ R{4)/20.0)
C4D*(R13)/1640}

CaD*(RILIXCLN + R{3)/2,0)
C4D*(R(4)I*¥CLN/240 = R(2})/840)
C4D*[R{3)/440 = R(1})/640)
C4D¥{R(2)/16.0)

CaD*{R{1})/640 - R{(3)/20.0)
C4D*(R(2)1/16,0)

C4D*(R{&)/20}
C4D*{R(3}/840)
C4D*¥(R(21/1240 = R{43/440)
C4D*(R(31/840 = R{1)}/840)
C4D¥{R(21/12.0 — R(21/2040)
C4D*{(R{1)/8.0)

C4D*{R(4)/840)
CAD*(R(3)/12,0)
C4D*(R{4)/840 = R(2)/1640) -
C4D¥(R(3)/1240 — R(1)/1040}
C4D*(R(2)/16.0)

CALL MATRIX (Qs6)

CtAN=Cid) + QLK) *RHS(K)

DN 60 J=1+6
CtJ1=0.0

DO 61 J=1s6
DO 61 K=196
RETURN

END
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TF13
TF13
TF13
TF13
TF13
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TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
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TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
TF13
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055
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060
061
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063
064
065
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067
068
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074
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076
o717
078
079
080
081
082
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SUBROUTINE CAMBER {(CDsTC:RP}
SUBROUTINE TO COMPUTE INDUCED CAMBER COEFFICIENTS

DIMENSTION CDRATI5)sDCD(4s5)sRPL4)

DATA CDRAT/0:030525+06505047535100/

DATA (DCD{1sd)sJ=145)/04030.00149504003165040050520.00696/
DATA (DCD(250)#3=135)70.050,1089750,222369043341450.463940/
DATA (DCD(35J)94=195)/04030403558+0,072231041102220414928/
DATA A{DCD{45J)3U=135)/0e05-0,002035-0:005399=0.00948+=0401375/

DO 2 J=195
N=J
IF (CDRATIJI=CD) 22334

2 CONTEINUE
Lo o S

10-

-3

21

DEL=CDRAT(N) ~CDRAT M}
DIF=CD-CDORAT (M}
DELTA=DIF/DEL

DO 10 K=1»4
RPIK)=DCD(KsM) + DELTA®{DCD{KsN)-DCDIKsM}}
CONTINUVE '
GO TO 20

M=N

DO- 6 K=leé
RPUK}=DCD (K s M)

DO 21 K=1s4
RP(K)=RP(K)*TC
RETURN

END

TFis
TF14
TF14
TF14
TF14
TF14
TFi4
TF14
TF14
TF14
TF14
TF14
TF14
TF14
TF14
TF14

TF14.

TF14
TF14
TFl4
TF14
TF14
TF14
TF14
TFl4
TF14
TF14
TFla
TF14
TF14
TF14

0ol
002
003
Go4
005
006
007
008
009
Q10
011
012
013
014
015
016
LT
018
019
20
021
022
023
024
025
026
027
028
029
030
031

~
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SUBROUTINE ENGINE {(EMEsEMF s VEVLSVFVZsFRATY

COMMON/MRM1A/ EMZsPZsTZaRZsGAMMASFNT sWAT2 sBPRPFP2sTFT2sPEP2STET2

CONSTANTS

G=324174
PZSL=211640

TZ51=519.0

RAIR=53,.3

GAM1=GAMMA-1.0

GAM2=GAMMA/GAM]

GAM3=GAM1/2,0

GAM4=SQRT(GAM3 )}
PZP2={140+GAM3IREMZHEMZ ) ## {~GAM2)
TZT22140/ (14 O+GAM3#EMZXEMZ )
DELTARPZ/PIP2Z/PLSL
THETA=TZ/TZT2/TZISL

RTGGR=SORT (GAMMA®G*RAIR)
AZ=RTGGR#SQRT{TZ})

VZ=AZ*EMZ .
W=WAT2#DELTA/SQRT{THETA)
PZPF=PZP2/PFP2

PZPE=PZP2/PEP?
EMF=SQRT({1.,/PZPF)%%{14/GAM2) = 1,01 /GAMSL
EME=SQRT((1./PZPEIX%(14/GAM2) ~ 140} /GAM4
TTF=TFY2/TZT22472
TYE=TET2/TZT2*7Z
TFTTF=16/ (14 0+GAMISEMFREMF )
TETTE=1a/{140+GAMIXEMEREME }
TF=TFTTF#TTF

TE=TETTE*TTE

AF=RTGGR¥SQRT(TF)
AE=RTGGR*SQRT(TE}

VF=EMF#AF

VE=EME¥AE
FNF=W/GRBPR/{BPR+1,0)*(VF=VZ}
FNE=W/G/ {BPR+1.0}*{VE=VZ)
FNTP=FNF+FNE

FRAT=FNF/ENTP

VEVZ=VE/VZ

VFVZ=VF/VZ

RETURN

END

TF1%
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15
TF15

G601
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
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024
025
026
027
028
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030
031
032
033
034
035
036
037
038
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210

211

213

212

714

715
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SUBROUTINE MMGAMD (CDsCN»IX»XPIRPsUGIVGIP)
VELOCITY INDUCED AT A FIELD POINT BY A DISTRIBUTION OF
GAMMA-D VORTEX RINGS

DIMENSTION CNU6)9UG(150)5VG1150)sXP{150)sRPI150)sGDGI150) P66}
DIMENSTION TH(105}1sGD{105)sDI(31sDI(3)sCSTIB)sCVIB) sCULB)

COMMON MZZZ

CO=CNI(1)
C1=CN(2)
C2=CN{3)
C3=CN{4)
C4=CNI(5)
C5=CN{6}

SET UP A TABLE OF GAMMA D/GAMMA * SIN(THETA) VERSUS THETA

DT=P1/DG

N=DG

NM=

N=N+1

K=N+&

DO 12 J=19K
TH(J} =0,

5T=040

GD{J)=0s

DO 19 J=2sN
THIS)=THEJ=1)+DT
T2TH(J)

CT=COS (T/24)
CT=CT/SIN (T/2,}
A=CO*CT

ST=SIN (T)
B=CI*ST
C=C2%*SIN (24%T)
D=C3#SIN (3,%T)
E=C4#S5IN (44%T}
F=C5%SIN (54%T)
GDUJ)=A+B+CHDHEHF
GDEII=GD ()1 %ST
CONTINUE
THIN+11=PI+1.
GDIN+I1=GDIN)
GD1)=2.%C0
THI1) =04

COMPUTE COEFFICIENTS FOR VELOCITIES INDUCED ON REF. CYLINDER

DO 210 J=1»6

CUtJ)=0.

CVLJ) =040

DUM=040

DO 211 L=1»6

DUM=DUM + CN(LI#P{1sL)
CVITT={CN{1}=DUM) /240
NO 212 X=2+6

DO 213 L=126
CVIK)=CV{KY + CNEL)*P(KsL}
CVAK F=tCVIK)~CNI(K} ) /2.0

CULT =l ALOGET6./CDI 101 # {CHI1I+CNI2)/2:0)
CUL2)=CHITI4CNE3)} /260

DO 214 J=335

L=2#{J-1}

DUM=L

CULS T = ECHESS T ) ~CRES~T) 1 7DUM
CUlEy==CRISY/10.0

0O 215 J=1s6
CULg1=CUigI =N/ b,

DT 1=10Q.

OTP=P1/DTI

H=DTP/3e

DO 99 JX=1sI%

TF16
TF16
TF16
TF16
TF16
TF1é6
TF16
TF16
TFl6
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF1l6
TF16
TF16
TF16
TF16
TF16
TF16
TFlé
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TFi6
TF16
TF1é6
TF16
TF16
TF16
TF16
TF16
TF16
TF1é
TF16
TF16
TF16
TF16
TF1l6
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TFl6
TF1lé
TF16
TF1é
TF16
TF16
TF16
TF16
TFlé
TFi6

TTF18

TF16
TF16
TF16
TF16
TF16
TF16
IF16

001
002
003
004
005
co6
007
co8
009
010
C11
012
013
014
015
Ole6
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035

037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
[¢2:1:3
067
068
069
070
071
072
073
074
075
076
077
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51

52
53

5

>

55
56

60

6

—

70

7

—

72

74
73
69

99
9469

GDG{JX}=0.0
XSP=XP{JX)~C0a5

Ul=0s

Vi=0s

TP=0,

R=RP{JX}

1F (XSPeGE«=~045¢ANDXSP4LEaO4s5¢ANDRsEQe1401 GO TO 70
K=1 :

NT=1

DO 60 J=K»3

STP=SIN (TP}

CTP=COS (TP
XS==0.5*CTP
XI={XSP=X5)%CD*2.0
X2=XT%*X1

RR=R+1+0 . X .
RM=R=1,0

PP=X2+RR*RR
PM=X2+RMERM

RTPP=SORT (PP}
AK2=4 4 *R/PP

CALL ELLIPS {(AK29+2K»ZE)}
DUM=ZK=ZE=240#RM/PMRZE
U=DUM/RTPP
DUM=ZK=ZE=24 0RR/PMRZE
V=DUM®X]/R/RTPP
IF(TP=TH(NT})55454553
NT=NT+1

GO TO 52

G=GDINT)

GO TO 56

GRGDINT=1)+(TP=TH(NT=~1) ) ¥ (GD(NT}~GDI{NT=1)}/(TH(NT}=TH(NT=1}}

DI{J)=G*U

DI ) =GRV

TP=TP+DTP

K=2
UT=UT+H*{DI(1)+4+*01(2}4D1{3})
VI=VI+H®(DJ(1)+44%DI(2)+DJ(3))
01(1)=D1(3)

DJ(1)=DJU(3)

IF{TP=PI1}51s5161

UGHIJX) = CD/24./PI%U]

VGEIX) = CD/2+/PI#Vi

TP=0,

UI=0.

Vi=0.

GO0 TO 69

CST{1)1==2.%XS5P
CST(2)=24%CST{11#CS5T(1)-1,0
DO 71 J=3,5

CSTUJ) =2+ *CSTIJ=1)#CST(1)=CST(J=2)
Ur=cutiy

VI=CVI{1}

DO 72 J=1»5
UT=UT+CULJ+1)#CSTIYY
VI=VI+CVIJ+1)1#CSTL 1)

ugigxy = ut

VGIEJX) = VI

COMPUTE GAMMA=D/{2 GAMMA)

CTN=SORT{(14CST(111/24)

IF {CTNeGEo1e) GO TO 69
CTN=CTN/ZSORTI1.~CTHN2CTH)
GDGAM=CN L I#CTN

PUM=CSTITY
CSTL1y=SORT(1.~CST1IRCST(1))
CSTUPI=2o%CSTI1 1 2DUM

DO 74 J=3s5
CSTEUy=2a#CST{U=1 1 #DUM=CST (U2}
DO 73 J=2s6
GDGAM=GDGAMSCH { JI#CSTI 1)
GDGIJX)=GDGAM/ 24

CONTINUE

CONTINUE

RETURN

END
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TF16
TF16
TFlé
TF16
TF16
TF16
TF1l6
TF16
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TF16
TF16
TF16
TF16
TF16
TF16
TF16
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TF16
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TF16
TF16
TF16
TFl6
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
TF16
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TF1l6
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TF16
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1F16
TF16
TF16
TFle
TF16
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TF16
TF16
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lo1
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115-
116
nz
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126 .
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42
142

242

" 342
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SUBROUTENE MMGAMC (CDsXCoNXsXPsRPUGHVGS

VELOCITIES INDUCED BY A CORSTANT STRENGTH VORTEX CYLINDER
DIMENSION XP{150)sRPI1S03sUGILI50)+VGI1501
COMMON MZ

P1=3.1415926
RAD=180./P1
RA=140
CR=CD*2.

DO 160 J=1sNX
RRG=RP{J)/RA
RGR=RA®RP (J}
RGP2= (RA+RP (U} ) ##2
RGM2=(RP(J)=RA} %%2
RTRRG=SGRT(RRG)
XaXP(J)

XG=X=XC
XGR=XG%CR
XGR2=XGR*XGR
GKSQ=4 ¢ ¥RGR/ {XGR2Z+RGP2)
GK=SQRT{GKSQ)

CALL ELLIPS (GKSQ»ZKsZF)
IF (XGR} 38142138

IF (RRG=140} 34252425142
U=0,0

GO TO 59

Ux0,425

GO TO 59

U=04,50

v=0,0

IF (RRG) 60160459
CONTINUE

NDEX=0

SNB=XGR/SQRT {XGR2+RGM2 }
BETA=ASIN{SNB) *RAD
ASK=ASINIGK) ¥RAD

IF (BETA) 34535935
BETA==BETA

NDEX==1

CALL LAMBDA (ASKsBETASHLMB)
IF {NDEX) 3633737
HLMB==HLMB

TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
TF17
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TF17
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TF17
TF17
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TF17

001
002
003
004
005
006
007
008
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37

43

BETA=~BETA

NDEX=0

CORTINUE

IF (XGR) 41542343
NDEX==Y
HLMB==HLMB

© XGR=-XGR

41
141

241

45
46

47
147
247
347

59
60

160
99

IF (RRG~1:0) 261241141

U=XGR¥ZK/(2:*P1} /SQRT{XGR2+RGP2) = 25%HLMB

GO TO 45

UsXGR¥ZK/{24%P1}/SQRT{XGR2+RGP2) 4 &5 + #225%HLMB
1F {NDEX) 46359459 :
XGR==~XGR

NOEX=0

HLMB=~HLMB

IF (RRG-140) 34752475147

U=~-u

GO TO 59

U==U + o5

GO TO 59

U==U + 1.0

COMPUTE RADIAL VELOCITY
Ve (ZE-ZK)/GK + GK*ZK/2.

V=V/PI/RTRRG
ustyy = U
V6ilJy = v
CONTINUE
RETURN

END
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1
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<

11

3
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6

7

R
C
C
C

10

12

13

14

20
C

2

39

SUBR(MY

VE

DIMEN

OIMEN

DIMEN
1

COMMO|

naTa
PATA
NATA
PATA
PATA
DATA
pATA
DATA

UTINE MMGAMA {(CDsIXsXPsRPsUGIVGIWGIVGTIWGT)

LOCITY INDUCED BY A DISTRIBUTION OF ALPHA VORTEX RINGS
AND ASSOCIATED TRAILING VORTEX FILAMENTS

STION DUL3)sDV(3)sDVTI3)»DWI3)sDWT(3)

SION TCDIT712TSCI637)4THI205) 9GAL205)35C(6)35T16)

SION XP(150)sRP(150)»UG(150}sVG{150)sWG(150)sVGT(150) s
WGT(150)sGD2(150)

N MZZZ

TCD/ 0430459047511¢0514502409540/
€TSCUI1Y91=2146)71e750090030435043047/
(TS5CIT92)91=156)/140978+=042382+=040175+0430¢304/
(TSCl1s3)s 361/0¢921-043452=0,04250,104304/

(TSCUT gy 961/0479559=04641519=0,068090420,904/
(TSCILs5)y 16)/0456119%0¢4834+~0412309~040121504904/
CT5C(196191=196)/0456405=0450453=041666+~0,031750,003520,/
(TSCUIsTI91=196)/0e3566+-0045904-0426075=0,12463-0404946304/

CONTINUE

COMPUTE SCIN} COEFFICIENTS

Do 11
J8C=4

J=1s7

IF (CD=TCDEU) 493511
CONTINUE
DO 5 N=1#6

SCEN)
GO To

=FSCIN»JISCY
10

1F {JSC=1) 69637
RETURN

DELSC
J=J5C

=ATCDLYSCr=TCDIISC-1) )/ (TCDIISCI=CD}

DO 8 N=1s6

SCiN)

=(TSCINsJ=1)=TSCINYJYI/DELSC + TSCINs D)

SETY up A TARLE OF GAMMA ALPHA/VXSINITHETA)} VERSUS THETA

PI=3.

1415926

RAD=5T762957795
DG=100.

DT=pI

/706G

DK=DG+1.0

K=DK
no 12
THD)

no 20

J=1,K
=0.0 -

GALJ)=0.0

J=29K

TH{J I =THIO-1)14DT .
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TP=040
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CONTINUE
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CONT INUE
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LIFT FAN PROGRAM

The purpose of the lift-fan program is to calculate the induced
velocity field due to the presence of a lift fan exhausting into a
crossflow. The model is that of a 1lift fan alone in the presence of a
uniform stream, and is thus most applicable to fuselage mounted 1lift
fans such as those described in reference 12, A schematic of a typical
configuration showing coordinate systems and sign conventions is shown

in figure 6.

Theoretical Analysis

Lift-fan model.- The lift-fan model on which the program is based

is the same as that described in reference 1. The lift fan is replaced
with a uniformly loaded acutator disk. The known solution for an

actuator disk with no crossflow is a straight vortex cylinder trailing
from the fan (ref. 8). Since the wake is bent due to the acticn of the
free stream, it is assumed that the strength of the trailing vorticity
can be determined as if the wake were straight. This vorticity is then

superimposed on a circular cylinder lying along a curved path.

A model of a jet exhausting into a crossflow should include effects
of entrainment of the free stream and the blockage effect of the wake
(ref. 13). In reference 13, a distribution of sinks is placed on the
jet centerline to represent the entrainment of the free stream. The
blockage effect is calculated by assuming that the jet behaves locally
as a solid cylinder with an elliptical cross section. Also, assuming
that the flow past an elliptic cylinder can be reduced to the flow past
an equivalent cylinder, a doublet distribution is used to represent the
blockage effect of the jet. The entire set of equations to predict
the velocity induced by each component of the lift-fan model is presented

below.

The velocity induced by a curved vortex cylinder is determined by
breaking the curved cylinder into many straight segments, each of which
is then represented by a vortex ring. The jet-induced velocity is
obtained by summing the velocities induced by each vortex ring. The
number of segments used depends on the rapidity of the convergence of

the induced wvelocities.
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The incremental velocities induced by a single element of the

vortex cylinder are

. (1) #a($5)
() e 20 :
ONCEDIFONEED]

and
‘ - £ s
(v ()5 C#8)®
a --9>= K -E - J (67)
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and K and E are complete elliptic integrals with argument
)
4
k2 = 2 (69)
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These velocities are referenced to the ¢,n,{ coordinate system defined

in figure 7., The coordinate transformations are

X N
£ = (xp - xs) sin 6 + (zp - zs) cos 6
= - 70
1= v ) (70)
£ = (xp - XS) cos 6 - (zp - zs) sin 8 D

The velocity transformations to the x,y,z coordinate system are:
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T G < ] <\ £
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The velocity field induced by the sink distribution is obtained
from reference 13. The incremental velocities are given as follows,
where the prime denotes quantities nondimensionalized by the initial

wake diameter, dg-

1/
2 2 1 2
[ + 1o gt + T L
[(é z ) <X x5 <yp 5 }
) ,;!_'_,3
o vpt 349 (74)
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(continued on next page)
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The El, E_, and E8 are empirical constants evaluated in reference 13
from data correlations and have the values
E = 0.35 )
1
E_ = 0.08 F (78)
E8 = BO.O.J

Other variables in the above equations are a function of the geometry

of the jet, which is considered in two regions. The first region is from
the jet exit with a circular cross section to some point down-stream
where the cross section is a 1:4 ellipse. Therefore, in the first

region,

0 < <z vv_>_<_ 0.3 (79)

o A ’
2-1-32, <Vj> (80)
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In the second region the jet retains a similar elliptical cross section;
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}
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therefore,
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The velocity components induced by the doublet distribution are
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where Ky must be evaluated in the two regions of the jet.
- 2(, ¢ )
KD = 1 = 7 <z V.> when 0 S_ <z V>.<_ 0.3 (88)

3 J
and

K. = 2 when (z' —— 0.3 (89)
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These velocities are relative to the local doublets; therefore, they must

be transformed to the free-stream coordinate system as follows.

'llD U.l ‘/\7l
d<7.—>= d(-\-7—> sin 6 + d<—\7—> cos B (20)
J J J
VD A%
@)+ )
] J
W u w
a (V—D> g Q—]i) cos 6 - d(;fi_\)sin 6 (92)
J J J

The total velocity induced by the lift-fan model is given by the
sum of equations (71), (72), (73), (74), (75), (76), (290), (91), and (92).

Il

Jet path.- The above jet wake model assumes the path of the jet
centerline to be known a priori. Several different methods for computing
the path of the centerline of the jet are available. The computer program
offers an option of selecting either of two of these methods. The first,
developed by Wooler (ref. 14), is based on a jet issuing perpendicular
(éj = 90°) to the free stream. The centerline of the jet is described

as
X Y% z 5/2
3= V7 (——v] a‘(’)‘) (93)

and the distance along the path can be obtained as follows:
z/d

s ° 175 / VN [z 3]1/2 z
X =£ [1 v 1 <73—> <a—;> a <a—;> (94)

The local angle of the centerline of the jet is
s/2 3/2
= 2 v Z
tan 6 = 3 V7 Vj> <do> (95)

The second method, developed by Mérgason (ref. 15), is applicable
tc a jet entering the crossflow over a range of angles (éj £ 909) .

The centerline is described by the following.
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J 4 sin® 6, \'3 o J o

These two methods can be compared for éj = 90° for any V/\ij
ratio. The results indicate considerable disagreement between the
methods. This is not unexpected as there is much scatter in measured
results on which the empirical centerline equations are based (ref. 15).
If 6j = 90°, the authors suggest that Wooler's method be used to compute
the path taken by the jet because the entrainment and blockage effects
are obtained from an analysis by Wooler. If the program user has some
a priori knowledge of the jet centerline path, he should either use the
method which most correctly represents the known path, or input the
known path parameters directly. This latter option is discussed in

more detail in the section describing preparation of input.

Program Description

Calculation procedure.- The computation proceeds as follows.

Immediately upon input and initialization, the program computes the path
of the jet centerline by either Wooler's method or Margason's method,

or there is the option of reading in a different centerline path. The
next step is to calculate the velocity components induced at the field
points of interest by the sink and doublet distributions. These velocity
components are computed by integrating over a specified number of jet
diameters along the centerline path. Whether or not these individual

components are printed is optional.

Inclusion of the curved vortex cylinder is optional. If it is
included, the program computes the velocity components induced by the

vortex cylinder at the field points.
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The total induced velocity at each field point is computed by
summing the above velocity components, and then the total velocity field

induced by a single lift fan is output.

The program is capable of considering a second 1lift fan at this time
although nc interference between the two fan wakes 1s considered. The
above procedure is repeated for the second fan and the total velocity

induced by the pair of fans is output.

After the final output, the program returns to the beginning to

read in another case.

Program use.- The program is written in Fortran IV for the IBM

7094 computer. No tapes other than the standard input and output tapes
are required. Typical execution times are approximately 0.5 minutes
for a case with one lift fan and 12 field points. A complete description

of the input and output is presented in the following sections.

Description of Input

This section contains a description of the input for the lift-
fan computer program. A sample input form is presented in figure 8.
The input for a normal run is made up of a deck of 3 + NP cards as
shown in figure 8(a). The first card is identification information
to be printed at the top of the output. The second card contains infor-
mation on the jet velocity, angle, size, and the location of the fan
with respect to the wing coordinate system. The quantities called for
in figure 8(a) are defined on the following pages. The second card also
contains the location of a second jet in the wing coordinate system.
If this second jet is included, its V/Vj, 6j’ and do are assumed to
be the same as those of the first jet. If the second jet is not included

bl

the last three qguantities on card 2 may be left blank.

The third card contains additional information on the number of
field points to be considered, the jet path description to be used,
the number of fans, an optional output code, and several values which
control the integration along the jet path. These latter values are
defined in the following table and comments on selecting magnitudes of

the values are given following the table.

The fourth and following cards, NP in nunmber, are coordinates of

the field points at which velocities are to be computed in the wing
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coordinate system. If no wing is present, the "wing" coordinate system
can be made to coincide with the jet coordinate system by specifying that
XQ, YZ, and Z2Q in card 1 are zero. It should be noted that the jet

flow models were developed to permit prediction of wake-induced velccities
adjacent to the wake; consequently, the model does not predict realistic
velocity profiles within the wake and, in fact, there is a singularity

at the wake center. Therefore, the field point location would generally

lie outside the wake.

One program option (NPATH < 0) offers the ability to input a table
of variables defining the path of the jet centerline. The set of cards
described in figure 8(b) must be added in order to use this option.

The number of points in the table is determined by the magnitude of

NPATH (NPS = INPATHI < 40). The next set of cards (item no. 5) is the
location of the tabular points along the path in a jet coordinate system
(fig. 7). With a maximum of eight points per card, there may be a total
of five cards for this variable. Items 6 and 7 are the x/dO and z/do
coordinates respectively of the points defining the centerline path. The
last item of input is the angle of the centerline, 6, at the specified
points. Note that the angle 6 is measured from the vertical. 2 sample

set of input illustrating the various options is presented later.

The input program variables are defined as follows:

Program Algebraic Symbol
Variable (if applicable) Comments
vvaT v/vj jet velocity ratio, v/vj # 0
DELTJ 0 . jet exit angle measgred from the
] horizontal, 5j #0
D do jet exit diameter, ft.
X0 XQ X-~coordinate of center of first jet
exit in wing coordinate system, ft.
p4e} YQ y=-coordinate of center of first jet
exit in wing coordinate system, ft.
ZQ ZQ Z-coordinate of center of first jet
exit in wing coordinate system, ft.
XQ2 XQ X-coordinate of center of second jet

exit in wing coordinate system, ft.
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{(Input program variables cont.)

Program Algebraic Symbol
Variable (if applicable) Comments

Yoz YQ Y-coordinate of center of second jet
exit in wing coordinate system, ft.

ZQ2 Z Z-coordinate of center of second jet
exit in wing coordinate system, ft.

NP number of field points (0 < NP < 200),
if NP = 0, no induced velocitTes
are computed

NPATH index defining type of centerline
path
= 1 Wooler's path

2 Margason's path
0 input table of path variables
where '

| NPATH| = number of points in table < 40

AN

NFAN number of fans (NFAN < 2)

NPRNT index controlling optional output
= 0 for normal output
= 1 for expanded output

DZD d(z/4 ) integration interval for centerline
o .
path calculation

DS d(s/do) integration interval for sink-doublet
calculation

DSV d(s/do) integration interval for curved
vortex cylinder calculation

length of jet wake for integration
purposes. If (s/d) = 0, only the
jet centerline coordinates are
computed and output

ENDS (s/43) ana

CYL index to determine presence of
curved vortex cylinder
0.0 no vortex cylinder
1.0 curved vortex cylinder in-
cluded in wake model

o

XW (J) X X—-coordinate of field point in wing
coordinate system, ft.

YW (J) Y Y~-coordinate of field point in wing
coordinate system, ft.
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(Input program variables cont.)

Program Algebraic Symbol
Variable (if applicable) Comments
ZW(J) Z Z—-coordinate of field point in wing
\ X
coordinate system, ft.
SD (J) s/do distance along centerline path in
number of jet diameters
XD (J) X/do X-coordinate of centerline points in
jet coordinate system
ZD (J) Z/dO Z—coordinate of centerline points in
jet coordinate system
THETA (J) 6 angle of path at points defining fjet

path (tan 6 = dx/dz), degrees

Samples of input decks are shown in figure 9 illustrating all of
the discussed options. The first input deck shown is for a case with
one lift fan where the fan wake at the exit is normal to the free stream.
The path is to be computed using Wooler's method and the induced velocity
field is to be computed at the specified field points. The complete set
of output is required. The second set of cards illustrates the input
for computing only the centerline path of a fan wake in an initial exit
angle of 60°. Margason's method of calculation is specified, and no
induced velocity field is requested. The last set of input is for two
1ift fans. The centerline path is specified and the complete velocity

field is to be computed. No optional output is required for this case.

Limitations of Input

There are certain limits placed on some of the input variables. The
jet velocity ratio should not equal zero because parts of the cutput are
normalized on the free-stream velocity. The jet exit angle must be greater
than zero; however, it may be greater than 90°. Margason's method
(ref. 15) is always used for the centerline path if 6j # 90°.

A consistent set of units must be used for the fan diameter, location,
and field points since these variables have dimensions. When a table
of centerline path variables is to be input, the index NPATH is
specified as a negative number, the magnitude of which is the number
of points in the table (< 40). The variable ENDS specifies the length
of the centerline path ﬁ;ed for the velocity integration. If ENDS = 0.0,

67



no induced velocity calculations are made. If ENDS is input greater
than the length of the centerline path to which Wooler's or Margason's
methods are applicable (s/dO S_SO), the value of ENDS is changed to
equal the maximum length in the table. The maximum length which should
be input is dependent on the location of the points where induced
velocities are computed. If all points are forward of the jet, an

input value of ENDS of the order of 10 should be adequate. If velocities
are to be computed at points downstream of the jet, it is necessary to
increase the input value of ENDS such that the jet extends downstream

of the points in question. Generally, the author has found it necessary
to run the program with different jet lengths and compare the final
results to determine an appropriate length. One must remember that the

execution time is directly proportional to the jet length.

Three different integration intervals are input in this program.
All three have been investigated, and the values shown in the sample in-
put should be considered as upper limits for most cases. Values larger
than those shown can lead to noticeable variations in the results, and
smaller values lead to excessive computer running time. The least
critical is the value of DZD, the integration interval for the center-~
line path calculation. It has only a small effect on the final results
and the total run time. The most critical is the value of DSV, the
integration interval for the velocities induced by the curved vortex
cylinder, Values smaller than that illustrated (0.2) can lead to large
changes in computer execution time. If all field points at which induced
velocities are to be computed are far removed from the Jjet centerline,
the value of DSV will have a small effect on the final results; however,
the value ¢f DSV has a large effect on the results at field points very
near the jet wake. The value of DS, the integration interval for the
sink-doublet contribution to the induced velocity field, should not be
larger than the illustrated value (0.1) to avoid excessive error.
Intervals smaller than the above will not change the final results
appreciably unless a field point is wvery near the Jjet centerline. 1If
the user has some gquestion about the above interval sizes, the best
procedure is to choose several representative field points and run the

program with various intervals.

The control points at which induced velocities are to be computed

may be located anywhere in the flow field; however, the results are best

68



if the points do not fall inside the wake or too near the jet center-

line.

A word of caution is necessary if several sets of runs are to be
stacked. All runs specifying the jet centerline path (NPATH < 0) should
follow any runs in which the path is computed. This is because the
data block which specifies the array SD(J) for a computed path is
destoryed when a path is input.

Discussion of Output

A sample set of output for a normal run is shown in figure 10. This
set of output was generated from the first input deck illustrated in
figure 9. The entire set of optional output has been obtained for this

case.

The pages are numbered and each page features the identification
information from the first card of the input deck. At the top of page 1,
the jet velocity ratio, the jet exit angle, and the integration interval
are printed. This information is followed by a statement of the method
used to compute the centerline parameters. The following four columns

contain the coordinates and the angle of the path of the jet centerline.

Page 2 is the first of three pages of optional output. The first
line contains the identification information and it is followed by a
statement of the source of the induced velocities. This is followed
by the jet velocity ratio (V/VJ), the initial diameter of the jet (D),
the coordinates of the center of the jet exit in a wing-based coordinate
system (XQ,YQ,ZQ), the assumed length of the jet (S/D), and the inte-
gration interval (D(S/D)). The velocity components induced by the sink
distribution representing the entrainment of the jet are presented in a
right-handed, fan-based coordinate system centered in the fan exit
(figure 6). The coordinates of the field points are referenced to
the fan exit diameter (X/D, Y/D, Z/D). The velocity components are
referenced to the jet velocity, and the induced axial velocity (U/VJ)
is positive aft, the induced lateral velocity (V/VJ) is positive left
and the induced downwash is positive downward (fig. 6). The last column

contains the total induced velocity due to the sink distribution.

Similar velocity components induced by the doublet distribution

representing the blockage effect of the wake are presented on page 3.



Velocity components induced by the curved vortex cylinder are on page 4.

Pages 3 and 4 are also optional.

The total velocity components induced by the fan wake are shown on
page 5. The field point coordinates (XW,YW,ZW) are those input. The
velocity components induced by the sink and doublet distributions are
printed in the next three columns. The last three columns contain the
velocity components induced by the sink and doublet distributions and the
curved vortex cylinder. These velocities are referenced to the free-
strearm velocity and the wing coordinate system (figure 6). The axial
velocity (U/V) is positive forward, the lateral velocity (V/V) 1is positive
right, and the downwash (W/V) is positive downward. This page concludes
the output when there is one 1ift fan. If a second 1ift fan is specified,
pages 2 through 5 are repeated for the second fan and then one additiocnal
page is printed with the total velocities from both lift fans summed at

each contrcl point.

Error Messages and Stops

The lift-fan program has only one error message. If one set of
input 1s executed in which the jet centerline path is specified through
input, any following cases that are stacked must also have the path input.
This is necessary because once a path is input the data block specifying
the array SD(J) is changed and there is no simple way to initialize it
again. If a following set of input specifies that the path be computed,

the message
"EEFEXECUTION TERMINATED ~ JET CENTERLINE PATH MUST BE INPUT***"

is printed and execution terminates in a STOP statement. The above
situation 1s avoided by proper stacking of input. All cases in which the
path is computed (NPATH = 1 or 2) should be run before any cases in which
the path is input (NPATH < 0).

Program Listing

The lift-fan flow model program is written in Fortran IV for the
iBM 7094 computer. The program consists of the main program and two

subroutines,

70



Program
MAIN

INTERP

ELLIPS

Identification

LFOL1
LFO2

LFO3

Page No.
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44

PROGRAYM TO CALCULATE THE VELGCITIES INDUCEND AT SPECIFIED LFOLIO00L
CONTROL POINTS BY A LIFT FAN LFO10002
LF010003

NIMERSION XDEa0ysZn{s0y 5040y s THETA 40105102y s TITLE(20Y LFO10004
NIMFRSTON XP (2001 sYP(200) 2P (20U sUS(2001sVS1200) sWS(200) LFO10005%
FULPO0sFYL200) §sFULIZC0 s FVIL2001,FWIi200) LF010006

DIMFMSTON DUSI3})oDVSE3)snWSUa)s00T(3)s2DT(3) LFO10007
DIMENSION USVI200)sVSVI2C0)»WSVI200) s Xw{200)s¥YWI200)s2W (200} LFO100038
DIMENSION DUD(3}1sDVDU3}sDWD(3)sUDI200)sVDI200)+80(200) LFO10009
COMMON MZ LFQ10010
LFO10011

PATA SN/04050405+04135042104330456904530463047904830495140314¢512.05 LFO10012

1 24543403305944054455500564037409840+9.051040511.051240s  LFC10013

2 144051640918405204092240524401264012840+30401235.054060+  LFC10014

3 454055040/ LFO10015
LF010016

699 FORMAT (9F8,0) LFO10017
700 FORMAT (8F10.4) LF010018
701 FORMAT [(1H1,5X20A4»20X4HPAGE +13//) LF010019
702 FORMAT (10Xs3F10447/) LF010020
703 FORMAT (5Xs4(1PE13.51) LF010021
704 FORMAT (415,6F1045) LF010022
705 FORMAT (1X»14s 3F104336{1PE1244)) LF010023
706 FORMAT (10Xs6F1044//) LF010024
707 FORMAT (10X37F10.4/7) LF010025
710 FORMAT {15Xs4HV/VJs4X5HDELTAS6X6HD(Z/DY) LF010026
711 FORMAT (10X3HX/D»10X3HZ/Dy10X3HE/Ns 9XSHTHETA) LF010027
712 FORMAT (15X4HV/VITXTIHDRXPHXQRXPHYQRXPHZO »8X3H5/D) LF010028

713 FORMAT (10X3HX/D7X3HY/DTXIHZ/DTXGHU/VIBXAHV/VIBX4HW/ VI TXSHVT/VIY LF010029
716 FORMAT (5X40HVFLOCITY INDUCED RY ENTRATINMFNT SINK DISTRIBUTIONs2X LF010030

1 6H=  FAN»12518H COORDINATE 5YSTEM//) LF010031
718 FORMAT (S5X42HVELOCITY INDUCED 8Y CURVED VORTEX CYLINDER»2X&6H- FANLF010032
1 212318H COORDINATE SYSTEM//) LF010033
719 FORMAT (5X22HTOTAL INDUCED VELOCITY»5X3HFANI2s25H - WING COORDINATLFOl0034
1E SYSTEM//) LFO10035

720 FORMAT (10X3HX/DIX3HY/DTX3HZ/DTIXGHU/VIBXEHV/VIBX4HW/VI»TX5HVT/VY)Y LFO10036
7721 FORMAT (SX40HVFLOCITY INDUCED BY DOUBLET DISTRIBUTIONs2X6H-~ FANs LF010037

1 124184 COORDIMATF SYSTEM//) LFO10038
722 FNRMAT (10X6H XW 6X4H YW 6X&H ZW 6X3HU/VOX3HV/VOX3HW/V) LFO10039
723 FORMAT (15X4HV/VJTXTHDAXPHXNAX2HYNBX2HZN +8X3HS/Ds6XEHDIS/D) ) LF010040
T24 FORMAT (10X4H XW gX4H YW £X4R ZW aX2HU/VOX3HY/VOXIHW/Vs9X3HU/VOXIHLF010041

1V/VOX3HW/ VY LF010042
725 FORMAT (20A4) LF010043
726 FORMAT (5X37HTOTAL INDUCED VELOCITYs TWO LIFT FANS#»25H - WING COORLFO10044

IDINATE SYSTEM//) LF010045
727 FORMAT (35X1HIOX16HSINKS + DOUBLETSOX1H) 1X36H{SINKS + DOUBLETS + VLF010046

10RTEX CYLINDER}) LF010047
728 FORMAT (41X1H(9X16HSINKS + DOUBLETS9X1H)) LF010048
729 FORMAT (15X4HV/VITXIHDBX2HXUBXZHZQBX3HYQ17X3HYQ2TX3HS/D) LF010049
730 FORMAT {/4TXTHDIS/D)=3F543934XTHD(S/D)=sF5,3) LF010050
721 FORMAT (BX31HJFT CENTERLIMF SARAMETERS INPUT//) LF010051
732 FORMAT (BXS8HJFT CENTERLINE PARAMETERS COMPUTED USING MARGASON-S MLF010052

1ETHON/ /Y - LF010053
733 FORMAT (8Xs6HUFT CENTERLINE PARAMETERS COMPUTED USING WOOLER-S METLF010054
1HOD/ /) LFO10055
734 FORMAT (10X»9F10.47/) LFO10056
735 FORMAT [15X4HV/VUTXIHDBXIHXGTTX3HYQ17X3HZQ1 7TX3HX02T7X3HYQ27X3HZQZ7TXLF010057

1 3H5/D) LF010058
799 FORMAT (///5X665H%*% EXECUTION TERMINATED ~ JET CENTERLINE PATH MUSLF010059

1T BE INPUT #%x ) LF010060

LF010061

MNPS=0 LF010062
MZ=1 LF010063
PI=3,16415926 LF010064
RAD=180,0/P1 LF010065
NTYPE=0 LF010066
LF010067

INPUT LFO10068
LF010069

10 RFAN (54725) TITLE LF010070
PEAD [54699) VVJINELTUsDIXQrYC LU s XG2sY025202 LFD10071

DEAN {59706) NP SNPATHNFANSNPRNT I DZDWDEsNSVIENDSCYL LF010072

[a¥aWat
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11
m

16

19

13

BOYL=CYL

NPAGE=1

MPS=AD

IF (NP.LE«O ORe FNNS.LE«C.T) GO TO 111

NPUT CONTROL POTH G COORDINATE
DO 12 J=1sNP
READ {535700) XW(J)sYWlgysZ(y)

TRANSFORM FIELD POINTS TO LIFT FAN COORDINATE SYSTEM

XPUJ)={XQ-XW{} /D
YRS =lYQ=-YW (I} ) /D
ZP{JY =ZWISY=2ZQ) /D
INITIALIZE INDUCED VELOCITY ARRAYS

DO 11 J=1sNP

FU(J) =0,
FV(J)=0.
FWlg)=

FULLSY
FV1(J)=0,

FWItJ)y=0,

WRITE {(65701) TITLE,NPAGE

NPAGE=NPAGE+]

WRITF (61710}

WRlTE (637023 VVJanELTYIDIND

IF (MNPS 4GTe O +ANDs NPATH 4GEs 0} GO TO 999

COMPUTE THE PATH OF THE JET CENTERLINE

IF (VVJ) 19515419
SNDJ=SIN{(DELTJ/RAD)
CSDJ=COS {DELTI/RAD)
NTYPE=0

NO 16 J=1+40

XD =SD{JY#CSPY
THETA(J}=90,0=DFLTY
ZD1J)=5D(J)*SNDJ
NPATH=0

GO TO 40

IF (NPATH) 13510518

INPUT THE PATH OF THE JET CENTERLINE

NPS==NPATH

MNPS=NPS

READ (59700) (SD(J)sJ=1sNPS)
RFAD (55700) (XD(J)ysJ=19NPS)
RFAD (55700} (ZD(J)sJ=13NPS)
REAND (52700} {(THETA{J}sJU=1sNPS)
WRITE (69731

GO TO 40

IF (NPATH=1) 10220530

{1) MARGASON'S METHOD = REF. NASA TN D=-491%

CSDELJ=COS{DELTJI/RAD)
SNDELJ=SIN{DELTJI/RAD)
CTRELJ=CSDELJ/ SNDELY
CON=(VVJI/SNDELJ) #%2
/16 % (CON#R2}

£ «SECTDELUXCON
CM=140 + CTDELJ%CTDELY
WRITE (64732}
Xp€11=0,0

ZD{11=0.0
THETA(1}1=0.0
SO0T(11=040
SPT{21=040

LEGIOCTYS
LFO10074
LFOLO0T7S
LFC10076
LFO10077
LF010078
LF010079
LF010080
LF010081
LF010082
LF010083
LF010084
LFD1008%
LF010086
LF010087
LF0lo088
LF010089
LF0100%0
LFO10091
LFQ10092
LF010093
LFO100%94
LF010095
LFO10096
LFO10097
LF010098
LF010099
LF010100
tF010101
LFO10102
LFO10103
LFO10104
LFO10105
LFololos
LFO10107
LF010l08
LFOlo0109
LF010110
LFO10111
LF010112
LFO10113
LFO10114
LFO10115
LFol0l16
LF010117
LF010118
LFQ10119
LFOl0l20
LF010121
LFolol22
LFO10123
LFOl0124
LFO10125
LFOl0126
LFOl0127
LF010128
LF010129
LFO10130
LF010131
LF010132
LF010133
LF010134
LFO10135
LF010136
LFO10137
LF010138
LF010139
LF010140
LF010141
LF010142
LF010143
LF0O101l44



€L

[a¥aXal

21

25

SPT(3)=0.,0

INTI1)=040
IDT121=0.0
20T(3)=0.0
520,0

J=2

K=1

M=3
2=2D1)
H=DZD/3.0

DO 25 1=K»s3
DSI{E)=AMR(ZE%4) + BM®(Z¥%2) + (M
DSI{1)=SQRTIDSI(I})

2=24D2D

K=2

MMz

S=5 + H¥(DSI(1) + 4#%#DSI{(2} + DSI(3)}
DSI{11=DS1(3)

SDT(13=5DT(2)

 50T(2)=5DT(3)

27

?

o

26

29

30

31

35

SDT(3)=S

ZpT(1)=2D712)

ZDT123=20T(3)

ZDT(3)=Z=DZD

SL=5D1J)

IF (5=5L) 21s26+28

1IF (ZDT(1).EQeZDT(2)) MM=0

CALL INTERP (MyMMsSDT#ZDTsSLsZL)
ZDtg) =20

GO Yo 29

sptyy=5

2p{J)y=Z-DID
XDEJ)=CON/ 4, 0% EZD(J) #%3) + ZDUJI*CTDELY
TTH=0s 7T5%CON®EZD(J) %22} + CTDELY
TH=ATAN(TTH)

THETA(J) sTHXRAD

J=Jd+1

IF {J=40) 27527940

{2) WOOLER-S METHOD ~ REF. Js OF AIRCRAFTsMAY~JUNE 1969»P,283

XDE11=0.0

IF (DELTJ.NEL90e) GO TO 20
WRITE {(69733)

ID(1)=040

THETA(1)=0.0

SNT{1)=0.0

snTi2)=
spT(3)y=
0Ty =
Z0T(2y=
ZpTi3)=040 )

5=0.,0 .
H=DZD/ 340

K=1

J=2

M=3

2=2Ipi{1}

CON=175+/ b, % IVVR®5)

DO 35 I=Ks3

DSIMI1=1e0 + CONR{Z®%#3}

DSI(1)¥=5QRTI(NSI{I))

2=Z+02ZD

K=2

1
=1

=5 ¢ HEINSIL) + 6,#DSTE2) + NS1(3))
ASI(11=D51(3)

SDTH1y=SDTI2)

SDT{23=5DT(3)

5pT{3)=5

ZDTE1=LDTi2}

ZDT2)y=2D713)

LFO010145
LFololse
LFOl0147
LF010148
LF010149
LF010150
LF010151
LFO10152
LF010153
LF010154
LF010155
LFO10156
LF010157
LFOl0158
LFO10159
LF010160
LF010l61
LF0l0162
LF010163
LF010164
LFOloles

LFO10166 °

LFol0l67
LF0l0168
LFOl1016%
LFOl0l70
LFO10171
LFO10172
LF010173
LF010174
LFO10175
LF010176
LF010177
LFo10178
LF010179
LFQ10180
LF0101i81
LF010182
LF010183
LF010184
LFol10185
LFol0l86
LF010187
LF010188
LF010189
LFO10190
LF010191
LFO10192
LF010193
LF010194
LF010195
LF010196
LFO10197
LF010198
LFO10199
LF010200
LF010201
LFOl10202
LF010203
LF010204
LF010205
LF010206
LF010207
LF010208

LF010209

LF010210
LFO10211
LF010212
LFO10213

- LF010216

LF016215
LFO1021s

[akaXalal

Ia¥aNal

37

28

36

3

0

40

4

-

4

~

45

51

151
153

152

154

2DT(3)=2-DZD

SL=5DtY)

IF (5-SL) 311236438

IF (ZDT(1)4FQeZDTE2Y)  MM=0

CALL INTERP (MsMMaSDTsZDTsSL 9ZL}
Zntgy=20

GO 70 39

ELIRIESS

ZD(Jy=2-DID
XD(J}=SQRT(7e0) 2L (VVIRZDII) ) %%$245}
TTH=2.,5%XD(J}/2ZD( )
THETA(J) =ATAN{ TTH) *RAD

J=d+1

IF (J=40) 3737240

CONTINUE

WRITE (62711}

DO 41 J=1sNPS

WRITE (65703} XDIJ)+ZDEI)sSDIY) s THETAL S}
IF (NP<EQeQ +ORs ENDSsLEs040} GO TO 10
IF {ENDS oGT. SDINPS)) ENDS=SD(NPS}
MFAN=0

COMPUTE WAKE ENTRAINMENT AND BLOCKAGE EFFECT
WOOLER*S METHOD =~ REF. JOUReOF AIRCRAFTs NOV-DEC 1967+ P4537

MFANP=MFAN+1

IF (NPRNT.EQ.0} GO TO 45

WRITE (6+701) TITLEsNPAGE
NPAGE=NPAGE+1

WRITE (6+716) MFANP

WRITE (65723)

WRITE {6+707) VVJsDsXQrYQsZQsENDSsDS
WRITE (6+713)

£1=0435

«08

E3=30.0

DO 50 J=1NP

MJ=J

RS2=XP(JIRXP(J} + YPIL)¥YP(J) + ZP(J)*ZP(S)
US{J1=040

VS{4)=040

WS(J)=0,0

WD{J1=0.0
K=l

5=0,0
H=DS/340
VSAV=0,0
VT=0,0
NTR=1

DO 55 I=K»3

LOOK UP X» Zs AND THETA

DO 151 JUN=NTRsNPS

KJN=JN

IF (S-5D(JN)) 15351525151
CONTINUE
NTR=KJN=1
MNT=KJIN
LNT=NTR
DELTA={S=SDILNT) )/ (SDIMNT)=50(LNT))

X=XDILNT) + (XD(MNT)=XD(LNT) ) %DELTA

Z=ZPILNTY + (ZDUIMNT ) =ZD(LNTY ) #DELTA
TH=THETALNTY + (THETA(MNT ) -THETALLNT) )®=DELTA
GO TO 154

NTR=XUN

X=XD(KRTR)

Z=ZDINTR}

TH=THETA(NTR)

CONTIHUE

LF010217
LF0l0218
LF010219
LF010220
LF010221
LF010222
LF010223
LF010224
LF010225
LF010226
LFO10227
LF010228
LF010229
LFO10230
LFQ10231
LF010232
LF010233
LF010234
LF010235
LF010236
LFo10237
LFOl0238
LF010239
LF010240
LF0l0241
LF010242
LF010243
LF010244
LF010245
LF0l0246
LFOl0247
LFQ10248
LF010249
LF010250
LF010251
LF010252
LFD10253
LF010254
LF010255
LF010256
LF010257
LFO10258
LF010259
LF010260
LF010261
LF010262
LF010263
LF010264
LF010265
LF010266
LF010267
LF010268
LF010269
LF010270
LFOl0271
LF010272
LF010273
LF010274
LF010275
LF010276
LF010277
LFO10278
LF010279
LF010280
LFO10281
L.F010282
LF010283
LF010284
LF010285
LF010286
LF0106287
LFO10288



vl

5

~N

55

550
58

50

59
60
63

CSTH=COSETH/RAD)Y

SHTH=STRATH/RAD

PAR=Z¥VV]

IF {PAR:GT 0.3} GO TO 53

DIDL=1s0 = 2:5%PAR

CDL=PI#50RTI0.5%{1,0 + DIDL#DZDL}})

DK=1e0 — 1.25%PAR

GO T0 52

DZDL=0425

CDL=2424

DK=5./84

EMB2E1¥VVUXCSTH + E2%CDL¥(140=VVIESNTH}/ {140+E3%VVI*CSTH)
CNX=X=XP ()

CNYP=YP(J}+45/DZDL

CNYM=YPUJ)=e5/DZDL

CNZ=Z=ZP L)

CNX2=CNX¥CNX

CNYP2=CNYPXCNYP

CNYM2=CNYMECNY M

CNZ2=CNZ*CNZ .

CON1=SORT (CNX2+CNZ2+CNYM2)
CON2=SQRT(CNX2+CNZ2+CNYP2) .

DUS(T)=—EMB/ 44 /PI*CNX/ LCNX2+CNZ2) % (CNYM/CONL - CNYP/CON2}
DVS{1)==EMB/4s /PI*(14/CONL —~ 14/CON2)
DWSITY=—FEMB/ 4o /PIXCNZZ ICNX2+CNZ2)#{ CNYH/CONT = CNYP/CON2)
XID==CNX#SNTH = CNZ®*CSTH

ETAD==YP (U}

ZETAD==CNX®CSTH + CNZ®SNTH

CON1=XID%%2 + FTAD®%*2 + ZETAD¥**2
CON2=5QRT{CON1) %5

Ul==34/B e #DKRXIDXZETAD*CSTR/ (DZDL2DZDL*CON2)¥VVJ
V1=U1/X1D*ETAD

W1=DK/Be*¥CSTHX¥CON1/ {DZDL*DZDL¥CON2) ¥ (1o=3 4 ¥ ZETAD**2} /CON1 ) ¥VVJ

DUD{ 1}=UI%*SNTH + W1*CSTH

DVD(I1==V1

PWD(T)=UL1%CSTH - W1%SNTH

5=5+DS

Ka2

US{31=US(0) + Hx{DUS(1)+4,0%DUS{214DUSI2Yy
VS J1=VSLU) + He{DVS{1)+4,0%DVSIZ1+DVS{3))
WS 1=WS () + Hr*(DWS(1)+4,0%DWSL214DWS(3y)
Uply)=UntJy + H*¥{DUD(1)+4,0%DUD(2)1+DUD(3))
VD) =VDIJY + H¥(DVD(1)+44,0%DVD(2)+DVDI(3))
WDLJI=WD(J) + H¥(DWD(1)+440%DWDI2)+DWD(3))
DUS(1)=DUS{3)

DVS{13=DVS{3)

DWS{11=DWS(3}

DUD{1)=DUD{3)

DVD{1)=DVDI(3)

DWD{1)=DHDI(3}

1F (S—ENDS) 51451458

SDEND=5-DS

IF {NPRNTL.EQ.0} GO TO 50
VSAV=SQRTIUS(J1#US(J) + VS{J)=VS(y) + WS{ )1 eWSTJy)
WRITE (63705 1MUsXPUUYsYPIU)sZPIJysUSIUYsVSL)) sWS(J)sVSAV
CONT INUE

IF {NPRNTW.EQe0) GO TO 60

WRITE {6+701) TITLEsSNPAGE

NPAGE=NPAGE+1

WRITE (63721) MFANP

WRITE (69723)

WRITF (65707) VVUsD1XQsY0s2Z0sENDSHDS

WRITF (697209

DO 59 J=1sNP

VSAV=SORT(UN(Y) #%2 + VDUJ)%¥%2 + WDI(J)*e2)
WRITE (6+708) JsXP{J)sYPUJ)sZP{J)sUDLJ) VD) s WD) IVSAY
IF IRCYL) 62963162

WRITE {69701) TITLESNPAGE

NPAGE=NPAGE+1

WRITE {63719 MFANP

WRITE (612723)

LFO10289
LF010290
LFD10291
LF010292
LF010293
LF010294
LF010295
LF010296
LF010297
LF010298
LF010299
LF010300
LF010301
LF010302
LF0l0303
LFO010304
LF010305
LF010306
LF010307
LF0l0308
LFO10309
LF010310
LF010311
LFO10312
LF010313
LF010314
LFO10315
LF010316
LF010317
LF010318
LF010319
LF010320
LF010321
LF010322
LF010323
LF010324
LF010325
LF010326
LFO10327
LF010328
LF010329
L.F010330
LFO1033]
LF010332
LF010333
LFO10334
LF010335
LF010336
LFQ10337
LF010338
LF010339
LF010340
LF010341
LF010342
LF010343
LF010344
LFO10345
LF010346
LF010347
LF010348
LF01034%
LF010350
LF010351
LF010352
LF010353
LFO010354
LF010355
LF010356
LF010357
LF010358
LF010359
LF010360

IsXaNaXal

[aXaKs}

65

6

N

66

71

171
173

17

N

174

WRITE 16+706) YVJsDsXQ:YQsZ0QENDS
WRITE (60728}
WRITE (65722)
DO 65 J=1sNP
U=US{gy+UD Y
V=VS{ VDl
W=WS (Jy+WD(I)
U=~U/VVJ

WRITE (69705) JoXW(J)aYW{J)»ZWlJ)sUsVald
GO Y0 10

COMPUTE VELOCITY INDUCED BY A CONSTANT STRENGTH VORTEX
CYLINDER LYING ALONG THE JET CENTERLINE

1F (NPRNTLEQ.0) GO TO 66
WRITE (64+701) TITLEsNPAGE
NPAGE=NPAGE+]

WRITE {69718} MFANP

WRITE (69723)

WRITE (637071 VVIsDaXQsYQsZQsENDSDSV
WRITE (6+713)

DO 70 J=1sKP

MJ=g

GAMV.Jzle0

5=D5V/ 2.

H=D5V/3.

VSAV=0,.0

VT=0,

UsSv{ y=0.0

VSV{01=040

WSV )1=00

RS2=XP{J}*%2 4 YP{J)®¥2 + ZP{J)¥¥*2
k=1

NTR=1

DO 75 I=Ks3

LOOK UP LOCAL Xs Zs AND THETA

DO 171 JN=NTRsNPS

KJIN= N

IF (S-SDEUNY) 17351729171

CONTINUE

NTR=KIN~1

MNT=KUN

LNT=NTR

DELTA={S=SD{LNT))ZtSD(MNT }~SD(LNT}}
X=XDILNT) + (XDIMNT)=XD(LNT)I#DELTA
Z=Zp{LNTY + (ZDIMRTI=ZDELNT) J*DELTA
TH=THETAILNT) + (THETAUMNT}-THETA(LNTII®DELTA
GO TO 174

NTR=KJIN

X=XDINTR)

2=2pINTR)

TH=THETA(INTR)

CONTINVE

CSTH=COS{TR/RAD)
SNTH=SINITH/RAD)
_XIDa (XPLJ)~X)#SNTH + (ZP{J)~Z)*CSTH
ETAD=-YP{J)
ZETAD=IXP(J)=X) *CSTH « (ZP{J}~Z)*SNTH
XIR=X1D%24
ETAR=£TAD*2,
ZETAR=ZETAD¥2,4
RPR=SORTIETAR®¥2 + ZETAR¥%2)
DENMzXIR%%2 + (RPR~140)%%2
DENP=XIR®%2 + (RPR+1,0)%%2
AK2=4 o *RPR/DENP
CALL ELLIPS (AK2sZKsZE)
DUMU=GAMVJ/PT/SQRT(DENP ) # { ZK=2E~2 ¢ * (RPR=1 s ) ¥ZE/DENM)
DUMV==GAMVJ/P I /RPR¥XIR/SQRT (DENP) % (ZK=ZE=2*RPR¥ZE/DENM)

LFO10361
LFO10362
LFO10363
LFO10364
LFO10365
LF010366
LFO10367
LF010368
LF010369
LFO10370
LF010371
LFO10372
LF010373
LF010374
LF010375
LFO10376
LF010377
LF010378
LF010379
LF010380
LF010381
LF010382
LF010383
LF010384
LF010385
LFO10386
LF010387
LF010388
LFO10389
LF010390
LF010391
LF010392
LF010393
LFO10396
LF010395
LF010396
LF010397
1LF010398
LF010399
LF010400
LF010401
LF010402
LF010403
LFO10404
LF010405
LF010406
LF010407
LFO10408
LFO1040%
LF010410
LFO10411
LFO10412
LF010413
LFO10414
LFO10415
LF010416
LFO10417
LFO10418
LFO10419
LFO10420
LFO10421
LF010422
LFO10423
LFO10424
LFO10425
LFO10426
LFO10427
LF010428
LF010429
LF010430
LF010431
LF0106432
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570
78

70

o
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81

A2

83

DUS(1)=DUMU%XSNTH + DUMV*ZETAR*CSTH/RPR

DWS(1)=DUMU*CSTH - DUMV*ZETAR/RPR#SNTH

S=5+DSV

K=2

USV(J)=USVI(J) + H*(DUS(1) + 4+%DUS(2) + DUS(3))
VSV(J)=VSVI(J) + H®*(DVS(1) + 44*DVS(2) + DVSI(3))
WSV(J)=WSVIJ) + HX(DWS(1) + 4,%DWS(2) + DWSI(3))
DUS(1)=DUSI(3)

DVS(1)=DVS(3)

DWS(1)=DWS(3)

IF (S=ENDS) 71571578

SDEND=S-DSV

IF (NPRNT.EQ.0) GO TO 70

VSAV=SORT(USV(J)#%2 + VSVI(J)##2 + WSVIJ)*%2)

WRITE (69705)MJsXP{J)sYP(J)sZP1J)sUSVIJ)sVSVI(J)sWSV(J)sVSAV

CONTINUE

OUTPUT TOTAL INDUCED VELOCITY COMPONENTS IN WING COORDs SYSTEM

WRITE (65701) TITLEsNPAGE
NPAGE=NPAGE+1
MFAN=MFAN+1

WRITE (65719) MFAN
WRITE (65712)

WRITE (65706) VVJsD»XQsYQsZQsENDS
WRITF (65730) DSsDSV
WRITE (65727)

WRITE (69724)

DO 80 J=1sNP
U=US(J)+UD(J)
V=VS(J)+VD(J)
W=WS(J)+WD(J)
U1=U+USV(J)
V1=V4VSV(J)
W1=W+WSV(J)

U=-U/svVvJ

V==V/VVJ

U1==U1/VVJ
V1==V1/VVJ

WaW/VVJ

W1=W1/VVJ
FU(J)=FU(J)+U
FV(J)=FVIJ)+V
FW(J)=FW(J)+W
FU1(J)=FU1(J)+U1
FV1(J)=FV1(J)+V1
FW1(J)=FW1(J)+W1
WRITE (635705) JsXW(J)sYW(J)sZW(J)sUsVsWsUlsV1sW1
IF (NFAN=2) 10581583
NFAN=NFAN+1
MFANP=MFANP+1

DUM=YQ

Y0=YQa2

YQ2=DUM

PUM=XQ

XQ=XQ2

XQ2=DUM

DUM=2Q

20=202

2Q2=DUM

NO 82 J=1sNP
XP(J)=(XQ=XW(J))/D
ZP(J)=(ZW(J)=ZQ) /D
YP{J)=(YQ-YW(J))/D
GO TO 42

OUTPUT TOTAL VELOCITY INDUCED BY TWO LIFT FANS
WRITE (6+701) TITLEsNPAGE

WRITE (69726)
WRITE (6+735)

LF010433
LF010434
LF010435
LF010436
LF010437
LF010438
LF010439
LF010440
LF010441
LF010442
LF010443
LF010444
LF010445
LF010446
LF010447
LF010448
LF010449
LF010450
LF010451
LF010452
LF010453
LF010454
LF010455
LF010456
LF010457
LF010458
LF010459
LF010460
LFOl0461
LF010462
LF010463
LF010464
LF010465
LF010466
LF010467
LF010468
LF010469
LF010470
LFO010471
LF010472
LF010473
LF010474
LF010475
LF010476
LF010477
LF010478
LF010479
LF010480
LF010481
LF010482
LF010483
LFO010484
LF010485
LF010486
LF010487
LF010488
LF010489
LF010490
LF010491
LF010492
LF010493
LF010494
LF010495
LF010496
LF010497
LF010498
LF010499%
LF010500
LF010501
LF010502
LF010503
LF010504

WRITE (63734) VVJsDsXQ25YQ222022XQ>YQsZQsENDS

WRITE (69730)
WRITE (69727)
WRITE (69724)
DO 84 J=1sNP

DS»DSV

LF010505
LF010506
LF010507
LF010508
LF010509

84 WRITE (63705) JsXW(J)sYW(J)sZW(J)sFULJ)sFVIJ)sFWIJ)»sFULLJ)sFV1(J)»LFO10510

1
GO TO 10
ERROR STOP
999 WRITE (65799)
sToP

END

FW1(J)

LF010511
LFO010512
LF010513
LF010514
LF010515
LF010516
LF010517
LF010518
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INTERPOLATION SUBROUTINE WITH LINEAR OR PARABOLIC OPTION

NTYPE = 0 ¢« LINEAR INTERPOLATION
NIYPE = 1 » PARABOLIC INTERPOLATION
N = NUMBER OF TABLE ENTRIES
X = INDEPENDENT VARIABLE
Fo= FIX)
VALUE = F{ARG}
SUBROUTINE INTERP (NsNTYPEsXsFsARGsVALUE)
DIMENSTON X(1)sF(1})
IFIN=111510+20
MO ENTRIES N TABLEs SET VALUE TO ZERO.

VALUE=0.0
RETURN

ONE ENTRYs USE THIS VALUE.

VALUE=F (1)
RETURN

CHECK FOR ARG BEING LESS THAN X(1)
1F {ARG-X(1))21+21522
SET VALUE EQUAL TO FIRST ENTRY,

VALUE=F(1}
RETURN

CHECK FOR ARG BEING GREATER THAN X{(N}
TFLARG~X{N) 24923523

EXTRAPOLATE LINEARLY FROM LAST TWO ENTRIES
M=N

L=N-1

GO TO 31

TWO OR MORE ENTRIES IN TABLE

1F{N=2}30530+25

LF020001
LFO20002
LFG20003
LFO20004
LF020005
LF020006
LFO20007
LF020008
LF020009
LF020010
LF020011
LF020012
LF020013
LF020014
LF020015
LF020016
LF020017
LF020018
LF020019
LF020020
LF020021
LF020022
LF020023
LF020024
LF020025
LF020026
LF020027
LF020028
LF020029
LF020030
LF020031
LF020032
LF020033
LF020034

LF020035

LF020036

LF020037 .

LF020038
LF020039
LF020040
LF020041
LF020042
LF020043
LF020044
LFG20045
LF020046

la¥a}

[a¥aXal

[aXakal

25
76

27
28

10

31

40
42

41
43

50

53
52
51

61

CHECK TYPE OF INTERPOLATION SCHEME REQUESTED

IF (NTYPE=1) 263540540
DO 27 J=2sN

IF LARG=X{J)) 2Bea3s27
CONTINUE

M=J

L=J-1

GO To 31

LINEAR INTERPOLATION

L=1

Me2
SLOPE={F (M)=F {1} }/IX{M)=X(L))
VALUE=F{L)+{ARG=X{L )} *SLOPE
RETURN

PARABOLIC INTERPOLATION

J=1

J=J+1
IF(J+1~N)41+50+50
IFLARG-X1U) 150943542
VALUE=F{J)

RE TURN

VALUE=0,0

ML=J=1

MU=J41 .

DO 51 M=ML»MU

PROD=F (M)

DO 52 L=MLsMU
1F{M=L153+52+53
PROD=PROD* {ARG-X{L)}/ (X(M)=X{L)}

.CONT INUE

VALUE=VALUE+PROD

RETURN
END

LF020047
LF020048
LFO2004%
LF020050
LF020051
LF020052
LF020053
LF020054
LF020055
LF 020056
LFOR20057
LF020058
LF020059
LF020060
LF020061
LF020062
LF020063
LF020064
LF020065
LF020066
LF020067
LF020068
LF020069
LF020070
LF020071
LF020072
LF020073
LF020074
LF020075
LF020076
LF020077
LF020078
LF020079
LF020080
LF020081
LF020082
LF020083
LF020084
LF020085
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SUBROUTINE ELLIPS (AKSGsTKTE)
~= TABLE LOOK=UP OF ELLIPTIC INTEGRALS -~
DIMENSION CKK(100)CK{100})»CE{100)
COMMON MZZZ
CKK = ARGUMENT OF ELLIPTIC INTEGRALS

PATA CKK/04001,0194022403540490055406940714082240954102411204125413
«149¢155016741790183¢1990209421242214232024202524269427
028942994 302431 9432943394349 4352436903794389.391¢400441
4230039488545 2 0624720482 4495050945194525453945641551
«T701e713e7230739074347534765¢7T734782079328094813.821483»

4845485508624879488re895090949130929¢935:94209520960e97»
+989499/ .

NOA R W N

CK. = COMPLETE ELLIPTIC INTEGRALS OF FIRST KIND

DATA CK/14570796914574T462145787401458278091,58686851.591003»
1259518891459942391460371091,608049+1,61244151.616889
16621393314625955914630576914635257514640000+14644806+
1e64967831465461751065962421466470191.66985091.675073»
14680373914685750514691208151469674991470237491.708087»
1671388911471978521472577691473186591473805551.7644351
1e75075491075726991763898114770647914777519914784519»
14791650914798918514806328+1481388491482159351.829460,
1e83749191484569451.854075351486264191,87140051.880361»
14889533+1689892551.908547514918410+1492852651.938308,
1494956891e96052191497178351498337151499530352.007598»
2402027942403336952,046894+2,060882+2,0753632,090373,
2410594892412213292413897092415651652.174827924193971»
24214022+2,23506812425720592,280549524,30523222331409
2435926612438901692442093392445533812,492635924533335,
2457809212e627773524683551224747073424820752+42.908337»
"34016112934155875+3435414193.695637/ -

QATMMI NI ODBNOSE L WM

CE = COMPLETE ELLIPTIC INTEGRALS OF SECOND KIND

DATA CE/1457079691456686211056291351455894851,554969+14550973»
1e54696391454293691e53889351453483391,530758+14526665>
14522555914518428514514284+1451012251450594251,501743
1e49752691449329051,48903551,48476151.480466»1.476152»
1467181891e46746291246308691445868821.45426991449827»

£W N

LF030001
LF030002
LF030003
LF030004
LF030005
LF030006
LF030007
LF030008
LF030009
LF030010
LF030011
LF030012
LFQ30013
LFO30014

456945796582659226020615062145639¢64946514662.672¢6854692LF030015

LF030016
LF030017
LFO30018
LF030019
LF030020
LF030021
LF030022
LF030023
LF030024
LF030025
LF030026
LF030027
LF030028
LF030029
LF030030
LF030031
LF030032
LF030033
LF030034
LF030035
LF030036

‘LF030037

LF030038
LF030039
LF030040
LF030041
LF030042
LF030043
LF030044
LF030045
LF030046

OMMTNT L OO W

IF (MZZ22

1e6653631144408765)1463636691442183291442727451.422691
1441808351,41345051,40879121.406105+1,4399392+14394652»
1.38988391,38508651.38025951,237540291427051551.365596+
14360646551,355661514350644351.345592+51434050551.335382
1033022351432502691.31978851,31451151.30919251.3038325
1429842851,29297991428748421,281942914276350514270707>
162650139142592632142534589142475959142412671191.235684»
16229632+14223512914217321514211056514204714514198290
10191781+1,18518351417B490914171697514164798+1.157787y
141506569141433965141359985112845191.120742914112856»
1¢10677591,09647811.08793891,07912151,06998631.,0604745
1405050291403994751.028595+1.015994/

)} 7313093

3 IF{AKS0-499)20+20521
21 PARA=0425%(1.,0-AK5Q)

700

701
702

TEST = 1
IF {PARA-
PARA=TES
ZLP=ALOG
TK=ZL.P%0
TE=1e0+(
GO TO 30
JA=100,0
JA=140A

TF(CKK U

+00E~07
TESTIT014702+702
T

{44 /PARA)
«5%{1++PARA}~PARA
ZLP*PARA}~PARA

*AXKSQ

A)~AKSQ)22+23+22

TK=CK(JAY

TE=CE(JA
GO TO 30
CON=( AKS
TK=CK(JA
TE=CE{JA
GO To 30
ITF{AKSQ~
PARA=#25
GO YO 70

)

Q=CKK {JAY )/ (CKK{JA+1 1 =CKK {JAY)
}+CON* (CK{JA+1)-CK(JA)}

Y+CON* [CELJA+1)~CE(JA})

«01172197215,720
#AKSQ
0

AKSQ=14-AKSQ

GO TO 20
CONTINUE
RETURN
END

LF030047
LF030048
LF030049
LF030050
LF030051
LF030052
LF030053
LF030054
LF030055
LF030056
LF030057
LF030058

-LF030059

LF030060
LFO30061
LF030062
LF030063
LF030064
LF030065
LF030066
LF030067
LF030068
LF030069
LF030070
LF030071
LF030072
LF030073
LF030074
LF030075
LF030076
LF030077
LF030078
LF030079
LF030080
LF030081
LF030082
LF030083
LF030084
LF030085
LF030086
LFo30087



WING-PYLON~TAII. PROGRAM

This program computes span loadings, and lift and pitching coefficients
for a configuration comprising a wing and a tail with a vertical pylon
under or above each wing panel. The wing is considered the main planform
while the pylon and tail are optional items. Sample cases described at
the end of this section illustrate how the program handles the full wing-

pylon~tail combination.

All three components may have sweep, taper, camber, and twist.
Furthermore, the wing and tail may exhibit dihedral and the tail can have
incidence relative to the wing root chord. The pylon is considered to
lie in a vertical plane but there is allowance for pylon incidence with
respect to the free stream (toe-in). The program cannot handle breaks

in sweep or dihedral, nor yaw flight angle.

Fundamentally, the program is based on representing the surfaces
of the wing, pylon, and tail by horseshoe vortices whose circulation
strengths are determined from the flow tangency boundary conditions
linearized in terms of angle of attack. This approach was also followed
by Margason and Lamar at the Langley Research Center, NASAl. The flow
tangency formulations feature the optional inclusion of interference
velocities induced by an external component such as a turbofan engine
or a lift fan for purposes of computing interference wing loadings.
Finally, a Prandtl-Glauert correction is used to account for compressi-

bility effects at speeds up to the critical speed.

Theoretical Analysis

The requirements on the selected flow model are explained in detail
in reference 1. The analysis makes use of a vortex lattice which models
the wing-pylon-tail mean surface. The surfaces are divided into trapezoidal
shaped elemental panels with one horseshoe vortex assigned to a panel.
Such a vortex consists of three parts: a bound leg along the area
element quarter chord, and two trailing legs along the sides of the element

extending downstream to infinity parallel to the X axis (see figure 11).

1R, J. Margason and J. E. Lamar have developed a planar vortex lattice
analysis and computer program applicable to wing alone, including the
effect of dihedral.
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In the chordwise direction, the elements have equal dimensions and
the same number of elements is used on both wing and pylon. The pylon
root chord must equal the local wing chord where they join. In the
spanwise direction, the area element widths may be varied to allow for
closer spacing where large spanwise loading gradients exist. PFurthermore,
if a pylon is present, the trailing legs of two spanwise adjacent vortices
and the upper vortex on the pylon must coincide at the wing-pylon
intersection (see sample case 1l). The horizontal tail is treated as a

wing.

The flow tangency boundary condition states that there is no flow
through the wing, pylon, and tail camber surfaces at control points.
These points are actually located in the chordal planes at the midpoints
of the three-guarter chord line of each area element. In the case of
the wing and the tail, the chordal plane is the plane containing the
respective root chord and making an angle equal to the respective dihedral
with the z = 0 plane. For the pylon, the chordal plane is the vertical

plane containing the pylon root chord.

The velocities normal to the wing consist of a component of the

i» Wy induced

by an external component adjacent to the wing-pylon-tail airframe, and

free stream, (optional) interference velocities U, v

perturbation velocities wu, v, w induced by the vortex lattice itself.
With M control points on the left wing panel, MP on the pylon, and MT
on the left horizontal tail panel, the boundary condition on the left
wing panel at small angle of attack is given by:

}: ‘4Wv <\ cos ¢V - Fv sin ¢V>
V,n
M+MP
+ — F + P, cos ¢ =~ [F + F. sin ¢
47V w iw
T v,n v,n v <\vv,n lvv,n v
g <; cos ¢ - FV sin ¢V
v,n

n=M+MP+1
(continued on next page)
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V. u. W,
- ’ i,v . _ i,v i,y
atv cos ¢v + —7?— sin ¢v —7?— aﬁv + —77— cos ¢
V=L ,32,...,M (99)

where N = M + MP + MT' and ap = a t+ ay radians. The configuration

v
and coordinate system pertaining to all formulations of this section are
shown in figure 1l (a) and 11 (b).

With the pylon at small angle of incidence 1 (toe-in is positive),

the pylon boundary condition is written for MP control points as:

M+MP
o
i ~_ E E
, §: 4V > 4WV <’ > 4WV ‘>
Ln=1
n=M+1 n=M+MP+1
i,y Vi,v
= — 3 4 ——
e vt T TV
v=M+1,M+2,...,M+MP (100)
where it = i 4 ig radians. Finally, with MT control points on the

left panel of the horizontal tail at small angle of incidence Qs

relative to the wing root chord, the tail boundary conditions is

specified as

M+MP
+ : QE&~ + F cos ¢ F + F s o}
g 47V w + 7 in
T ,n lwv,n Vv,n lvv,n t
n=M+1
N
)
+ — | F cos ¢ - F sin ¢
47V
ya T \% n tv v,n tv>
=MA-MP+1

(continued on next page)
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u. Ww.
S A sV
< v %ty t Ty ) ©os ¢tv

y=M+MP+1,...,N (1ol

e = qtﬁv Q5 atﬁi = atﬁv + ati, radians.

Equations (99) and (100) are expanded versions of the boundary

where ¢ + + g radians and

conditions described in reference 1. The additions are due to the
horizontal tail contributions represented by the third summation term

of the expressions (99) and (100). The functions Fu’ Fv’ Fw are
influence functions obtained from the Biot-Savart law. Therefore, the
perturbation velocities at a point (x,y,z) induced by a horseshoe vortex

on the wing are

r . .
u(X:Y3Z) = Z'—’.U’_ Fu(X,Y,Z,S,?,//c,(b)
v(x,y,2z) = 'ZE; FV(X,Y,Z,S,Y//C,CD) (102)

1

w(x,y,2) = 5= F (X,¥52,8,% oY
47 "w c

The functions Fiv and Fiw in equations (99) through (101) are
influence functions associated with an (optional) pylon tip vortex
image system which accounts for a portion of the interference caused by
the presence of an engine at the pylon tip. The scheme, described in
detail in reference 1 and shown in figure 12, consists of treating the
engine as a cylindrical duct and imaging within the cylinder the horse=-
shoe vortices present on the pylon. In this manner, the pylon-induced
flow through the cylinder is approximately cancelled, the infinite
sidewash velocity over the pylon tip is cancelled, and a 1lift carryover
effect from the pylon to the engine is obtained. Since the vortices
added in this scheme are images of pylon vortices, their location is

known and no new unknown vortex strengths are added.

Equations (99), (100), and (10l) represent a set of M + MP + MT
equations with M + MP + MT unknown circulation strengths which can
be computed through a matrix solution. Two sets of results are cal-~
culated: one at zero wing angle of attack which determines the circu~
lations not dependent on a and one with circulations proportional to

a, called the additional solution. Addition of these two sets of results
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with the latter scaled to the appropriate « yields the total wing-

pylon tall circulations at any angle of attack.

For the zero angle solution, the effects of wing camber and twist,
pylon camber, twist and incidence, and tail camber, twist and incidence
are obtained. If any externally-induced velocities are present, only
that part of the velocities which are caused at zero wing angle of attack
is to be included. For instance, in the case of an engine beneath the
pylon, the zero angle solution should contain the engine-induced velocities
caused by engine incidence relative to the wing root chord, the engine
operating in the wing-induced sidewash and upwash at zero wing angle,

and the flow acceleration (thrust) produced by the engine.

For the additional solution, the physical model is one of an
untwisted, uncambered wing at angle of attack, a pylon with no twist,
camber and incidence, and a tail with no incidence, twist, and camber.

If any externally-induced velocities are present, only that part which

is due to wing angle of attack should be included. For instance, in the
case of an engine beneath the pylon, the engine is considered an open
duct, with no thrust (or drag), aligned with the wing root chord direction
and only engine-~induced velocities due to engine operation in the «a
induced wing sidewash and upwash are considered. A proper test of the
model for the additional solution is that all calculated loadings go

to zero as o goes to zero.

Once the circulations are determined, the load distribution on the
wing and tail can be obtained as follows. The force per unit length on
the vortex filament is calculated as the product of density, velocity

normal to the filament, and circulation strength.

The l1ift on an element is determined as the swun of two contributions:
1ift acting on the spanwise leg of the horseshoe vortex and the 1lift
acting on that portion of the trailing legs within the planform. The
first is calculated using the velocity at the midpoint of the element
guarter chord, the vorticity strength of the bound leg, and the span
of the elemental area. The second depends on the values of the velocity
at the three-—-quarter chord of the area element, the net circulation
A" of the coincident legs along the sides of the area element, and the
appropriate length of the trailing legs. Because of symmetry, the net
strength of the coincident trailing legs and the sidewash velocity
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along the wing and tail root chords are zero, consequently no lift is

computed along the root chords.

The expression for the elemental 1lift coefficient is (ref. 1,
eq. (4)).

L -2 L u v
qsref = Sref v 2s [(} V> cos ¢ + 7 tan %J
area element
2 AL v y
+ S C 5 v (1L03)
ref

These lifts are summed over the chord to obtain section lift. Summing
up the lifts over the wing and tail yields the overall lift coefficient
and the summing of elemental lifts multiplied by their respective moment

arms gives the pitching moment.

To account for compressibility effects, a version of the Prandtl-
Glauert rule is used. The flow is transformed into an equivalent,
incompressible flow according to the following relations.

X!

!

X/B, Y' =Y, Z2' =2

\/1-12 (104)

where the primed guantities are the transformed values. The trans-

™
It

formation on the velocity potential
' (X',Y',2') = ¢(X,Y,2) (105)

yields the incompressible form of the linearized differential equation
for the velocity potential. Accordingly, the perturbation velocities

are related as follows.

u'(x',y',2') = Bu(X,Y,Z2)
vI(X',Y',2') = v(X,Y,2) (106)
w'(X',Y',Z2') = w(X,Y,Z)

Since the v and w velocities remain unchanged in the transformation,

the boundary condition requires that the actual and transformed slopes
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of the wing-pylon camber surface remain the same at given percent chord

stations which are eguivalent points in the transformation.

Program Description

Calculation procedure.- The computer program proceeds through

various stages as follows. The airframe geometry is first read in.

This includes information such as leading and trailing edge sweeps,
dihedrals, root chords, pylon height, horizontal tail location relative
to the wing, and engine cowl radius when appropriate. Then the number
of spanwise and chordwise vortices to be laid out on the wing, pylon,

and tail are specified through input. Associated with the spanwise
specification are spanwise coordinates of the left trailing legs of the
horseshoe vortices. The distances from the root chord to the left legs
are predetermined by the user and read in separately for the wing, pylon,

and tail, vespectively,

With the flow conditions, i.e., angle of attack and Mach nunber,
specified through input, the program transforms the airframe according
to the compressibility rule described above. It then proceeds to lay
out trapezoidal shaped elemental panels in the chordal planes of the
wing, pylon, and tail with one horseshoe assigned to a panel. The bound
leg is made to coincide with the elemental panel quarter chord while
the talls extend chordwise (parallel to the elemental panel side)
downstream to infinity. This section of the program also locates the

control points at which the boundary conditions are to be satisfied.

After completion of the various coordinate computations, Subroutine
INFWW calculates the influence coefficients required by the main program
to determine the elements of the influence coefficient matrix. The
matrix is defined by the left-hand side of equations (99), (100), and
(101). The next step is to build up the array defined by the right-
hand side of the equations. At this stage, all local angles of attack
and externally induced velocities are read in after which two single
column arrays are computed: one for the zero angle case and one for
the additional loading case. Subroutine MATINV inverts the matrix and

solves for the unknown circulation strengths.

As a next stage, the program calls on Subroutine LOAD to calculate

spanwise loadings on the wing and tail as well as the overall 1lift and
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pitching moment coefficients. This calculation is based on the elemental
1ift expression given by equation (103). The last stage of the program
prints out the spanwise loadings on wing and tail together with the

overall lift and pitch coefficients.

As an option and after the circulations are known, wing-pylon-tail
induced velocities at field points determined by the user can be computed

and printed. The program i1s arranged to handle cases consecutively.

Program Operation.- The computer program is written in Fortran IV

and has been run on two machines: IBM 360-67 and Univac 1108. For the
IBM 360/67, a maximum of 200 control points can be used. No tapes are
required other than the standard input and output. For a configuration
employing 120 control points, the running time to calculate loadings is
about six minutes. For the Univac 1108, which has a somewhat smaller
core, the maximum number of control points is limited to 170. The time
requirement on this machine for the 120 control point case is about 2
minutes. In connection with the use of the Univac machine, it should

be noted that the program as listed herein is dimensioned for 200 control
points, and the dimension statements would have to be changed to

permit operation on the Univac machine.

Program limitations and precautions.- There are problems that

could arise in the use of the program. The first has to do with the
layout of the vortices. The velocity induced at a point by a vortex
filament becomes singular as the point approaches the filament., For
each influence function, Subroutine INFWW avoids the singularity by
examining a function which contains the distance between the point and
the filament. If the value of this function is less than lO"5 {(an
absolute value independent of the dimensions of the wing and/or horse-
shoe vortex), that influence coefficient is set equal to zero. Conse-
guently, it is desirable to maintain a minimum value for the input
semispan dimension. It is recommended that the semispan be made egual

to or greater than 1.

Some care must be taken in selecting the spanwise widths of
adjacent area elements and selecting field point locations for calcu-
lating off-wing velocities. As a general rule, the spanwise widths
of two adjacent area elements should not differ by more than half of

the smaller width. For the case where a pylon is present, the upper
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area element on the pylon should have approximately the same spanwise
width as the two adjacent elements on the wing. Also, the area elements
should be laid out on the wing so that the common streamwise sides of two
adjacent elements have the same spanwise coordinate as the pylon. Finally,
use of the program has indicated that off-wing velocities can be computed
at locations as close to the wing as one-half of the width of the nearest
horseshoe vortex. At smaller distances, the influence of the nearest
bound vortex filament is unduly large, and unrealistic velocities are

computed.

A similar kind of problem can arise in the calculation of tail loads,
in the event that a wing-tail combination is calculated. The wing vortex
trailing legs extend downstream in the plane of the wing panel (the
chordal plane). If the wing has no dihedral and the tail lies in the
7 = 0 plane, the wing vortex trailing legs will lie in the tail plane.

In this event, one of two courses 1s suggested. First, the spanwise
spacing of the elements on the tail can be made the same as those on the
wing so that the wing and tail vortex trailing legs coincide. This
arrangement will not produce any unrealistic induced velocities on the
tail due to the wing wake. Alternately, one can recognize that the wing
wake will, in fact, be deflected downward at some angle to the 2Z =0 plane.
As a first approximation, this angle could be taken as 2q/A& on the
basis of lifting line theory. Knowing the axial separation of wing and
tail, the distance of the taill plane above the deflected wake can be
calculated, and the tail can then be given this vertical offset above
the Z = 0 plane. The latter method is probably the most realistic in

terms of accuracy of the wing-induced interference.

The program contains an error message, "DETERMINANT IS ZERO,"
which is printed if the influence coefficient matrix is improperly defined.
This condition should arise only if there is an error in the input or if
the vortex layout is improper, according to the discussion either above
or in the following section. The calculation will proceed, however, but

an incorrect solution will be generated.

The one other circumstance that will cause the error message to
be printed is if the dimensions of IPIVOT and INDEX do not equal NMAX.
If the size of the program is reduced to enable the program to be run
on a smaller machine than the IBM 360/67, the dimensions of the three

variables noted above must be reduced to the same value.
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Description of Input

This section describes the input for the computer program. . In the
following discussion, the content of all input cards is described and,
where appropriate, instructions on generating the input gquantities are
given. All input variables are listed at the end of this section in
the order of appearance in the input deck except that the first three
variables listed do not appear in the input deck but are needed for program
input preparation. The input format for all cards is shown in figure 13,
and the item numbers refer to figure 13.

Item 1.- The first card serves as identification and may contain

any alphanumeric information desired.

Item 2.- The second card specifies the number of chordwise vortices
on the wing panel, pylon, and tail panel (NCW, NCP, and NCT) and the
nurber of spanwise vortices on these components (MSW, MSP, and MST).

The remaining variable is the number of image vortices MSPI used to
repregsent the 1lift carryover due to an engine at the pylon tip. The
presence of the pylon is indicated by a non-zero value of MSP. The
presence of the tail is indicated by a non-zero value of NCT. If the
vortex image is to be used, MSPI must equal MSP. For no image vortices,
MSPI = O,

The accuracy of the predicted 1lift and moment depends on the number
of vortices used. In reference 16, it is suggested that a minimum of
20 vortices be used on the wing semispan (MSW) to obtain accurate 1ift
coefficients. The pitching moment is sensitive to the chordwise number
of vortices. For high aspect ratio wings, NCW = 2 may be adequate.
In general, it is suggested that NCW = 4. For low aspect ratio wings,
larger values may be necessary. For wing-pylon combinations, NCP should
equal NCW although it is not required by the program (the program
however requires the pylon root chord to be equal to the local wing
chord). Reference 16 gives additional insight into the selection of

numbers of wing vortices.

Finally, the number of vortices is affected to some extent by the

considerations noted under Program Limitations and Precautions.

Item 3.~ The three cards described as Item 3 contain data specifying

the configuration and the flow condition. The first card contains wing
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data, the engine radius, and angle of attack at which the additional
loading is to be computed, and the Mach number. The wing chord and semi-
span and engine radius are dimensional quantities and should have con-
sistent units. The engine radius need be specified only if the vortex
image scheme is used (MSPI # 0). The sign conventions for the sweep,
incidence, and dihedral angles is shown in figure 11 and follows the
usual convention wherein positive sweep is sweep aft, positive dihedral
corresponds to wing tip above the root chord, positive tail incidence is
such as to increase the angle of attack of the tail, and positive pylon

incidence is toe-in.

The second and third cards contain the pylon and tail characteristics,
respectively. Again, some of this input is dimensional and should
have units consistent with the wing dimensions. The pylon may be either
above or below the wing, but may not extend both above and below the wing.
If the pylon is below the wing, the dihedral angle PHIP is specified as
-90° and H is positive. If the pylon is above the wing, PHIP is
specified as +90° and H is a negative number. No dihedral angles
other than these two are permitted. The pylon may be located at any
spanwise station on the wing, including the tip (FRAC = 1.0). If neither
the pylon nor the tail, nor both, are present, the appropriate card(s)

would have all zeros; i.e., a blank card can be used.

Item 4.- The sixth card, described as Item 4, contains the coordinates
of the center of moments. These are dimensional guantities, whose units
should be consistent with those of the wing, and whose signs must be
consistent with the wing coordinate system. The Y coordinate, ¥YM,

must be zero.

Item S.-~ The seventh card contains several indices which govern the
input and cutput options, as indicated in the table at the end of this

section.

Item €.- The eighth and following cards comprising Item 6 list the
spanwise location Y (I) of the outboard trailing legs of each streamwise
row of vortices on the wing. The input quantities are dimensional
spanwise distances which should have the same units as the wing span
and chord input values. All distances are input as positive quantities.
The input starts at the root chord and proceeds outward towards the tip,

according to the index I. A value of I = 1 1is assigned to the trailing
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legs on the root chord (Y = 0). Thus, Y(1) is not input. The first
gquantity is Y(2), which is the spanwise coordinate of the outboard trail-

ing leg of the innermost horseshoe vortex.

If a pylon is present, one value of Y(I), say Y(Ip ), must be

vion
that spanwise coordinate at which the pylon is located; that is,

Y(Ipylon) = SSPAN X FRAC.

Since there are MSW vortices, spanwise, on the wing, the maximum
value of I (which is IMAX) is MSW + 1. IMAX is limited to 50 in the
program, so the maximum number of vortices, spanwise, on the wing is
limited to 49. The last value of Y to be entered, Y(IMAX), must equal
the value of the semispan; that is Y (IMAX) = SSPAN.

These six items comprise the minimum amount of input data required
if the configuration consists only of an uncambered and untwisted wing.
The remainder of the input is optional and is governed by the option
card, Item 5, and the pylon and tail vortex specifications, MSP and
NCT, Item 2.

Item 7.~ The first optional set of input is necessary only if a
pylon is present (MSP # 0). The quantities required are the verti-
cal distances Z(K) from the pylon root chord (the wing-pylon intersection)
to the outboard trailing legs of each streamwise row of horseshoe vortices.
The distances are all dimensional quantities, which should have the same
units as the wing dimensions. As in the wing case, Z(1l) is associated
with the trailing leg along the wing-pylon junction and is not input.
The first guantity entered is Z(2), the location of the outboard leg of
the vortex on the pylon nearest the wing. K is limited to 9 (KMAX < 9).
Consequently the spanwise number of vortices on the pylon, MSP, is
limited to 8. The last value of Z(K), Z(KMAX), must equal the pylon

span, H, exactly.

For a pylon below the wing, the Z(K) values are positive. For a

pylon above the wing, the Z(K) values are negative.

Item 8.~ This set of input is necessary only if a tail is present
(NCT # 0). The three guantities on this card are the X, Y, and Z
coordinates of the leading edge of the tail root chord. These are
dimensional quantities and must have signs according to the axis system

of the wing. The Y coordinate, TNY, must be zero.
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Item 9.- This set in input is necessary only if a tail is present
(NCT # 0). The quantities on these cards are the spanwise distances
YT(K} from the tail root chord to the outboard leg of each streamwise
row of horseshoe vortices. The procedure for obtaining the input is the
same as that for the wing. The layout of the tail vortices should be
governed by the comments made under Program Limitations and Precautions.
The final value of YT must be equal to the tail semispan TSSPAN. The
maximum value of K permitted is 15, which limits the spanwise number

of vortices on the tail semispan to 14.

Ttem 10.- This set of input is necessary only if the wing has camber
and twist {(ALPHLC = 1.0). The quantities specified in this set of cards
are the tangents of the local angles of attack, ALPHAL, of the cambered
and twisted lifting surface at each control point for zero wing angle of
attack., The first card in this item contains these values for the
chordwise row of elemental panels nearest the root chord, starting with
the panel nearest the leading edge. In the event that there are more than
eight chordwise panels on the wing, the second card would have the values
for the ninth, tenth, etc., panels in that first row. Otherwise, the
second card has the values for the chordwise row next outboard of the
first row, and so on. Thus, there are MSW (or possibly 2 MSW) cards in
this item.

The values of ALPHAL are obtained as follows. Consider the upper
sketch in figure 11(b), which shows the cambered and twisted section of
the lifting surface at some spanwise station 1, for zero wing angle of

attack. At the control point P, a tangent to the surface is constructed,

which makes an angle a, with the root chord (the X axis). The
positive sense of a, is shown. The input value required is
ALPHAL = tan a,-

Items 11 and 12.- The input guantities in these two items are

externally induced velocities at the wing control points. Cards with
this input are regquired only if EI of item 5 is 1.0. Each card has the
index number JN of control point and three velocities: uw/V, v/V, and

w/V. The velocities are those induced at the control points on the left
wing panel and must have signs consistent with the wing coordinate system.
The control polnts are considered in the following order: the first is
nearest the leading edge and root chord, and the succeeding points

proceed aft chordwise to the trailing edge, then from the leading edge
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of the next outboard chordwise row aft towards the trailing edge of this
row, and so on, ending with the chordwise row at the tip and the control
point nearest the tip and trailing edge. There are M cards in each

of these two items, where M = MSW X NCW.

The induced velocities in item 11 are those that are present on
the wing when the wing angle of attack is zero. The induced velocities
in item 12 are those that are proportional to wing angle of attack and
have magnitudes associated with the wing angle of attack, ALPHA, input

in item 3.

Items 13 and 14.- The input gquantities in these two items are

externally induced velocities at the pylon control points. Cards with
this input are required only if EI of item 5 is 1.0 and MSP # O in

item 2. The input is determined in much the same manner as items 11 and
12. The order of control points is as follows: the first is nearest the
pylon-wing intersection at the leading edge and succeeding points
proceed aft in a chordwise direction to the trailing edge, then from

the leading edge of the next outboard chordwise row aft to the trailing
edge, and so on. There are MP cards, where MP = MSP X NCP. The control
point index JN in each card ranges from a value of M + 1 for the first
card in the item to M + MP in the last card of the item. Item 13
contains velocities present for a = 0, and item 14 contains velocities

proportional to a.

Items 15 and 16.—- The input quantities in these items are externally

induced velocities at the tail control points. Cards with this input

are required only if EI of item 5 is 1.0 and NCT # O in item 2z. The
input is determined in much the same manner as in items 11 and 12. There
are MT cards, where MT = MST x NCT. The control point index JN ranges
from M+ MP + 1 to M+ MP + MT. Item 15 contains o = 0 velocities

and item 16 contains velocities proportional to «.

Item 17.- This set of data is required if a pylon is present
(MSP # 0) and if the pylon has camber and/or twist (PINCLC = 1.C in
item 5). The qguantities specified are the tangents of the local angles
of attack, PINCL, of the cambered, twisted pylon mean surface at each
control point for zero pylon root chord incidence (toe-in) and zero
wing angle of attack. As in the wing case, item 10, the first card

contains values for the control points in the chordwise row of panels



nearest the wing-pylon junction, and each succeeding card covers the
entire next outboard chordwise row. There are MSP cards in this item.

The values of PINCL are obtained as follows. Consider the middle
sketch of figure 11(b), which shows a section of a pylon under the left
wing panel. The pylon root chord has toe-in, so that it makes an angle
i with the X direction. Due to a combination of twist and camber,
the tangent to the pylon mean surface at control point P makes an

angle i with the pylon root chord direction, positive as shown. Then

PINCIL = ﬁan ig‘

Item 18.~ This set of data is required only if a tail is present
(NCT # 0) and the tail has camber and/or twist (TLPHAC = 1.0 in item 5).
The gquantities specified are the tangents of the local angles of attack,
TLPHAL, of the cambered and/or twisted lifting tail surface for zero wing
angle of attack and for zero tail incidence angle. The order of points
and card arrangement follows those of items 10 and 17. There are MST

cards in this item.

The values of TLPHAL are obtained as follows. Consider the lower
sketch of figure 11 (b), which shows a tail whose root chord is located

above the wing a distance TNZ and makes a positive incidence angle Oy s

with respect to the X axis. At some spanwise station, the tangent to

the mean surface at control point P makes an angle with the tail

atﬂ

root chord direction, due to camber and twist, where oy

shown. Then TLPHAL = tan g

is positive as

tg
Item 19.~ This set of data is required only if induced velocities
are to be computed at field points adjacent to the wing-pylon-tail
(MMM # O in item 5). The number of cards in this item is MMM. Each
card has X, Y, and Z coordinates of a point where the induced velocities
are desired. The points need not be in any particular order, although
an order might be dictated by the subsequent use of the output as, for

instance, an engine-wing interference calculation.

This completes the description of the input and its preparation.
The program variables with algebraic symbol and comments are listed

below in the order in which they appear in the input deck.



Program

Variable

M

MP

MT

JN

Item 2

NCW

NCP

MSW

MSP

MSPI

NCT

MST

Item 3
PSIWLI

PSIWTI

CRWI

SSPAN

PHI

Algebraic Symbol
(if applicable)

M

MP

MT

LE

TE

b/2

Comment

number of control points on wing
semispan M = NCW X MSW

number of control points on pylon
MP = MCP X MSP

number of control points on tail
semispan MT = NCT x MST

running index of control points
1 < JINC(M+ MP + MT)

number of chordwise vortices on
wing

number of chordwise vortices on the
pylon, NCP = NCW

number of spanwise vortices on left
wing panel, 1 < MSW < 49

number of spanwise vortices on the
pylon. If MSP = 0, no pylon is
present, MSP < 8

number of spanwise image vortices,
MSPI = MSP. If MSPI = 0, image
vortex scheme is not included
(also see RAD).

number of chordwise vortices on the
horizontal tail. If NCT = 0, no
tail is present.

number of spanwise vortices on left
tail panel, 1 < MST < 14

wing leading-edge sweep angle
measured in the wing planform,
positive for sweep back, deg.

wing trailing-edge sweep angle
measured in the wing planform,
positive for sweep back, deg.

wing root chord, dimensional

wing semispan, dimensional

wing dihedral, positive for tips
above root chord, deg.

Lo
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(Input program variables, cont.)

Program Algebraic Symbol
vVariable (if applicable) Comments
RAD engine radius, dimensional: RAD = 0.0
corresponds to the case of MSPI = O;
if MSPI = 1, a non-zero value of
RAD must be specified
ALPHA a wing root chord angle of attack
relative to free stream, deg.
MACH M free-stream Mach number
PSIPLI 13 pylon leading-edge sweep angle,
PLE positive for sweep back, deg.
PSIPTI . pylon trailing-edge sweep angle,
Prg positive for sweep back, deg.
CRPI pylon root chord, dimensional
H pylon height (span), dimensional
value is positive for pylon below
wing and negative for pylon above
wing
PHIP pylon dihedral angle: =90.0 for
pylon below wing and +90.0 for pylon
above wing, deg.
FRAC YPYL/(b/2) spanwise pylon location, fraction of
semispan
PINC i pylon incidence relative to X
direction, toe-in positive, deg.
PSITLI Ve horizontal tail leading-edge sweep
LE angle measured in tail planform,
positive for sweep back, deg.
PSITTI (28 horizontal tail trailing-edge sweep
TE angle measured in tail planform,
positive for sweep back, deg.
CRTI tail root chord, dimensional
TSSPAN bt/2 tail semispan, dimensional
PHIT ¢t tail dihedral, positive for tip above
root chord, deg.
TLINC Ay horizontal tail angle of incidence

with respect to wing root chord,
positive for upward induced face, deg.



(Input program variables, cont.)

Program

Variable

ITtem 4

XM
YM
ZM

ITtem 5

MMM
ALPHLC
PINCLC
TLPHAC

EI

CIRCP

Item 6

Y(I)

Algebraic Symbol
(if applicable)

Y(2),¥(3),...,

IMAX)

~

Comments

coordinates of pitching-moment centerxr
in wing coordinate system, dimensional

number of locations in vicinity of
wing-pylon-tail at which wing=-pylon-
tail induced velocities are deter-
mined (MMM < 50). If MMM = O,
induced velocities are not calculated

ALPHLC = 0.0: wing without camber
and twist

ALPHLC = 1.0: wing with camber and
twist. (ALPHAL (J) must be read in
item 10)

PINCLC = 0.0: pylon without camber
and twist

PINCLC = 1.0: pylon with camber and
twist (PINCL (J) must be read in
item 17)

TLPHAC = 0.0: tail without camber
and twist

TLPHAC = 1.0: tail with camber and
twist (TLPHAL (J) must be read in
item 18)

EI = 0.0: no externally induced
velocities
EI = 1.0: externally induced velocities

included (All cards described in
items 11-16 must be included in input
deck even though some may be blank)

CIRCP = 0.0: horseshoe vortex
characteristics not printed

CIRCP = 1.0: horseshoe vortex
characteristics printed in output

distance from wing root chord to
outboard trailing leg of Ith wing
horseshoe vortex, dimensional

(2 < I < IMBX, IMAX < 50). One
value must equal FRAC*SSPAN if a

W
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(Input program variables, cont.)

Program
Variable

Y (I) cont.

Item 7

z (K)

Item 8

Item 10

ALPHAL (J)

Ttem 11

UET (JN, 1)

96

tan aﬂ(l), tan az(Z),

U.i uj
v D5

Algebraic Symbol

(If applicable) Comments

and the last wvalue
identically

pylon is present,
must equal SSPAN,

7(2),2(3),...,
Z (KMAX)

distance from pylon root chord

to outboard trailing leg of Kth

pylon horseshoe vortex, dimensional

2 < K < RMAX.

z(K) are positive for pylon below wing
and negative for pylon above wing.
Last value must equal H identically.
If MSP = 0, no input cards are
necessary

horizontal tail root chord nose
coordinates, dimensional. If
NCT = 0, no input cards are necessary

distance from horizontal tail root
chord to outboard trailing leg of
ITth tail horseshoe vortex, dimensional

YT(2),YT(3),...,
YT(ITMAX)'

(2 < IT ¢ ITMAX, ITMAX < 15). The
last value must equal TSSPAN,
identically. If NCT = 0, no input

cards are necessary

tangent of local angle of attack of
wing mean surface at J'th control
point due to wing twist and camber.
See figure 11 for sign convention.

1 <J<«<M, M 125, (If ALPHLC = 0.0,
no input cards are necessary)

..., tan az(M)

3 (2,1),

Yy
ey (41

(continued on next page)




(Input program variables, cont.)

Program Algebraic Symbol
Variable (if applicable)
i Vi
VET (JN, 1) ~ (1,1), ~ (2,1},
v,
i
cees X7 (M, 1)
W, W
WEI(ON,1) == (1,1), == (2,1)
A\ \Y%
Wi
e T (M, 1)
Item 12
v Vs
VEI (JN, 2) ~ (1,2), ~ (2,2),
V.
i
cees T (M, 2)
W, W
WEI (JN, 2) <~ (1,2), ~ (2,2),
Vi
T2 (M, 2)
Item 13
Uy uy
UEI (JN, 1) ~ (M+1,1), < (M+2,1),
9
cees T (M+MP, 1)
vy vy
VEI (JN, 1) 17‘(M+l,l), —_ (M+2,1),
Vi
s 7 (M+MP, 1)
Item 14
vy v,
VEI (JN,2) — (M+1,2), — (M+2,2),
\ \

AVAN
U Tl (M+MP, 2)

N

&

B

?

Comments

externally induced velocity components
at JN'th wing control points for
zero angle case. 1 < JN < M, M < 125.
(If EI 0.0, no input cards are
necessary)

externally induced velocity components
at JN'th wing control point for
additional loading case. 1 < JN < M,
M < 125. (If EI 0.0, no input
caTds are necessary)

externally induced velocity components
at JN'th pylon control point for

zero angle case. M + 1 { JN < M + MP,
M < 125, MP < 25. (If EI = 0.0, no
input cards are necessary)

externally induced velocity components
at JN'th pylon control point for
additional loading case.

M+ 1< JINCM+ MP, M C 125, MP < 25.
(If EI = 0.0, no input Cards are
necessary)
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(Input program variables, cont.)

Program
Variable

Item 15

UET (JN, 1)

VEI (JN, 1)

WEI (JN, 1)

Ttem 16

VEI (JIN, 2)

WET (JIN, 2)

98

Algebraic Symbol
(if applicable)

u.
~ (MP+1,1)
9y
~ (M+MP+2,1) ,

u.
e, T% (M+MP+MT, 1)

V.
~ (M+MP+1,1),

V.
ﬁ%—(M+MP+2,1),

V.
e, 7% (M+MP+MT, 1)

W,
7% (M+MP+1,1) ,
Wi
< (M+MP+2,1) ,

£

cees T (MEMP4MT,1)

7% (M+MP+1,2),

—= (M+MP+2,2),

AV
7% (M+MP+MT, 2)

W,
1
T (M+MP+1,2),

w

?% (M+MP+2,2) ,

£

e, 7% (M+MP+MT, 2)

|

‘

Comments

externally induced velocity components
at JN'th tail control point for zero
angle case.

M+ MP+ 1< JN M+ MP + MT,

M < 125, MP < 257 MT < 50. (If EI = 0.0,
no input cards are necessary)

externally induced velocity components

at JN'th tail control points for
additional loading case.

M+ MP + 1 {JN M+ MP + MT,

M < 125, MP < 25, MT < 50. (If EI = 0.0,
no input cards are necessary)



(Input program variables, cont.)

Program Algebraic Symbol

Variable (if applicable) Comments

Item 17

PINCL (J) tan iz(l), tan iﬁ(2), tangent of angle between pylon mean
surface tangent at J'th control

..., tan iz(MP) point andpylon root chord direction,

due to camber and twist of the pylon.
See figure 1l for sign convention.
1 < J < MP. (If PINCLC = (0.0, no
input cards are necessary)

Item 18

TLPHAL (J) tan atﬂ(l)’ tan at£(2), tangent of angle of attack of tail
mean surface at J'th control point
(MT) relative to wing root chord plane,
due to tail camber and twist. See
figure 11 for sign convention
1 < J<¢MT., If TLPHAC = (.0, no
input cards are necessary.

...y tan g

tl

Ttem 19

PMX (MM) coordinates of locations at which
PMY (MM) wing-pylon~tail induced velocities
PMZ (MM) are computed. 1 { MM < MMM
If MMM = 0, no input cards are
required

Samples of two input decks are shown in figure 14 illustrating the
previously discussed options. The first input deck shown is for a wing-
pylon-tail configuration with no externally induced velocities. The
image vortex scheme is included. The vortex lattice is made up of 20
spanwise rows and 4 chordwise rows of vortices on the left wing panel,

10 spanwise rows and 2 chordwise rows of vortices on the left tail panel,
and 2 spanwise rows and 4 chordwise rows of vortices on the left pylon.
The airframe configuration is that shown in figure 16 and the flow
conditions are specified by a free stream Mach number of 0.7 and angle
of attack of 2.5°. The induced velocity field in the vicinity of a

turbofan engine is required.

The second input deck shown in figure 14 concerns the same con-
figuration, but includes velocities induced by a high bypass ratio turbo-
fan engine. The preparation of input for this case is discussed in

detail in the section entitled "Sample Interference Calculation.”
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Description of Output

This section describes the output from the wing-pylon~tail program.
In the following, all items of output are enumerated and the contents

briefly described. Two sample outputs are shown in figure 15.

The first page identifies the run and prints the geometry data,
vortex distributions, and flow conditions as specified in the input.
The wing root chord angle of attack, @ = ALPHA, is given in degrees on
this page. In all following items ALPHA is specified in radians. On
the next pages, program-~computed control point coordinates are listed
together with the mean surface slopes specified in the input as tangents.
This part of the output also prints the externally induced velocities
corresponding to the zero angle and additional loading cases. In the
first sample case, figure 15(a), these velocities appear as zeroes.
Whereas in the second case, figure 15(b), non-zero values were read in.
The next item is optional, called for by CIRCP = 1.0 in the input,
and provides information concerning the computed horseshoe vortex
characteristics. This output starts on a new page and includes bound
leg midpoint coordinates, bound leg sweep angles and vortex half widths.
The calculated vortex strengths for the zero angle and additional cases
are also listed in this option. The following new page contains the
asrodynamic performance parameters computed by the program. All force
and moment coefficients are referenced with respect to wing (planform)
area and wing average chord, which are listed. Results are computed for
the zero angle and additional cases. In the case of the span load
coefficients, ccﬂ/chav’ the wing 1lift coefficient CL is that for the
loading case being considered. All-length dimensions are the same as in
the input and the coordinate system associated with the control points,
etc., is shown in figure 11. The last and optional item is called by
MMM # O in the input and starts on a new page. This output includes
coordinates of the locations at which wing-pylon-tail induced velocities
are calculated and the induced velocity components at these locations for

both the zero angle and additional loading cases.
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Program Listing

The wing-pylon-tail vortex lattice program is written in Fortran IV

for the IBM 360/67 computer. The program consists of the main
program and three subroutines.

Program Identification

Page No.
MAIN VLO1 , 102
LOAD VLO?2 110
INFWW VLO3 115
MATINV VL0O4 115
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Z0T

SOMNAOAANARNANN A NN

=

EING-DYLON-TALL VORTEX L AYTICE PRIOORAM ViGinnnt
THES PRAGRAM CNNSISTS OF VEOTT 2

BATN BPROAGE &M UANAE Eattiakl

SURROUTINE  0AD virinnna

SURRMITINE TNE Wi [ IAS TaleTain

SURROUTINE MATINY YIATANT 4

AT Saleany

viainnen

THE{S PROGRAM 1S ARRANGEDN T LAY-0UT MAXTIMUM OF 125 VORTICES ON viginnee

THF LFFYT WING PANEL, 25 0N THF LEFT PYLON, 5C ON THE LEFT HNRIZON-VLOIDOLN

TAL TATL PANFL, TOYAL NUMALR 0OF VARTICFS  MUST NOT FXCFED 200 vLrine it

vinient?

MAXTHUM 46 SPANWISE ROWS AN LEFT HALF WING, % ON PYLOM, 14 98 LEFTVLOLINCYLR

TATL vioinny 4

viLGcinngs

viLOInNt 6

vioiony?

ViQinniR

DIMENSINN STATEMENTS viniente

vLN1on26

VENINN21

DIMENSTON Y{S50),709),SUMY{S0),SUMZI9),SWUPVIL25),SHPCIO),PVX(125}, VIA1Dr2?

1PVYL{125) ,PVI(L251,PCX{125),SW{125),SP{ 25),5WPCP(0),PVPY({ 725}, vinlnazs
2PVYPYL 251 ,PVPZ{ 25),PCPX{ 251, FUHI2),FUWL2),Fun(2),Fur(2), VEnIne 24
AEVP{2) ,FRP (21 CIRI2NG,2) s YHW(2) 3 YHP(2),YPHI2),YPPL2) ,FUNI200,200},VLOLAN2S
GIPTYOTL200), INDEX{200,21,PVXPET{125},PVPXBE(125), TALK(27), veninnze
SPCXBET(125), SWPVVP L1251 SHPVPL 25} ,PCPXREL 25),21(9),SPTC 2%5), vLeinn2y
ESUMZTIQ) (SHPVPTIL 25),SHPCPT{9),PVPXIL 25),PVPYI{ 25),PVPZ1L 251, VLC12N2%
TPCPXT( 25),YWPL(2) ,PTLX{125),PTLY{125},PTL7(125}),CHLNCIS0), viLolonze
BYTHI2) ,YTP{2),YTPI(2},YRW(2),YRP{2) ,YBPI12),V(125:2),t11125,2}, vieinoan
GYB{125472) s T{125) 4 SUNLIF(2Y L TLLIFT{125,2),PLLIFT(125,21,YPPI{2) vininnig
vLninniz

DIMENS TON Vi0oi1nniz

1CHLIFT(50,2)2SLOCOL{SN,2) ,SLDEO(S0,2 ) ,ELPANLIL25),FUPT{2},FVPIL{2),VLOL0034
2FHPT(2),YLOCIS0) UF(57,2) ,VE{50,2),HEL5D,2),PMX(50),PRY{5N), VLO 10035
APMZIS0) o YUM{2) , YPMIZ), YD IM(2), ALPHAL (125),PINCL{25),UF1{200,2), VLN1703A
AYET(20042) WFI{200,2),,BLLIFRI125,2)1,SECLIF({50,2),SUMCIR{200), viainn27?
5 . CHLOCRBIS50) . YTI15), SUMYT(15), VLOL19M 3R
ETYLOCL15),STI{S0),SHPTALQ) ,SHPTVI50), SWPTYVI50) ,PVTX(50),PVTY {50}, VLDINNZQ
TPYTZ{S0C) yPCTX{S0),PTTLX{S0) 4PTTLY (S50} ,PTTLZ(5C),PCTXRE(SN), Vlﬁlﬂ"kh
BYWTIL2Y, FUT(2),FVT(2) ,FWTI2) ,TUMLEF (2),TCHLIF(15,2),YTT(2}, VL0O1N04]
QYRTHI2 ) YBTT(2), TCHLOCELS ), TSLNCILI5,2) 3 TECLIF (15,23, TSLOCOI1R,2),VL 10042
TYTYR{2Y JWMOM{2) , TMOME2) , TOTMOM{2) ,FUNTI200,251,C1R1(25,2), vLoinnal
PSUMCITYL 25), TLPHAL (50),VETOT(30)},WFTAT(5), VLTINN44
IYBT{2),YPTL2) 4 YIPTIZ2) YTHID ), YBTPI(2},YRTP(2),TT{5N), TLPANL(57), VLO12045
AYTLIFT(50,2)RTLIFT{SN,2),VT(50,2},UT{5N,2),VRT{50,2),CLTAT{2} VLD[OQA?
VLMINOA

COMMON CRWEy SSPAN, SHPHL 1, SWPHT T, SREF,CAVE SUMLIFCHLIFT,NCW,V, ¥, ViLo1NN4R
IYTH  PTLX sPTLY 4 PTLZ (PYX,PVY ,PVZ o SHPVVP s PHT , SHFUH, FUW FHW,C IR ,MSP, VLD1AN 4G
ZMPL L HMP YTR, PYPX,PVPY PVPZ,SHPVP ,PHIP,SP, FUP,FVP FWP, MSR T, MPOY, VLo 1A0&A

INMMT  MP L YTPT (PVPYT ,PYPYT,PYPZE SHPVPI,SPT,FUPTFVPL,SUWPT,CIRT, VLo s)
ANCT MT  PYTH, PYTY  PVTZ SHPTVYV, PHI T YTT, ST, FUT,FVT \FWT, U, VA, VAW, V1011052
SYRPIYRTyCHLNC ¢ ¥y SHPRLE y SWPWTE , T,CSPHI FRAC, TMAX, ELPANL,TLLTFT,  VLN1N0S3
6BLUIFR,BLLIFT,SLRACO1,SECLIF,SLBCO,BETA,CRY,CRT, XNC,YRP, VIn19054
TERTI, TSSPAN, SWPTLT JSWPTT I, TSREF, TCAVE , TUMLIF, TCHLIF, VT,YTTW, VLPAIN%SS
APTTLXY yPTTLY PTTLZ 4UT VAT, YRTW,YBTT,VATP ,YATPT, TCHLOC, VT, SWPTLF VENLONSE
COMMON SWPTTE,TT,TESOHT, TTMAX, TLPANL f TTLIFT,BYLIFT,TSLOCT, VLNLINNST
LTECLEF s TSLDO O, WHOM, THNH, TATMOM, CLTIT U £, VET ,WF I vLOLON&R
VLOLOCSS

NMAX =200 VLOLA0AN
vLoLre 6l

VEALIE2

RPEAL MACH AANAR S IAL-E]

1 OFORMAT {1H1,27X,32HHP2SESHOE VORTLX CHARACTERISTICS/ /10X, 1 7HRAUNDLVLAINNEA
1EG MINPNINT 35X, 24HVORTEY STRENGTHS, GAMMA/V /13X, LIHCOOROINATES/ 3XVININTAS
2 e HI g SX g LHX QX g LHY O X 1H 7, 5%, IOHSWEFP(NEG Y, 1 X, OHSFMIWIDTH, 7X, THALPVLOLNNES

THAZ0 L 6X, FTHADPI TIONAL L ALPHA=,FQ,4 /2%, 1 3HWINC VIRTICLS/) VLN AT
¢ FORMAT (715} VLrLArka
T FORMAT (8F10,5) . vin1ncee
Q@ FORMAT {4X,23MTE SWIF?,NFAO, y FR, 4, 2%, F8,4,2%,73,4) LRI Falak 2ol
O FORMAT { 3Y,1RJ,5%, 1HX,8X 1BV 0%, 117 ,7X,50SL0PF, 12Y, YV I TY

Ly TX 330V, TY, 2HW IV, 17X, 3HV AV, TX, 3HW/V) vinianTe

POOFORMAT (4X PIRPYLOR INCIDFNCE,NEG,  , BH--om——m- A I e I IR
Lo H RS LR
L1 FORMAT (PFLAR,G, 192444y 1F9.4, [F1%.4) Wi s
12 FORMAT(/ 144 CI9CZUINT 14H CIRC/UINE, 148 VOE.SEMTWINTE,  viniantea
TI2H VORJSWEEP, 157 X UNSTRETCHEN, 13 ¥ Vi I ovLonnTT
? s YIRSUM CIRC/UINT 7/ A%, 10K AMPHAZC 4 IDHADDI Y IANAT (17X AR WA
BIIHUNSTRETCHED) vLnin~ra
13 FNRMAT (T4, 1%, F9uby2X B4, 2X FB.4, 2 FBLG, 2Y T B, TX FRIL,TY, VLot Anen
1F3.4) virinnay
14 FORMAT (1H1, 20A4/) vinionae?
15 FNRMAT (20A4) vininnes
17 FORMAT (1H1, 25H NETERMINANT IS 7FR0) MGIGLLEY
TR OFORMAT{/9X,22HTDTAL L1FT FOEFFICTENT, 19X, 24HTOTAL MOMFNT COEFFIFLEVICIONAS
INT) viclanee
10 FORMAT (SX,FB.6,5X,FB,4 427X F8.4,5%,FR.4) viotnnar
21 FORMAT (4X,23HRIHEDRAL ,NEG, 1 FBL4,2Y,F8,4 1PX FR A VLRI RR
22 FORMAT (4X,23HROCT CHORD 1 FRL 2N, PB4y 2XFR,4) vt oronae
23 FORMAT (33X 13, TX FB. 46X FRL 46X JFRLG A (FRLA, AKX, FRL, TX,FR,4) vioinnee
24 FORMAY { 3X,4HWING/) vinionag
25 FORMAT (4X,23HSEMISPAN v FBL6, 2%, AHomm o 12X, FRLAIVLOL00O2
76 FORMAT (4X,23HPYLON LOC./HWING SFHISP,, BH- “y2X FBL 442X, BH-=—V1 010093
[, ) VEN1D094
27 FORMAT {4X,23HPYLON HE IGHT y AHommeeaeo 12X 3 FR 652X, BH-~~VL 010N 05
1- -1 vioiones
2R FORMAT (/24%,20HREFFRENCE QUANTITIFS//S5X, 1IHWING SPAN, R, 4X,23HWINGVLO10097
L PLANFORM AREA,SREF,4X, 1O9HWING AVE.CHORD,CAVE} VLO1Dn9R
28 FORMAT (TX,FR.4, 11X, FO.4,14X,F8,4) vt clnoaa
10 FORMAT (4X,23HLE SWEFP,NEG. v FBLO,2Y,FRBL4, X, FR.4) veoicien
21 FORMAT {10FB.5}% violniny
22 FNRMAT (115,5F5.1) violoiaz
33 FORMAT (3F10.3), vioioies
34 FNRMAT (1H1,4X,36HCONTRAL PNINT CONRDINATES AND SLAPES,15X, VLOLIn106
179HEXTFRNALLY {NDUCED VELOCITIESY VLO12105
26 FORMAT {14, 1XeF9.442XsFB,6 42X FB,4,2%XFB.4,6X,F9.5,1XsF0,5,1%,F3,5VL 0101064
1211X,F9,5,1X,F0,5) vLD10107

36 FORMAT (1H1,9X,66HVELOCITIFS TNDUCFD AT SPECIFIEN POINTS IN THF VIVLO1N10R
1CINITY NF THF WING// 41Xy 1H{ 9%, THALPHA=0,12X,1H} 45X, 1H{3X,1 THADDIVLOI1010C

2TIONAL , ALPHAS s FR. 4y 1H) 4 ) vLeINT 10
37 FORMAT (11448F13,6) vLCIntll
3R FORMAT (4X,30HPITCHING MOMENT CENTFR P2 FBL4,2X,FB.4,2X,FBVL 010112

1.4) TEILISE
39 FORMAT (2X,1293X,FB.4s2X,FB.4, 2X,F 8.4, TX FB.5,2%X,F8.5,2%,FB.5,7X, VININ114

1FB8.5,2X,F8.5,2X,F8.5) vLrInlLs
40 EDRMAT { 3%, IHN, 6X41HX, 9%, THY, 9%, LHZ 0 13X, 3HU/V s TX, 3HV/V, TX, 3HH /V, VLOINL1A

112X 3HU/V TX g 3HV IV, T 3HH/V/ ) vLOLA11T
41 FORMAT ( 114,6F15.6 } vLOI0118
43 FORMAT (15, 3F12.4) vtointite
45 FORMAT (15,3F25,6) vininzn
4h FNRMAT (4X,30HTAIL RT.CHORD NOSE COORDINATES,2X,FRu4y2X,FB.4,2%,FAVLOINLZ]

1.4} vinin122
47 FORMAT (/2%, 1OHWING CONTRCL POINTS/) vLo1n123
48 FORMAT (14,2X FRB. 42X F Bty 2XeFBuby2X FB.4y6%,FO.5,1X,FO.5,1X, VLOLnL 24

T s 11X F9.5 1%, GHmmmm o oo ) vLein12s
49 FORMAT [4X,23HTATL INCIDENCE,DEG. B T $ 2%y R m e J2XVLPL0126

LFR.4) vinia2?
S0 FNRMAT (/22X, 9HVET,ADDTL) viniogze
51 FORMAT (//SUX,1H(,4X, THALPHASO, 16X, 1H), 1X; 1H(2X, 1THADDITINNAL ,ALPVLO1 9129

1HA=  FR.4,1H) /34X, 12HMEAN SURFACE) vLO12130
53 FORMAT {1F31.4, 2129) vin17131
54 FORMAT (1F23.4, 2F1%.4, 1F25.4, 1F13.6,2F14.4) CVLOLN132
5 FORMAT (1F17.4, 3129) [IESLIEE!
S6 FORMAT {/30X, 12H YACH NUMRER) ETRIET
57 FARMAT (1F3R.4, LF12.4) RSTIEL
SR FORMAT (4X,23HCHORDWISF VORTICES 12X 13, 7X, 13,7X,13) VLO1N1 26
50 FORMAT {//34X,13HGEOMETRY DATA//28X, &HWING,6¥, SHPYLON,SGX, 44TAILVLOINL27

173 VIC19138
AC FCRMAT {4X,23HSPANWISE VORTICES 22X 1357, 13, 7%, 13} vLA1ng 29
51 FORMAT (15X, 44HENGINE INDUCED VELOCITIES OM HORTZAMTAL TATL/22X,0HVLNIN14N

TUL ALPHA=0, 17X, OHV ,ALPHA=0, 17X, OHivg AL PHA=R) vLn1nlal
52 EORMAT [4X,16HTURBNEAN RADTUS=,4X,F8,4) vininiez
63 FNRMAT (2F18,4,1F26.4,1F14.4,3F18,4) vin1n143
54 FORMAT (/3% 4HTATL /) vLr1nL44



v
v

65 FORMAT(/24X,26HSPANHISE LOAD DISTRIRUTION//2X, THSTATION,SX, 7HY/(VLO10145 BTLIFT(J,1

1=0 ' vLOLNZ21?

TR/2) 45Xy 13HLOCAL CHORD,C 46X 3 12HCLEC/CLECAVE 14X, INHCLXC/(25B)//42XVLOLNL 44 31218 BTL[FT(J,Z):O V010212

2, THALPHA=0,2X, LOHADDITIONAL , 7Y, THALPHA=0,2X, 1OHANDITINNAL /51X, 6HAVLO10147 c vVLO1N219
3LPHA=,FR,4,12X, 6HALPHA=,fE.4) vininlae c vLo10220

&6 FORMAY (4X,26HANGLE 0OF ATTACK,ALPHA,DEG.,7X,F8.4) V01149 HRITE {6414} TALK VLo In? 2L

67 FORMAT(43X, 112,27X, 112) vLOLO1S0 c vLO1n222

68 FORMAT (/2X,13HTAIL VORTICES} vVin10151 c READ IN NUMRER OF CHORDWISE VORTICES OM WING AND PYLOM, SPANWISF VLOLN223

A9 FORMAT (3F10.5) _ . ovioi0152 S [ VORTICFS.ON WING AND PYLON,SPANWISE ON I[MAGE PYLON,CHNRDWISE AND VLC1N224

70 FORMAT (4X,20HMACH NUMBER 13X, FB,4) VEGIA153 c SPANWISE ON HORIZONTAL TATL vLOLN22S

71 FORMAT (/SX,7HALPHA=0,5X%,1THADDETIONAL » ALPHA=,FB.4,5X, THALPHA=0, VLOL1N154 c VLO19226
16X, L THADDIVIONAL yALPHA=,F8,4) VLD10155 READ (5,6} NCHNCP,MSW,M5P,MSPT 4NCT,MST vio10227

72 FORMAT (1H1,33X,2THAERODYNAMIC LOADING RESULTS///9X,21HWING LIFT CVLO10156 c vL010228
1OEFFICIENT » 20X, 21HTAIL LIFT COEFFICIEMT) VLN10157 c READ IN WING L.E. AND T,E. SWEEP ANGLFS,WING POOT CHORD, VL01b7Z79

T3 FORMAT (//39X,21HX 12l vL010158 C WING SEMISPAN,WING DIHEDRAL,TURBOFAN RADTIUS,WING RODT CHORD viLoinzae

74 FORMAT (/2%,20HPYLON CDNTRDL POINTS/) VLO10159 c ANGLE OF ATTACK,FRFE STREAM MACH NUMRFR. vLoL0231

75 FORMAT {/2X,19HTAIL CONTROL POINTS/} VL2101 60 % READ IN PYLON L.E. AND T.E. SWEEP ANGLES,PYLON ROOTCHNRD, vLO10232

76 FORMAT {/2X.14HPYLOM VORTICES/) V1010161 C PYLON HEIGHT,PYLON DIHFDRAL,PYLON LOCATION,PYLON INCIDENCE, VLO10233

T7 FORMAT (/2X,20HPYLON [MAGF VORTICES) VLO10162 < READ IN TAIL L.F. AND T.E, SWEFP ANGLES,TATL ROOTCHORD, VLO1N234

78 FORMAT (/734X ISHFLOW CNNDITIONS//) vioreiss [ TAIL SFMISPAN,TAIL DIHEDRAL,TAIL INCIDENCE. vL010235

c VL010164 c vLOLN236
c vLO1N1 65 READ (5,7} PSTHLI,PSIHTI,CRRI,SSPAN,PHIRAD,ALPHA, MACH vL010237
c VL0101 66 READ (5,7) PSIPLI,PSIPTICRPIH,PHTP,FRAC,PINC ven1023s
1000 READESE5)- TALK VLO19167 READ (5,7} PSITLL,PSITTIZCRTIyTSSPAN,PHIT,TLINC vininz3o
[+ . vLO1N168 TALPHA=ALPHA - veo10240
C INITIALIZE TERMS VLO10169 SWPHLI =TAN ((PSIWLI/1B0.0)*3.1416) VL010241
[+ viLe1o179 SWPHTT =TAN ((PSIWTI/180.0)%3,1416) . VLO10242
DO 3007 K=1,NMAX . VL0101 7Y SWPPLI =TAN ((PSIPLI/180.0)%3.1416) VLOLN243

00 3311 J=1,NMAX VL0101 72 SWPPTI =TAN ({(PSIPTI/180.01%3,1416) . vLOLN244

3311 FYNEI,K)=0.0 viLo10173 TANPHI =TAN {(PH1/180.0)%3.1416) vL0O10245
CIR(K,s11=0.0 VL0101 74 TINPHT =TAN ({PHIT/1R80,0)1%3.1416) VLOLN246
CIR(K,2)=0,0 VLO10175 SHPTLE =TAN ((PSITLI/180.01%3,1416}) VLO19247
UET(K,y11=9.0 VLO10176 SWPTTI =TAN {(PSITTI/180.0)%3.1416)} vLn10248
UEI{K,2)=0.0 vL010177 C . vL010249
VET{K,1)=0.0 VL010178 c READ IN MOMENT CENTER VLO10250
VEI(K,?2)=0.0 V1010179 3 vLO10251
WEE{K,11=0.0 VL010180 . READ (5,7 ) XM,YM,IM VL010252

1007 WEI(K,21=0.0 VLOIN1AL c VL010253
DN 3008 J=1,125 vVL010182 [ CONTROL CARD-MMM IS NUMBER OF POINTS ON TURBOFAN WHERE VELOCITIES VLO10254
ALPHAL(J) 0.0 vioiciea 4 INDUCED BY WING-PYLON-TAIL ARE TO BE COMPUTED, ALPHLC=0 INDICATES VLO10255
VEOYO184 [ NO WING CAMBER AND TWIST, 1,0 INDICATES WITH CAMBER AND TWIST, viL010256

VLO101RS [4 PINCLC INDICATES SAME FOR PYLON, TLPHAC FOR TATIL, EI=0." INDICATESVL 19257

vVL019186 4 NO EXTERNALLY INDUCED VELOCITIES TO RE READ IN AND INCLUDED IN vL010258

= vioiniay [+ THE CALCULATION, EI=1.0 READ AND INCLUDE EXTERNALLY ENDUCED VELO- VLO19289

VB{Jsl)=0.0 viL010188 c TYES, CIRCP=0.0 BYPASSES PRINTOUT OF VORTEX CHARACTERISTICS, VLO10260
VB{J,2)=0.0 VLO1N1R9 c CIRCP=1,0 QUTPUT SHOWS VORTEX CHARACTERISTICS . VLOL0261

_ SH{J)1=0.0 [ S— VL0101 90 R of ) vL010262
ELPANL(J)=0.0 R - vioioloet READ (5,32) MMM,ALPHLC,PINCLC, TLPHAC,EI,CIRCP VL010263
RLLIFTLJ,1)=0.0 - vLo10192 c ViN10264
BLLIFT{Y,2)=0.0 vi910193 IMAX=MSW+1 VL01n265
TLLIFT(J,1)=0.0 VLOL0194 c I o 3 VLO10266
TLLIFT{J,42)=0.0 VLO10195 C LAY-QUT LEFT TAIL LEGS OF THE HORSESHOE VORTICES ON THE WING vLelnze?
BLLIFB(J,1)=0.0 vLoIn196 [ vL010268

3008 BLLIEB(J,2)=0.0 - vLoIN1 o7 READ(S, 7Y (Y(1),1=2,IMAX) viLgln2sae
c VLO10198 [ vLO10270
00 3241 J=I,25 . - VLO19199 IF (MSP.EQ.0) GO TO 2205 vL019271

. DO 3215 K=] ,.NHAX VLO10200 KMAX=MSP+1 vintnzr2
3215 FUNI{J,K}=0.0 vLo1n201 c vLOLO273
PINCL(J)=0.0 - vL010202 [ LAY-0UT LOWER TAIL LEGS OF THE HORSESHOE VORTICES 0ON THE PYLON VLOLN274
CIRE(S41)=0.0 vLi010203 c VLOLN2 75

3241 CIRIAJ»2)=0.0 vLOLNZN4 READ(54 T (Z{K) K=2,KMAX) ‘VLOL0276
c VLO10205 € vLo1n277
DA 3218 JE1,50 V1010206 2795 CONTINUE vio1n278
TLPHAL (1)=0.0 veolore7 IF (NCT.EQ.0) GO TO 1100 vLOLn279
UTdsl ¥=0.0 veornzee « VLOIN280

UT 2 1=0.0 V010209 [+ READ IN HORIZONTAL TAlL RODT CHORD NOSE COORDINATES, TNX,TNY,TNZ VLOTO2BYE
VTl 1=0.0 violozioe c V010282
VT{U,2}=0.0 vL01n211 READ 15,7 } TNX,TRY,THZ VL1283

VBT (S 1)=N.0 vLainziz [ VLOLNZ AL
VRT(Jy2)=0.0 VLO19213 [ LAY-DUT LEFT TAIL LEGS OF HORSESHOF VORTICES ON THE TAIL VL010285
TLPANL £J)=0.0 -VLOiN214 [ VL010286
TTLEFT,L,11=0.0 vinrnz1s ITHAX=MST+1 violnza?
TTLIFT43421=0.0 viniozle READ £5,7 3 (YT{ITY, IT=2,1T4AX) VLO1N2RR

£07
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1100

3182

COMPRESSIBILITY RULE

BETA=SORT(1.-MACH%*MACH)
SWPWLE=SWPHLI/BETA
SHPWTE=SWPHWTI/BFTA
CRW=CRWI/RETA
SWPPLE=SWPPLI/BETA
SWPPTF=SWPPTI/BETA
CRP=CRPI/RBETA
SWPTLE=SWPTLI/BETA
SHPTTE=SWPTTI/BETA
CRT=CRTI/BETA
XMC=XM/BETA

IF (NCT.NE.O) TNXC=TNX/BETA

WING-PYLON-TAIL GECMETRY AND NUMBER OF VORTICES IN CHORDWISE AND
SPANWISE DIRECTIONS QUTPUT

WRITE (6,59)

WRITE (6,30) PSIWLI,PSIPLI,PSITLI
WRITE (6,8 ) PSIWTI,PSIPTI,PSITTI
HRITE (64211 PHI,PHIP,PHIT

WRITE (6,22) CRWI,CRPI,CRTI

WRITE (6,25) SSPAN,TSSPAN

WRITE (6,26) FRAC

WRITE (6,27) H

WRITE (6,10) PINC

WRITE (6,49) TLINC

WRITE (6,58) NCW,NCP,NCT

HRITE (6,60) MSW,MSP,MST

HRPITE (6,73)

IF (NCT.EQ.0) GO TO 3182

WRITE (64,46) TNX,TNY,TNZ

CONT INUE

WRITE (6,38) XM,YM,ZM

WRITE (6,62) RAD

WRITE (6,78)

WRITE (6,66) ALPHA

WRITE (6,70) MACH

CHANGE ANGLES T0O RADIANS

ALPHA= (ALPHA/1R0,N)*3.1416
TALPHA= (TALPHA/1R0.0}*3.1616

PINC=(PINC/180.0)#3.1416

TLINC= (TLINC/180.0)%3.1416

PHI= (PHI/180.0)%3,1416

PHIT= (PHIT/180.0)%*3.1416

PHIP= (PHIP/1R0.N)*3.1416 -

CALCULATF VORTEX AND C€ANTROL PNINTS CONRDINATES ON THE WING

CSPHI=COS(ATAN(TANPHI))
SPHI=STN(ATAN(TANPHI))

D=NCHW

=1

Y(Iri=0.0

I=1+1

SUMY(I)=(Y(L[)+Y(I-1))/2.0
YLOC(T)=SUMY(T)/SSPAN

DN 720 JCW=1,NCH

A=JCH

SWPC (JCH)=SHPWLE=((A-0.25)/D) # (SHPKLE-SWPHWTE)
J=(T-2) *NCH+JCH

SWPV(J)= SWPWLE-((A-0.75)/D)*(SHPHLE-SHPWTF)

NISTINCTION BETWEEN SWEFEP IN CHORDAL (SWPVVP) AND PLANFORM(SWPV)

Pl ANE

SHPVVP (J)=SWPV () *CSPHI

VL0102RO
vLO10290
VL010291
VL0N10292
vL010292
VLO10294
vVLN10295
VLO19296
vLO10297
vLol1n29e
VLO10299
vLo19030n
VLO10301
VLO10302
vLO10302
VLO1N304
VL010305
vLO10306
VL010307
vL010308
VL010309
vLO10310
vVLO10311
vLo10312
vL010313
VLO1n314
vLN1Nn315
VLO10316
VL010317
VLO10n318
VLO10319
vLO1n320
VLO1n321
vLO1n322
VLN10323
VL010324
VL010325
VLO10326
vLO10327
vLO10328
vLO10329
vL010320
VLO1n331
VL010332
VLN19333
VL010334
VLO10335
VL010336
VL010337
VL010338
VLO10339
VLO1Nn340
VLO1N341
VL010342

“VL010343
VLC10344
VLO10345
VLO1N346
vLO1n347
VLO10348
VLN10349
vL01n350
VLO1N351
VLN 10352
vL01n353
VLN 1N354
VLO10355
VL010356
VLO11357
vLO10358
vL010n359
VLC1N360

aks)

A

o N o Y o000 N0 onNno

DOV

ano00

an

99

>

1

WINC VORTEX HALFWIDTH=SHW

SHIJ)=(Y(T)=Y(I-1))/(2.0%CSPHI)

PVX(J (CA=0.75)1%(CRW/D) )= (SUMY (1)1 %SWPV(J))
PVYLY SUMY (1)
PVZLY SUMY (1) &TANPHI

PCX{II==({A-0.25)%{CRW/D) ) - (SUNMY T} *SWPC(JCH))
COORDINATES OF 3/4 CHORD ELEMENTAL PANEL LFFT SIDE POINT,PTL

PTLX(J)==((A-0,25)*(CRW/D))=(Y(I)*SWPC(JCH))
PTLY(J)==Y(I)

PTLZ (J) ==Y (I)*TANPHI

CONT INUE

IF (Y(I).LT.SSPAN) GO TO 701

M=NCW*MSH

IF (MSP.EQ.0) GO TD 1101

CALCULATE RFAL AND IMAGE VDRTEX POINTS AND CONTROL POINTS ON THE
PYLON

—_— —

E=NCP
K=1
Z(K)=0,0

THE FOLLOWING COORDINATES LOCATE THE PYLON ROOTCHORD NOSE
PX=-FRAC*SSPAN*SWPWLFE

PY==(FRAC)*SSPAN
PZ=-FRAC*SSP AN#*TANPHI

THE FOLLOWING COORDINAYES LOCATE PYLON-ENGINFE CHORD NOSE AND TATL

PEX=PX~H*SWPPLF
PEV=PY

PEZ=H+PZ
PEXT=PX~-CRP-H&SWPPTF

PYLON-ENGINE CHDRD=CRPE

CRPF=PEX-PEXT
K=K+1
SUMZ (K)=(Z(K)+7(K=1))/2.0

PYLON VORTEX HALFWIDTH=SP

DO 820 JRP=1,NCP

A=JRP-

SWPCP(JRP)=SWPPLE-((B-0,25)/F)*(SWPPLE-SWPPTF)
JP=(K=2)*NCP+JRP+M

JPP=JP-M

SWPVP(JPP) = SHPPLE-((B-0.75)/C1*(SWPPLE-SKPPTE)
SP(JPP)=(Z(K)=-7(K=1))/2.0

PVPY (JPP)=+PX~((R=-0.75)% (CRP/F))-SUM7(K)*SKPVP(JrP)

PVPY [ JPP)=PY s
PVPZ(JPP)=+(SUMZ(K)+P7)
PCPX{JPP)=4PX=((B=D,25)%(CRP/E))=SUMZ(¥)*SWPCP(JRP)
KMAY=K — — E
CONT INUE

IF (Z(K).NE.H)
KP1=KMAX+1
MP=MSP*NCP

IF (MSPI.EQ.0) GO TN 1203

GO TO 801

PYLON VORTFEX TMAGES ARE LAID NUT NFXT,NOTE ADDITION I
IMAGF

RFFFRS TN

KT=KMAX

ZI(KI)=0.0

KI=KT+1

ISUB=2%KMAX-KT

ZI(KI)=RAD=((PAD%RAD) /(RAD+H-Z(TISUR)))

VLN 11361
VLC10362
VI01n362
VLO11364
VLOLN365
VLOLN366
VLO10367
vVL010368
VLO1N369
VLO10370
VLO10371
vVL010372
vVLO10373
VLO10374
vLOo19375
VL010376
vLe10377
vVL010378
vVLO10379
VL0103R0
V010381
vL010382
VLO10383
VL0103 84
VLO10385
VLO10386
vL010387
VLO10388
VLO10389
VL010390
vLeio3el
V1010392
VL010393
vLO1n394
vVL010395
VLO10396
vLoinser
VL010398
vLO10399
VLO10400
VLO10401
VLO10402
VLO10403
VLD1n404
VL010405
VLO010406
VLO010407
VLO10408
vLO10400
VL010410
VLO10411
VLe 10412
vLr1nal13
VLO1n414
VLO1N41S
VLOL1NG16
VLP1NG1T
VLO17418
vining1o
vLeies2n
vLN10421
VLO10422
vLO10423
VLO10424
vLO10425
VLO1N426
vLAL0427
VLOL1N42R
VLC 10429
VL0104 30
VLO1N43)
vLO1N432
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1101
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26
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212

262

212

SUMZI(KI)=(ZI(KI)+ZT(KI=1)}/240
IMAGINARY VORTFX WIDTH=SPI

DO 920 JRPI=1sNCP

C=JRPI

SWPCPI (JRPI)==SWPCP(JRPI)
JPI=(KI=(KMAX+1))%NCP+JRPI+M+MP
JPIP= JPI=(M+MP)
IMAG=JPI=(((2%¥KI)=(3%KMAX))*NCP)-MP
IMAGP= IMAG—M

SWPVPT (JPIP)==SWPVP ( IMAGP)
SPI(JPIP)=(ZI(KI)=ZT1(KI-1))/240
PVPXT(JPIP)=PEX=((C=0e75)*CRPE/E)=SUMZI (K1) *SWPVPT(JPIP)
PVPYI (JPIP)=PY
PVPZI(JPIP)=SUMZI(KI)+H+PZ
PCPXT(JPIP)=PEX=((C=0425)*CRPE/E)=SUMZ] (KI)*SWPCPI (JRPI)
CONTINUE

DP=RAD~( (RAD*RAD)/ (RAD+H))
KIMAX=KI

IF (ZI(KI)sLTeDP) GO TO 901
MPI=MSPI#NCP

GO TO 1102

MP=0

MPI=0

CONTINUE

MP1=M+1

MMP=M+MP

MPP1=M+MP+1

NMTP1=M+MP+MP I +1

MT=NCT*MST

N=M+MP+MP 14+MT

NMMT=M+MP+MP I

NMMP [ =M+MP+MT

BUILD UP LeHeS. OF BOUNDARY CONDITIONs THE COEFFICIENT MATRIX
CONTROL POINTS ON WINGs VORTICES ON WING

DO 212 JC=1sM

DO 212 JV=1sM

XWW=PCX(JC)=PVX(JV)

YWW(1)=PVY(JC)=PVY(JV)

YWW(2)=PVY(JC)+PVY(JV)

ZWW=PVZ(JC)=PVZ(JIV)

DO 261 1=1s2

CALL INFWW(SNPVVP(JV)'PHIvXWNQYWw(I);waoSNLJV)vFUW(I)yFVW(I).
1FWW(T))

SWPVVP (JV)==SWPVVP(JV)

PHI==PHI

CONT INUE-
FVN(JCQJV):(FHN(I)+FNN(2))*CSPHI—(FVN(1)0FVW(2))§SPH1
CONTINUE

CONTROL POINTS ON WINGs VORTICES ON PYLON

IF (MSPeEQ.0) GO TO 1103

DO- 312 JC=1sM

DO 312 JV=MP1sMMP

JVP=YV=M

XWP=PCX(JC)=PVPX(JVP)

YWP{T)=PVY(JC)=PVPY (JVP)

YWP(2)=PVY (JC)+PVPY (JVP)

ZWP=PVZ(JC)=PVPZ(JVP)

DO 262 I1=1s2

CALL TNFWW(SWPVP(JVP) sPHIP sXWPsYWP( 1) +ZWPsSPIVP) sFUR(T) sFVP (1) »
1FWP(T))

PHIP=—PHIP

SWPVP (JVP) ==SWPVP(JVP)

CONTINUE
FVYN(JCsJV)=(FWP(1)4+FWP(2))*CSPHI=(FVP(1)+FVP(2))*SPHI
CONTINUE

VLO010433
VL010434
VL010435
VL010436
VL010437
VL010438
VLO010439
VL010440
VLO010441
VL010442
VL010443
VLO10444
VL010445
VLO10446
VL010447
VLO010448
VL010449
VL010450
VL010451
VL010452

VLO010453

VL010454
VLO010455
VL010456
VL010457
VL010458
VL010459
VL010460
VLO010461
VL010462
VL010463
VL010464
VL010465
VL010466
VLO10467
VLO010468
VL010469
VL010470
VL010471
VL010472
VLO010473
VL010474
VLO010475
VL010476
VL010477
VL010478
VL010479
VL010480
VL010481
VL010482
VL010483
VL010484
VL010485
VL010486
VLO1048T7
VL010488
VL010489%
VLO010490
VLO10491
VL010492
VL010493
VL010494
VL010495
VL010496
VL010497
VL010498
VL010499
VL010500
VL010501
VL010502
VL010503
VL010504

[a¥aXa!

lala Xal

C
C
C
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265

313
1204

263

412

264

512

CONTROL POINTS ON WINGs PYLON IMAGE VORTICES,
FVNI WILL BE ADDED TO FVN OF PYLON ACCORDING TO IMAGE PRINCIPLE

IF (MSPI.EQ.0) GO TO 1204

DO 313 JC=1sM

DO 313 JV=MPP1sNMMT

JI=JV=(M+MP)

JVP=JV=(M+MP)

XWPI=PCX (JC)=PVPXI(JVP)

YWPT(1)=PVY(JC)=PVPYI(JVP)

YWPI(2)=PVY(JC)+PVPYI(JVP)

ZWP1=PVZ (JC)=-PVPZI(JVP)

DO 265 =152 .
CALL INFWW(SWPVPT(JVP)sPHIPsXWPIsYWPT(T)sZWPT»SPI(JVP)»FUPT(I)
1FVPI(T)sFWPT(I))

PHIP==PHIP

SWPVPI (JVP)==SWPVPI (JVP)

CONTINUE

FUNI(JCsJI) =(FWPI(1)+FWPI(2))*CSPHI=(FVPI(1)+FVPI(2))*SPHI
CONT INUE

CONTINUE

CONTROL POINTS ON PYLONsWING VORTICES

DO 412 JC=MP1sMMP

JCP=JC-M

DO 412 JV=1sM

XPW=PCPX (JCP)=PVX(JV)

YPW(1)=PVPY(JCP)=PVY(JV)

YPW(2)=PVPY(JCP)+PVY(JV)

ZPW=PVPZ (JCP)=PVZ(JV)

DO 263 I=1»92

CALL lNFWW(SWPVVP(JV):PH!-XPW:YPN(l)oZPWoSW(JV)-FUW(l)vFVN(I)n
1FWWIT))

SWPVVP (JV) ==SWPVVP (JV)
PHI==PHI

CONTINUE

FUN(JCsJV)= =(FVH(1)4+FVH(2}))
CONTINUE

CONTROL POINTS ON PYLONs VORTICES ON PYLON
DO 512 JC=MP1sMMP

JCP=JC-M i
DO 512 JV=MP1sMMP

JVP=JV=M

XPP=PCPX (JCP)=PVPX(JVP)
YPP(1)=040

YPP(2)=FRAC*SSPAN¥2,0

ZPP=PVPZ (JCP)=PVPZ(JVP)

DO 264 1=1s2

CALL XNFNN(SWPVP(JVP)'PH{PvXPPsYPP(I)vZPP’SP(JVP)vFUP(I’tFVP(I);
1FWP(I))

PHIP==PHIP

SWPVP(JVP)==SWPVP(JVP)

CONTINUE

FVN(JCsJV)= =(FVP(1)+FVP(2))

CONTINUE

CONTROL POINTS ON PYLONs PYLON=IMAGE VORTICES

FVYNT WILL BE ADDED TO FVN OF PYLON ACCORDING TO IMAGE PRINCIPLE '

IF (MSPT4EQes0) GO TO 1103
DO 513 JC=MP1sMMP
JCP=JC=M

DO 513 JV=MPP1sNMMT
JVP=JV=(M+MP)
JI=JV=(M+MP)
XPPT=PCPX(JCP)=PVPXI(JVP)
YPPI(1)=040
YPP(2)=FRAC®SSPAN#2,0
ZPP1=PVPZIJCP)=PVPZI (JVP)

VL010505
VL010506
VL010507
VL010508
VL010509
VL010510
VL010511
VL010512
vL010513
VL010514
VLO010515
VLO010516
VL010517
VL010518
VL010519
VL010520
VL010521
VL010522
VL010523.
VL010524
VL010525
VL010526
VL010527
VL 010528
VL010529
VL010530
VL010531
VL010532
VL010533
VL010534
VL010535
VL010536
VL010537
VL010538
VL010539
VL010540
VLO010541
VL010542
VL010543°
VL010544
VL010545
VLO010546
VL010547
VL010548
VL010549
VL010550
VL010551
VL010552
VL010553
VLO010554
VL010555
VL010556
VL010557
VL010558
VL010559
VLO010560
VL010561
VLO010562
VL010563
VL010564
VL010565
VLO10566
VL010567
VL010568
VL010569
V010570
VL010571
VL010572
VL010573
VLO10574
VL0O10575
viL010576
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713
1103

703
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NO 267 1=152
CALL INFWW(SWPVPI(JVP) sPHIPsXPPIsYPPI(1) sZPPIsSPI(JVP)sFUPT(1)s
1FVPI(T) sFWPI(1))

PHIP==PHIP

SWPVPI (JVP)==SWPVPI(JVP)

CONT INVE

FVNI(JCr»JI)= =(FVPI(1)4+FVPI(2))
CONTINUE

VORTEX IMAGING SCHEME IN ACTION FOR WING AND PYLON CONTROL POINTS

DO 713 KI=KP1sKIMAX

DO 713 JRPI=1sNCP

JV= (KT=(KMAX+1))¥NCP+JRPI+M+MP
JVP=JV=(M+MP)

IMAG=JV=( ((2%¥KT)=(3%KMAX) )*NCP)-MP

DO 713 JC=1sMMP

FVN(JCsIMAG) = FVN(JC» IMAG)+FVNI(JCsJIVP)
CONTINUE

CORTINUE

CAUCULATF MIDSPAN VORTEX BOUND LEG POINTS AND CONTROL POINTS
COORNINATES ON THE HORIZONTAL TAIL

IF (NCT.EQ.0) GO TO 1205
TCSPHI=COS(ATAN(TTNPHI))

TSPHI=SIN(ATAN(TTNPHI))

PT=NCT

IT=1

YT(IT)=0e0

IT=1T+1

SUMYT(IT)=(YT(IT)4+YT(IT-1))/2.0
TYLOC(IT)=SUMYTI(IT)/TSSPAN

DO 721 JCT=1sNCT

AT=JCT

SWPTCUJCT )=SWPTLE=((AT=0,25)/DT)*(SWPTLE=SWPTTE)
IT=(IT=2)*NCT+JCT+M+MP+MP |

JTT=JT=(M+MP+MP 1)

SWPTVIJTT )=SWPTLE-((AT=0475)/DT )% (SUPTLE=SWPTTE)
SWPTVVI(JTT)=SWPTVIUTT)#TCSPHI

TATL VORTEX HALFWIDTH=ST
STIITT)=(YT(IT)=YT(IT=1))/(2s0%TCSPHI)

PVTX(JTT)==((AT=0,75) ¥ (CRT/DT))=(SUMYT(IT)*SWPTV(JTT))+TNXC

PVTY(UTT SUMYT(ITY
pVTZ(YTT SUMYT(IT)*TTNPHI+TNZ
PCTX{JTT ) ==((AT=0,25)%¥(CRT/DT))—(SUMYT(IT)%SWPTClICT))+TNXC

COORDINATES OF 3/4 CHORD ELEMENTAL PANEL LEFT SIDE POINT ON TAIL»
PTTL

PTTLX(UTT )==((AT=0,25)%(CRT/DT))=(YT(I)=SWPTC(JCT) )+TNXC
PITLY(UTT)==YT{IT)

PTTLZ(JTT)==YT(IT)®TTNPHI

CONTINUE

IF (YT{IT)aLT4TSSPAN) GO TO 703

CONTROL POINTS ON TATLs VORTICES ON TAIL

DO 523 JCT=1sMT
JC=JCT+M+MP

DO" 523" JVT=19MT
JV=JVT+MaMP
XTT=PCTX(JCT)=pPVTX(JVT)
YTT(1)=PVTY(JCT)=-PVTY(JVT)

VL010577
VL010578
VL010579
VL010580
vL010581
VL010582
VL010583
VL010584
VL010585
vL010586
vL010587
VL010588
VL010589
VL010590
VL010591
VL010592
VL010593
VL010594
VLO010595
VLO01059%96
VL010597
VvL010598
VL010599
VL010600
VL010601
VL010602
VL010603
VL010604
VL010605
VLO010606
VL010607
VL010608
VL010609
VLOl0é10
VL010611
VL010612
VLO010613
VLO10614
VL010615
VL010616
VLO010617
VL010618
VL010619
VL010620
VL010621
VL010622
VL010623
VL010624
VL010625
VL010626
VL010627
VL010628
VL010629
VL010630
VL010631
VLC10632
VLO010633
VL010634
VL010635
VL010636
VL010637
VLO010638
VvL010639
VL010640
VLO010641
VL010642
VL010643
vL010644
VL010645
VLO10646
VL010647
VL010648
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278

523

276

524

277

521

522
1525

YTT(2)=PVTY(JCTI+PVTY(IVT) VL010649
ZTT=pVTZ(JCcTy=pVTZ(JVT) VL010650
DO 278 1=1s2 VL010651
CALL INFWW (SWPTVV( VT ) spHIT o XTTsYTTUL1)sZTTaSTIYVT)sFUT(1)sFVT(1)»VL010652
1FWT(1)) VL010653
SWPTVVI(JUVT )==SWPTVVIJUVT) VL010654
PHIT==PHIT VL010655
CONTINUE VL010656
FVNLJCsJV)=(FWT(1)+FWT(2) ) 2TCSPHI=(FVT(1})4FVT(2))*TSPHI VL010657
CONTINUE VL010658
VL010659

CONTROL POINTS ON WINGs VORTICES ON TAIL VL010660
VLO10661

DO 524 JC=1sM VL010662
DO 524 JTT=1sMT VL010663
JV=yTT+M+MP VL010664
XWT=PCX(JC)=PVTX(JTT) VL010665
YWT(1)=PVY(JC)=PVTY(JTT) VL010666
YWT(2)=PVY(JC)+PVTY(JTT) VL010667
ZWT=PVZ(JC)=PVTZ(JITT) VLO010668
DO 276 I=1s2 VL010669
CALL INFWW (SWPTVVI(JTT)sPHIT sXWTsYWT(1)sZWTsST(JTT)sFUT(I)sFVT(I),sVLO10670
1FWT(TY) VL010671
SWPTVVI(JTT)==SWPTVVI(UTT) VLO010672
PHIT==PHIT VL010673
CONTINUE VL010674
FVN(JCsJV)=(FWT(1)+FWT(2) ) ¥TCSPHI=(FVT(1)+FVT(2))*TSPHI VL010675
CONTINUE VLO1l0676
VL010677

CONTROL POINTS ON TAILs VORTICES ON WING VL010678
VL010679

DO 521 JCT=1>MT VL010680
JC=JCT+M+MP VL010681
DO 521 JV=1M vL010682
XTW=PCTX (JCT)=PVX(JV) VL010683
YTW(1)=PVTY(JCT)=PVY(JV) VL010684
YTW(2)=PVTY(JCT)+PVY(JV) VL010685
ZTW=PVTZ(JCT)=PVZ(JV) VL010686
DO 277 1=1,2 vL010687
CALL INFWW (SWPVVP(JV)sPHI sXTWsYTW(T)sZTWsSWIJV)sFUW(T)sFVW(I)sFWWVLO10688
1TELYY VL010689
SWPVVPR (JV)==SWPVVP(JV) VL0106%0
PHI==PHI VL010691
CONTINUE VL010692
FVN(JCoJV)=(FWWLL)+FWW(2) ) *TCSPHT=(FVW(1)+FVW(2))*TSPHI VL010693
CONTINVE VL010694
VL010695

CONTROL POINTS ON TAILs VORTICES ON PYLON VL010696
VL010697

IF (MSP,EQ.D) GO TO 1525 VL010698
DO 522 JCT=1sMT VL010699
JC=JCT+M+MP vLO1l0700
DO 522 JV=MP1sMMP o VL010701
JVP=JV-M VL010702
XPT=PCTX(JCT)=PVPX(JVP) vLolo0703
YPT(1)=PVIY(JCT)=PVPY(JVP) VL010704
YPT(2)=PVTY(JCT)+PVPY(JVP) VLO10705
ZPT=PVTZ{JCT)=PVPZ(JVF}) VLO1l0706
DO 279 I=1s2 VL010707
CALL INFWW(SWPVP(JVP)sPHIP sXPTsYPT(1)sZPTsSP(JVP)sFUPLT)sFVP(I)s VLO10708
1FWP(T)) ' VL010709
PHIP==PHIP vLOol0710.
SWPVP(JVP)==SWPVP(JVP) VL010711
CONTINUE VL010712
FVN(JCsJV)=(FWP(1)+FWP(2) ) *TCSPHI=(FVP(1)+FVP(2))*TSPHI VLO010713
CONTINUE VLO10714
CONTINUE VLO10715
VvLO1l0716

COMTROL POINTS ON TAILs PYLON IMAGE VORTICES VLO01l0717
FVNI WILL BE ADDED TO FVN OF PYLON ACCORDING TO IMAGE PRINCIPLE VL010718
VL010719

IF (MSPI4FQe0) GO TO 1526 VLO010720
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525
1527

4714
9908

1205

9910

C
1612
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DO 1524 JCT=1MT

JC=JCT+M+MP

DO 1526 JV=MPP1sNMMT

JVP= V= {M+MP )

X1PT=pPCTX{JCT)=PVPXT{JVP)

YIPT(1}=PVIY(JCT)-PVYPYI{JVP)

YIPT(2)=PVIY{JCT)+PVPYI (JVP}

Z1PT=PVTZIJCT)=PVPZ{JVP)

DO 280 I1=12

CALL INFWWISWPVPT(JVP}sPHIP»XIPT YIPTII)sZIPT»SPI{IVP) sFUPTI(]},
IFVPI(T}»FWPI{1))

PHIP==PHIP

SWPVPI L VP y==SWPVRT (JVP)

CONT INUF

FVYNTIJCs VP = (FWPTI(1)+FWP L (2) 1% TCSPHI=(FVPI{1)+FVP1(2))#TSPHI
CONTINUE

CONTINUE

CONTROL POINTS ON PYLONs VORTICES ON TAIL

1F (MSP.EQ.0) GO TO 1527
DO 525 JC=MPYsMMP

JCP=JC-M

nO 525 JTT=1sMT

JV=UTT+MemMP
XTP=PCPX{JCP)I=PVTX(JTT}
YTP{1)=PVPY(JCP)-PVTY(JTT)
YPT{2}=PVPY(JCPI+PVTY L JTT)
20T=pPVPZ{JCP)=PVTZ{JTT)

DO 281 I=1»2

CALL INFWWISWPTVVITT ) sPHIToXTRaYTPEE) s ZTPsSTIJTT ) s FUTII s FVT(1}s
1FWTETY )

SWPTVVIOTT y==SWPTVVIUTT)
PHIT=-PHIT

CONTINUE
FYNGJCs V) ==(FVT{1}+FVT{2)}
CONT INUE

CONTINUE

VORTEX IMAGING SCHEME IN ACTION FOR TAIL CONTROL POINTS

IF (MSPI.EG.0) GO TO 9908

DO 4714 K1=KP1sKIMAX

DO 4714 JRPI=1NCP
JV={KI~{KMAX+1) ) XNCP+IRPI+M+MP

JVP=zJ V={M+MP)
IMAG=JV={ E{2%K T} = { 3XKMAX) } ¥NCP } ~MP

PO 4714 JC=MPP1sNMMP]

FVN{JC» IMAG) =FVN{JCs IMAG)+FVNI { JCsUVP)
CONTINVE

CONTINUE

CONTINUE

LOCAL WING ANGLES OF ATTACK INPUT

1F {(ALPHLC.SQe040} GO TO 1612

MN=0

DO 9910 JNW=1sMsNCW

MN=MN+NCW

READ {5357 ) (AULPHAL(J) v J=JINWsMN)
CONT INUE

READ IN SUM OF ENGINE AND THICKMNESS INDUCED VELOCITIESs THICKNEDSS
VFL, TO BE INCLUDED IN ZERC ANGLE KIND» UETUJs 1) sVEI{Jr1)s
WEI(JslYa VETUUs2)5WEL1s2) ARE ADDITIONAL KIND.

IF {F1.FN.0,0) GO T0 2256
80 TO0Y J=lsm

VL010721
vLo10722
VLO10723
vL010724
VL010725
VL010726
vi010727
V1010728
VLO010729
vL010730
VLo10731
VL010732
VL010733
VLO10734
VL010735
VLO10736
VL0O10737
V010738
VL 010739
VLO10740
vL010741
VL010742
VL010743
VLO010744
VLO10745
VLO10746
vL010747
VLLO10748
VLO10749
VLO10750
VL010751
VL010752
VL010753
VLO010754
VL010755
VL010756

vL010757 7

VL 010758
V0010759
VL010760
VLO10761
VL0O10762
VLO010763
VLO10764
VLO10765
VLO10766
VL010767
V010768
VL010769
VL010770
VL.010771
vL010772
VLO10773
VLO10774
VLO10775
vi0olo776
VLO10777
viQ10778
VLO10779
VL 010780
VL010781
vL010782
vL010783
vt0olo784
VL010785
VLO10786
v.ol0787
VLO10788
vL010789
VL010790
YL010791
V010792

7001

7002

7003
7004
2275
7005
7006

C
2256

la¥a¥akaNaXaka!

2612
3612

612
1611
1613
2611

2613
1614

la¥a¥al

9912
C

2711

[a%akal

1717
1711

1714

REAN (5343) UNSUET(IN1)oVETIUNS 1) sWETLUNSTY
nO 7002 J=1M

RFEAD (59431 UNSVEILIN»2ZYsWETLJN»2)

IF (MP.EQ.0) GO TO 2275

DO 7003 J=MP1lsMMP

READ (5943) UNSUEI(UNs1}sVEI(UNs]1)

DO 7004 J=MP1sMupP

READ (5143} UNVEI(UN»?)

CONTINUE

IF (NCT.EQ.0) GO TO 2256

DO 7005 J=MPP1sNMMPT

READ (5943} JNSUET{(UNs11sVET(UN21)sWET(UNs1}
DO 7006 J=MPP1s»NMMP]

READ (5543) JUNSVETIUNI2)sWEI{IN»2)

CONTINUE

BUILD UP SINGLE COLUMN MATRIX

CONTROL. POINTS ON WING

IF {ALPHLCWEQs0s0sANDSETSEQ040) GO TO 1611
JF (ALPHLCWNEsDQ«0eANDSEI4EQ.040) GO TO 3612
IF (ALPHLCWsEQa0.04ANDWELI4NELC40) 60 TO 2611

PO 2612 JC=1sM
CIRIJC1)=12.566371 ¥ ALPHAL{JC) ¥CSPHIFVET (JCs 11 *5PHI={UET(JCr1 )%

TALPHALLJC)+WET £ UCs 1) 1*CSPHI)

CIR(JCH2)=12e5663T1% (ALPHAXCSPHI+VETJCs2) #SPHI-WEI(JCr2)*CSPHEY
GO TO 1614

DO 612 JC=1sM

CIR(JCI1)=12+566371*ALPHAL (JC) *CSPHI
CIR(JC2)=12+566371%ALPHAXCSPHI

GO TO 1614

DO 1613 JC=1sM

CIR(JC»11=0,0

CIRIJC121=12,566371 ¥ALPHAXCSPHI

GO TO 1614

PO 2613 JC=1sM
CIR{JCP1)=1245663T7T1#IVET(JCY 1} ¥SPHI=WET (UCs 11 *CSPHT}
CIR(JC2)=124566371% (ALPHARCSPHI+VET(JCr2 1 ¥SPHI-WEILJC 221 % CSPHI}
CONTINUE

IF {MS5P+EQ.0) GO TQ 2710
READ IN LOCAL PYLON ANGLES OF ATTACK

IF (PINCLCsEQe0.0) GO TO 2711
MNP=0

DO 9912 JUNP=1sMPsNCP
MNP=MNP+NCP
READ (537 ) (PINCL{JP)s JP=JNP,MNP)
CONTINUE

CONTROL POINTS ON PYLON

1F {(PINCLCoFQe0s0«ANDFIaFQs0.01 GO TO 1711

1F (PINCLCANESO.OsANDWFT4EQ.040) GO TO 1712

IF (PINCLCoEQe0e0sANDEINF 040} GO TO 1713

nO 1717 JC=MP1yMMP

JCC=gC=M

CIR(JC1}1=12:566371% (PINCLIJCC)+PINC=UET{ICs 11 ¥ (PINCLEJCCY4PINCY

1+VETLIC 1))

CIR{JC2)1=12.566371*VEI(JCs2}
GO TO 27190

DO 1714 JC=MP1MMP
CIR{JC311=212.566371%P1INC
CIR{JC»2)=0,.0

GO 7O 2710

VLO10793
VL010794
VIL0O10795
VLO10796
VL010797
vi0o10798
vL010799
VL010800
VLO010801
vL010802
VLO10803
VLO10804
VL010805
VL010806
VL010807
VL010808
VLO10809
vVL010810
vL010811
V010812
VLO10813
VL010814
VL010815
VL010816
VL010817
vL010818
vi.010819
VL010820
vi.010821
vL010822
vL.010823
VL010824
V010825
VL010826
violo827
V010828
vi.010829
VL010830
viL010831
vL010832
vL010833
VL010834
VL010835
V0L.010836
vL010837
vLO10838
VLO10839
VL0O10840
viL010841
V0L010842
vi010843
VL010844
VLO10845
V0010846
VLO10847
VL010848
VL010849
VL010850
VL010851
vL010852
vLO010853
VL010854
VL010855
VL.010856
Vi.010857
VL 010858
VLO10859
VL010860
VL 010861
vL010862
Vi010863
VLO10864



80T

n

[a¥aWa)

[a¥a¥al

[aNalal

Anonan

[alal [a¥al

non

1712 DO 1715 JC=MP1sMMP
JCC=JC=M
CIR(JC31)=12.566371* (PINCL (JCC)+PINC)
1715 CIR(JC»2)=0,0
GO TOo 2710
1713 DO 1716 JC=MP1sMMP
CIR(JC»1)=12:566371#(PINC=UET(JCs1)¥PINC+VET(JCs1))
1716 CIR(JC»2)=12:566371%VEI(JC»2)
2710 CONTINUE

IF (NCTsEQe0) GO TO 1104
READ IN LOCAL HORIZONTAL TAIL ANGLES OF ATTACK

IF _(TLPHACsEQs040) GO TO 4610
MNT=
DO 9911 UNT=1sMTsNCT
MNT=MNT+NCT
9911 READ (557 ) (TLPHAL(JT)s JT=UNTsMNT)
4610 CONTINUE

CONTROL POINTS ON HORIZONTAL TAIL

IF (TEPMAC.EQe04s0sANDsEIsEQe0.0 ) GO TO 1811
IF (TLPHACsNEsOsOpANDeEIoEQe0s0 ). GO TO 1812
IF (TLPHACeEQeOs0sANDsEIsNE«OsO ) GO TO 1813
DO 4713 JC=MPP1sNMMPI :

JCC=JC=(M+MP)

CIR(JC»1)=12.566371% ((TLPHAL(JCC)4+TLINC)*TCSPHI+VEI(JC»1)*TSPHI~

1(UET(JCo1 )% (TLPHAL(JCC)+TLINC)4+WEI (JC»1) ) *¥TCSPHI)
4713 CIR(JC»2)=12.566371%(TALPHA*TCSPHI+VEI (JC»2)*TSPHI=WEI (JCs2)*
1TCSPHI)
GO TO 1104
1811 DO 1814 JC=MPP1sNMMPI
CIR(JC»1)=12e5663T1%TLINC*TCSPHI
1814 CIR(JC»2)=1265663T1*#TALPHA*TCSPHI
GO T0 1104
1812 DO 2815 JC=MPP-1sNMMPI
JCC=JC=(M+MP)
CIR(JC91)1=12e566371%( TLPHAL {JCC)+TLINC)*#TCSPHI
2815 CIR(JC»2)=12e566371%TALPHA*TCSPH]
GO TO 1104
1813 DO 1816 JC=MPP1sNMMPI

VL010865
VL010866
VL010867
VL010868
VL010869
VL010870
VL010871
VL010872
VL010873
VL010874
VL010875
VL010876
VL010877
VL010878
VL010879
VL010880
vL010881
vL010882
vL010883
VLO010884
VL010885
VLO010886
vL010887
vL010888
VL010889
vL010890
VLO010891
VL010892
VL010893
VL010894
VL010895
VL010896
VL010897
vL010898
VL010899
VL010900
VL010901
VL010902
VL010903
VLC10904
VL010905
VL010906
VL010907

CIR(JC?1)=12e566371%#(TLINC*TCSPHI+VEI(JC51)*¥TSPHI=(UE1(JCs1)#TLINCVLO10908

1+WET(JC»1))#TCSPHI)
1816 CIR(JC9»2)=12e566371*(TALPHAXTCSPHI+VEI (JC»2)*TSPHI=WEI (JC»2) %
1TCSPHI)

1104 CONTINUE : - .
CALL MATINVIFVNsSNMMPIsCIR»2sDETERMsIPIVOT» INDEX>NMAX» ISCALE)

IF DETERMINANT OF THE COEFFICIENT MATRIX IS ZERO CHECK CALL
ESPECTALLY NMMPI»IPIVOTsINDEXsNMAX

DIMENSION OF TPIVOT AND INDEX MUST EQUAL NMAXs NMMPI EQUALS
NUMBER" OF CONTROL POINTS IEe. UNKOWNS

IF- (DETERM) 3004,»300553004
3005 WRITE (6917)

3004 CONTINUE
IMAGE VORTEX STRENGHTS RELATED TO PYLON VORTEX STRENGTHS

IF (MSPISEQ.0) GO TO 9714

DO 714 KI=KP1sKIMAX

DO 714 JRPI=1sNCP
JC=(KI={KMAX+1) ) ¥NCP+JRPI+M+MP

VL010909
VL010910
VL010911
VL010912
VL010913
VL010914
VLO010915
VL010916
VL010917
VL010918
VL010919
VL010920
vL010921
VL010922
VL010923
VLO010924
VL010925
VL010926
VL010927
VL010928
VL010929
VL010930
VL010931
VL010932
VL010933
VL010934
VL010935
VLO010936

lalaNa¥aNa}

[a¥aXaXal
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nnnn

714
9714

3112

1261

1809
5000

1271

1819
5010

J1=JC-MMP VL010937
IMAG=JC=( ( (2%K])=(3%KMAX) ) *NCP ) ~MP VL010938
CIRI(JI21)=CIR(IMAG:1) VL010939
CIRI(JI»2)=CIR(IMAG»2) VL010940
CONTINUE VL010941
CONT INUE VL010942
VL010943

CALCULATE VELOCITIES INDUCED ON ENGINE VL010944
VL010945

COORDINATES OF POINTS ON ENGINE ARE READ IN NEXT VL010946
VL010947

IF (MMM.EQ.0) GO TO 4000 VL010948
READ (53533) (PMX(MM) sPMY (MM) sPMZ (MM) sMM=1sMMM) VL010949
DO 3112 MM=1sMMM VL010950
PMX(MM)=PMX (MM) /BETA VL010951
VL010952

CALCULATE INDUCED VELOCITIES UsVsW AT POINTS ON ENGINE DUE TO WINGVL010953
VORTICES VL010954
VL010955

DO 5000 JV=1sMMM VL010956
UE(JVs1)=0s0 VL010957
VE(JUVs1)=0,0 VL010958
WE(JVs1)=0,0 VL010959
UE(JV92)=0e0 VL010960
VE(JV92)=0,0 VL010961
WE(JV92)=0,0 VL010962
DO 5000 JC=1sM VL010963
XWM = PMX(JV)=PVX(JC) VL010964
YWM(1) = PMY(JV)=PVY(JC) VL010965
YWM(2) = PMY(JV)+PVY(JC) VL010966
ZWM = PMZ(JV)=PVZ(JC) VL010967
DO 1261 I=142 VL010968
CALL INFWW (SWPVVP(JC) sPHI sXWMsYWM(I) 9 ZWMsSW(JC) sFUWIT)sFVW(I)s VLO01096%
1FWW(T)) VL010970
SWPVVP (JC)==SWPVVP(JC) VL010971
PHI=-PHI VL010972
CONTINUE VL010973
DO 1809 IXX=1s2 VL010974
UE(JV s IXX)=UE( Ve IXX)+( (FUWI2)+FUW(2) ) %CIR(JCs1XX))/12:566371 VL010975
VE(JV o IXX)=VE( SV IXX)+( (FVWI1)+FVW(2) ) *CIR(JC»I1XX))/12.566371 VL010976
WE(JV IXX)=WELJV o IXX)+( (FVWI1)4FWWI2))*CIR(JCs1XX))/12.566371 VL010977
CONTINVE VL010978
VL010979

CALCULATE VELOCITIES UsVsW AT POINTS ON ENGINE DUE TO PYLON VORTI=VL010980
CES vL010981
VL010982

IF (MSP+EQ.0) GO TO 5036 VvVL010983
DO 5010 J s MMM VL010984
DO 5010 JC=MP1sMMP vVL010985
JCP=JC-M vVL010986
XPM= PMX (JV)=PVPX(JCP) VL010987
YPM(1) = PMY(JV)=PVPY(JCP) VL010988
YPM(2) = PMY(JV)+PVPY(JCP) VL010989
ZPM = PMZ(JV)=PVPZ(JCP) VL010990
DO 1271 I=1s2 VL010991
CALL INFWW(SWPVP (JCP)sPHIPsXPMsYPM(1)sZPMsSP(JCP)sFUP(1)sFVP(I)s VLO10992
1FWP(I)) VL010993
PHIP==PHIP VL010994
SWPVP(JCP)==SWPVP(JCP) VL010995
CONTINUE VL010996
DO 1819 IXX=192 VL010997
UF (Ve IXX)=UE( JVoIXX)+( (FUP(1)4FUP(2) ) *CIR(JCsIXX))/12:566371 VL010998
VE(JV IXX)=VE( YV IXX)+((FVP (1)+FVP(2))*CIR(JCsIXX))/124566371 VL010999
WELJV o IXX)=WE(JV IXX)+( (FVWP (1) +FWP(2) ) *CIR(JC»IXX)) /12566371 VL011000
CONTINUE VL011001
VL011002

CALCULATE VELOCITIES UsVsW AT POINTS ON ENGINE DUE TO PYLON-IMAGE VL011003
VORTICES VLO11004
VLO011005

IF (MSP1¢EQ.0) GO TO 5036 VLO011006
DO 5020 JV=1sMMM VL011007
DO 5020 JC=MPP1sNMMT VL011008
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1281

1829
5020
5036

1291

18139
50130
5035

C
4000
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C

6001

6002

JI=JC-MMP

JCP=JC~{M4+MP)

XPIM=PMX (JV}«pPVPXIJCP)

YPI#M{1)=PMY(JUV)=PVPYI(JCP)

YPIM(2)=PMY (UVI+PVPYILICP)

ZPIM=PMZ LIV =PVPZI(JCP)

DO 1281 I=1s2

CALL INFWW (SWPVPI{JCP}sPHIPsXPIMsYPIM{T12ZPIMySPLIJCPIWFUPI (T
1FVPI(T)sFWPILI))

PHIP==PHIP

SWPVPT{JCPI==SWPVPT (JCP}Y

CONTINUE

NO 1829 IXX=192

UEL PV IXXY=UE LIV IXX)+ O (FUPT (1 I+FUPTI2) ) #CIRIIJIsIXX)) /124566371
VEIJV» IXX)=2VE UV s IXX)+{LFVPI(1I+FVPI{2) ) %CIRI(JT 9 IXX)}/124566371
WEL Vs IXX Y =WE LUV IXX)+ ({FUPTI{1I+FWDT(2))%CIRI{JIIIIXX)}}/12,566371
CONTINUE

CONTINUE

CALCULATE VELOCITIES U, Vs W AT POINTS ON ENGINE DUE TO
HOR. TAIL VORTICES

IF (NCT4FEQe0) GO TO 5035

DO 5030 JV=1sMum

NO 5030 JCC=1MT

JC=JCCHMEMP

XTM=PHX(JVI-PVTX(JCC)

YTMEY)=PMY LUV ~PVTY(JCC)

YTM{2)=PMY LJV)+PVTY(JCC)

ZTM=PMZ{YV)~PVTZ(JCC)

DO 1291 =142

CA#L INFHWISWPTVVIICC) sPHIToXTHM Y TMIT) 92 TMaST(JCC) sFUTUT ) sFVT(I) s
1FWTIL))Y

SWPTVVIJCC)==SWPTVV L ULC)Y

PHIT=wPHIT

CONTINUE

DO 1839 IXX=1s2

UF{gVs IXX3=UE{ GV IXX)+ L LFUT O ) +FUT(2) ) #CIR(JCY IXX) ) /120566371
VELGV XXy =VEL OV IXX)+ CIFVTAII+FVT (21 ) %CIRIJCs I1XX) ) /124566371
WE LGV IXXy=WEL Vs IXX Y+ {(FUTOI I 4FWT {2 1 %CIR{JCs IXX) ) /124566371
CONT INUE

CONTINUE

CONTINUE

CONTROL POINT COORDINATES AND MEAN SURFACE SLOPES AND EXTERNALLY
INDUCFD VFLOCITIES OUTPUT

WRITE
WRITE
WRITE
WRITE

(6234)
(6351) ALPHA-
(639)
{6+47)

DO 6001 J=1sM
PCXBET(J)=PCX(J)*BETA
WRITE {6+735)
ToWETEds 1Yo VRET {921 sWET (U922
IF {MSP.EQ.O} GO TO 6003
WRITE (6974)

DO 6002 J=MP1sMMP

Y}

E{JCCI=PCPRICCI*BETA
(6348)

WRITF
1sVEILJs1)sVEI{U92)
6003 CONTINUE

IF {NCT.En.0)
WRITE (6,75}

GO 0 6005

VL011603
vL011010
VL011011
V011012
VL011013
VLO11014
VLO11015
Vi01l1Q1e
VL011017
Vi011018
VL011019
VL011020
VL011021
VL011022
VL011023
V0L011024
VL011025
VLOll026
viL011027
vi.gl1028
viol1029
VL011030
VL011031
VL011032
VL011033
VL011034
VL011035
VL011036
VL011037
VL011038
VL011039
VLO11040
VLO011041
VL011042
VL011043
VLO11044

VL.011045

V0011046
VL011047
VL011048
VLO11049
VLO110%Q
VL011051
VL011052
VL011053
VLO11054
VL011055
VLL.O11056
VL011057
VL011058
Vi.011059
VLO11060
V0L011061
VL011062
VL.011063
VL011064
VLO11055
VL011066

JIPCXBET(J)sPVY L) 9PVZIJ) s ALPHAL () sUET (U9 1) s VEI(Js13VLO11067

VL011068
VL011069
VLO11070
VLO011071
VL011072
VL011073
VLO11074

JPPCPXBELJCC) 2sPVPY LUCC) sPVPZ(JUCC) sPINCLIJCCISUEL (Js1)VLO110TS

VL011076
V6L011077
VL011078
ViL011079
VL011080

6004 WRITE

DO 6004 J=1eMT

JTT=4+ (M+MP)

PCTXBE{J)=PCTX( J)*3ETA

(6+35) JTTYPCTXBE(Y) sPVTY () sPVTZIJ) s TLPHALLJYSUET(JTT 1)
IVET(JTTa1)sWETEUTTs1 ) o VEI(ITT92)sWEI(JTT»2)

6005 CONTINUE
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550

150

551

151

552

152
2998

CIRCULATION VALUES AND VORTEX BOUND LEG MIDPOINT COORDINATES OQUT

IF (CIRCP.ENL040)
WRITE {651} ALPHA
NO 550 J=1sM
SWPVVP{J)=(ATANISHWPVVP(J ) %BETA) 1%( 57429578}
PVXBET(J)Y=PVXIJ)*BETA

WRITE (6£913) JsPVXBET{ ) sPVY(J}2PVZIJ)eSHPVVPIJ)sSWIII»CIR(U 1}
1CIR(Js2)

DO 150 J=1sM

SWPYVPL{J=TANI SWPVVP{J)/57.29578)/BETA

GO To 3001

IF (MS5P.EQe0} GO TO 2998

WRITE (6476}

DO 551 J=MP1,MMP

IP=J~-M

SWPVPIUP 1 =(ATANI(SWPVPIJP ) *BETA) 1 ¥(57,29578)
PYPXBE(UP)=PVPX{JP) *BETA

WRITE (6913} JsPVPXBEL{JP)sPVPY{JUP)sPVRZIUP)sSWPVPIUP)9»SP(JP)
1CIREJP1)sCIR{US 2)

DO 151 JP=1sMP

SWPVP(UP)1=TAN{SWPVP (JP}/57,29578)/BETA

IF {MS5P1.EG0} GO TO 2998

WRITE (6977}

DO 552 J=MPP1sMMMT

Ji=J-{1eMP)
SWPVPI{JI)={ATAN(SWPVPI(J1}*BETA) 1 #(57429578)
PYPXI{J1)=PVPXT(JT)*BETA

WRITE (6913) JrPVPXI(JT)oPVPYIIJI}sPVPZI(UI)»SWPVPIIJLI}»SPI(IL)
1CIRI(JT92)sCIRIIUTS 2}

D0 152 JPI=1sMPI

SHPVPI(UPI I =TANISHPVPI(UPI1 /57429578 /BETA
CONTINUE

IF {NCT.EQe0} GO TO 3001

WRITE (6468}

00 153 JT=1sMT

J=dT+(M+MP+MPT }

JCS=4=MP1
SHWPTYVITy={ATANISWPTVVI T ) *BETAY ) 2(57,29578)
PVIX(YTy=pVTIX{ JT)*BETA

153 WRITE (6313) JsPVIX(ST)spVTY{ T opVTZi T s5WPTVYVIUT)sSTI Ty

154
3001

TCER{JCS»1) 2 CIR(UCS2)

DO 154 J=1sMT
SWPTVVIU)=TAN{SWPTVVI(J}/57,29578) /BETA
PVTX{J)=PVIX(J}/BETA

CONTINUE

SPAN= 2,0%SSPAN

WING LOADING CALCULATIONS FOLLOW
CALL LOAD

CONTINUE

OVERALL LIFT AND MOMENT COEFFICIENTSREFERENCE QUANTITIESSPANWISE
LLOADINGS 0OUTPUT

WRITE 16572)
WRITE (§971) ALPHA»ALPHA
WRITE {6519) SUMLIFI1)sSUMLTIF(2)sTUMLIFT{T1sTUMLIF(2)

vL011081
VLO11082
VL011083
VL011084
vL011085
VL011086
vL0o131087
vL011088
V1011089
vL011090
VL011091
VL011092
vVL011093
VLO11094
VLO11095
VL011096
VL011097
vL011098
VL011099
V1011100
VLO011101
vLO011102
VL011103
vLOl1lo4
V1011105
VLO011106
vLO011107
vVL011108
VLO11109
viLolllii0
VLO11111
vLO011112
VLO11113
VLO111l14
VL011115
VLO11l1l6
VL011117
vLO011118
VLO011119
VLO11120
vLO011121
vioilizz
Vvi011123
VLO011124
VLO11125
VLO11126
vLol1127
vL011128
VLO11129
VL011130
VL011131
VL011132
VLO11133
V1011134
VLO011135
VLO11136
VLO011137
vig11138
VLO11139
VLO011140
VLO11141
VLO011142
VLO011143
VLOl1l44
VLO11145
VLO11146
VL011147
VL011148
VL0O11149
VLO11150
VL01115]
VLo111s2



0Tt

[

WRETE
WRITE
HRITE
WRITE
WRITE
WERITE

HRITF

165181
(6471}
{6519
6428}
{6529}
{6,658

(64241}

ELPHA , ALPHA
CLTOTOL Y. CLYOT{2},TOTHOMITY . TOTHOMEZS

SPAN, SREF, CAVE
ALPHA , ALPHS

DO 3000 1=2, THAX

fM1=t-

1

CHLCCBU T 1=CRUT~SUMY (T} 4 [ SWPWL I-SHPWTI}
3000 HWRITE(6,23) IML,YLOC(!1},CHLOCR(T},StDCO(T,1),5L0C001,2},SECLIF(TI,1VLO11164

11, SECLEF(1,42)

IF (NCT.FQ.0) GC TO 9121

WRITE

16,64}

DO 3100 I7=2,ITHAX

1TH1=1

T-1

TCHLOCCITY=CRTI-SUMYTLIT)#{SWPTLI-SWPTTI)

3190 WRITE

16,23}

ITHL, TYLOC{IT) ,TCHLOCTITH,TSLDCOCIT, 1)

ITECLIFUIT, 1), TECLIFUIT,2)

9121 CONTIN

UE

1F (HMM.EQ.D) GO T9 9100
HRITE (6436) ALPHA . ‘

WRITE (6,401
D0 4001 _J=1, HPH )
PHX{ J1¥BETA
UFLJ, 11 /BETA

PHXLY
UELJ, 1

UFE{J,2)=UE(J,2}/RETA .
JyPRXTI) PHY LU  PRLIESY JUELS 1), VELS, 1}, WELJ, 1) ,UE(d,2V0I01L182

4001 WRITE {6439)

11eVELI42) s HELS,2)

9100 GO YO
FND

1000

2 TSLDCOLIT,2),

VEC11153
VL0154
VE0n11155
VLO1116¢
VLOLL1L157
YEO1115R
VLO11159
VE0o11160
Vi0ol1161
Vio11162
veollied

VLO11165
VL011166
VLO11167
vtoilieésn
VLG11169
VLO11170
veoi7i
viLo11172
veoliiva
VLO11174
VLO11175
VLO11176
Vi011177
vioili7e
veEel1179
VLO11180
VLO11181

Vi011183

CVLO111R%

vioitrias

[aaNaRal

[sFaNaNaNal

aman

27

-

809
823

SUBROUTENE LOAD

DIMENSION SUMLIFI2}, CHLIFT{50, 21, V{12521 s YTWI2} PYL U125,

LPTLY {125}, PTLZ {1251, PYX(129) 4PYY{125),PVZ{125),S4PYVPII25),
ZSHLLZS) (FUNWI 2 oFVHIZT s FHWEZI JCIR(Z00:21,YTP(2) 4PVBX(25),PVPY 25,
IPYPIA25) ,SWPVP{25) 4 SPU25Y s FUPLZY wFVPL2) ,FHPLZ2) W YTPIL2] ,PYPYIL25Y,
APVPYIE25)PVPZI{25) SHPYPI(251,SPTI251:FUPT(21FVPI(2),FUPi{(2},
SCIRI(25; 28 ,PVIX(S01,;PYTY(5Q},PYTZ(50 YTTI2); SHPTYVIBO0} ;STI50),;
6FUT{2) 4FVT(2),FRT{2),UL125,2),VB(125,2),YBH(2),YAP(2},YBPI(2),
TYBT(2) 3CHLOC(50) Y (500, T{125) ,ELPANL{125)},TLLIFT(125,2),
BBLLIFA(125,2),BLLIFT{125,2),SLNCOL(50,2),SLDCO{50,2),SECLIF(50,2)
DIMENSTON TUMLIF(2),TCHLIF(15,2) ,PTTLX(50),PTTLY(50),PTTLZ(507,
IYTTHL2Y 4VT{504+2),UT{50,2),VRT{50,2),YRTW{2),Y8TY(2)},VYBTP(2),
2YBTPI(2) ,TCHLOC(LIS Y, ¥T(15) ,TT(50), TLPANL{50),TTLIFT{50,2),
ABYLIFT(50,2),TSLDC1{15,2), TECLIF(15,2),TSLDCOC15,2),WHOM{2},
4TMOM{2) , TOTHOR(2) ,CLTOT{2),UET1(20C,2),VEI(20042),HET(200,2)

COMMON CRWESSPAN, SWPHL I, SWPWT T, SREFCAVE ,SUMLIF,CHLIFT NCH,V,H,
1YTHy PTUX WP TLY s PTLZ 4PVX 4 PVY yPVZ y SHPVVP ,PHI { SK, FUK, FVW, FUN, C IR, MSP,
2MP1 4MHP, YTP, PVP X PYPY,PVPZ ;SWPVP (PHIP,SP,FUP,FVP,FHP,HSPT MPP},
ANMMY yMP  YTPE yPVPXT , PVPY T PVPZI 4SHPVP I SPIFUPL,FVPI, FHPL,CIRT,
GNCTeMT o PVTX s PYTY  PVTZy SHPTVV 3 PHI T YTT,SToFUTFVT ,FHTU,VB,YBU,
SYBPTsYBT yCHLOC +Y o SHPWLE y SWPHTE, ToCSPHI FRAC, TMAX, ELPANL, TLLIFT,
GBLLIFB,BLLIFT,SLDCOL,SECLIF,SLDCC,RETA, CRH,CRT,XNC,YAP,

TCRTI 4 TSSPAN, SHPTLI ySHPTTI, TSREF,TCAVE, TUMLIF, TCHLIF, VT,YTTH,
BPTTLXPTTLYPTTLZ UT VBT, YBTHW,YBTT,¥YB8TP,YB8TPI, TCHLOC,YT,SHPTLE

COMMON SHPTTETT TCSPHI s ITHAX , TUPANL,TTLIFT,BTLIFT,TSLDCY,

ITECLIF, TSLDCOs WMOM, THOM, TOTMOM,CLTOT,UE [, VET,WEL

CALCULATE REFERENCE WING AREA=PLANFORM WING AREA'UNéTRETCHFO,SRFF
CTHI=WING TIPCHORD UNSTRETCHED

D=NCH

CTHI=CRWI-SSPANK{SWPHL [-SWPWTT)
SREF={CRWI+CTHI}*SSPAN
CAVE=AVERAGE CHORD

CAVE=SREF/(2.0%#SSPAN)
1=1

SUMLIF (L
SUMLIF{21=0.0

1=1+1

CHUEFY(T,13=0.,0
CHULIFT{I,2}=0,0

THE FOLLOWING VELOCITIES ARE NEEDED FOR THE LNADING CALCULATIONS
CALCULATE SIDEWASH VELOCITYY V AT THE 3/4 CHORD OF THE LEFT
TRAILING VORTEX LEGS ON THE WING INDUCED BY WING VARTICES

DO 823 NV=1,NCW

JT=(1=2) #NCH+NV

VIIT 41 =VEI(JT,1)

VUJT,2)=VEI(JT,2)

DN 823 NN=1,M

XTH=PTLX (JT)~PVX{NN)

YTHOL) =PTLY {JTI=PVY(NN)

YTHE2)=PTLY (JT) #PVY (NN)

2TW=PTLZ{JT)I~PVZI(NN)

PO 271 L=1,2

CALL INFWWH{SHPVVPINN) oPHI o XTHy YTHILY yZTHy SHINN) JFUWIL) JFVH LY,
LEWHIL))

SHPVVP (NN)=~SHPYVP (NN)

PHE=-PHI

CONTINUE

DO 809 IXX=1,2

VAT EXXE=VLST, IXX D+ CLRFVH L) +FVHI2D P #C TR (NN, IXX) 1 /712,56637
CONT INUF

CALCULATE SEDEWASH VELOCITY V AT THF 3/4 CHCRD OF THE LEFT
TRAILING VORTEX tEGS AN THE WING INDUCED BY PYLCMN VARTICES

TF {MSP.EN.O)Y GO Y0 30390
DO 824 NV=1,NCW

viozonet
YL020602
vLOZORC3
VLEZOG04
¥L026605
VL070006
V1020007
VL0200n8
VL 020000
vLo20010
VLO20011
vL020012
V1020013
VL 020014
vLO20015
V1020016
VL020017
vL020018
VL020019
V1020020
vL020021
vL0N20022
VL020023
V1020024
V1020025
VL020026
VLOR0027
VL020028
vL020029
V10200320
VL020031
VL020032
vL020033
V020034
vL0200235
VL020036
vL020037
V1020038
V020039
vL020040
VL020041
YL020042
V1020043
VL020044
VL020045
VL020046
vL02n047
VL020048
V1020049
VL020050
VLG20051
vLA20052
vLNn20053
VL020054
VL020055
VLO20056
vEn2o0s7
vLN20058
VL029059
V020060
vL020961
VL0?20062
VL020063
VLO20064
VLO27065
V1020066
vLN20067
VL0270 68
VL0200 &
vL020070
vLR20071
vio20n72
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266

810
824

272
811

a2
3030

275

815
830

IN02

DO 824 NN=MPL,MMP
NNP=NN-M

JT=(1-2)#NCH+NY
XTP=PTLX{JIT}-PVYPX (NNP)
YIP{1)=PTLY{JT)-PVPY(NNP)
YTP{2)=PTLY{JT) +PVPY (NNP)
2TP=PTLZ(JTI-PVPZ{NNP)

D0 266 L=1,2

CALL ITMEWW(SWPVPINNP} ,PHID XTP,YTP(L),ZTP,SPINNP), FUP(L),FVPIL),
1FWPLL))

SWPVPINNP) =~SHPVP{NNP)

PHIP=-PHIP

CONTINUE

N0 B1O I[XX=1,2
V(JT:IXX)=V(JT"XY‘*((FVP(])tFVP(Z))*CIR(NN,IVX))/12.566371
CONTINUE

CALCULATE SIDEWASH VELACITY v AT THE 3/4 CHD.D OF THE LFFY
TRAILING VORTEX LEGS ON THE WING INDUCED BY -YLON IMAGE VORTICES

1F (MSPL.EQ.N) GO T 3030
DO 825 NV=1,NCHW

DO 825 NN=MPPL,NMMT
NNPI=NN~-(M+MP)

JI=NN-MMP

JT={ -2 1 ENCH4NY
XTPI=PTLX{JTI-PVPXI(NNPT)
YTPIL1)=PTLY (JTI-PVPYT(NNPI)
YTPI(2)=PTLY (JTI+PVPYI(NNPT)
1TPI=PTLI{JT)-PYPIT(NNPL)

00 272 L=1,2

CALL INFWN{SWPVPI(NNPL),PHIP, XTPL,YTPI(L}2TPI,SPI(NNPE},FUPTIL),
LFVPI(L),FUPT(L))

SWPVPI (NNPI}==SWPVPI(NNPT}
PHIP==PHIP

CONT ENUE

DO 811 IXX=1,2

V(JT.IXX)=V(JT,lXX)*((FVPI(l)+FVPI(2)'*ClRl(JiyIXX))/12.566371
CONTINUE

CONT INUE

CALCULATE SIDEWASH VELOCITY V AT THE 3/4 CHOROD OF THE

LEFT TRAILING VORTEX LFGS 0N WING INDUCED BY HOR. TAIL VORTICES
IF {(NCT.EQ.0) GO TO 3002

N0 830 NV=1,NCW

JT={1-2) #NCH+NV

DO 830 NN=1,MY

JTT=NN+(M+MP)

XTT=PTLX(IT)I-PVTXINN]

YTT(1)=PTLY(JT)-PVTY (NN}

YTTL{2Y=PTLY{ITI+PVTY (NN} -
ITT=PTLZ{JTI-PVTZ (NN}

00 275 L=1,2 B

CALL INFWN(SNPTVV(NN)yPH[T,XTT,VTT(L!.ZTT,ST(%N),FUT(L).FVT(L)'
1FWTILY )

SHPTVV (NN} =-SHPTVV (NN}

PHIT=-PHIT

CONTINUE

DO 815 1XX=1,2
V(JT,!XX)=V(JT'IXX)*((FVT(\)OFVT(Z)l*tl“(JTY.!YXl)Il?.566371
CONTINUE

CALCULATE VELOCITY U AND V AT WING VORTEX BOUND LEG MIDPNINT
INDUCED BY WING VORTICES

CONT TNUE

DN 826 NV=1,NOCH
JB=f -2 P ENCHANY
ULdR, 1I=UETLJR, 1}

vLozoo73
VLG20074
viLo29n7%
vin20076
VLOZOOTT
vL0o2n078
vipz2anTrae
VLO200RG
vieznnsl
vi02nos?2
vi020083
VLO200RS
vin20085S
vL0O20086
VEO20087
veezooas
V1.020089
vL0200480
viozoneg
viLg2oc9z
veL0o20093
VL 02n094
vL02009%
VLO2N096
vL020097
vL020098
vLO20099
vLN20100
vLoz22101
vLozonin2
vL029103
VLO20104
vLO201nS
vLO2N106
vLOZN107
YLO20108
VL0201909
vLo2011n
vio2z20tll
vio2ot12
vLO20113
VLO2n114
vinz2n1is
vLO20116
vLA27117
vioz2nils
vin22119
viDn29120
vLO29121
vLo20122
VL020123
vLO20124
vLa20125
VLO2N126
vioz2n127
V020128
veLo20129
vLn20130
¥LO20131
viL02n132
viL027133
VL0ZD134
vi020135
vL027136
vL020137
VEC2O1EA
vin2Zn13e
VL022140
¥LO2D1 41
VLn2NLa?
VLO201463
viEnzoias

anoon

[aEeXalal

EEsEa¥al
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812
826

1269

813
827

2710

214
823
301

ULIB,2)=UFT1(JB,2)
VB(JB,11=VEI{JB,1}
VBB, 2)=VEL(JB?)

DO 826 NN=1,M
XBW=PVYX { JB1-PVY {NN)
YRWE L) =PYY (JB)—PVY (NM)
YRH(2) =PVY(JB) +PVY (NN}
IRW=PY7 (JBI-PVZINN}

DO 268 L=1,2

CALL INFWH(SWPVVP {NND (PHI XPhy YBRLL) o 27 SWINND JFUNCLY FVWIL T,
IFHHIL) )

SHPVVP (NN} =-SWPVVP (KN)

PHI=-PHI

CONT INUE

DO 812 IXX=1,2

U8, IXX1=ULIB s IXX)+ C(FURETI+FURL2) IRCTR (NN, TXX) 1/12.566371 ¢
VBUJBy IXX)=VBEJIB, IXXD+( (FVR{ 1] +FVH (211 $CTR (NN, IXX1)/12.566371
CONTEMUE

— -

CALCULATE VELOCITY U AND V AT WING VORTEX ROUND LEG MINPOINT
INDUCED BY PYLON VORTICES

1F£ {(HMSP.EQ.0) GO TN 3931

DO 827 NV=1,NCW

DD 827 NN=MP1,HMMP

JR={[-2) *NCH+NV

NNP=NN-H

XBP=PVX{JB)-PYPX(NNP)

YBP(1)=PVY(JB)-PVPY{NNP)

YBP(2)=PVY{JB)+PVPY{NNP)

IBP=PVZ(JIB)}=PVPZINNP)

DO 269 L=1+2

CALL INFHW{SHPVP(NNP ) PHIP, XRBP,YBP (L) yZAP,SP{MNP},FUPLLT,FVPIL),
LFWP{L)}

SWPVP {NNP}=~SHPVP{NNP)

PHIP=—PHIP

CONTINUE

00 813 IXX=1,2
U(JB,IXX)=U(JBy[XX)+((FUP(1)*FUP(2))*ClR(NNvlXX))/12.566371
VB(JB,IXX)=VB(JBVIYX)9((FVP(!)*FVP(Z))*CIR(NN,IXX))/12.566371
CONTINUE

CALCULATE VELOCITY 4 AND V AT WING VORTEX BOUNC LEG MIDPOINT
INDICED RY PYLON IMAGE VORTICES

1F (MSPI.EQ.O)
DO 828 NV=1,NCH
00 828 NN=MPP1,NMMT

JI=NN-MMP

NNPT=NN={MeMP)

JB={ [-2 }ENCHHNY

XBPI=PVX (JB)-PVPXI (NNPT)

YB8PI(11=PVY{JB}~PVPYI{NNPT)

YBPI(2)1=PVY{JB)+PVPYI{NNPI)}

1BPI=PVZ{JB}~PVPZI(NNPIT}

DO 270 L=1+2

CALL XNFNH(SHPVPI(NNPI)'VHIP.XBPX,YRPX(Li,ZHPI,SPI(NNPI).FUPI(L),
IFVPIIL) ,FWPI{L))

SWPVPI(NNPT)=—SWPVPT (NNPI}

PHIP=~PHIP

CONTINUE

DO 814 IXX=1,2
U(JB,IXX):U(JB'!XX\&((FUPI(1)+FUPI(2))*CKRX(JIleX))/12.566371
VR(JB'IXX)=VB(JF'IXX)*((FVPI(I)*FVPI(?]V*Clﬂl(J[,lXXl)/lZ.SbbBﬂ
CONTINUE

CONTINUE

GO TN 3031

CALCULATE VELDCITY U AND V AT WING VORTEX AQUNDLEG MINDPOENT
INDUCED BY VORTICES 0N HOR. TATL

IF (NCTLEQ.0Y GO
00 832 NV=1l;NCW

10 3132

VL020145
vEn?29146
vLO20147
vL0z0168
vLg2ntas
vLO20157
vER2n151
vLO20152
VLO20153
VLO 21154
VLE2155
vLO20156
vLO20157
vL029158
vL020159
VL 020160
veeznial
vL02n162
VLO20163
VLO20164
VLO20165
VLO2D166
VLO20167
vLO20168
VL020169
viL020170
vL020171
vLO20172
vLO20173
VLO20174
vLO2017S
VL020176
vLn2Zn1TT
vLozo178
viL029179
VL020180
vL020181
VL02n1R2
VLO20182"
vin20184
vL020185
vVL020186
viL020187
VLOZ20188
vin20189
vL020190
vin2nist
vL020192
vin20193
V1020194
vLO20195
vL020106
vL020197
VL2098
VLO020169
vinznzec
vinzo201
vLN20202
vL029203
vLO20204
'vioz6205
VLC2n206
vLo20207
viLoznzen
vinz2n209
VEO20210
vioznezil
vinznziz
vinznzit
vL02n214
Vie2n21s
VINZN216



JB=(1-2) #NCH+NV VL020217
DO 832 NN=1,MT VLO2N21R
NNT=NN+(M+MP) VL020216
XBT=PVX{JB)=PVTX(NN) VL020220
YBT(1)=PVY (JB)=PVTY(NN) VL020221
YBRT(2)=PVY(JB)+PVTY (NN) VL020222
IZBT=PVZ(JB)-PVTZ{NN) VL020223
DO 289 L=1,2 VL020224
CALL INFWW(SHPTVV(NN) ;PHIT,XBY,YBT(L)4ZBT4STINN),FUT(L),FVT(L), VLO20225
LEWTI(L)) VL020226
SHPTVV (NN) ==SHPTVV (NN} VL020227
_ PHIT=-PHIT___ VL020228
289 CONTINUE - e VL020229
DO 816 IXX=1,2 vL020230
UGB, IXX)=U(JIB, IXX)+((FUT(1)+FUT(2) )*CIR(NNT,IXX))/12.566371 VL020231
816 VB(JB,y IXX)=VB(JB, IXX)+((FVT(1)+FVT(2) )%CIR(NNT, IXX))/12.566371 VL020232
832 CONTINUE VL020233
3132 CONTINUE V1020234
c VL020235
c CALCULATE LIFY ON CHORDWISE ROW OF ELEMENTAL PANELS VL020236
c VL020237
3003 CHLOC (1)=CRH-Y (1) % (SHPHLE-SWPHTE) VL020238
DO 1815 IXX=1,2 VL020239
CIRNET=0,0 VL020240
DD 829 KCW=1,NCW VL020241
JT=(1-2) #*NCH+KCW VL020242
JS=(1-1)*NCW+KCW VL020243
T(JIT)=SSPAN/ (SW(JT)*CSPHI) VL020244
IF (MSP.EQ.0) GO TO 3912 VL020245
DUM=Y (1)~ (FRAC*SSPAN) VL020246
) IF (ABS(DUM)-1.0E-05) 3011,3011,3012 VL020247
3011 JP=M+KCH VL020248
CIRNET=CIRNET+CIR(JT 4 IXX)=CIR(JSs IXX)=CIR(JP,IXX) VL020249
GO TO 2011 VL020250
3012 CONTINUE VL02025]
IF (I.EQ.IMAX) GO TN 2019 VL020252
CIRNET=CIRNET+CIR(JT,IXX)=CIR(JS,IXX) VL029253
60 TO 2011 VLN20254
2010 CIRNET=CIRNET+CIR(JT,IXX) VL020255
2011 FAC=1.0 VL020256
IF (KCW.EQ.NCW) FAC=0.75 VL020257
ELPANL (JT)=CHLOC(1)/D VLO20258
¢ vVLO020259
c TLLIFT=LIFT ACTING ON LEFT LEG OF VORTEX TAIL AT THE 3/4 ELEMENTALVLO202€0
s PANEL CHORD VL020261
c VL020262
TLLIFT(IT, IXX)=ELPANL(JT) #FACHV(JT, IXX)%(2.0/SREF)*CIRNET VL020263
L VLO020264
c BLLIFB IS PART DF BRLLIFT VL020265
[ o _ VL020266
- BLLIFR(JT,IXX) =(2.0/SREF) %2,0%SWIJT)=CIR(JT, [XX)#VR(JT, IXX)* VL020267
1SHPYVP (IT)Y VLD2D268
4 VL020269
[ BLLIFT=LIFT ACTING ON BOUND LEG OF THE VORTEX AT THE MIDPOINT VL020270
c VL020271
BLLIFT(JT,IXX)= (2.0/SRFF)&2,0%SHIJTI#CIR(JT,IXX) #((1.0-U(JT,IXX))VLN20272
1#CSPHI+VR(JT, I XX)*SWPVVP (JT)) VL020273
IF (1.6T.2) GO TC 2007 VL020274
CHLIFT LI IXX)=CHLIFTOT, IXX)#(TLLIFT(JT,TXX)/2.C)+RLLIFT(JT,IXX)  VL0O2027S
GO TO 1832 VL020276
2007 JU=(I-3)#NCH+KCH VL020277

OO

1832

CHE IFTC Ty IXXI= CHETRT 61y IXX) 4L CTLLIFT(IT , IXX)+TLLIFT(JU, TXX))/2.0)+VL020278

1BLLIFT(JT, I1XX) vL020279
SLDCOL(I(IXX)=T(JT)&CHLIFT(I,IXX) vLn2028eC
vL029281
SECLIF=(SECTIONLIFT*LNCAL CHCRD) /?%SPAN vL020282
vL02n28e3
SFCLIF (I 4IXX)=CHLIFT(T,IXX)%(SREF/(2.0¢SW(JT)I*CSPHI*4,0%SSPAN)) VLO020284
VL020285
CONTINUE vL020286
vLe20287

SPANWISE SUMMING 1P OF LIFTS ACTING ON CHNROWISE ROW NF ELEMENTAL VLN20288

o

(s X3 Ks Kel

3]

ao0no0n

coon

cno0o

1815

3e11
3010

7020

2715

8090
8230

PANELS,SUMLIF =CL VL020289

VL020290
SUMLIF ([XX)=SUMLIF( IXX)+2.0%CHLIFT (1, 1XX) VL020291
CONT INUE VL020292
“IF (1.LT.IMAX) GO TO 702 VL020293

VL020294

VL020295
SLDCO=SPANLOAD COEFFICIENT CLC/CLCAVE FOR THE WING VL020296

vL020297
D0 3010 IXX=1,2 VL020298
DO 3010 1=2, IMAX VL620299
IF (SUMLTF(IXX).EQ.0.0) GO TO 3811 VL020300
SLDCO( I, IXX)=SLDCOL( T, [XX)/SUMLIF{IXX) V0020301
GO TO 3010 V1020302
SLDCO(I,1XX)=0.0 vL020303
CONTINUE _ } SES— __ VL020304

VL020305
IF INCT.EQ.0) GO TO 9120 VL020306

VL020307
HORTZONTAL TAIL LOADING CALCULATIONS FOLLOW VL020308

VL020309
CTTI= TAIL TIPCHORD UNSTRETCHED VL020310

VL020311
CTYI=CRTI-TSSPAN=(SWPTLI=SWPTTI) VL020312
TSREF=(CTTI+CRTT)*TSSPAN VL020313
TCAVE= TAIL AVERAGE CHORD VL020314
TCAVE=TSREF/ (2.0*TSSPAN) VL020315
1T=1 VL020316
TUMLIF(1)=0.0 VL020317
TUMLIF(2)=0.0 VL020318
IT=1T+1 vL020310
TCHLIF(IT,1)=0.0 vL020320
TCHLIF(1T,2)=0.0 V1029321

VL020322
THE FOLLOWING VELOCITIES ARE NEEDED FOR LOADING CALCULATIONS VL020323
CALCULATE SIDEWASH VELOCITY V AT THE 3/4 CHORD OF THE LEFT VL020324
TRATILING VORTEX LEGS ON THE HOR. TAIL INDUCED BY WING VORTICES VL029325
00 8230 NV=1,NCT VL020326
JTT=(1T-2)#NCT+NV vL020327
JT=JTT+H+MP VL020328
VT(JTT,1)=VET(JT,1) VL0203209
VT(ITT,2)=VET(JT,2) VL020330
DO 8230 NN=1,M VL02933]
XTTH=PTTLX(JTT)=PVX (NN) VL020332
NYTTHELY=PTTLY (ITT)—PVY (NN) VL020333
YTTH(2)=PTTLY(JTT) +PVYY(NN) V1020334
ZTTH=PTTLZ(JTT)-PVZ(NN) VL020335
DO 2715 L=1,2 VL020336

CALL TNFWW (SWPVVP(NN)PHI 4 XTTW, YTTH(L) ,ZTTW,SHINM) ,FUW(L) ,FVHIL) ,VLO20337

1FWW(L)) vVL02n338
SHPVVP (NN)=-SWPVVP (NN) vL0203129
PHI==PHI VL020340
CONTINUE VL020341
DO 8090 IXX=1,2 VL020342
VTLITT, IXX)=VT(JITT, IXX) # ((FVH( L) +FVH(2) ) €CTIR (NN, IXX)1/12.56637  VL0O20343
CONTINUE VL020344
' VL0N20345

CALCULATE SIDEWASH VELOCITY V AT THF 3/4 CHORD OF THE LEFT VL020346
TRAILING VORTEX LEGS ON TNE HOR. TAIL [NDUCED RY HOR.TAIL VORTICESVL020347
VL020348

DO 8240 NV=1,NCT VL029349
JTT=(1T-2)#NCT+NV VL020350
DB 8240. NN=LsMT. VL020351
NI=NN+(M+MP) VL020352
XTT=PTTLX(JTTI-PVTX(NNI VLO20353
YTT(1)=PTTLY(JTT)=PVTY(NN) VL020354
YTT(2)=PTTLY(JTT)I+PVTY(NN) VL020355
ZTT=PTTLZ(JTTI=-PVTZ(NN) VL020356
DN 2660 L=1,2 V1020357

CALL INFWW (SWPTVVINN ) ¢ PHIT XTT,YTT(L) ,ZTT,STINN ), FUT(L),FVT(L),VLO2035R
LEWTIL)) VL02035°
PHIT=-PHIT vLo2n3en



2660

e1no
8240

[sXsksNa¥al

[eXsRaNalel

2661

8101
8241

2652

8172
8242
8259

aon

2680

SWPTVVINN 1==SWPTVV(NN ) VI 20361
CONT INUF VL020362
NN 8100 [XX=1,2 VLN20362
VTITT IXX)=VT(ITT IXX)+( (FVTCL)4FVT(2) )%CIRINT, IXX))/12.566371  VLN20364
CONTINUE VL029365
VL0O20366

VL020367

CALCULATE SIDEWASH VELOCITY V AT 3/4 CHORD OF THE LEFT TRAILING  VL02036°
VORTEX LEGS ON THF HOR. TAIL INDUCED RY PYLON VORTICES VLN20369
vL02037%

IF (MSP.EQ.0) GO TO 8259 vVL020371

DN. 8241 NV=1,NCT vL020372
JTT=(1T-2)«NCT+NV VLO20373
DO 8241 NN=MP1,MMP vLe2n374
NNP=NN-M VL029375
XTP=PTTLX(JTT)=PVPX(NNP) VL020376

YTP(1)=PTTLY(JTT)=PVPY(NNP) vLN2n377
YTP(2)=PTTLY(JTT)+PVPY.(NNP) vL020378
ZTP=PTTLZ(JTT)-PVPZ(NNP) vL02037¢
DO 2661 L=1,2 i V1020380
CALL INFHW(SHPVP(NNP),PHIP,¥TP,YTP(L),ZTP, SP(NNP) ,FUP(LISFVP(L), VLC20381

1FWP(L) ) VL020382
SHPVP (NNP)==SWPVP(NNP) VL0203 83

PHIP=-PHIP VL020384

CONTINUF - vL020385

DO 8101 IXX=1,2 VL0203 86

VTLITT o IXX)=VT(ITT, IXX) #((FVP(1)#FVP(2) )*CIR (NN, IXX))/12.566371  VLO203R7

CONTINUE V1020388

vL020389

CALCULATE SIDEWASH VFLOCITY V AT 3/4 CHORD OF THE LEFT VL020390

_TRAILING VORTEX LEGS ON THE HOR. TAIL INDUCED RY PYLON VL029391
IMAGE VORTICFS vL020392

vLC20302

IF (MSPI.EQ.0) GO TN 9259 vVL020394

DO 8242 NV=1,NCT VL020395

JTT=(IT=2)=NCT+NV VL020396

DO 8242 NN=MPP1,NMMT vL020397

JI=NN-(M+MP) VL020398

NNP=NN-(M+MP) VLC20399

XTPI=PTTLX(JTT)=PVPXT(NNP) VLO020400

YTPI(1)=PTTLY(JTT)-PVPYT (NNP) VL020401

YTPI(2)=PTTLY(JTT)+PVPYI (NNP) vLN29402

ZTPI=PTTLZ(JTT)I-PVPZI{(NNP) VLO20403

DO 2662 L=1,2 VL020404

CALL INFWW(SWPVPI(NNP),PHIP,XTPL,YTPI(L)ZTPI,SPI(NNP),FUPI(L),  VL02040S

1FVPI(L) sFWPTIL)) VL020406
CONTINUE VL020407

N0 8102 IXX=1,2 VL020408

VTEJTT o IXX)=VTLITT  IXX)+ ((FVPT(L)+FVPI(2))#CIRT{JT, I¥YX))/12. 566371VL020409

CONTINUE vLn2041°
CONTINUE vL020411

3 vL020412
CALCULATE VELOCITIES 11 AND V AT HOR., TAIL VCRTFY 80UND LEG MID- vLN20412
PCINT INDUCED RY WING VORTICES VLO20414
DL B260 NV=1,NCT VLN 20415
JTT=CIT-2)=NCT+NV vLO20416
JT=JTT+M+MP vL022417
UT(JTT,1)=UET(JT,1) VL020418
UT(ITT,,2)=UF1(JT,2) vLo2041¢
VBT(JTT,1)=VEI (JT,1) vLO20420
VRT(JTT,2)=VEI(JT,2) vLN29421
DO 8260 NN=1,M vL02n422
XRTHW=PVTX(JTT)-PVX(NN) vLe2n423
YRTH(1)=PVTY(JTT)-PVY(NN) vL02n424
YRTW{Z)=PVTY(JTT)I+PVYNN) VI N20425
ZBTW=PVTZ(JTT)=-PVZ(NN) VLO2N426
DN 2680 L=1,2 vLezng27
CALL INFWW {SWPVVPINN) 4 PHT o XPTH,YRTWL) o ZBTH, SWINN)  FURTLY 4 FVH L) ,VLE20429
1FRWIL) ) ' vLN20429
SWPVVP (NN)==SHPVVP (KN) vLN2042n
PHI==PHI VLC2043)
CONT INUE viLnrone32

f120
R260N

Ao On

2690

R130
8270

ao00o0

2691

R1131
8271

D000

2670

8132

8272
3113
f

viNn2n433
vLO2n43a

DC 8120 IXX=1,2
UT(JTT, IXX)=UTIITT, IXY ) ((FUNCL) #FIWL2) )0 TR INMN, TXX)) /12, 566371

VRT(JTT.IXX)—VBT(JTT,IXX)*(lFVN(I)*FVH(?))*(IP(NN IX¥))/12.566371 VLN?22435
CONTINUE VLO204136
vLa2043T7

CALCULATF VELOCITIFS 11 AND V AT HOR, TATL VORTFX BOUNDLEG MID- VL0204 38
POINT INDUCED BY TAIL VORTICFS vLo2043a
. VLO2044n

DO 8270 NV=1,NCT vLO20441
JTT=(IT-2)%NCT+NV vLe2n442
DD 8270 NN=1,MT VLC204473
NTI=NN+(M+MP) VLO2NG4s
XRTT=PVTX(JTT)-PVTX(NN) VL02044S
YBTT(1)=PVTY(JTT)=PVTY(NN) VLN2044é
YBTT(2)=PVTY (JTT)+PVTY(NN) vL020447
ZBTT=PVTZ(JTTI=-PVT7(NH) vio2nsan
DO 2690 L=1,2 VLO?2Nn&4Q

CALL INFWW (SWPTVV(NN ) 4PHIT XRTT,YBTT(L),7BTT,STINN ),FUT(L),FVTIVLO20N4SN

1L) ,FWHT (L)) VL02045]
SWPTVV (NN )==SWPTVV(NN) vL020452
PHIT==PHIT VLe20453
CONT INUE VLO2N4 54
DO 8130 IXX=1,2 VL022455
UTLJTT, IXX)= UT(JTT.IXY)G((FUT(l)#FUT(?))*flP(NI IX¥))/12.566371 VLO20456

VRT(JTTyIXX) VBT(JTT,IXX)+((FUTCI)4FVT(2) ) *CTR(NT,IXX)) /12, 566271 VL020457
CONTINUE VL020458
viLn2n450
CALCULATE VELOCITIES U AND V AT HNR. TAIL VORTEX BOUNDLEG MIDPOINTVLO20460
INDUCED BY PYLON VORTICES VLO20461
vLO2n462
IF (MSP.EQ.0) GO TN 3113 vLN20463
DO 8271 NV=1,NCT viLn20464
JTT=(IT-2)*NCT+NV vL020465
DO 8271 NN=MP1,MMP vLo20466
NNP=NN-M vLG20467
XBTP=PVTX(JTT)-PVPX{NNP) VLN2N468
YBTP(1)=PVTY(JTT)-PVPY(NNP) VL220469
YBTP(2)=PVTY(JTT)+PVPY(NNP) vL02047N
IBTP=PVTZ(JTT)-PVPZI(NNP) vLN294T71
DO 2691 L=1,2 vL020472
CALL INFWW(SHWPVP(NNP),PHIP,XRTP,YBTP(L),ZBTP,SP(NNP),FUC(L), vL029472
1FVP(L) ,FWP (L)) vLn2n4Ts
SWPVP{NNP)=-SKPVP (NNP) vLe20475
PHIP=-PHIP VLC204T6
CONTINUE vL020477
DD 8131 IXX=1,2 VL02047R
UT(ITT, IXX)=UT(ITT, IXX )+ (FUP( L) +FUP(2) ) *CIR (NN, IXX))/12.566371 vLo2n479
VBT(JITT,IXX)=VBT{JTT, IXX)+((FVP(1)+FVP(2))%CIR (NN, [XX))/12.566371 VLC2048"
CONTINUE vL020481
VL020482

CALCULATF VELOCITIES U AND V AT HOR. TAIL VORTEX RNUNDLEG MTIDPNINTVLC204R3

INDUCED BY PYLNN IMAGE VORTICES VL2484

- VL02048S
IF (MSPI.EQ.0N) GO TO 3113 VLC2N4RE
DN 8272 NV=1,NCT VL0204R7
JTT=(IT-2)*NCT+NV VL02N488
DO 8272 NN=MPP1,NMMT vLN2048°
XBTPI=PVTX{JTT)-PVPXI(NNP) vL02n490
YBTPI(1)=PVTIY(JTT)-PVPYI (NNP) VLN29491
YRTPI(2)=PVTY(JTT)+PVPYT (NNP} vL02n49?
ZRTPI=PVTZ(JTT)-PVPZI(NNP) VLN 20493
DD 2670 L=1,2 VLN20494

CALL INFWW(SWPVPT(MNP),PHIP,XBTPT,YBTPI(L),7RTPT,SPI(NNP),FUPT(L),VLO2N405

LFVPI(L) sFHPI(L)) VLN2N496
CONT INUE VI.G2N407
D0 8132 IXX=1,2 vLr2n4an

UT(ITT o IXX)=UTUITT, IXX )+ ((FUPT(1)+FUPT(2))*CIRT(IT,
VBT(JTTIXX)=VRT(JTT,,IXX)+((FVPI (1) +FVPT(2)1%CIRT(J

IXX))/12.5661371VLN2949°
1,1xx))/ vLN2nSor

112.566371 vL022501
CONTINUE vLO20502
CONTINUE vLN2n507

VLO22604
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CALCULATE LIFT ON CHORDWISE ROW OF ELEMENTAL PANELS ON THE
HORTZONTAL TAIL
WING SEMISPAN AND PLANFORM AREA SREF USED AS REFERENCE

TCHLOCIIT)=CRT=YT(IT)*(SWPTLE=SWPTTE)
DO 8150 IXX=1s2

CIRNET=040

DO 8290 NT=1sNCT

JTT=(1T=2) #NCT+NT

NI=JTT+(M+MP)

JS=(1T=1)*NCT+NT

NS=JS+(M+MP)

TT(JTTy= SSPAN/(ST(JTT)*TCSPHI)

IF (1T4EQ.ITMAX) GO TO 2110
CIRNET=CIRNET+CIR(NI» IXX)=CIR(NSs IXX)
GO To 2111

CIRNET=CIRNET+CIR(NI»IXX)

“FACS1¢0 7

IE- (NToEQeNCT) FAC=0,75

DTENCT<

TLPANL (JTT)=TCHLOC(IT)/DT"

TTLIFT (YT T 1XX) = TLPANL (JTT)¥FAC*VT (JTT s I1XX)%(20/SREF)*CIRNET

BTLTFTIUTT s IXX)=(260/SREF) #240%¥ST(JTT)HCIRINI S IXX)*#{ (1e0=UT(JTT>»

1IXX) ) RTCSPHI+VRT(JTT IXXy#SHPTVVI(YTT))
IF (ITeGTe2) GO TO 2107

TCHLIF(IToIXX)=TCHLIF(IToIXX)+(TTLIFT(JUTTSIXX)/2.0)+BTLIFT(JTT»

TIXX)
GO TO 8320

2107 JU=(]1T=3)%*NCT+NT

8320

laNaNa¥aNa¥alal

8290

la¥aNa¥al

8150

[aRalal

3821
3110

9120

9131

NnNONAN

TCHLIF(IToIXX) =TCHLIF(IToIXX) 4+ ((TTLIFTCYTToIXX)+TTLIFT(JUs IXX})/

1260)+BTLIFT(JTT s IXX)
TSLDCICITIXX)=TT(YTT)#TCHLIF(IToIXX)

TAIL LOADING COEFFICIENTS ARE REFERENCED TO WING REFs AREAsSPAN»

AND AVERAGE CHORD AND LIFT COEFFICIENT

TECLIF=(SECTION LIFT*#LOCAL CHORD)/(2,0%WING SPAN)

VL020505
VL020506
VL020507
VL020508
VL020509
VL020510
VL020511
VL020512
VL020513
VL020514
VL020515
VL020516
VL020517
VL020518
VL020519
VL020520
VL020521
VL020522
VL020523
VL020524

VL020525-

VL020526
VL020527
VL020528
VL020529
VL020530
VL020531
VL020532
VL020533
VL020534
VL020535
VL020536
VL020537
VL020538
VL020539
VL020540
VL020541
VL020542
VL020543

TECLIF(ITIXX)=TCHLIFUTTIXX) %! SREF/(260%ST(JTT)%TCSPHI*44,0% SSPAVL020544
1NY)

CONTINUE

SPANWISE SUMMING UP OF LIFTS ACTING ON CHORDWISE ROW OF
ELEMENTAL PANELS» TUMLIF=CL FOR HORIZONTAL TAIL

TUMLIF(IXX)=TUMLIF(IXX)+2s0¥TCHLIF(ITs IXX)
CONTINUE
IF (ITeLTeITMAX) GO TO 7020

TSLDCO=SPANLOAD COEFFICIENT CLC/CLCAVE FOR THE HORIZONTAL TAIL

DO 3110 IXX=1»2 :

DO 3110 IT=2»I1TMAX

IF (TUMLIF(IXX)eEQe0sO) GO TO 3821
TSLNCO(TTIXX)=TSLDCI(IT»IXX)/SUMLIF(]IXX)
GO TO 3110

TSLDCO(ITsIXX)=0,0

CONTINUE

GO TO 9121

TSREF=0.0

TCAVE=0,0

TUMLIF(1)=0e0

TUMLIF(2)=0,0

CONTINUE
CLTOT(1)=SUMLIF(1)+TUNLIF(1})
CLTOT(2)=SUMLIF(2)+TUMLIF (2}

PITCHING MOMENT CALCULATION FOLLOWSs SMALL ANGLES OF ATTACK ONLY»s

WING AND TAIL LIFT FORCES TAKEN INTO ACCOUNT ONLY

VL020545
VL020546
VL020547
VL020548
VL020549
VL020550
VL020551
VL020552
VL020553
VL020554
VL020555
VL020556
VL020557
VL020558
VL020559
VL020560
VL020561
VL020562
VL020563
VL020564
VL020565
VL020566
VL020567
VL020568
vL020569
VL020570
VL020571
VL020572
VL020573
VL020574
VL020575
VL020576

nnnnnN

MOMENTS ARE TAKEN ABOUT POINT WITH COORDINATES XMsYM»ZM» AND ARE
DIVIDED BY Q¥*SREF*CAVE

WMOM(1)=0.0
WMOM(2)=0.0
TMOM(1)=0.0
TMOM(21=0,0
DO 9108 IXX=1192
DO 9109 JT=1sM

VL020577
VL020578
VL020579
VL020580
VL020581
VL020582
VL020583
VL020584
VL020585
VL020586
VL020587

9109 WMOM(TIXX)= WMOM(IXX)+(20% (BLLIFT(JTs[XX)*(PVX(JT)=XMC)+TLLIFT(JT»VL020588

1IXX)# (PTLX(JT)=XMC)) /CAVE)*BETA
DO 9110 JTT=1sMT .

9110 TMOM( TXX)=TMOM( TXX)=(2,0% (BTLIFT(JTTs IXX)#(XMC=PVTX(JTT))+TTLIFT
LUTT s IXX ) (XMC=PTTLX(JITT)) ) /CAVE) *BETA

9108 CONTINUE
€.

TOTMOM(1)=WMOM(1)+TMOM(1})
TOTMOM( 2 ) =WMOM( 2)+TMOM(2)

RETURN
END

VL020589
VL020590
VL020591
VL020592
VL020593
VL020594
VL020595
VL020596
VL020597
VL020598
VL020599
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262

265

263

266

264

267

SUBROUTINE TNFWW (PSTTsAPHIT »XXXsYYYsZZZ »SNNsFUTSFVESFWIY
TOLRNC= 0,00001
ES=SINCATANIRSIT)
FC=COSLATANIPSIT)
FT =FS/FC
FPC=COS(APHIT)
FPS5=SINIAPHII)

F1 =XXX+SNN¥*FT
YYY+SNN*FPC
ZZZ+SNN*FPS
Fo& =XXX=~SNN*FT

F& =YYY-SNN#FPC
F& =ZZZ-SNN*FPS
FEA={ XXXRFCm (YYYRFPC4ZZZHFPO ) *FO ) 2% 24 (ZZZ*XFPC-YYYXFPS) #%2
FFB={F1¥FL4F2Z¥F2+F3%F3) %%,5 -
FFCa{F4XF4+F5%F54F6XFH)¥%,5

FFD=F5*F54F6*F 6

FEE=F2*F2+F3%F1
FFFa(F1*FS4F2%FCRFPCHFI*FCAFPS) /FFB= (F4X¥FS+FSXFCHFPCHFE*FCRFPS) /

3
}

1FFC

IFUARS{FEA) (LT, TOLRNC) GO TO 262
FUNNF=(Z2ZZ%FPC-YYY4FPS)»FCXFFF/FFa

FVONE= =(ZZ2%FS=XXX¥FC#FP5)*FFF/FFA

FUONF=={ XXX¥FCAFPC~YYY2FS) *FFF/FFa

GO TO 265

FUONE=0+4 N
FVONE=0a

FWONE=0.

IF{ABS{FFD)LT4TOLRNC) GO TO 263

FYTWO= F6%(1,=~F4/FFC)/FFD
FWTWO=—F5%{1.=F4/FFC)/FFD

GO TO 266

FVTWO=04

FWTWO=04

IFCARS(FFE) JLT.TOLRNC) GO TO 264

FVTHRE=-F3%(14~F1/FFB)/FFE
FUTHRE=F2%(1.~F1/FFB)/FFE

GO To 267

FVTHRE=04

FWTHRE=04

FUI=FUONE
FVI=FVONF+FVTIWO+FVTHRE
FWT=FWONF+FWTWO+FWTHRE
RETURN

FND

VL 030001
VL030002
VL030003
VL0300Q04
VLO030005
VL 030006
V1030007
VL030008
VLO30009%
VLO30010
VL030011
V1030012
VLG30013
VL0O30014
VLO30015
VL0O30016
viL030017
vL930018
VL030019
VLO30020
VLO30021
vi030022
VL030023
VLO030024
VL030025
V1.030026
VL030027
vL030028
VL030029
V030030
VL030031
VL030032
VL030033
VL030034
V030035
VL030036
VLO30037
VL0O30038
VLO30039
VL030040
V030041
VL030042
VL030043
VLO30044
VL030045
V0LO30046
VL030047
VL.030048
V030049
vL030050

[a%a¥al

la¥a¥al

[aXa¥al

[aXa¥a!

nAan

~® o

10

20
20

40
45
50
60
70
RO
RS
90
95
100
10%

106

110

120
140
150
160
170
200
205
210
220
230
250
260
270
310

1000
1005
1010

1020

1020
1040

SURROUTINE MATINVIAIN»RaMaDETERMy [PTVOT» INDEXyNMAX s ISCALEY
MATRIX INVFRSINN WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMFNSION TPIVOTIMY s AUNMAX sN} aBUINMAX yi ) s INDEX{NMAX 2}
FOUTVALFNCE (IR0W»JROWYs (ICOLUMs JCOLUMY s (AMAXs Ty SWAP)

INTTIALIZATION

ISCALE=C
R1=10.0%%18
R2=140/R1
DETERM=140
DO 20 J=1sN
1PIVOTI=0
PO 550 I=1sN

SEARCH FOR PIVOQT ELEMENT

AMAX=z040

DO 105 J=1sN

1F (IPIVOT{J)=1) 60+ 1059 60

DO 100 K=1sN

IF (IPIVOT(K}-1) 80s 100» 740

IF (ABSTAMAX)~ABS(A(J»K)}185»100+100
IROW=Y

ICOLUM=K

AMAX=ALJK)

CONTINUE

CONT INUF

IF (AMAX) 11091065110

DETERM=0,0

ISCALE=0

GO TO 740

IPIVOTIICOLUM) =1PIVOTIICOLUMY+] -

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICOLUM} 1405 260 140
DETERV=-DETERM

PO 200 L=1eN
SwAP=ACIROWsL )
ACIROWsL)=A(ICOLUMsL}
ALICOLUMSL ¥ =SWAP

IF{M) 260s 2609 210

DO 250 L=1s M
SYAP=R{IROWsL)
RUIROWsL y=B{ICOLUM»L)
BLICOLUMsL}=SWAP
INDEXTT21}=1ROW
INDEX(Ts2)=1COLUM
PIVOT=A(ICOLUM, JCOLUMI

SCALF THE DETERMINANT

PIvVOoTI=PIVOT
IF{ARS({DETERM}~R1110305101051010
DETERM=DETERM/R1

ISCALE=1SCALE+])

1F {ABS(DETERM)~R1)106051020+1020
DETERM=DETERM/R1

ISCALE=TSCALE+]

GO TO 1060
TF{ARS(NETERM)=R211040,5104051060
DETFRM=NDETERM®R]

TSCALF=15CALE=1
TFIARSIDFTERMI-R2)10505105051060
NETERM=DETERMER]

I1SCALF=ISCALE=~]
IF(ABSIPIVOTI)~R1)10905107021076
PIVOTI=PIVOTI/RY

1SCALE=TSCALE+]

VL040001
VL.040002
VLO40003
VLO40004
VL.040005
VL 040006
VLO40007
VL 040008
VL 040009
VL 040010
VL040011
VLO40012
VL040013
VL0O40014
V1040015
VL0O40016
vL040017
V1040018
VLO40019
V1040020
VL040021
VL040022
VL 040023
VL040024
vL040025
VL 040026
VL040027
vLO40028
VL040029
VLO40030
VL040031
VL040032
VL040033
VLO040034
VL040035
VL040036
VL040037
VL.040038
VL040039
VLO400G40
VLO40041
VL040042
VL040043
VLO40044
VLO40045
VL040046
VLO40047
V1.040048
VLO40049
VL040050
VLO40051
VL040052
VLO400U53
VL040054
VL 040055
VL040056
VLO40057
ViL040058
VL040059
VLO40060

' VL040061

VL040062
V1040063
VL040064
VL040065
VL040066
VL0460067
VL040068
VL 040069
VL 040070
V1040071
VL.060072
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C
<
C

nno

[aRalal

IF{ABSIPIVOTII-R1§3205108051080
1080 PIVOTI=PIVOYI/R1
ISCALESISCALE+Y
GO TO 320
1080 IF{ARSIPIVOTI}=R2$2000520005320
2000 PIVOTI=PIVOTI%*R}
1SCALE=ISCALE=1
1F{ABSIPIVOT1)-R212010+2010+320
2010 PIVOTI=PIVOTI®R]
ISCALE=ISCALE~]
320 DETERM=DETERM*PIVOTI

DIVIDE PIVOT ROW BY PIVOT ELEMENT

330 A{ICOLUM»ICOLUM}I=1,0

340 DO 350 L=1sN

350 ACICOLUMsL)=ATICOLUMsL)/PIVOT
355 1F(M). 380s- 380s- 360

36000 370 LsisH

370 BIICOLUMsL ) =B{1COLUMSL) /PIVOT

REDUCE NON-PIVOT ROWS

380 DO 550 L1=TN

390 IF(L1=~1COLUM) 400 550s 400
400 T=A(LYsICOLUM)

420 ALL1sICOLUM)=0.0

430 DO 450 L=1N

450 ALLIoLy=A{LYsL)=A({TCOLUMSL}*T
455 IF{M) 550s 550 460

460 DO 500 L=1sM

500 B(L1sL)=BILYsL)=BLICOLUMsL)*T
550 CONTINUE .

INTERCHANGE COLUMNS

600 DO 710 I=1sN
610 L=N+1=1
670 IF {INDEX(Ls1)=INDEX({L>2}} 630s 710s 630
£30 JROW=INDEX{L»1)
640 JCOLUM=TNDEX{L32)
650 DO 705 K=1sN
660 SWAP=A(KsJROW)
670 A{KsJIROW)=ALKsICOLUM)
7008 A(K»JCOLUM}=SKAP
705 CONTINUE
710 CONTINUE
740 RETURN
END

VL040073

VLO40074
V040075
YLO40O076
VLO4QOTT?
VL 040078
VLO40079
V4040080
V040081
V6040082
vL040083
YiL040084
VLO40085
VL.040086
vLO40087
VLO40088
vL040089
VL040090
VL040091
VLO40092
VL040093
V040094
VL040095
VLO40096
VLO40097
VL040098
VL040099
VL040100
VL040101
V0040102
VL040103
VLO040104
vL040105
VL040106
VL 040107
viL040108
VL.040109
VL040110
VL040111
VL040112
VLO40113
VL040114
VL040115
VL040116
VL040117
viLpsolis
vL040119
VL040120
VL040121



SAMPLE INTERFERENCE CALCULATION

In this section a sample case is set up to illustrate the use of
the programs presented in this report to compute the interference of a
high-bypass-ratio turbofan engine on a wing-pylon-tail configuration.
Use of the lift-fan program to provide interference effects for the

wing-pylon-tail program is also discussed.

Turbofan Engine-Airframe Interference

Calculation procedure.- The calculation of the interference of a

high-bypass-ratio turbofan engine on a wing-pylon-tail configuration
proceeds in the following manner. First, the vortex lattice program is
used to compute the characteristics of the wing-pylon-tail configuration
in a uniform flow at angle of attack (no interference from any external
source). The flow field induced in the vicinity of the turbofan engine is
computed at this time. From this flow field, average values of down-
wash and sidewash acting on the turbofan engine are obtained. These
average values are made up of two components. The first is due to wing
camber and twist, and pylon and tail camber, twist, and incidence, all

at zero wing angle of attack. The second is due to the flat wing-pylon-

tail at angle of attack (the additional loading case).

The turbofan engine characteristics and the components of the
induced flow field at the engine are then input into the turbofan engine
program. The singularity distribution representing the engine in the
disturbed flow field is computed. From this singularity distrikution,

the flow field induced on the wing, pylon, and tail is obtained.

The engine-induced flow field is then input into the vortex lattice
program in the form of perturbation velocities at the control pcints.
A new wing-pylon-tail loading distribution is computed which includes
the effect of the turbofan engine. Using the new loading, the induced
flow field in the vicinity of the engine is recomputed and compared with
the previous results. If the difference is sufficiently small, the
interference calculation is complete. However, should the difference
be large, a second iteration is necessary. A second iteration is
carried out in exactly the same manner as the first. A specific case
will be computed in the following section to further illustrate the

above procedure.
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Sample case.- An interference calculation such as that described in

reference 1 using both the turbofan engine and the wing-pylon-tail
vortex lattice programs proceeds as follows. For the illustrative sample
case, the alrframe configuration chosen is that of a wind tunnel model
of a typical high-speed transport type aircraft (fig. 16). The wing
has both camber and twist. The tip chord is twisﬁed -3.5° with respect
£o the root chord and the twist distribution is assumed linear. The
wing camber is defined by a NACA mean line a = 0.4 (Cﬂi = =0.02353)

at 7 = 0.2 and a NACA 63.25 mean line (Cﬂi'= 0.1307 at 1 = 0.7.
Since four rows of vortices, chordwise, will be used on the wing, the
wing mean surface slopes due to twist and camber are required at four
chordwise stations over the wing semispan. The four slopes due to
camber only at mn = 0.2 and 0.7 are shown in figure 17, together with
an assumed variation of these slopes over the remainder of the semi-
span. The mean surface slopes required as input to the vortex lattice
program are the sum of those shown in figure 17 and the local twist

angle,

The wing has a single pylon located at 7 = 0.57. The pylon is
uncambered and untwisted, but it does have a 1° toe-in angle. The

relationship between the pylon and wing is shown in figure 16.

The horizontal tail shown in figure 16 has basically the same plan-
form as the wing except that it has no camber or twist. The tail has
0.5° incidence angle with respect to the wing root chord and is located

10 inches above the wing. The tail has a 1° positive dihedral angle.

The mocdel turbofan endgine is a single-stage fan driven by a turbine
using an external cold gas supply, and is similar to that described in
reference 17. A sketch of the engine is shown in figure 16 illustrating
the relative size and location of the fan ducts and the core engine duct.
Note that the engine has no toe-in angle ahd is at -4.5° incidence with

respect to the wing root chord.

The conditions chosen for the sample calculation are the same as
those presented in reference 1 with the exception that the results of
reference 1 are for a wing-pylon-engine configuration with no horizontal
tail present. The free stream Mach number is 0.7. The velocity ratios
in the turbofan engine wake were measured during the wind tunnel tests

described in reference 1 and the following representative values are used,
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Vf Ve
—\-7—= 1.473 v < 0.8248
The unusual shape of the wake profile (Ve < V) and its effect is

discussed in the above reference.

The first step in the calculation is to obtain the wing-pylon-tail
characteristics with no external interference. The vortex lattice program
is run with the first set of input shown in figure 14. The results of
this run are presented in figure 15. Note that there are no externally
induced velocities condsiered in this case. The flow field induced by
the wing-pylon-tail loadings in the vicinity of the turbofan engine is
calculated at points which correspond nearly to the engine centerline,
the top and bottom of the engine ducts, and the inboard and outboard

sides of the engine ducts.

The next step in the interference calculation is to compute the
turbofan engine performance in the perturbed flow field. This requires
knowledge of the average induced upwash and sidewash on both the fan
and core engine ducts as was discussed previously. The wing-py.on-tail
induced upwash in the vicinity of the engine is shown in figure 18 where
the velocities induced by the o = 0° loading and the additional loading
2.5°

wing coordinate system are obtained from this figure, and the sidewash

at a = are both shown. The average induced upwash angles in the

angles are obtained from similar curves. Noting that the engine is at
-4.5° incidence with respect to the wing root chord and 0° toe--in,

the following values are chosen.

a = 0° a = 2.5°

Incidence | Induced Total Incidence Induced Total
angle angle angle angle angle angle
o -4.5° 0.2° ~—4.5° 2.5° -1.0° 3.5°
Fan B, 0° 0.05° |~ 0° 0° -0.5° -0.5°
. oy -4.5° -0.05° | ~-4.5° 2.5° -0.9° 3.4°
Engine Be 0° 0.3° ~ 0° 0° _1.3° -1.3°

Angles less than 0.5° are neglected in the above table because their

effect is small.
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Some care is required in determining the flow angles on the fan
and core engine ducts such that certain incidence angles are not included
twice in the calculation. The incidence and toe-in angles with respect
to the wing root chord cause cross flow velocities on the engine at
¢ = 0 and therefore are included in the «a = 0 calculation. The flow
angles induced by the o = 0 loading on the wing-pylon-tail are super-
imposed on these incidence angles. For the additional loading case, the
engine centerline must be aligned with the wing root chord, since the
crossflow must go to zero as o — 0. Thus the engine has the same angle
of attack as the wing root chord and the flow angles induced by the
a # 0 loading on the wing-pylon~tail are superimposed on these angles
as shown in the above table. Some caution must be exercised in super-
imposing the above angles so that the signs are correct. Notice that
a positive angle of attack exposes the bottom of the engine to the
flow. However, because of the sign convention chosen for the induced
velocities in the wing coordinate system, an induced downwash striking
the top of the engine is taken as positive. The sign of the induced
angles of attack must be changed before they are added to the geometric
angle of attack. The signs of the induced sidewash are consistent as
computed and therefore need not be changed. This is also illustrated

in the above table.

The angles in the above table are included in the input to the
turbofan engine program shown in figure 4. The output of the calcu-
lation is presented as figure 5. The important parts of the particular
output are on pages 4 and 5 where the induced velocity components are
listed for the a = 0° and q = 2.5° loading conditions, respectively.
These externally induced velocitie$s are included in the second set of

input to the wing-pylon~tail program (fig. 14).

The wing=-pylon-tail program is rerun with the engine interference
included. This 1s considered the first iteration in the interference
calculation. The induced flow field in the vicinity of the turbofan engine
ducts is again computed. The new results (fig. 15(b)) are compared with
the previous "no interference" case to determine if a second iteration
is necessary. If the induced angles at the engine location have changed
appreciably, the turbofan engine program should be rerun with the new
induced angles to provide a new set of externally induced velocities for

the vortex lattice program. The authors have found that for typical
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transport type aircraft in a cruisé configuration, the second iteration
is unnecessary because the effect of the turbofan engine on the airframe
is small. In the case of very closely coupled engines and wings, the
interference effects could be large and additional iterations would be
necessary. In this case the induced velocity field over the fan and
engine ducts is even more nonuniform than that shown in figure 18;
therefore, the assumption of a uniform upwash and sidewash may limit the

reliability of the computed results.

Lift-Fan Interference

The calculation of the interference of a lift fan on a wing-tail
combination does not require iteration. The lift-~fan model as described
previously is not affected by interference velocity fields. Thus the
fan wake calculation is made first and the velocities induced at the
wing-tail control points is determined. These velocities are input as
externally induced velocities on the wing and/or tail for the zero wing
angle of attack loading case. The results from the vortex lattice
program include the desired interference effects and no further iterations

are necessary.
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Figure 1l.- High-~bypass~-ratio turbofan
engine model.
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Item No., l: Format (20A4), any alphabetic or numeric information
(1 card)
Column No. | 1-80
Program Variable | TITLE | L X .

Data

Item No. 2:
(1 card)

T

Format (7F10.0), decimal point required

Column No. 10 20 30 40 50 60 .70 80
Program Variable| CDF CHF TCF RF (1) { RF(2) RF(3) RF (4)
Data
Item No. 3: Format (7F10.0), decimal point required
{1 card)
Column No. 10 20 30 40, 50 60 70 80
Program Variable | CDE CHE TCE RE(1l) | RE(2) RE (3) RE (4)
Data
Item No. 4: Format (5F10.0), decimal point required
(1 card)
Column No. 10 20 30 40 50 60 70 80,
Program Variable RFRE XECF EMZ VFVZ VEVZ
Data
Item No. 5: Format (41I5)
(1 card)
Column No. 5 10 15 20 25 30f ¢
Program Variable | NTYPE MMP NPRNT NCALC
Data

Note:

only the turbofan flow model.

Item No. 6:
(1 card).

Format

(8F10.0), decimal point required

If NCALC < 0, Items 6, 7, and 8 are omitted and th@ program computes

Column No. 10 20 30 40 50 60 70 80
Program Variable | ALPHF BETAF | ALPHE BETAE | ADALF ADBTF | ADALE ADBTE
Data
Item No. 7: Format (3F10.0), decimal point required
(1 card)
Column No. 10 20 30 40
Program Variable XQ YQ ZQ
bata
Item No. 8: Format (3F10.0), decimal point reguired
(MMP cards)
Column No. 10 20 30 sof ¢
Program Variable | XW(J) YW (J) ZW (J) f (g =1, 2, , MMP)
Data 4{

(a) Normal input, NTYPE = 1, NCALC £ O.

Figure 3.- Input forms for turbofan engine flow model program.
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Item No. 1
Item No. 2
Item No. 3
Item No. 4
Item No. 5

J

5 Same as shown in figure 3(a).

If NTYPE = 0, insert the following two cards between Items 5 and 6.

Item No. 5(a):
(2 cards)

Column No.
Program Variable

Data

Column No.
Program Variable
Data

Note: If NCALC

Format (7F10.0), decimal point required

(1)
‘10 20 30 40 so| ¢
ALT PZ 7 RZ | GAMMA | )
{
2) ,
10 20 30 40 50 60 70 80
vt | war2 | BPR | PFP2 | TFT2 | PEP2 | TET2

< 0, Items 6, 7,

and 8 are omitted as before.

(b) Optional input, NTYPE = 0, NCALC £ O.

Figure 3.= Continued.
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Item No.
Item No.

Item No,.
Item No.

1
2
Item No. 3 > Same as shown in figure 3(a).
4
5 ./
If NCALC > 0, insert the following two cards between Items 5 and 6

Item No. 5(a): Format (6E13.6), decimal point required
(2 cards) (1)

Column No. 13 26 39 52 65 78
Program Variable |CF(1) CF(2) CF(3) | CF(4) [CF(5) CF(6)
Data

Fz)

Column No. 13 26 39 52 65 78
Program Variable | CE(1) CE(2) CE(3) | CE(4) CE(5) CE(6)
Data
Item No. 6
Item No. 7 Same as shown in figure 3(a).
Item No. 8

(c) Optional input, NCALC > O.

Figure 3.~ Concluded.
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RUN 1-A s TURBOFAN INDUCED VELOCITIES AT WING-PYLON-TAIL FIELD POINTSs ALPHA=2,5

1643
2692
1.90

1 108

=445
=9.16
=6+9048
-1465511
=22+1973
-29.8436
=R.8881
=1642542
=23+6203
-30,9864
~10,73R9
-17.8435
-2409482
-22.0528
=1245897
-19.4329
-2602760
-33,1192
-1464405
=21,0222
~27.6039
-24,1855
=1642913
=2266115
-2849317
-3562519
-1861422
-2462009
-30e2596
-3603183
-1969930
-2547902
=31.5875
-37,3847
-21.8438
=2763795
-3209153
-3804511
-23:4632
-28,7702
=34,0772
-39,3842
-244+8513
=29.9622
-35,0721
-40,1840
—2602394
-3161542
-36.0690
-40.9838
=2766275
~3263462
-37.0649
=-41478%6
-29,2470
-22,7249

736
7694
1.0

;3 0

060
=420574
~202865
=202865
=242865
-202865
-605730
-605730
=6¢5730
-605730
=1065730
=1065730
~1065730
~1065730
=1465730
=1405730
=1445730
=14,5730
=1865730
=1865730
=1865730
=1R65730
-225730
=2245730
=2265730
-2265730
=2605730
=2645730
=2665730
=2645730
-3065730
=3065730
=30,57130
=3005730
=3465730
=344¢5730
=3465730
=3465730
-3800730
-3800730
=38.0730
=3860730
=4140730
-41.0730
=41,0730
=4100730
=44,0730
=44,0730
~44,4,0730
-444,0730
=4760730
-47.0730
-470730
=47:0730
=5065730
~5045730

0o
Oe
067

=405
B8el2
06,1398
0.1398
001398
061398
0,4020
064020
0,4020
0,4020
0,6467
0,6467
006467
066467
0,8913
0.8913
00,8913
0,8913
161360
11360
161360
11360
1.3806
1.3806
1.3806
143806
166253
106253
16253
16253
168699
18699
1.8699
1.8699
201146
201146
261146
201146
203286
203286
263286
203286
2605121
205121
265121
265121
206956
206956
266956
206956
208791
248791
2.8791
268791
340932
32,0932

-28,2268
42,7167
-31,0078
-3563262
-3965546
—42,7831
—-32.9486
~-3669155
-40.8825
=44.8494
—34,7904
-3865049
—4262104
~45,9158
=3h66502
-40,0942
=4365382
-4609822
-3845010
-41.6835
—44.8661
-48,0486
-30,9804
~472,9539
—45,9274
-48,9010
-2162770
-2666123
-3149476
-37.,2829
-14,9890
=20679%94
-26:6098
=32.4202
-09,4148
=104 44484
=-100.4490
-105,1557
-101.4832
=1054.8631
-102.5174
=106.5704
-10345516
-107.2778
-104+5858
-107.9852
-1058,6199
~10846925
=106.6541
-109,3998
-107.6883
-110,1072
-10Re7225
-110.8145

Figure 4. Sample input to turbofan engine program.

=5065730
=5065730

=545730-
-5465730

=5465730
=5465730
-5865730
=5865730
-5865730
=5865730
=6205730
-6265730
-62e5730
=6765730
=6665730
=66¢5730
=6665730
=66¢5730
=7065730
=7065730
=7065730
=70,5730
=7367702
=73e7702
-7367702
=73.7702
=4205740
-4205740
=4245740
=4245740
=4205740
=4265740
=4265740
=4265740

~102500

=102500

-367500

=3,67500

=662500

-602500

-867500

-8,7500
=112500
=11.2500
=13,7500
=13,7500
=16.2500
=1602500
=18,7500
=18,7500
=21e2500
=2162500
=23.7500
=23.7500

(a) Input for normal run with known wake velocities.

3,0932
3,0932
3,3378
3,3378
3,3378
303378
3.5825
345825
365825
3.5825
348271
3,8271
368271
3,8271
4,0718
44,0718
440718
440718
403164
463164
443164
443164
445120
465120
445120
445120
366039
366039
3,6039
346039
560769
500769
560769
500769
-10,0218
-10,0218
~10.0655
=10,0655
=10,1091
=10,1091
=10,1527
-1061527
-1061964
=10,1964
=1062400
=10,2400
-1042836
=1042836
=10,3273
-10,3273
=10,3709
=10,3709
-10e4146
~10s4146



RUN 7-B HIGH BYPASS RATIO TURBOFAN ENGINE FLOW MODEL

1473 736 0s0 0.0 060 0.0 0.0
2697 7:94 0s0 0.0 0e0 0.0 00
1,90 1,0 0.7 1473 08248 :

1 0 1 -1

{b) Input for computing only turbofan engine flow
model from known wake velocities.

PUN 1wl TURROFAN FNGINF [MNUCEN FLOW FIFLD

1 abR 7636 Ce0 0.0 0.0 0.0 0.0
2,92 To 9k 0.0 0.0 0s0 0.0 0«0
14990 1,0 0e7 1.473 0.8248

j 7 1 1

Be763782E=02 2,913723F~01~1.13%658E~01 9e720423E~02~7+968484E~02 6.441038E~02
=1, 120BAFe1-64362226FE=01 16537594E~01=-14500502E-01 1077964E~01-8.458991E-02

-l o5 Co -4o5 De 35 “005 3ok -103
Q5,14 ~42:574 901?

~A 0008 ~2e2865 0.1298
=14,9048 -2:2865 0.1398

{c) Input for computing induced flow field using
known engine flow model.

DUN TwD HIGH RYPASS RATIO TURBOFAN FNGINF FLOW MODEL

1473 7626 0.0 - 0.0 060 0.0 00
2697 T.94 0.0 0.0 0.0 0.0 0s0
1690 1.0 0615
0 0 1 -1
O 211662 519.0 0.602377 lo4
29791, 1259, 5018 143 l.12 1.35 2045

(d) Input for computing turbofan engine flow
model from known engine characteristics.

Figure 4.- Concluded.
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RUN 1-A , TURRCFAN IWCUCEC veLOCITIES AT wWIHS=PYLUN=TAIL FIELL PUINTS, ALPHA=Z o5

PAGE 1
GEGCMETRIC CHARACTERISTICS
C/L C T/C RO Q1 RE R3 RF/RE XE/CF
FAN 1.43C0C 7.36C00  0.CCCO00  0.COCCO  0.CCCOO0  CsCCCCC  0eCOCOO  1e9C000 1400000
ENGINZ  2492CC0 7094000  U.CCCOU  04COCU0 ULCCTOVU  0.CUCOC  0.C0COO
TRANSFORMEL GECMETRIC CHARACTERISTICS = C.7C0
FAN C/C  ©NG C/C FAN C ENG €
Z.00Z40  4.03342 10430606 1lells22
WAKS CHARACTERISTICS
GIE)/V SLE)/V VE/V VE/V
CCEFFICIENTS CF BCUNL VORTICITY LIND) yN=1,6
FAN  BeT6275172-02 2.91372335-01 -1.1356583E-01 9.72042306-02 -T7.9684835E-02 644410385E-02
ENGING =1e13UB3L1E=01 =6 34222630-01 1.5375944E-01 -1.5005015E=01 1.0779040E-01 -B.4589913E-02
CCAVIRGENCE, g C.CC10

INDUCEC VELUCITY CCEFFICIENTS

FAaN
BIN)
Be(H)
B(N)-TILDE
ge(N)-TILC:
FIN)=-TILO:

ENCINE
B(N)
B (N)
BIN)=TILOr
Be(N)-TILCE
F(N)=-TILUGE
Fal)=TILLE

7.5423047L-02~
Si-04
2=3=

2 U5202085-01-1.5292445E-01 1.09542058-01-5,1042063E-02 6.3364944E-02

9,6353886E-02
2:09293526=04
1.1753640=-C53

022639306 -02-1,6487765E~02 6.1395433E~03-2.6550736E-03

—G,2E8TEYLE=03 2.5072053E-05-3.7997941E-C6 1.3736805E-06

2039030695 -04-3,4626%00E-05 28.0334368E-06-8,1719770E-06

1+ 7TOEBEEEE=UE=2+59T21445-02 102753346E-02-3,0932424E-03-1.3733308E-03 2.3423864E-03
Fe(N)-TILDE -5,2822793C-05 7.38912005-04 6£¢54L1990E-03-7,2489797t-03 4,7631489E-03-2,1164403E-03

=8e2582549E=01
S+ 3TELHLTE=V2=

=4 LT3T841E=02=¢6

Be6596Y 3TE=QL~
leSU2€08E:=Uc
4,4392041-0¢

de3

Y I NI

C.»‘
1.8%85C85E
29 3T73T179==02
6o TZ03633E=02

i
(&}
-

I

1,304LT7531E=01 1.0490326:=U1-602957024E-02 6.,6254978E~-02
54219.0425-02-2.858T764TE=02 1.4340478E-02-6,9101550E-03
2,5901609E-02-143271C94E-02-163524362E-C3 2.7822674E-C3
L0359392E-01-4,9729405:-02-1+9951134c-C2-6.4165433c-03
e3161314c-02 4.8902261c-03 4,8828295E-04-1.0573892£-03
1.8414628E-02 T7.5302963E-03 2.5036716E-03

3
e 3441345E-02

Figure 5.- Sample output from turbofan engine program.
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RUN-1-A y TURFOFAM DwCUCEL valOCITIcd AT WING=PYLUN=TAIL FIELD PULNTS,

CLEFFICIENTS CF ollid VURTICITY

FAN
(259 ST

c/c c GAM/IV AF/NE
le42ee 73600 Qe4T30 lewClu
2432040 Te4aCy =0.0402

v dETA X Yo
C.7C0C CeTlal ~941600 ~22.53740

ReTO2TELTE~0L  Z2.91372233
~l.13C€2 =0l ~0+3c222632-01
i CCCAUINATE SYSTEM )
In
~24234%¢ 00 1.3980£-01
=2.2865% 00 1.39808-01
i =2.0865E CO  1.3980E-01
1 -2,2865¢ €O 1.3980:i-01
~&42T3CE 00 4.0200£-01
=6.5730& 00 4.02008-01
~0e573L8 GO 4.0200£-01
“ea572 4,C200&~C1
~1sC3733 01 o0.4679E=-0l
i =1.05738 Gl 6.457CE-0L
~1.0573c 01 6.4670E-01
=14C573z 01 6.4670E~0L
=1e43T72€ 01 H.vl3vg-0l
=1.4573: 01 '4.91308-01
L =1.4373E 01 B.91306-Cl
=1.45738 0l d.913CE~CL
~1.8572E 01 1.1360c CC

~l.6573% 01
#25730 01

1.13608 CC
l.1360¢ 0OC
1413608 CC
1.28usF CO
1.3806E CC
1.3806€ CC

~2e261LE Ui ~2.25373k O1
~248922€ 0} =ce25738 01

=3.05738 01l 1.8&S9E CC
~3.45732 01 2.1l46t ¢Q
~3.45735 01 2.11le6E CO
“3.4373£ 01 2.1146E O
«2.4572¢ 01 2.1146% CC
8OT3E 01 2.3285% CO
~3.8073¢ 0L 2.3286E UC
~3.8073E Ol 2.328%E GO
~2.807
~4s107
~4.1073z UL
“4.10732 UL 2.5121€ QO
-~4.2072Z 01 Z.353ilk CC
~4.4073E Ol 2.%956E 0O
1 -4.40732 Ol  2.6956E 00
=3.6069E Gl -4,4073% 01  2.6956€ CC
~4.0934F (1 =4440738 O}
=2, 76285 Ol ~4.7073E 0L
=3.i3468 01 -4.7072: DL
~3,7064%E 01 =4.7073E Ol 2.8791E CO
=4.1734E ULl -4.7072E 01 2.8791E (G
~249247E

-3.1098E
-3.52

“3.95

~%4,3732

~3.294 ~5.4653732¢E
-3.nY18 =3.83573E

~3ecbSCE
=4.0U54E
-4.3538(0
—4.6902E

=T.0575z 01
1 ~7.08738 01
~7.0573% 0Ol
~TL0572E 0}
=7.3770: 01
~T«3770c 01
=7.2770c O}
~7.3770c OL

-4425742 01 3400390 o0
-4.25 oL Jen0352 QO
-t L 01 3.60398 C

L
=1e4988E 0L -4
“2eUTHYE U4 =4e237wi 0L
~Je58630E U1 -4alB5T740 31 S.UTe9E L0
~3.2420E Ot =4 ,2574n 2.0 7649E CC
0L =1 25008 00 -1la.ub228 U1

UL 3.505392 (G
i 01 S.uTédc 00
5.07049s CC

~3.941%
mleuhedE L -1,0500% =1.002
~l.gubsz 02 -2 =1l.00%5¢

=1l.051¢E
-1.0L48¢
~l.U%8EE

-l.0056% C1
~le.ulusi ul
=1.01045 0)
-1l.0133¢ o}
-1.01%3c CL
-1,12508 UL ~1.0145E Ul
-1.12502 01 ~1.01496¢ Ol
37306 Q01 =1.0240t UL
-1.0240: CL
~1.0234c 01
=1.02%48 U1
Ve 37505 01 -1.93:78 GL
02 -1.4750% 01 ~1.0307: Ol
w2 =2.12500 U1 ~1.03718 01
-1.0371e 01
-1.0415e Ul
~1.0415E 01

[
=1.10elE

At /CF
1.0000

[l
d.1200

CiNdAxl,b
01 =1.12565838~01

ALPHA®Z,S

9.720423CE=02 -7.96548356~02
1.5375944E-01 ~1.5005015€=01

PAGE 2

6.4410385E-02

1.UT79640E-01 -8,4589913E-02

t ENGINE CUCRUINATE SYSTEM
A

“2.25328 CO
S.3911E CO
1.30378 0@
2.00684€ 01

~2.71905~-01
T4u942E-CO
Le4660f 01
2.1826z C1
1.57BYE v
8.6835E OC
l.57285 01
2.2893£ 01
344297 WO
1.02738 o}
lo74i08 Cu
2.2954E C1
5.28058 QU
1.18628 0L
1.8444E 01
2.5026F 0L
T.1313€ 00
1.34528 vl
1,97725 0L
Z4609.E 01
8,982 YU
1.5041€ Ul
2.110
2.715
l.0d338 0L
le6c30E 01
Z.24285 01
Z.B225E 01
1.2684E8 01
1.8219€ 01
2.3755€ C1
249291E 01
1.4303€ 91
1.9610E 01
2.4917E 01
3.0224E 01
le50918 01
20802 01
245913E 01
3.1024E 01
1.70739€ Ul
2.1994E 01
2469098 01
3.1B248 QL
1.8467¢ O
2,3186t 0.
2+47305E 01
3.2624E Cl
2.0UETE UL
245778
2.90¢
3.3557¢ Ul
241938 0L
2.6165E U1
3.03958 Q1
3.4623c CL
24378H9E UL
2477562 01
3.1723€ 01
3.5689% Ul
2456398 wl
24924
3.30%
3.67%0E COL
2.7430E UL
2.0934E U}
3.4373 C)
3.730z2e 0}
209341 01

3.8:283%

3.u8208 01
343794t 01
3.6767E 01
3.9744e UL
1.2117¢ 01
1.743
2427385 01
2.8123¢ 01
5.8290E GU
l.lo39e O}
1.7450F QL
2432608 CL
F.U253% 0L

9.7410E €}
Y4392 01
9.8113€ Ot
9.5456E 0L
9.8325€ QL
Hab46UE UL
9.9522e8 0%
9.T494E OL
1400248 02
Y.85288 01
L.0095€ 0&
D.9562E C1
L.01635E Q2

A
4.0287€ vl
4.0207E 0L
4.02678 Cl
4,0287€ C1
3.6001€ L4
3.6CC1E C1
3.0001t 01
3.6001E C1
3.26C1€ 1
3.,2001€ C1
3.2C0%E €1
3.2001% ¢}
2.8C01E CL
2.8C01€ Cl
Z+8CCLE C1
2.8C0LlE Cl
2s4UCLE Gi
2.4C01E €3
Ze4CULE CL
2.4C01E Ci
ZwuOUlE CL
2.CUL1E CL
24C001E ¢l
2.0001e Ci
l.6uule L
1.60C1E Ci
1.6001€ C1
1.6001E Gl
1.20C1E 01
1.2001E C1
1.2C01E ©L
1.2001¢ 01
8.001CE Cu
8.CUL0E CO
8.C010€ LU
8.,001CE CC
445010E Cu
4.5010E 0C
4.5010E €O
4.50108 CO
1+5010E Cu
1.5010E €U
1.5010E 00
1.50108 CO

~le49%0E Cu
~1.49908 CC
~1.4990E Cu
~1.4930E CU
=4.4990E CC
~4.4990E CO
~4.4390E 00
=4.4950E CQ
~T499906 CU

L =T7.5990E Cd
1 =7.5990& COU

~T+9990E L0
=1.19%9€ Gl
=1e1599% Gl
~1. 19998 (1}
-1l.1%99¢ Cl
=1.59998 Ul
~1.5999E UL
~1.59998 C}
~1+5999E C1
~1.9599E U1
-1.5%99¢ G}
~1.6599E Gl
~1.$999E L)
—2.3999k L1
«3999% Cl
=2.3999E C1
=2.3699E C1
~2.T399E U1
-Z2.7999E Gl
~laT9998 vl
-2.7699& Cl
~341lJ0E UL
=3.1196E ¢1
-3.1196€ Gl
-3.1196E8 CL
-0.CUCUE=3Y
-U0.CCLOE~3Y
~0+0CC0E-39
~0.CO0VE~3Y
~J.CUQUE=-217
~0.CCCUE-3Y
~0.C0C0E-39
~0,COCO0E~39

4.1324€ C1

4a13264E C1

3,8874E 01

3.4924e CL

3.63242 Ci

2.63248 C1

3.33264€ Cl

3.3824E CL

1.4824E Cl
1.8824€ C1

Figure 5.- Continued.

I3
T49302€
T.9802E
T.9802€
T.9B0O2E
T.718CE
T.7180E
7.718CE
T.7180¢
To4T7338
T+4T33E
T.4733E
T.4733E
T.2287€
T.24878
T.2287¢
T.2287E
6.9840E
6aYBAUE
&£49840F
6.9640E
Ce7395E
6. TI94E
6. 73948
5. T7394E
GaayaTle
FuaBGTE
5.a94TE
6,494
6.2501E
642501E
6.2501E
6.2501E
&a00G54E
6.0054€
6.0054E
5400548
5.7914¢E
5.7914E
5.7914E
5.T7914E
5460792
546079E
3.6079€
5.607T9E
5.4244E
5e4244E
S.4244E
5e4244E
5424038
542409€
3.2409E
5424098
5eUZ6EE
5.0268E
5.0268E
540260E
4.T822E
4.7822E
4.78228
4.7821E
4e5375E
$.5375¢
4+5375E
4433758
4.2929E
ha2929E
Lo g929E
«a29292
4 USBLE
4 U4 BZE

4.0482E

4.U482E
3.8036E
3.80386E
3.4026E
3.80368
3.6UBUE
3.6U808

1.8538€

¥

R Pl
4.1070E 01 2.5880€
4.1070€ 01 2.5880E
4.1070€ 0} 2.5880¢
4¢1CT0E 0L 2.5880€
3.6819E OL' 2.5TY0E
3.6819E 01 2.5790€
3.6819E 01l 2.5790E
3.6819€ 01 2.5790€
3.2B62E 01 2.5686E
3.2862E 01 2.5686E
3.2B62E 01 2.56B86E
3.2862E 01 2.5686E
248919E 01 2.5552¢
248919€ 01 2.5552€
2.8919E 01 2.5552E
2.8919¢ 01 2.5552¢
£n4936E 01  2.5378E
Ze4996E 01 2.5378E
{eh996E O  2.5378¢
2.4$96E 01 2.5378E
241106E 01 2.5138€
2.1106E 01 2.5138E
2.1106€ 01 2.5138E
2.1106€ 01 2.5138E
LaT269E 01 2.4791E
1.7269E 01 2.4791E
1.7269E Ol 2.4791E
LeT269E 01 2.4T91€
1.3531E Ol 2.4249¢
1.3531E 01 2.4249€
1.3531E 01 2.4249E
1435316 Ol 2.4249E
1.0004E O} 2.3311€
1.Q0004E 01 2.3311E
1.0004€ 01 2.3311¢
1.0004E 01 2.3311€
T.3348E 00 2.1785E
7.3348€ 00 2.1785E
T+3348E 00 2.1785E
T.3348E 00 2.1785E
5.8U53E 00 1.9498F
5.8053E 00 1,9498€
5.8053E 00 1.9496E
5.8053E 00 1.9498E
5a627TE Q0  1.6455E
5.6277€ G0 1.,6455E
5.6277E 00 1.6455€
5.6277E 00 1.8455E
6+9071E 00 1.3936E
6.9071E 00 1.3936E
6.9071E 00 1.3936E
6.9071E 00 1.3936E
Feb4T4E 00 1.2215E
Ge44T4E 00 1.2215E
F.44T4E 00 142215E
F.44T4E 00 1.2215E
1.2917€ 01 1.1173E
1.2917€ 01 1.1173&
1429178 01 1.1173€
1.2917¢ 01 1.1173€
L.6630E 01 1.0583E
1.60308 01 1.0583E
1.66308 01 1.0583E
1,6630E 01 1.0583¢
2404356 01 1.0212€6
2.0435€ 01 1.0212E
2.0455E 01 1.0212€
2.04558 01  1.0212€
2.%4338E 01 Y.9575E
2.4338E 01 9.9575E
2.4338E 01 9.9575E
2.4238E 01 9.9575E
2.6256F 01 9.7736c°
2.8236E 01 9.7736E
24B256E D1  9.7736E
2.8256E 01 S.7736¢
3.1404E Ul 9,6597E
3.1404k 01  9.6597%
3.1404E 01 9.£597E
3.1404c 01 9.6597¢
4e5161E WU 1.,8GCC0OE
4.5161€ 00 1,8000¢
4.5161€ 00 1.80COE
445161 00 1.80COE
32,0431k 00 1l.sLCUE
3.0431E 00 1.8UOOE
3.0431E 00 1.YCCOE
3.0431E 00 1.80C0¢
4.5131E Ol 2.4630F
4.5131€ 01  2.4630E
4.2872E 01 2444908
4.2872€ 01 2.4490E
4.U642E 01 Z.4333E
4.0642E 01l 2.4335¢
3.B444E 01 2.4162E
3.8444E8 Ol 2.41&26
3.6286E 01  2.3968E
3.6286E Ol 2.3968E
3.4175E 01 2.3750F
3.4175E 01 Z,3750€
3.2119E 01 2.3504¢
3.2119€ Ol  2.3504E
3.0131E 01 2.3225€
3.0131E 01 2.3225€
2.8225E Ol 2.2907E
2.B225E O 2.2907E
2.6417E Ol 2.2544E

242544E

2.6417E 01



RUN 1=A » TURBOFAN INCUCED VELOCITIES AT WING=PYLUN-TAIL FIELD PUINTS, ALPHA=Z2.S

BASIC TYFE LOADING,

GG NG U W E

ALPHA{ROLT)

0.C DEG.

INCUCED VELCCITY COMPUNENTS I ENGINE

XW
-6.9048¢
~1.4531E
~2.2197¢
~2.9844%
~-8.8881%
-1.6254E
-2.36Z0E

~1.7843€
2.4948EC
«342033C
-1.259C¢
~%e?4325
~2.62T6E
~3.3119E
~1ls4441LC
-2.1022E
~2a16C4E
~3.4186E
-1.6291E
~242612¢€
~2.8932¢E
-3.52352¢
~1.8142E
-2.42C1E
-3.026CE
~3.06318L
-1.9992E
~2.5790E
-3.1588E
~3.738%¢
~2.18448%
-2.7379E
-3.291%€
~348451E
~2.3463E
-24877CC
~3.4077C
-3493394E
~2.4851¢
-2.9952€
-3.3073E
~4.0L84E
~2.56239¢€
~3.1154E
-3.606GE
~4.0984€
~2.7628E
~3.2346E
-3.7065E
—4.1784%
=2.9247%
~3,3727¢€
-3.8227E
~4.2717E
~3.1098€
~3.53268
-3.9%55E
~4,3783E
~3.2945E
~34591¢E
~4408382E
~4,4849E
-3.4769¢
-3.65085¢E
~44.223CE
—4.5916E
~3.663CE
~4.0054E
~4.35588
~4.59828
~3.85C1E
~44.1683E
~4 o 4BEGE
~4 480498
-3.9980¢E
~442934%
~44,5927E
~448901¢E
~241277E
-2.66128
~3.19488
-3.7283E
-1.4989E
~Z2.0795E
~2.6610F
-3.2420E
-943415E
~1.04435%
~1.0045E
-1.051€8
~1l.0148E
~1.0586%
-1.025z2¢
~1.0657¢
~1.0325

~1.07Z8€E
-1.0456¢
-1.0759%
-1l.05e2¢c
-1.0869E
-1.0665€
~1.C94CE
-1.0763E
-1.1011¢
~1.08728
-1.1081E

Yo
0C -2.2865¢8
01 =-2.2B€&3¢
01 =242565E
01 =242865%
OC -£.573CE
01 ~ee3730%
01 =6+5730E
01 =6.5730&
01 -1.0373%
01 -1.037
01 —1.0573E
0L -1.0573E
0l ~1.4573%
Ul -1.45732
01 -1.4373k
01 -1.4573%
01 -1.8573¢
U1 =-1.8573:
U1 ~1.8573¢
01 -1.8373%
01 -2.2573%
01 =2.2573¢
01 =2.2573E
01 -2.25738
0L ~2.6573¢
01 -2.65728
01 ~2.6573%
01 ~2.65738
1 -3.05738
01 -3.0373¢
01 -3.0573E
01 -3.0573E
01 ~3.4573¢
1 ~3.4373E
01 =3.4573¢
01 =3.4573E
01 ~3.8073¢
01 =3.8073¢E
01 -3.8073€
01 ~3.8073E
1 ~4.1073¢
Gl =~4.,2073E
01 =441073E
01 -4.1073E
Cl ~4.4073¢
01 ~4.4073€
01 ~4.4073E
01 ~4.4073¢
01 -4.7073&
01 =4,7073E
01 -4.7073¢
01 =-4.,7073¢E
01 -5.0573€
01 =3.0573¢
01 -5.05738
01 =3.0572¢8
01 =5.4573E
01 -5.45373&
01 ~5.4573E
01 —3.4573¢
01 -5.8572E
01 -5,3573E
U1 -5.85738
01 -5.4573&
01 -€.2573¢€
G1 -5.2573%
0l -6.2573E
Q1 =6.2573¢
01 -646573¢
Gl —beu373E
0L =6.6373E
1 =6.6373E
1 -7.0573¢
01 ~T.0573E
01 =7.0573¢
01 =7.0573¢E
¢l -7.377CE
Q1 ~T.3770E
1 ~7.3770E
01 ~7.3770E
Ul =442574E
01 =4.2574F
01 =442574E
1 —4a2576%
01 ~4.2574¢
01 -4.2574E
0L ~4.2574E
01 =4.2574E
01 ~1.25008
02 ~1.230CE
gé £
cz2
02 -6425U08
02 -642500E
02 -8.750C8
C2 -8.75C0L
02 -1.1250¢
CZ ~1.1250C
0z ~1.3750¢
02 ~1,3750¢C
02 =1.62368%
CZz =1.6250¢8
~1+8730E
~1.8750€
02 ~24125U0E
0z «2.1250E
02 =2.3750E
CZ ~2.375CE

co
o

€0
ole]
oo
oo
e
co
00
Qo
V3%
[£DY
[
ol
01
93]
o1
13
0l
[631
ot
0l

I
143980-01
1.3980E-01
1.3980E-01
1.3980€-01
4,0200£~01
440200801
4.0200E-01
440200601
0 abTUE=CT
6.46708=01
5e46T0E-C1
&v467CE-C1
8,9130E-01
8.9130E~01
8491302=01
$.9130€-01
1.1360€ CC
1.1360€ GO
1.13608 CO
1.13608 CO
1.3806& 00
1.3306E 00
1.3806E 00
1.3806E CC
1.6253E 00
1.62535 0C
1.6253E 00
1.6253E CO
1.8699E CO
148699 L0
1.8699E CO
1.8699E €O
2.1146E GO
2.11468 00
2.1146E 00
2.11468 CO
2.3286E 00
2.3236E 00
2.32868 GO
2.3286E €O
2.5121E 00
2451218 GO
2.5121E CO
2.5121E CO
2.6956% CO
2469565 0C
2469568 GO
2.69556 €O
2.3791E CO
2.2791E CO

2.8791E CO°

2.8791E CC
3,09328 CO
3.0932¢ GC
2.0932E CO
3.09328 €O
3.3378E CO
3.3378& GO
3.3378E CC
3.33788 CO
345825 CO
3,5825C 00
3.5825E CO
3.58Z25E CC
3.82718 CC
3.8271€ CO
3.8271E GO
3.8271E €O
4.0718t CO
4.0718c CO
4.0718E CO
4.0718E CC
443164 CO
443l645 CC
443164E CC
4431648 CO
4451208 CO
4451208 00
4,5120E CC
443120E CO
3.60398 0C
3.6039€ 00
346039E CC
3.60398 CO
5.0769€ CU
340769E 00
5.0763E CO
5.07698 €0
~1.00228 vl
~1.0022E Q1
-1.0056E C1
-1.0006E 01
«1.0109€ 01
-1.0109E 01
~-1.0133E 01
~1.0153€ 01
~1.0196€ 01
~1.0196E 01
~1.0240E Cl
~1.02408 Cl
~1.0284¢8 Ul
~1.028%E 01
-1.0327¢ G}
-1.0327& 01
~1.0371E o}
-1.0371¢ Ol
~1.04158 O
~1,0415¢ C1

ALPHALF) BETALF}

ALPFA(E} BETA(E)

~4.5CC0 0.CC00 -4.,5000 0.000¢C
REFERENCE SYSTERM
u/v VIRAD)/V VITAN)/V

4.75565-05 ~5.5351E-C4 -1.0291E~03
T e044iE-05 —1,3627E-04 3.6283E-04
~1.05.0E8-04 3.01158-04 1,7273E-03
~1.1824E-04 6.6416E-C4 Z.8499E-03
~Le5619E=C5 ~5,7882E-C4 ~T+4711E~C4
~1.02U7E-04 —1.5509E~C5 7.9683E-04
~1.40925-04 5.3115E~C4 2,2135€-03
~1.30758-04 9.4826E-C4 3.3121E-02
~7.027LE=C5 -5+6567E=C4 ~3.8599E~04
~l.0433E-04 149331E£-04 1,3018€-03
B.65T3E~C4 2.7836E~03
1.33€16~C3  3,8482E~03
~1.86828-04 =4463510E~C4 1.04B84E-04
-2.6680E~04 5,6926€-04 1.9397E-03
-2.3324E-0% 1.38G3E-C3 3.4135E-03
~2.11586-C& 1.8940E-C3 4.3780E-03
~345272 -1.6200E-04 T.7917E~04
~3.71658-06 1.2457E-03 Z2.7527E-03
~3,2415E-04 2.1975E-C3 4.1801E-03
~1.8963E~04 2.7435E-03 5.0463E-03
«5,506LE-04 ¢€.029TE-CG4 L.7381E-03
~4,9444E-06 2.4634E=-C3  3.7796E~03
~3,667TE-04 3.5262E~C3 5,0737&-03
~3,5374E-04 4.0737E-C2  5,7738E-03
~8.8290E~04 2.3786E~03 3.0895E-03
~5,7578E-04 4.694TE-03 5.0802E-03
~3.9124E-04 5.7T929€-03 6.,1210£-03
-2,71926~04 €.3034E-03 ¢.6222E-03
-1.1359E-03 6.3643E-03 5.0166E-03
~5.8452E-04 B.9562E-C3 6.6820E-03
~3.8395E-04 9.9653E~C3  T7.3815E-03
~3,33106~04 1.04C5E6-02 7.7010E-03
-1.2725E~03 1.5367E-02 7T.6387E-03
~6.38UBE-04 1.7792E~02 8.7135E-03
~4,18356-04 1.8586E-02 9.0994E-03
~2.9881E-04 1.8911E~C2 9.2561E-03
~1.1734E-03 3.1994E-02 9.6150E-03
“6,1349E-04 3.3713E-02 1.0Q102E~02
-4,2485E~04 3.4220E-02 1.0252E-~02
-3.00126-04 3.4438E-C2 1.0327E-02
~1.0075E~03 5.2057€~C2 5.9497€-032
~5,6876E-04 5.3084E~02 6.0738E-03
-3.99376-04 5.3397E-02 6.1180E-03
-3.3103E-C4 5.3527E-C2 6.1375€-03
~8.0660E~04 5+4149E~(2Z ~6.5053E~03
~4.9421E-04 5.4802E-02 -6.5913E~03
~3.1249E-04 5.5037E-C2 -6.0298E-03
~2.8872E~04 5.5135E~02 ~6.6456E-03
~7.2104E=04 3,4386E~C2 ~1.1628E-02
-5,0218E-04 3,4913E~C2 -1.1809E~02
~3,86228-04 3.5142E-C2 -1.1902E-02
~2.85T786-04 3.5254E-C2 -1,1942E-02
~5.1583E~04 1.7170E-02 -1.C0&EUE-02
~4,21T4E-04 1.7584E-02 ~1.02958~02
~3,2250E~04 1.7792E-02 ~1.0406E-02
~2.9577E-04 1.7908E-02 -1.04T0E-02
~3.9949E~04 §.3794E~C3 -8.0230E-03
~3.55726-04 B,6819E~03 -8.3154£-03
~2.4604E-04 8.852BE-03 -8,4657E-03
-3,0367E-04 8.,9626E~C3 -8.5657E~03
-3,5032E~04 4,5839E-G3 -6.0183E~-03
~2.8557E-04 4,7880E-03 -7.0994E~03
—2.2281E~04 4.916lE~03 -7.2615E-03
«2,6124E~04 5.C056E-C3 =7.3795E-03
-3.5826E-06 2.7337E-03 -6.U555€-03
~2.51988-04 2.8710E-C3 -~6.2979E-03
~2.4T0TE~04 2.96T08E-G3 -6.4635E~03
~2.03026-04 3,0392E~-C3 ~6.6186E-03
~2.1084E=0U4 1.7326E-03 -5.4801E-03
-1.60396-04 1.8324E~03 -5,7538E-03
~2.4304E~06 1.90438~03 -5.9432E-03
~1.3678E-04 1.9582E~-C3 -6.0836E-03
-1.9735E-04 1.1541£~02 -5.1172E-03
—1485656-04 1,2197E-03 -5,3116E-03
~1.7780E~04 1.263LE=03 =5.4541E~03
~146766E-04 1.3123E-C3 -5.6008E-03
~1.1578E=04 B8.5176E~04 ~4.8437E~03
~1,1089E~06 9,0282E~04 -5,0495E~03
~1.57iTE-04 G,4321E-C4 -5.2066E~03
~1.06328=04 9.T649E=C4 ~5.3286E~03
—2.2663E£-03 €.TTZ1E~C2 -2.1143E-09
~8,1250E~04 7.0894E~02 ~Z.1945E-09
-5,4323E-04 T.1282E-02 -2.2127€-09
~2,72256=~04 7.1390E-C2 -2.2191E-09
-7.47953E~03 3.3729E~02 -3.3439E-09
-1.8757E-03 1.0157E-01 ~4.46B80E~09
~7.04dTE=06 1.0618E-01 -4.5763E-09
~4,52328-04 1.C6LTE~CL ~4.5926E-09
~2.1171E~04 2.7185E~03 4.8310E~03
~1.1914E-04 2.7363E=-03 4.8645E-03
~1.1797E-04 3.0425E-C3 4,8301E-03
1.30126~C5 3.0588E~C3 4.9153€-03
2.6866E-05 3.4145E-03 4.9259E-03
~4,19236=05 3.4291E-03 4.944ZE-03
~T.332TE-C5 3.8470E-03 4.9560E-03
~1,27676~04, 3.8613E-0C3 4.9753E-03
“1.6112E~04 443545E-03 4.9895E~03
~1.56473E8=04 4,3666E-03 5,0023E-03
~1,1380E~04 4.9423E-C3 4,9864E-03
~3.49C0E=C5 4.9525E-C3  4.9948E-03
3,3286E-05 5.6356E~03 4.9732€~03
3.65426-05 S5.6430E-G3 4.9803E~03
-~1.35025=05 6.4418E-C3 4.9190E~03
«3,943TE-05 6.4477TE-C3  4.9228E~03
~8,0811E-05 T.3746E=03 4.8047€E-03
~9,3849E~05 T,3793E-03 4.8066E~03
~1.2460E-04 BHe4465E=03 4.6206E-03
~1,29076-04 B,4520E-C3 64.6223E-03

}

Figure 5.~ Continued.
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RUN 1= + TURBOFAN INDUCEC VELGCITIES AT WING=PYLON=TAIL FIELE POINTS, ALPHA=Z.S PAGE 4

.
GASIC TYFE LCALING, ALPHA{RUCTY = C.C DG ALPHALF) BETALF) ALPHA(E) BETA(E)
~4.5000 0.CCCO0 ~4.5C00 0.0C0C

INCUCED VELUCITY CuUMPUNENTS IN WING REFERENCE SYSTEM

AW YW Lw ~ u/v . vV WiV
SBWJULBE G0 =2428658 U0 1.39808-01 =4 T556E=05 «T.4291E-04 ~9,0L83E-04
“lo4GH1E UL ~7.2B63E Q0 La3930E=0L o 7.644LE=08 ~6,3167E-CH  3.8239E-04
2421976 01 =24268658 CO 1,3980€-01 1p0826E-0% 643L03E=Ca L.6358E~03
~2.98448 01 =2ulvedz 00 1.398CE~0L 1.1824E=04 1.2092E~CH 2.46465E~03
“3,BBELE UC «6,5730E U0 4u0200E~Ul § 1eb6LYEw0D «7,2257Ewb4 ~b.UILTE-CS
=1:6294E Q1 =6.57308 CO0  4.0200&~01 1.02076=04 Lo5LETE=C4 7.82368E~04
~2e3620F Ol ~6457300 00 4.0200E~01 1.4092E~04 9.8338E«06 . 2.0530E-03
=~3.09d¢E 01 ~645730¢ 00 4.0200E-0L 1.50756=04 1.6215E~C2  3.0397£-03
=14073%95% 01 ~1ouS738 01 9i4b870E=~01 TeU2TLIE=Q% =&¢3863E=04 ~224T24E-04
=leTH43E (1 w1l 08738 Ol 6. 4hT0E~01 1.6433E~04 4,8429E-06 1.,2237E~03
11 =264948F 01 «1.0373% 0l ©.467CE~OL 169602504 1.4761E-C3  2.5138E~03
12 =3,2093¢ GL ~1.08735 Ul &.4nT0E-0L 1,9654504 2.1762E~C3  3.4435E~03
13 =1.25%0E 01 =1.4573E Ul 8.9130e-01 LoB6B2E~04 ~4,2413E-04 2.L1TT7TE-04
14 =149433E 01 -~1.4573E Ol 8.9)13ué-01 2.6680E~04 140361E-03 1,7359E-03
| 13 —2.0276F Ol =1.45732 01 B8.9130€-Cl 2,33243~04 2.1898E~C3 2.,9601E-03 -
: 16 =3,3119% Ol -1.4573% 0L 4.91208-01 2.1158E~04 2.9282E~03 3,765¢E-03
17 ~1.4441F Ul -1+8573F 0l 1.1350: 00 3.5272E~04 ©.2149E~C3  7.9341E«04
18 «2,1022¢ 01 ~1.8573¢ 01 1.1360& €O 3.716pE=04 1.9652E~03 2.2950E~03
19 =2.76045 01 -1.8573£ 01 «13608 CC 3,2418E8=-04 3,2779E5E~C3  3.3996E~03
20 =3.4L86E 0L -1.8573E8 QL 1.13860F 00 1.8963E-06 4.0442E~-C3 4.0788E£-03
21 =1,6291E UL =Z.25735 Ol  1.3806E 0U . 6.5001E~04 1.1264E~03 1.454KE~03
22 =242612E 01 -2,2573% U1 1.3806E CO 4.9464E~04 3,5413E-C3 I.7951E~03
23 ~Z.893ZE Ul ~2.2573% 01 1.3806€ CC 3,6677E~04 4,9517E-C3  3,6822Z8~03
24 =13,325Z¢ 0L ~2.2573E 01 1.3806E CO 3,5374E~04 5.7041E-C3 4.1708E-03
25 =1.8142E 01 =-2.6573E 01 1.0253& 00 8,8280C~u6 2.36596~03 1.9681E-03
26 ~2.42C1E Ul ~2.65738 01 1.6253€ 00 S.T578E~04 6.26(5E-03 2.9416E~03
27 ~3.026CE 01 ~240573E 01 1.6253E COC 3,9124E=04 T.6096E-C3  3,4930E-03
i 28 ~3,6318E 01 ~2.6573E Ol L[.6253F 00 2,T192E~04 B8.3312E~C3 3.7653E~03
29 =1.9992F Ul =3.0373F Ol 1.8659c CO 1,1359E=C3 7.9619E-03 1.5096E~03
30 -2.379CE 01 ~3.0573FE Ol 1.8699E CC 6,84526-04 1.1030E-C2 1.7895E-03
' 31 -3.13&9E 01 =3.05736 C1 1.8699E CC 3.8395E-C4 1.2248E-C¢ 1.9437€-03
32 =3.7385E U1 =3.05738 Ol 1.8699E CO 3.3310E~04 1.2785E-02, 240242E-03
' 33 =2.1844E 01 ~3.4573E Ul 2.1146& O 1.27256~03 1.6875€-02 -3,1153€-03
B4 =2.737SE 01 =3,4573L 01 2.1146E CO 643306E-04 1.9460E~C2 ~3,71156-03
35 -3,2915% 01 =3.4573% 01 Z,1146E CC 44,1835E~04 2,0327E~GC2 ~348797E-03
36 =3.8451E 01 73.45736 Ol 2.L146E OC 2.9881E-04 2.068lE~C2 -3+9496E~03
37 =2.3463E 01 =3.8073€ Ol Z2.3286E CO 1,1734E-03 2.7225E~02 ~1.9362E-02
33 =2.877CE Q1 -3.8U73E Ol 2.32686E 00 6.13496-04 Z4B664E~02 ~2.0420E-02
B 39  ~3,4077¢ 01 -3,8073& 01 2.3240¢ CC 4.2485E=0% 249094E-C2 -2.0728E-02
| 40 =3.9384% 01 -3.B073E 01 2.3286& OC 3,0012E~04 2.92875-(2 -2.0859E~02
41 =~244851F 01 =-4,1073E 01 2.5121€ 00 1.00752-03  1.9207E~0Z -4.8748E~02
42 =z.996ZE 01 -4,1073€ 01 245121 CO 5,6876E~04 1.9593E-C2 =-4.9709€-02
43 -3.5072E 0! -4,1073E 0l 2.5121F CC 3.9937E-04 1.9716E-CL -4.9999E-02
44 —4.0184E 0L -4.10732 01 2.5121& CC 3,3103E-04 1.9769E-02 ~5.,0120€-02
45 =2.6238F UL =4.4073E Ul 2.69508 00 8.0660E~04 ~2.0694E-02 ~5.0460E~02
46  =3.1154E €1 =4.4073E 01 Z.0956E& 00 4.9421E~04 ~2,0950E~C2 ~5.,1067E-02
47 =3.6069E 0L =4.4073F 01 oc 3,1249E-04 ~2.1050E-C2 -5.1283E~02
48 -4.0984E 01 -4.4073%8 Ol 2.6956E CC 2.8872E-04 ~2.1091E-02 -5.1373E~02
49 =2.7628% 01 =4.7073F Gl 2.8791t GO 7.2104E-06 =3.12Z0E-C2 -1.8517E~02
50 =-3,2346E Ul =4.7073E 01 2.3791€ CO 5.0Z18E~04 ~3.1701E~02 -1.8799E-02
51 =3.7065% 01 -4.7073% 01 2.8791¢ CO 3.8622E~0% ~3.19216-C2 ~1.8912E~-02
52 -4.1TE4E 0l =4.7073E U1 2.8791E 00 ' 2.8578E-04 ~3.2024E-C2 ~1.8971E~02
53 -2.9247€ Ul -5.03738 Ol 3.0932& 00 541383£-04 ~1.9891E-02 ~6,1805E~04
54 =3.37378 01 ~5.0572E 01 3,.,0932E CC 4 Z1T4E~04 ~2.0366E-0g ~643915E-04
55 <-3.822Z7E 01 ~5.0573E Ol 3.0932¢ CO 3.225CE-04 =2.0601E~L2 ~6.5649E~04
56 ~—4.2717& 01 -5.C573E 01 3.0932& (O 2.9577E-C4 -2.0734E-C2 ~€.6360E~04
57 ~3,L058E Ol =5.4573F 01  3.3378c (O 3.9949E-04 =1.0754E~02 4.3506E~03
58 -3,83.6et ~5.45738 3.3378€ CO 3.55726~-04 —Le1144E~-02 4.»102E-03
39 =3.98ESE 3.3378t CC Z2.4606E-C ~1.1358E-C2 4.5866E-03
60 ~4.3782% 34337388 CO 3.0367E-06 ~1.,1497E-02 4+6388£-03
6l ~3.2949€ 3.58558 U0 3.5U32E~04 =-6.2703E-03 5.3089E-03
62, =3.6916E 2.8657E~C4% ~6.5434E-03 5.,5236E-03
63 -4.03€2% 2.2081E-0t —6.T428E-03  S5.6440E~03
64 =~4.4349E 01 ~5.8573E C1 2.6124E-04 =6.8292E-03 5.7337€-03
65 —3.4T99% Ul ~5.2573E 01 3.8271f 00 3.5825E-04 =3,9437E-03 5.3469E-03
66 ~3.85C5% 01 ~6.2573E Ol 3.8271E CC 2.5198E-046 ~4,1288E-03 5,5550£-03
67 -4%.221CE QL =~6.2573E 01 3.8271¢ CC Z44TCTE-04 ~4425T4E-C3  5.6969E-03
68 ~4.591¢E 01 =0.2573E 0l 3.8271k CC 2.0302E-04 =4.36C6E~C3  5.8333€-03
59 ~3.665CE Ul =6.5573E 0Ll 4.0718¢ CO 2.1084E-0% ~2.6200E~03 5.1156E-03
70 -2.00%4E 01 -&,o573E Ol 4.0718E CO 1,60396-C4 =2.TH29E=03 5.36B89E-03
71 -4.3338F 01 -6.6573E 01, 4.,07L3E CO 2.4304E-04 -2.86645-03 5.5436E-03
T2 -4.6932E 01 ~&.t573E Ol 4.0718€E°CO 1.3078E-04 ~2.9428E-C3 S5.0731E-03
V73 ~3.835C1E 01 =7.0573E 01 4.3164c UC 1.9736£-04 -1.8324E-C3 4,9L52E-03
T4 -4,15828 C1 ~7.0573E U1 4.31c4t QO 1.8565E~04 -1,9236E-03 5,0991E~03
75 ~4,68¢6E Q1 ~T.0573F 01 4.3164E CC " 1.77BUE=U% -1.99175-03 5.2337E-03
76 ~4.8049F 01 -7.0573% 01 4.3164c OC 1.0T66E=04 ~2.0542E-C3 5.3732E-03
T7T  ~3.9980£ 01 =T.377CE Ul 4.3120€ UG 1.1573E-04 =1.4U26E-05 4.7138E-03
78 ~4.2954E 01 ~743770E 01 4.3120€ CO 1.1089E-04 =~1.4770E-03 4,9123E-03
79 -4,3927% 01 -7.3T70E Ol 4.51208 CC 1.57176-06 ~1.53326~03 5.0638E~03

-
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30 -7.37TCE 01 4.51208 CC 1.0632E-04 -1.58226-C3 £.1812€-C3
! 31 -4.253748 01 3.003%z CO 3 ~4,1996E-CY. -6,772iE-02
82 . -9 ¢25T4E 0L -3.0039% CC ~4a BTT4E-UY ~T.U894E-02
1 83 -3.1948E ~442574E Ol 3.6039:c CC 4y 4 T6E~CY -T.1282E-02

} B34 ~23.7283E 01 -4.2574% 01 3.60392 CC ~43473E~CY -T41390E-02

B5 =1 49E9F Ul =4,2574f 01 35.07039t CC TaaTo3E=03 ~2.3825E~C9 ~3.0729E-02
0769¢€ 01 1&.2574% 01 5.0769E 0C 1.,87578-02 ~7.5957E-09 -1.0157E-01
87 ~Z.¢61CE 01 =4.2374F 01 35.U07¢%E OC T.6427E-04 -7.8457E-C9 -1,0618E-01
33 -3.242C% 0L K 5.076%E CO 4,32328~-C4 ~T7.86185-C9 ~1.U617E~01
83 .=9,34158 ~1.0022& 0} 2.117:6-0s 4 43112-C3 3.33076~03
99 -l.0442% ~1.0022¢ 01 1.1914E-04 4.46095-U3 3.3542E-03
91 =1.0045F 0Z =3.753002 00 -1.0066f 01 1.17975-04 4.R296E-C3  3.1378E-03

92 7 ®3,750CE L0 ~1.0066E 01 -1.30126-C5 4.8349E-C3 3.1537€-03
33t 2 ~5.25008 00 -1,0Ll09E Ul ~-2.6060E-05 5.2012E-03 2.8711c~03
L -6, 23006 GO =1.0109¢é 01 4,1923E-05 S5.2825E-03 2.¥809E-03
N 93 ~%,7500f 00 =1.01538 C1 Te3327E-C5  5.74035-G5  2.5319E-03

95 =1.06578 Q2 ~8.T300E CO -1.0153E Cl  1.27678-04 5.7¢21E~L3  2.53420E-03
97 -140235E 02 =1.12508 01 -1.U196E Ol 1.5112E-94 6.2779E~02 £.1092E-03
g8  ~1.07ZBE~-02 —1wl1250F 01 -1.01968 01  1.0473E8-04 6.29458-05 Z2.1141E-03
99 =1.0439E 0Z -1+3730E ul -1.0240E 01 6.8474£~C3  1.5505E6-03
100 ~1.0759E 02 ~1.37350E 01 -1.0240c 01 5.86056~C3 1435521E-03
101 " ~1.05¢2E 02 -1.6250C 01 -1.0284t 01 7.40335-C3  8.4683E~04
102 -1.08c9F 02 =1.06250F 01 -1.,0284E 01 =~3.4342C T7.4784E-03  B.4838E-04
103 -1.06&3E CZ ~148750E 01 -1.0327E Ol  1,3502E-C5 d.1050E-C3 ~5.4578E-05
104 -1.094CE 02 ~L1.B730C Ol ~l.03278 01 3,94378-C5 8.1119E-C3 -5.5144€-05
105 ~1.07698 02 ~2.12508 01 ~1.0371€ Ul 8.U811E-05 8,7193E-Co ~1.2014E-02
106 ~1.1011E 02 ~2.1250& 01 ~1.0371E 01  ¥.3B49E-05 8,7241E-05 -1.2030E-03
107 ~1.0872E CZ =2.3750E 01 -1.04135 01  1.26460E8~04 9.2605E-C3 -2.6337E-03
108 ~1.1081F 0Z ~=£.3750& Ol —1.0415& 0L  1.2907€-04 9.2656£~C3 -2,63¢2E~03

Figure 5.- Continued.
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RUN 1-A 4 TURBOFAN INCUCED VELUGITIES AT WING-PYLON=TAIL FIELD POINTS, ALPHA®2.5 . PAGE >

ADDITIONAL LOADING ALPRALR) BETALF)} ALPHALE) BETA(E)
3.5C00 -0.5000 3. 4000 ~1.3000

INCUCEE VELCCITY CCMPONENTS IN WING REFERENCE SYSTEM

N X YW W L]
1 -6.9048E 00 -2,2865E 00 1439806=01 =-5.0508E-07 4.6704E-C5 B8.418IE-04
2 ~1,4551€ OI -2,2865€ 00 1.39805-01 6e1T46E~(T =~142430E=C4 ~2,6859E~04
3 -2.2197¢ 01 ~2,2865€ 00 1.3980E-01 145681E«06 ~2.7786E-04 -1,3608E-03
4 =2.9844E 0] -2.2885E 00 1.3980E-01 146942E~06 «3,9440E-04 ~2.2619E-03
5 =8.8B81E OC ~6,5730E 00 4,0200E~01 <=3,4924E-06 1.19C5E-05 6.2341E-04
b6 ~1.6254E 01 =6,5730E 00 4.0200E~01 =-1.6997E~06 ~2.1966E-04 ~6.05T2E-04
7 =243620E 01 ~6,5730€ 00 4.0200E-01 ~3,43CLlE-08 -4.1178E-04 ~1,7392€-03
8  ~3,0986E Ul ~6.5730E 00 4.0200E-01 522796E=07 =5,50306~04 ~2.6210E~03
9 =1l.,0739E Q1 ~1.0573E Ol 5,4670€-01 =8,5200€~06 ~5.,6602E~05 3.4599%E-04
10 =1.7847E Ol =1.0573E 01 6.4670E-01 =5/24B0E~06 =3,6629E~C4 ~9,9249E~04
11 =2.4948E 0l ~1.0573E Ol 6,4670£-01 =2.3428E~06 =-6,1129E~C4 ~Z.LTS7E~03
12 ~3.2053€ U] ~1.05732 Ol 0.467QE~0l -140467E~04 ~7.7536€E~04 -2, 0294E-03
.13 =1,2590E 01 «1,4573£ 01 B.9130E~01 =1.7344E=-05 -1.9351E-04 -2,37%2E-05
© 14 =1 9433 01 ~1,4573E5 Ol 8,9130E=01 -1.0843E-05 ~0.1411E-C4 ~1.4%6825~03

15 #45735 01 - 8.9130£-01 ~5.7005E~06& -9.1738E-Ch -2,63956-03 -
le “1.4373€ 01 8.91306~-01 ~3.1850€~U% ~1.1041E-C3 ~3,4102E-03
17 -1.85738 01 1.13460E& Q0 ~-3.2622E~05 -4.6986€-C4 -~5,1032€-04
18 ~1.8373E 01 1.1380& 00 ~1.9303E-05 ~1.0472E~03 -2.0429E~-03
! 19 ~1.8573E 01 1.1360& GO -1.03732-05 ~1,422BE-C3 -3.1645E~03
20 =1¢8573€ UL 1.k360E 00 -5.9503E~0% ~1,6418E-C3 -3,.8516E~03
21 ~242573E Ol 1.3806E 00 ~5.8113E~03 =1.0449€-C3 -1.1433€~03
22 ~2425736 01 1.3806E 00 ~3,151)E-05 ~1.B8304E-03 -2,6861E~03
23 ~2,25T73E Ol 1.3806c 00 -1.6546E-05 ~2,2848E-03 ~3,6820E~03
24 =2.2573E 01 1.3B0SE 0C ~J.2030E~00 -2,.5262E-03 ~4.2223E-03
25 «246573E 01 1.6253E CO  =9.8083E-03 =~2.2651£-03 ~1.8533E~03
26 ~246573E 01 16253 CO0 «4.82366-05 =2,3171E~-C3 ~3,2683E-03
27 ~2.6573E 01 1.42538 CO -2.404TE-05 ~2,8366E~03 ~4.0227E~03
28 =2.65%32 01 1.6253F 00 ~1.2975E-05 -4.0863E£-03 -4,3857€-03
29 “3.0573E 01 1.8699E 00 ~1.578lE~D4 =4.9644E-03 ~2.2491E£-03
30 #0573€ 01 1.8699E CC ~6,889TE~05 -6.2767E-C3 -3,2347E-03
31 “3,05738 Ol 1+8699E €O ~3,1930E-05 -6.8129E~C3 ~3,6558E-03
32 “3,U5T3F Ul 1.8699E €0 <«1.6649E~05 ~7.0544E~03 -2,68501E-03
33 ~3,4573E 01 2.1146E 00 ~2.402ZE~04 ~1.1030E~02 ~Z.68T720E-04
34 ~3.4573E UL 2.1146€ 00 ~B.B4353E~05 -1.2417E~C2 -5.2279E~04
N . 35 ~3445T3E Q1 2.1146E CC -3,845C6-C5 ~1.,2890E~02 ~6.2235E-04
36 ~3.4573E 01l 2411468 00 =1.9703E-05 -1.3084E-CZ ~6.6110E-04
37 -3.8073E 01 2.3286E CO ~2.99064E-04 -2.0012E-C2 1,0280E-02
33 ~3.80736 01 2.328%E CO =-9.714%E-05 =2.1CC6E~C2 1.07C0E-02
39 ~3.8073% 01 2.3286E CC ~441B24E~05 ~2.1294E-C2 1.0811£-02
40 «BUT3E UL 2.3286E U0 -2.1524E-05 -2.1425E-CZ 1.08528-02
41 «44L073E 01 2,5121E CO =2.937T4E-C4 ~1.7722E-C2 3.4240E-02
42 ~4.1073E OL 245121 00 -9.5056E-C5 ~1.8101E~C2 3.4359E-02
3 ~4,1073E 0l Z.5121E CO =-4.1697E~05 -1.8220E-C2 3.5032E-02
44 ~4,1073¢ 01 2.5121E GO 2102E~05 ~1.8Z71E-C2 3,5102E-02
45 ~4440T3E 01 2.6956E CO +3683E-04 1.2911E-02 4,2513E-02
45 ~4.40T3E 0L 2.6954E CC  =~8.6622E-05 1.3042E-C2 4.3016E-02
47 ~4.4073E 0L 2.6956E CO  =-4.11776-05 1.3U€BE-LZ 4,.31B9E~0&
48 ~444073€ 0l  2.6956E 0C -~2.1950E-05 1.3108E~CZ 4.3259E-02
49 2,879l €0 ~1.7792E~04 2.576BE-CZ° 1.9798E-02
50 2.8791€ €O «5603E~C5 Z2.€1526-C2  2,0110E-02
51 2.B791E €C -3.8403E~05 2.632L1E-Ci 2.0236E-02
52 Z879LE Q0 -2.2137€-05 2.6299E€~C2 2.0296E-02
83 3.09328 CO ~1l.2487E-D4  1,89C7E-CI  4,0655€-03
54 340932E CC  ~6.2524E-05 1.93%3E~C2 4,1T59E-~03
55 3.0932E CO  =-13.5392E-C5 1.95¢ CZ  4,22B8TE-03
56 3.0932E 00 ~Z.1494E~05 1.96E5E-02 4.2566E-03
57 3.33T78E 00 =~B.5517E-05 1.1625E-02 ~1,3667E~03
58 3.33782 €O ' =4.9804E-C3 2 ~1,41635-03
59 3.3378E €O -3.09826-C35 ~1+4374E-03
60 ~4.3783E 3,3378¢ 00 ~2.05i5E-05 ~1.45506-03
61  =3.294SE 3.5825€ 00 -6,0843E~C3 ~i.40608~03
62 =3.691¢E 345825E CC  =3.98647€-C5H -2.U212€-03
63 =4.0882€ 3.58258 CO  -2.6775E-05 -3 LE52E-03
64 -4 4849E 3.5825E 00 -~1.8852E-C5 ~3.1342E~03

85 =3.476SE
66 ~3.85C5E
61 =4,221C% -6.2573& Gl 3.8271E C¢C
68 ~4e591 ~6.25738 01  3.8271E uC
69 -3.665C0E ULl 646573k 01 4.0718€ CO -=3,4017E-03
7O ~4.0054E 01 «6.6573E 01 407188 CC -2.5718E-0%
71 94,3538 01 -6.6573E 01 4.0T7148E CO $9533E-05
T2 -4.5982E Cl -6.6573¢ Ul 4.0718% 00 ~1.52%3E~0°
73 =3.85C1E Ul ~7.0573E 0} 4.3164F (0 =2.6500E~i5 2.0587--(3
T4 =4.1683E UL =7,05723 G 4.3164¢ CO -2.1098E-05 Jd.ls3 e

3.8271E CO
3.3271E €O

5
1
3

75 “.31o4t Q0 -1.5890E~05 3.2B0UE-US
76 4431666 0C -1.3628E-05 3.3023E-C3
77 4451202 CC  =2.2134E~0% 2.54735-C3
78 4451006 CC -1.82336-05 Z.633 T3 =3,4B80e2-02
79 4e51ZUE UG ~l.5026E~Ub 2,737 L3 —A,28TTE-VY

80 -4.B89C1E 0L 4.31208 €O -1.2405E-05 2.8058E-C3 =«2,070e£-02
81 ~2.1277E 0} 3.50398 00 ~9.T0LBE~04 ~5.4385E~U3  h.2443¢-02
82 ~2.66128 01 =4.2574% U1 3.6039:% €0 ~1.8L22E-U4 =3, 7TCRE-C3  3,a015E-00
83 -3.1948E Cl =4.2574E U1  3.6039€ 00 DUUBE~US =5, 838HE~L3  Seqflof-Ud
94 =3,72d3E Ol =4,2574& 01 3.6039¢ €O T427E-05 +BEOSE~LS
,85  =1.4985E 01 -4.2574E Ol 5.0749L CC =-3,3838E-03 -0,2698E~C3  3,73H0E-0Z

86 =2.0799E Ol =4.,2574E& 01 5.0769E CC =~1.2295:5-03 -1.1269E-C2 H,0104E-Ue

87 ~2.6610F C1 =4.2574E 01 5.076%5 00 -1 ~1e1725E~Le 8.1T721E~0c

B8 =1.242CE Ol =4.2574C 01 5.0769E CC  =3,T7665E-05 ~1.1T83£~0C¢ E,.iTlog-u2

89 =9.9415E 0L ~1.25005 00 -1.00228 Ol =-9.7540E-07 -2,55836-C3 -3,38715-03

90 =1,0445E 02 ~1.25CCE G0 =~1.00226 Ql =-B,240BE-07 -2.5752E~(3 -3,41C7€~0>

J1  -1.0045E 02 -2.750CE 00 =1.00648 01  ~9,93TUE=-07 ~2.85C5€«03 -3,.3118E~02

92 ~1.0516F 07 -2.7500E 00 ~l.0086& Qi =-8.7908E~07 -Z2.8648E~C3 -3.5288E-03

93 =~1.0148E 02 -6.2500F 00 -1,0109E 01 ~1.0323E~06 ~2.1743E-03 -3.1856E-03

94 =-1.0586F 02 =6,25008 00 -1.,01G9E 01 ~9.59275-07 =3,1662E-C3 ~3.49726~03

95  ~1.0252E 02 -8.7500€ 00 ~1.0153¢ 01 -1.1U43E=06 -2.5418E-C3 ~3,uUl34E-03

96 =1.065TE 02 -8.75008 00 -1.0153t 01 ~1.0345E-06 -3.,0257€~053

97 =1.0355E 02 ~1.1250E 01 -1.0196E C1 =1.20l7E-C6 ~2eT895E~03

98 ~1.0728E 02 =i.1Z50E Ol ~1.0196E Cl -1.0076E-0b6 ~3.9742E-C3 T970E-C3

39 ~1.0459E 02 ~1.3750E 01 ~1.02408 Ul -1.1327E-06 =4,4272E-C23 46T2E-03

100 ~1.0799E 02 ~1.3750€ Ol -1.0240F 01 =9.7921E-07 =4,4349E-03 4713€-03

101 -1.0562€ 02 -1.0284E 01 ~1.1010£~C6 -4.9497E~C3 -2,0408E-03 .
102 ~1.0869E 02 -1.02845 01 -9,6230E-C7 -4.9569E-C3 -2,0437€-03

103 =-1.06&65€ Q2 ~1.03276 U1 =~1.0539€-~06 ~Le4635€-03

104 -1,094C€ G2 =1.0327E 0! ~8.3327E~07 =5.5172E~03 -1,4641E-03
105 ~1.0769E 02 -1.0371€ 01 -9.3393&~07 ~6.0911E~C3 -6.9253E-04
106 ~1.1011E 02 =1.0371E O1 ~T7.9462E-07 ~6.0945E~C3 ~6,91085E~04 *

107 ~1.0872€ 02 ~1le0415E Ol ~B.lTOVE=-UT ~6.6546E~03 3,1219E-04
108 -~1.1081E 02 ~2.3750E Ol =1.0413E 01 -~7.1599E~07 -6.6577E-C3  3,128BE~04

Figure 5.~ Concluded.
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Figure 6.- Typical 1ift fan configuration.
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Figure 7.- Lift fan wake in a crossflow.
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8E€T

Item No. l: Format (20A4), any alphabetic or numeric information
(1 card)
Column No. | 1-=80
Program Variable | TITLE ; : : i i i -
T T T T I 1 i
Data
Item No. 2: Format (9F8.4), decimal point required
(1 card)
Column No. 8 16 24 32 40 48 56 64 72 80
Program Variable VVJ DELTJ D X0 YQ zZQ XQ2 YQ2 ZQ2
Data
Item No. 3: Format (4I5, 5F10.5), decimal point required for last five variables
(1 card)
Column No. 5 10 15 20 30 40 50 60 70 80
Program Variable NP NPATH| NFAN | NPRNT DZD DS DSV ENDS CYL
Data
Item No. 4: Format (3Fl10.5), decimal point required
(NP cards)
Column No. 10 20 30 a0 | {
Program Variable XW (J) YW (J) ZW (J) (0 =1,2,...,NP)
Data
(a) Normal input, NPATH = 1 or 2.

Figure 8.- Input form for 1lift fan induced velocities program.




Note: NPS = |NPATH| <

Item No. 5:
(1 to 5 cards)

Column No.

40

Format (8F10.5), decimal

10

20

point required

Program Variable

SD(1)

SD(2)

30

40

50

60

Data

SD(3)

SD (NPS)

70

80

Item No. 6:
(1 to 5 cards)

Column No.

Format (8F10.5), decimal

10

20 30

point required

Program Variable

XD(1)

XD(2)

XD (3)

40

50

60

70

Data

XD (NPS)

80

Item No. 7:
(1 to 5 cards)

Column No.

Format (8F10.5), decimal

10 20

30

point reguired

Program Variable ZD(l)

ZD(2)

ZD(3)

40

50

60

70

80

Data

ZD(NPS)

Item No. 8:

Format (8F10.5), decimal point required
(1 to 5 cards)

Column No.

Program Variable

10

20 30

40

Data

THETA (1)

THETA (2)

THETA (3)

50

60

70

80

.o THETA (NPS)

6eT

v

O

Figure 8.- Concluded.
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SAMPLF CASE 1

LIFT FAN INDUCED VELOCITIES

o7 90, 3.0 6666 -5032 0s42
12 7 1 1 «05 .10 620 5060
~26140 ~0.45%0 0.0
-l e, BT R ~0.450 0.0
-5 R9H “Oa450 0.0
~0,773 -0.450 0.0
"‘70(:7(;[4 -8.550 0.0
-9 ,609 -84550 0.0
=11e225 ~-86550 0.0
~12.84] ~84550 0.0
~14,581 ~174665 0.0
~1%,339 ~17.665 0.0
~166097 ~176665 0.0
~16.855 ~17.665 0.0

SAMPLF CASE 2 =
Ne? £0.0 3

¢ 1

(2) Input for normal run.

LIFT FAN WAKE CENTERLINE PATH CALCULATION
0 De0 0,0 0.0
1 0 .05 «10 020 Qs

(b) Input for computing jet centerline path only.

SAMPLF CASF 3 = INPUT JET CENTERLINE PATH

Dot 90, 3,0 6066 ~5432 Oets2 6+66 5032
17 =17 2 0 0.0 0.10 0.20 50

~2,140 ~04450 0.0

~lhe518 -0.450 0,0

-5 o B9H "00450 0.0

“'Q977a “00450 0.0

-7 994 ~8:550 0.0

-0, 650G -Ra850 0.0

~114778 -R,550 0.0

~12e847 -8.550 0.0

~14eH5R1 ~-17:665 00

~186329 =~17e665 0.0

~16,097 ~17+665 0.0

~16e855 -176665 0.0
O 05 1.0 le5 2.0 3.0
100 12,0 14,0 160 2060 2460
5060

G «00836 s 0471 »1286 2259 «668
5.186 R.030 94909 11.81 1566 19655
4% 16k
Os s 4999 9983 le491 1,974 24884
7,023 7795 8o479 9,096 10,18 1113
1855

Oe 22395 6730 12.16 18416 30,09
55658 £8.78 7110 72.88 75642 7717
B2.16

(c) Input for computing wvelocity field induced by
two 1lift fans with specified jet path.

Figure 9.- Sample input to lift fan program.

Os

0e42

1.0

440
3050

1.245
25642

34699
12.36

40,09
78099

5.0
4000

1.941
3527

4e417
144,09

47.68
8092



SAMPLE CASZ 1 = LIFT Fan IRDUCED vELUCITIZES PAGE

V/vd
0.2CCC

LZLTA
SC.CC0U

cez/se)
\IOL Co

PARAMETERS COMPLISD USING WwOULER'S MITHOD

7T

JET CERTORLING

xX/cC

L/t

S/C

THETA

Figure

10.- Sample output from lift fan program.

0.0CCCOE-2% CoCCCLCCE=29 (.CCLCOI~-2y C CCOCCE=-329
2.643T74E~CZ 4, ‘379‘11*‘07 5.C0CULUE=Ce  TWa579445=5=02
1.496665-04 G.5%9%8(-02 1.CCCCRE=0L1 2Z2.163508-01
Batt611L-Uy 1.99997&-01 Z<0CCCOT-01 £.CE326%-01
Ze332T9E=02 .6$93E0~01 3.CCOCOE-CI- 1,11374EF CC
4o 7BTIEE=~U3  2.$6935e-01 4.,0CCCUE-Ul  1.716i50 GG
Be3E2C35=07 4,59391L=01 5.CCCCOE-01 Z.394c7t GO
T 14318540 =-02  %,5977475-01 €.0CCCUE-01 2.14330% CC
1.937405-07  €.5635815-01 7.C0CCCOE-01 2.9¢0218 GC
2oTC321E=0c  Ta6%254:-01 E.CCUCOE-Cl  4,82Z91% GO
2,62538:=-02  #.%Ec39E=-01 S,000C0E-01 E,757&3E CO
4,7322370-02  9.9226537-01  1.CCCCCE CO  €.770568 CC
1.085608=01  1.4614CF CC  1.5CCCOCE CO  l.Zlhlét C1
2.59058F=01  le373537 (U  2.0GCCOE QU 1.816535¢ U1
4.4CCCHE-01 2,429835 00 2.5C0C0L CU  Ze.4c698E (1
EebES93I=0L 24824127 CC - 3.0CCCOF CC  3,009428 01
9,353260-01 32.30428% 00 3,5CCC0C CO 1, Ao;o; 01
1245695 00 328669255 €0 4.00CCUT QU ¢.CU9.l4h Cl
1.58125E 0C  4,C6949F G0 4,5CUC0E 00 4.414%4c 01
1.94079% 00 441715 CC  5.CCOCOE CC  4.,7¢3.9c Gl
2.71273¢ CC S.C510C2 CC 6.CCCCOZ €O S933320£ 01
2,53387L¢ OU  S.¢€16487 00 T.CCCCUE CU  3.75K6358 U1
4,367915 0OC =,127ClL €0 3.CCOCUE CO . €.087unkE 01
5.282565 0C £.59308Y (0 G,0CCCOE CO  €.247018 01
64135330 CC  7.C22657 CO  1.C0CCOE 01 €455736k €1l
7.10223585 00 7.421845 0C  1.1COCOE 0l 6472154z OL
840569537 0C  7.7953%C 0C  1.200C0EF 01 €.B7781E 01
F,906197 00 £,47941% 00  1.4CCCOZ 01 7.,11047E 01
1,131150 Ul 9.,096472 CO  1.000C0% Q1 7.287&3c 01
1.273025 Ui $.4c0975 00 1.8CCCUE 0L T.42806t8 01
1366025 01  L1.0LG2CE Ol 2.0CCCOE 01 7.342108 01
1.76CCE0 6L 1e0&8G97 Ol -~ 2.2C0Cut €1 T7.43694tc 01}
1.9347¢6: GL 1 735 01 2.400CUE 0Ol 7.717:27F 01
SelF0Cat UL 1 125 Ul Z.ACOCUE 01 T7,7a86338 01
2.34379% 0L lelF644E 01 2.nCCCOE Ul T.B4645% 01
F.34197%7 0L 1.235695 L 3.CCCCO05 01 T.859326F 01
2,0%2657 01 12226597 Q1 3.5CCC0E 01 E8,00784L U1
3,3243%7 01 1.408975 01 24.CCCCOE QL RP.CI9208E 01
4,070~ 01 1.4n&82% 01 4,3CCCO0F Gl #,15976% CL
4,515000 LL 0 1.75%440 0L 3.00CC0Z ¢l &,215:37¢ €1
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bt s

SAMELE TASz 1 = LIFT FaN 1HDYCLD vewullilies PAGE 2

VELOCITY INCLCEL #Y ENTRAINMENT SINK DISTRIBUTIOCN = FAN L CUCGRDINATE SYSTEW

/v C X1 Y FAN S/0 vis/t)

G.2000 3.,CC00 £.8ECO -5, %200 D 4200 5C. 0000 0. 1000

K/0C Y/ /¢ Usvay V/vd W/VJ vI/vd
2e T3 -i.223 “Ga 140 =Z.l429E=CT 2.4778E-03 B.94TUYE-CZ J.8363E-03
726 -1.423 w0140 =1,93095-C2 T, 77946-03 T.9593E-02 5.649CE=-03
519 -1 3 =Ca 140 z 3 2.4988E0=03  Te22949E~C2  T.T7751t-U3
31 —le&l3 “0el40 =Lo4YBGE=CY  1.95465-03 6.6758E~C3 T7.1152€-03
Rgx 1.077 =0o140 ~1.3124E=-02 -1 7e2486F-02 1.6166C-03
422 1.077 ~(0el4U =1.63856£-C3 6.8588E-03 7,1750&-03
5,962 1.077 ~0.140 =1.4991E-03 -1.19818-03 6.53142-03 6.8053E-02
Ce 300 1077 ~0.140 =1.3603E-03 ~1.096495~02 6.253CE-03 &.49248-02
7.080 4,a1l5 ~Ue140 —~4,70810=04 =2.5334E-U3 4.539€E-03 5,3719:-03
7.232 4,115 “Col40 —4,.T7450E~C6 —2.7H627E-C3  4,5C002€-G3  5.3019¢-C3
Te580 4,115 ~0e 140 =4.7TGIF-04 —cec95BE=-03  44622C6-02 5.2351E-02
T4235 4,115 ~0,14C —~4.78798~04 —2.53226-03 4,42556-03 5.1714t£-03

SAMBLE CAS: 1 - LIFT FAN INDUCEL VELOCITIES PAGE .3
VELOCITY INCUCEC #Y UCUBLET DISTRIBUTION = FAN 1 CCORDINATE SYSTEW

\WATNE C XG Y [AN S/D uisS/0)

C.20CC 3,CC00 £.6ECO -5,3200. 0.-6200 50.€000 Ge LOCO

A/ y/C /0 L/Vd v/Vd w/vd vi/vd
2e333 ~14523 —0e140 ~5.7531E~02 1.5678L~02 L1.96435E-02 2.5624E-02
21,72¢ 523 “0e140 =6.8271E-02 L.0S59E~02 1+3042E=-02 1.9824E-02
44319 ~-l.c23 ~0e 140 —€456185=02 T7.82735-02 1.170lE-02 1.55328-02
s.311 -1.E23 ~0.140 ~5.6873E-03 S.7519E~02 9.2506E-02 1.23828-02
40885 1.u77 “0el4lU =Te0014E-0G3 -5.0480E6-03 1.1946E-02 1.5032:2-0z
Z.423 1.877 ~0el40 —6.7833E~03 =4,0522E=03 1.0065E-02 1.2796E-02
24962 1.077 ~0e140 =E.0441E=(2 ~23,30630-C3 8.5811E-03 1.1C04E-02
£.5C0 1.C77 “0.140 -5.39055=02 =2, 7375E~03 Te3962E-C2 J.5528E-03
7.080 44115 “0e140 —1eH6TTBE=C02 =4,4826E-03 2.T466E-02 5.5184€-03
74333 44115 “0.140 =1.6948BE-C2 =-4.2594E-03 Z2.6554E-02 '5.2978E-~03
T.38¢6 4,115 ~0¢140 =1.7022E=02 —4,0489E-03 2.5669E-02 5.0872c-03
7.838 4,115 ~0e140 —1.7017E-C2 =3.85503E-03  2.4811E~03 4.8865E~03

Figure  10.- Continued.
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SAMPLE C

ASE 1 -

LIFT FAN INDUCED

VELOCITY INDUCED BY CURVED VCRTEX CYLINDER

V]

x/C
2,933
3,726
4,519
Se311
4,885
50423
5,962
€.500
7.080
7.333
7.586
78338

SAMPLE C

TCTAL ENDUCED VELCCITY

0

XW
~Z.140
~4.518
~6.890
~5.273
~7.594
~9.£09

=1 Vo225
-12.841
=14.581
-15+339
=16.097
-1€¢.855

v/vd
220C0 3

Y/t
=1+ 623
~1.€23
+14623
~1.623

1.077

1.077

1.CT7

1.077

44115

40115

4,115

44115

ASE 1 -

V/vJ
22CCO 3

Yh
~0s450
-0.450
~0.450
~0.450
-8.550
-8.350
-8.550
-8.550
=17, €65
=17.€¢€5
) 4
=17.€65

C

2 CLO0 Ge

Z/C
~0.140
~0.140
~0.140
~0.140
~0.140
~0.140
~0.140
-0.140
=0.140
~0.140
-0.140
-0.140

VELOCITIES

- FAN 1 COORDINATE SYSTEM

X YGQ Q
66C0 -5,3200 Ue420C0
u/vd v/ vd
-4,9340E-02 2,7270E-03
-3,5231E-03 1.5268E-03
—2+5965E-03 9.2361E-04
-1.9778E-02 3,952BE-04
-2.4844E-02 -5.,4154E-04
-2.0463E-03 -4,0021E-04%
-1.7140E-03 -3,0361E-04
-1.4569E-03 -2,3551E-04
-8.3833E-04 -4,6576E-04
-8,0381E-04 -4.,2980E-04
-7.7056E-04 -3.,9717E-04
-7¢3915E-04 -3.6750E-04

LIFT FAN INDUCED VELCCITIES

C

.CCOO -

ZW
0.0C0
C.CCO
0,000
0.C00
0.C00
C.000
0.000
0,000
C.0CO
C.000
0.000
U.0C0

X4q YQ
66C0 -5.3200

usv
3.9490€E-02
4.3790E-02
4.1320E-02
3.6918E-02
4,7069E-02
4.2110E-C2
3.,7666E-02
3.3757€E-02
1.0743E-02
1.0846E-02
1.0896E-02
1.0902E-02

Q

D{S/D)=0.100
SINKS + DOUBLETS

v/V
=9e5TTTE=02
~608693E-02
~5,0630E-02

~3.8532E-02
3.2631E-02
206879E=-02

2.2522E-02
1.9162€E-02
3.6580E-02
3.5111E-02

3.3723E-02

3.2413E-02

0.42C0

S/D
5C.,0000

W/VJ
3.9940E~04
2+.1409E~04
1.2190E~04
7.2251E~05
1.0543E~04
7.3281E~05
5.1370E~05
3.5550E~05
1.1689E~05
9.04T6£E~06
7.3923E~06
5.4653E~-0¢€

FAN 1 - WING CCORDINATE SYSTEM

S/
5C.0000

)
W/V

1.4191E-01
1.1501E-C1
9.4655E-02
7.9632€E-02
9,.5971E-02
8.4618E-02
T.5562E-C2
6.8246E-02
3.6431€E-02
3.5778E-02
3.5145E-02
3,4533E-02

Figure 10.- Concluded.

D{S/D)
0,2000

vVT/VJ
5:6516E-03
3,8456E-03
2. T586E-03
200667E-03
2+5450E-032
2.0B64E-03
1l.7414E-03
1.4763E-03
9.5909E-04
9.1155E-04
8.6092E-04
B8.2549E-04

(SINKS + DOUBLETS + VORTEX CYLINDER)

u/v

PAGE

PAGE

D(S/D)=0.,200

V/v

604160E-02 -1.0941E-01
601405E-02 -7.6327E-02
5.4303E-02 -5.5248E-02
4,6807E=-02 =4.1509E-02

59491E-02
502341E-02
406236E-02
4,1041E-02
1.4935€-02
1.4865E-02
1.47T49E-02
1.4598E-02

3.5339E-02
2.8880E-02
2.4040E-02
2.0340E-02
3.8908E-02
3.7260E-02
3.5709E-02
3.4251E-02

W/V
1.4391E-01
1.1608E-01
9.5265E-02
7.9994E-02
9.6499E-02
8.4984E-02

7.5819E-02 -

608424E-02
3.6490E-02
3.5824E-02
3.5182E-02
3.4561E-02

4

5

o
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dx X?

TNX |
1
i

4 G
wt Root TNZ-=

| chord

XiTail chordal plane
¢€?-§ —_— V—Wlng‘chordal plane

= B
Tl T %

I v, I\_ Pylon

Planform plane
v,

(a) Coordinate systems for wing-pylon-tail
and horseshoe vortices.

Figure 11.- Wing-pylon-tail nomenclature.



Mean surface at some spanwise station

/——Mean surface tangent at P

45::ocal chord

%y
X =% -
. \_
v Wing root chord
yA
Wing Mean Surface Detail
Y
X <@ Wing root chord
Wing L.E. XV{Ving T.E.
Mean surface at some pylon spanwise station
Local chord
Pylon root P
chord _ﬁ\\ Mean surface tangent
v 1 / at P
———0
Pylon Mean Surface Detail
Mean surface at some
spanwise station
P Mean surface
tangent at P
LN ., atlg
7 Vo, \
TNZ i Tail root chord
x 1
7, Horizontal Tail Mean Surface Detail

(b) Angles of incidence and mean surface angles.

Figure 11l.- Concluded.
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LyT

Item No. 1l:
(1 card)

Column No.
Program Variable
Data

Item No. 2:
(1 card)

Column No.
Program Variable
Data

Note:

Format (20A4), any alphabetic or numeric.information

1-80

TALK

Format (715)

10

15 20

25

30

35] ¢

NCW

NCP

MSW

MSP

MSPI

NCT

MST [4

5

scheme is engaged.

Item No. 3:
(3 cards)

Column No.
Program Variable
Data

Note:

Column No.
Program Variable
Data

Column No.
Program Variable
Data

If MSP ¥ 0, pylon is present; if

Format (8F10.5), decimal point required

NCT # 0, tail is present; if MSPI # 0, vortex imaging

If MSPI # 0, then

(1)
10 20 30 40 50 60 70 80
PSIWLI PSIWTI CRWI SSPAN PHI RAD ALPHA MACH
RAD must be specified (non-zero).
(2)
i 10 20 30 40 50 60 70 80
PSIPLI PSIPTI CRPI H PHIP FRAC PINC
(3)
10 20 30 40 50 60 70 80
PSITLI PSITTI CRTI TSSPAN PHIT TLINC
Figure 13.- Input form for vortex lattice program,




8% 1T

Item No. 4:
(1 card)

Column No. 10 20 30 40 50 60 70 80
Program Variable XM YHM ZM
Data
Item No. 5: Format (I5, 5F5.1), decimal point required in last five variables
(1 card) .
Column No. 5 10 15 20 25 30| (
Program Variable MMM ALPHLC | PINCLC |TLPHAC CIRCP l
Data }
Note: See listing of program variables for definition of option variables.
Item No. 6: Format (8F10.5), decimal point required
(> 1 card) (1)
Column No. 10 20 30 40 50 60 70 80
Program Variable Y (2) Y (3) v{(4) Y (5) Y (6) Y(7) Y (8) Y(9)
Data
(2)
Column No. 10 20 30 40 50 60 70 80
Program Variable | Y (10) Y (11) Y (12) . |¥Tying tip)
Data
Note: Y(Iying tip) = SSPAN identically
Y(Ipylon) = FRAC*SSPAN identically
Item No. 7 (option): Format (8F10.5), decimal point required
(> 1 card) (1)
Column No. 10 20 30 40 60| 70 80}
Program Variable z(2) 2.(3) Z(4) - |2(Kpyion tip)
Data
Note: Z(prlon tip) = H identically. These quantities are read in when MSP ¥ 0 (see Item 2); .
if MSP 0, omit Item 7.

Format (8F10.5), decimal point required

Figure 13.~ Continued.
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Item No. 8 (option):

(1 card)
Column No.
Program Variable
Data

Note:

Item No. 9 (option):

(> 1 caxd)
Column No.
Program Variable
Data

Column No.
Program Variable
Data

Note:

YT(ITy;,) = TSSPAN

Item No. 10 (option):

(MSW cards)
Column No.
Program Variable
Data

Note:

Column No.

Program Veriable

Data

Column No.

10 20 30 40 50 60 70 80
TNX TNY TNZ
These quantities are read in when NCT # 0 (see Item 2); if NCT = 0, omit Item 8.
Format (8Fl10,5), decimal point required
(1)
10 20 30 40 " 50 60 70 80
YT(2) YT(3) YT(4) YT (5) YT (6) YT(7) YT (8) YT(9)
(2)
10 20 30 . 40 50 60 70 .80
YT(10) YT(11) . YT(ITi 43 tip)
These quantities are read in when NCT ¥ O (see Item 2); if NCT = 0, omit Item 9.
identically.
Format (8F10.5), decimal point required
(1)
10 20 30 40 50 60 70 80
ALPHAL (1) ALPHAL (2) cee AL PHAL (NCW)
These guantities are read in when ALPHLC = 1.0 (see Item 5); if ALPHLC = 0.0, omit Item 10.
Number of data bits per card = number of chordwise wing vortices = NCW.
(2)
10 20 30 40 50 60 70 8or
- ALPHAL (NCW+1) - AT, PHATL (NCW+2) oo ALPHAL { 2NCW)
{MSW)
10 240L 30 40 50 60 70 80
ALPHAL M~ (MEW-1)}| ALPHAL (M- (tacw-zm ... JALPHAL (MSW*NC¥eM)

Program Variable
Data

Format (8Fl10.5), decimal point requires

Figure

13.= Continued.




item No, 11 (option):

(M cards)
© Column No.
Program Variable
Data

Notey

Column No.,
Program Variable
Data

Column No.
Program Variable

Data

Item No,
(M cards)

Column NoO.
pProgram Variable
Data

Note:

Column No.
Program Variable
Data

Column Neo.
Program Variable
Data

150

(1)

Format (IS5, 3El12.4), decimal point required in last three variables

5

17

29

41

IN

UEI(1,1)

VEI(1,1)

WEI(1,1)

1

}

(2)

These quantities are read in when EI =

1.0 (see Item 5); if EI = 0.0, omit Item 11.

5 17 29 41] ¢
IN UEI(2,1) | VEI(2,1) [ wET(2,1) | }
2 3
(M)
5 17 29 a1l ¢
IN UEI(JN, 1) {vEI (JN,1) {WET (JN,1)
M

12 (option):

(1)

Format (I5, 3El2.4), decimal point required in last two variables

5 17 29 a1 4
IN VEI(1,2) | WEI(1,2) 1
1 3

(2)

These guantities are read in when EI = 1,0 (see Item 5); if EI = 0.0, omit Item 12,

5 17 29 a1] 4
IN VEI (2,2) | wEI(2,2) {
2 3
(M)
5 17 29 41
N VEI (JN, 2)| WEI (0N, 2)
M

Figure 13.- Continued.



:Item No..13 (option):

(MP cards)
- Column No.
Program Variable
Data

Note:

Column No.
Program Variable
Data

Item No, 14 (option):

{MP cards)

(1)

Format (I5, 3E12.4), decimal point required in last two variables

5 17 29 41]

v |uer(on,1)|vEI(9N,1) 4

M+l !
EI =

(MP)

These quantities are read in when

1.0 (see Item 5); if EI = 0.0, omit Item 13.

17

29

41

UEI (JN,1)

VEI (JN,1)

M+MP

(1)

‘Format (I5, 3E12.4), decimal point required in second variable

)]

and MSP ¥ 0 (see Item :

[\
——r
wa

Format (I5, 3El12.4), decimal point required in last three variables

and NCT # 0 (see Item 2);

Column No. 17 29 41
Program Variable JN VEI (JN, 2)
Data M+1
Note: These guantities are read in when EI = 1,0 (see Item 5)
if EI = 0.0, omit Item 14.
(MP)
Column No. 17 29 al
Program Variable JIN VEI (JN, 2) }
Data M+MP {
Item No, 15 (optron):
(MT cards) (1)
Column No. 17 29 al ¢
Program Variable JN UEI (JN,1)} VEI(JN,1)|WEI (JN,1)
Data M+MP+1
ote: These guantities are read in when EI = 1.0 (see Item 5)
if EI = 0.0, omit Item 15.
{MT)
Column No. 17 29 41 ?
Program Variable JN UEI(JN,l) VEI (JN,1) WEI(JN,l) }
Data j M+MP+MT

Figure 13.- Continued.
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Item No. 16 (option): Format (I5, 3E12.4), decimal point required in last two variables
(MT cards) (1)
Column No. 5 17 29 41 {
Program Variable I VEI (JN, 2) |WEI (JN, 2) {
Data | M+MP+1 s

Note: These quantities are read in when EI = 1.0 (see Item 5) and NCT ¥ 0 (see Item 2);
if EI = 0.0, omit Item l6.

(MT)
Column No. 5 17 29 4] §
Program Variable IN VEI (JN, 2) |WEI (JN, 2) \
Data | M+MP+MT }

Item No., 17 (option): Format (8F10.5), decimal point required
(MSP cards) (1)

Column No. 10 20 30 40 50 60

Program Variable PINCL (1) PINCL(2) ces PINCL (NCP)

Data

Noter These quantities are read in when PINCLC = 1.0 (see Item 5); if PINCLC = 0.0, omit Item 17,

(MSP)
Column No. 10 20 30 40 50 60
Program Variable | PINCL MP-(NCP-1) PINCL MP-(NCP~-2) ) - PINCL (MSP*NCP=MP)
Data

Figure 13.= Continued.
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Item No., 18 f(option):

(MST cards)
Column No.
Program Variable
Data

Note:

Column No.
Program Variable
Data

Item No, 19 (option):

(MMM cards)
Column No.
Program Variable
Data

Note:

Format (8F10.5), decimal points required

(1)

10 20 30 40 50 60 70 80
TLPHAL (1) TLPHAL (2) cee TLPHAL (NCT)
These quantities are read in when TLPHAC = 1,0 (see Item 5); if TLPHAC = 0.0, omit Item 18.

(MST)
10 20 30 s 40 50 60 70 80

TLPHAL MT- (NCT-1) |TLPBAL MT-(NCT-2) cee TLPHAL (MST*NCT=MT)

(1)

10

20 30f ¢

PMR{L)

PMY (1)

Mz (1) | ¢

)

One set of coordinates per card.

Column No.
Program Variable
Data

Column No.
Program Variable
Data

(2)

10 20 0] /
PMX (2) PMY (2) PMZ {2) %
(MMM) -

10 20 0] §
PMX (MMM) | PMY (MMM) | PMZ (MMM) j

Format (3F10.3), decimal point required

Figure 13.- Concluded,.

These quantities are read in when MMM # 0 (see Item 5); if MMM = 0, omit Item 19.



SavPLET CASE 1y WING=PYLON=TATIL CONFIGURATIONs NO EXTERMAL INTERFEREN

4 4

“ N T4
w0, 77T
w89
W RETDE

e}
- Y

154

NeTe7
nanty
~95153
=12,840
=166520
w0690
“22 2480
-2, 860
26 b0
-G 158
=12 6 840
~16.520
w0 590
wd? o R0
Dl oy 460
260440
~24158
-17 6240
~16,520
“20 s 650
DL AT
“Phoo 460
wD b L0
~9,s 160
~17 4 R40
16,520
~206490
“?? e 480
w2l s 4b0
w268 640
~28.430

=30 620

@
o
2

20 2

14405
7275

14605

T J1BRR
Me131R
R TE
D, L0RES

T 0ras
~T o LDDTA
-7 N02580NQ
«N e NDRIE
~“evl241
~0e031536
-Ne01831
=0 a02157

-1, C3RE2
=2.06114
47574
~42e574
42 a5 T8
~42e574
42574
42574
w4257
“45.140
~4%.140
~454.140
~456140
~45,140
~454140
~450140
~40.000
« 40,000
~40.000
~43.000
~42.000
~43.000
=£0,N00
~42.574
~42s 574
—~42 574
426574
~42e5T4
42570
~42e574
476574
~ 42,574

2 2
31,183
20,051
10394

060

CeD 140
124573
424573
72573

~10,60
7450

0.01815%
0aN1467
0."1088
0.0081%
GaNNB473
CafiD
000065
-G, 00079
=0.00309
~0eNO3%4
~U, 00541
~0400686
~0,009%1]
~0e01217
~0eN1545
=“0aN1872
~0s02199
~0e02526
~0,028572
~0,03114
3.116
8s116
84116
8.116
8.116
Ballb
8a116
8a116
8.116
Sel16
9,116
8e116

Se116 .

8a116
8116
8,116
80116
8e116
Bellb
8s116
Ballh
104690
10.6°0
106690
10650
106690
106620
106650
8,116
2a1156

10
T4a9675 ~-3450 2457 2450
260946 =300 065679 1.0
250 160 0.5

164573 20.573 244573 286573
454573 484573 524573 564573
T4 6673

16400 12530 1500 1750
Ge00915

Gu0NB67

Ca00188

04 GZBT
=D 00545
~G 400372
-0.01199
“0,01H26
~0401653
~0402114

(2) No external interference.

cE

Lo

0a70

320573
604573

20400

AN

Figure 14.- Sample input decks for wing-pylon-tail program.

Item
No.

?10

?19




- Item

No.
SAMPLE CASE 2» WING=PYLON=TAIL CONFIGURATIONs EXTERNAL INTERFERENCE INCLUDED 1
4 & 20 2 2 2 10 . . : 2.
27610 1400% -~ 31,183 74,9675 =3.50 2457 2450 070 s
~T7450 «T2e75 20,051 25946 =-90,0 T 045679 1.0 , 3
27410 14505 10,394 2540 1.0 [+2%-1
~7.78 060 Q.0 4
30 1.0 0.0 0.0 1,0 1.0 5
4e573 86573 124573 166573 206573 246573 T 2864573 324573
364573 396573 420573 454573 48,573 520573 564573 604573 :} 6
644573 686573 7260573 7469675
2400 24946 . ' ) K
=950 040 ~1040 . 8
2450 5,00 750 10,00 1250 15+00 17.50 20400
27250 25eU0 } ®
«0400788 0.02315 . 0,01815% 0,00915 SN

“M01133 0401967 001467  0.00567
-0,0151%  0,01588 | 0,01088  0,00188 ‘
“0.01782  0,01318 ' 0,00818 ~0,00087 A
w0402207 0.00993 0.00543 0,00307
“Da02731 0400669 0,00269 =~0,00531
«0,037255 0600298 0s000458 «0D,00755
~N4D3879 ~0400079 =~0e00079 ~0.00779
~0.04509  =0,00509 =0400309 . ~0,00709
=NeNB196 =0400896 =0,003%6 =~0.00596 . -
=0405741 =0,01241 ~=0,00541 ~5.00441
=~0s06286 =0,01536 =0,00686 =0,00286
~N4CHRAT  =0a01831 . =0,00931 ~0N,00231
—”.07]17 ~0sC2167 =0,01217 =~0,00267
«N407445 =0,02545 =0,01545 «0,00545
=0eDTTT?  ~D402872 =0,01872 «0,00872
w04 08099 «0,03199 =0,02199 «u,0119¢
~0.08426 ~0403526 =0402526 —C-O]BEB
«0sNDBTH7 ~0403853 =0,02853 =0401653
«0ef9014 ~Ca04114 =0,03114 =0,02114

1 ~4eT556E~05 ~TWa4291E~-04 ~9.018%9E~04

Teb441E=D5 ~643167E=05 3.,8239E-04

3 140526F=04 6.3103E=04 1.6358E~03

4 1e1824FE=04 1.2052E-03% 2.6665E~032

B 1e6619Em05 «T,42258T7E=0h4 —6,0017E-04
6 1+0207FE~04  14518T7E~04 7.8238E~04
6
&
[+

10

S

1.4002E~04 9483I3HE-D4  2.0530E~03
145075E=04  146215E=03 3,0397C~03
9 720271E~05 6438636404 =244 T24E~04
10 1.6433E=04 4,8429E-04 142237£-03
11 1.9602E=04 144761E~03 2.5138E-03
12 1.9854E=04 241762E-03 344435E-03
13 14B682E=C4 ~4,2413E~04 2,1777E-04
14 246680504 1.0861E~03 147359E-03
15 203324E~04 2.1898E~03 2.9601E-03
16 ?.1158E-04 2492B2E~03 3.7656E-03
17 Be5272E-D4  642149E~05 T.9341E-04
1R 3.7165F=04 1.9652E~07 2.2950E-03
19 3.2416E-04 322779E~03 343996E-C3
20 1.8963E-04 4,0442E~03 4.0788E-03
21 645061E=04  1.1264E~03 1.4546E~03
27 449444E-04  3.5412E~03 2,7951E~03
23 3.6677E=04 449617TE~03 3,6€22E~03
24 3e53T4E=G4 547041E-03 4.1708E~02
25 BeB2BOE~04 3.3659E=03 1.9681E~03
26 5.7578E=06 662606E~03 24941603
P7  3e9124E~04  T.6696E-03 3,4930E-03
78 2.7192E-04 8.3312E-03 3.,7653E-03
29 141359E=03 7.9619E-03 1.5096E~03
30 6$+B452E=04 1.1030E=02 - 1.7895E-03
71 7.8395E=04 14224BE=02 1.9437E-03
42 3.3310F=04 142785E«02 2.0242E-03
2% 142725603 146875E-02 =341153E~03
964 6.3R08E~04 1.9460F=02 =3.7115E~03
35  441835E=-04 2.0327E~02 ~3,8797E-03 .
36 2+9881F~04 2.06B1E=02 =-349496E-03
37 141734E-03 2.7225E-02 =1.9362E-02
3B 6e1349E~04 2.B664Ew02 =2.0420E-02
29 442485E=04 249094E=~02 ~240728E~02
40 2.0012E~D4  2.9287E-02 ~2.0855E-02 : 11
41 1e0075E=03 149207E=02 ~4.8T48E-02
47 5e68T6E=04 149593E=02 =409709E=02
47 7.9937F=04 149716E-02 =4.9999E~02
44 R.103E=04  149769F=07 =5.0120E-02
45 Be0660F~04 —2(0694E=02 ~5.0460E-~02
46 4e9421E=04 =2.0950E=02 =5.,1067E-02
47 3.1249F=04 ~24)105CE~02 =541283E~02
48 2.8872E~04 =2,1091E6~02 ~5,1373£~02
49 742104E=04 =341220E~02 =1.85176~02
§0 5eD218E~04 =34,1701E~02 ~1.8799E-02
51 34B622E=04 =3,1921€=02 =1.89126~02
57 7eR5TRE=04 ~3.2024E«02 =1.8571E-02
53  8.1583E~C4 ~1,9891E~02 =6.1805F-04
84 4eP1THE=D4 =2,0366C~02 =£,3915E-04
RE 2,2 250F =04 =240601E=07 ~6.5649E~04
B 749577F~064 =2.0734F~02 —6.6360E-04
87 3.9949F-04 -1.0754F-02 4.3506E-03
58  3.5572E~04 ~1.1144E-07 '4,5102£~03 '
59 244604E=04 =1,1358E-02 4+5B66E~03
60  140367E~04 =1,1497E-02 4.6388E~03
61 345032E~04 ~642703E=03 5.3089£-03
62 2e865TE=04 =645434E=03 5.5236E-03
63 2422B1E~04 —6,7128E-03 5.6440E~03
|64 246124FE=04 —6.8202E-07 5.7337E-D3
65 1e5826F«04 =71,9437E-07
&6 ?e519BE=04 =~441288E-02 5,5550E-03
87 2.4T0TE~D4 =4,25T4E-03  5,6069~03
48  2.0302E~06 =4,3606E-03 5,8333E-03
69 ?241084F =04 «2,6200E~03 5,1156E-03
70 146039E~04 =2.7639E-02 5.36B9E-03
71 2e4304E~04 =2,8664E=03 5,564360~03
72 1e3678E~04 =~2.942BE~03: 5.6731E-03
73 1e9736E=04 ~1.8324E-0%2 4,9152E-02
Th 1.4565E~04 ~1.9236E-03" 5,0991E£~03
75 1.P7B0E~04 ~1.9917E~02 5w2337E~03
76 1 ebTEEF~04 =2,0542F=03 5¢3732E~03
77 Y141578F~04 =1,4026E~03 4.7138E-03
T8 1.1089E~04 =1,4770E=03 4,9123E-03
79 1.5717F~04 ~1,5%52E~02 5.0638E~02
BO' . 1.0632F~04 ~1.5822E~03 5,1812E-03 J
Ve .

(b) With external interference.
Figure 14.~ Continued.
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Rr8

446704E=05
~1.2430E~04
~2+7786E=04
~349440E=04
141905E=~05
~241966E~04
~4431178E~04
~545030E=04
~546602E~05
~346629E=04
~641129E~04
-7+ 7536E~04
~1.9351F =04
~641411F~C4
-94+1738E~04
~1.1041E-03
~4e6986E~04
~1+0472E~03
~1.4228E=-03
~1e6418E=03
~140449E=03
~148304E-03
~24284BE=03
~245262£-03
-22651E~03
~343171E~03
~348366E-03
~440863E~03
~4 964 4E=03
~6+2767E~03
-648179E~03
“7.0544E~03
-141030E-02
~142417E=02
~142890E=~02
~1+3084E-02
~2+0012E=02
~241006E~02
~241294E=02
~241425E-02
~1.7722€=02
~1.8101E-02
~148220E=02
-1.8271E=02
1.2911E=02
1+3042E-02
1.3088E=02
1+3108E=02
245768E=02
2.6152E~02
2.6321E=02
206399E=02
1.8907€~02
1+9353E-02
1.9566E=02
1.9685F=02
1.1635E-02
1.2037E6=02
1.2256E=~02
1+2394E=02
7.6140F=03
749220E-03
Re1106E~03
8.2408E-03
543405E-03
5.5648FE-03
507194E~C3
5.8433E-03
1.9455E-03
441787E=03
4.7610E-03
4.2607€-03
3.0587F=03
3,1839E-03
3,2800E-03
3.3653E-03
245473E~03
206535E~03
2.7379E~03
7.R0GRE=C3
2.2663E=03
Re1250E-04
544323F=04
247225F =04
744795603
1.8757F~03
7 46427E=04
4.5232E~04
~5.4385E=03
~5.7703E=03
~5.R38BF=03
~5.8605E~03
—~6+7908F=03
~141269F=02
-1.1725F=02
~1+1783E~02

8,4189E-04
~2.,6859E=04
~143608E=03
~2.2619E~03
642341E~04
~640572E=04
-147392E-03
~2.6210E=03
344599E=04
~9,9249E~04
~241757E~03
~340294E~03
~2.3732€-08
~1,4682F=03
~2.6395(=03
~3.4102E-03
~5,1032E=04
~2.0429E~03
-3.1665E~03
~368516E~03
~141433E~03
~2.6861E~03
~146820E=03
-442223E=03
~148533E~03
~3.2683£=03
~4e022TE=03
~443857E=03
~2.2491E=03
~342347E%03
-3.6558E-03
~3,8501E=03
~2.8720E=04
~54.2279E=04
~642235E=04
~646110E=04
1.0280E=02
1,0700E=02
1.0811E~02
1.0852E=02
3.4240E-02
3.4859E~02
3.5032E=02
3.5102E~02
442513E~02
4:3016E~02
4,3189E~02
443259E=02
1.9798E-02
2.01106~02
2.0236E=02
2.0296E-02
440655503
441759E=03
4.2287E-03
442566E~03
~1436676~03
~1,4163E=03
“1,4374E=03
~1,4550E~03
~2.9060E=03
-3.0212E-03
~3.0852E-03
~3,1343E-03
~343556E~03
-3.4843E-03
~3.5728E=03
~3.6590E~03
~3.4218E-03
~345923E-03
~3,7092E-03
~3,7955E=012
~344138E-03
~3.5410E=02
-3.6335E~03
~3,7297E=03
~343395E~03
~3.4804E~03
~3,5877E~03
~3,6706E-03
~441996E~09
4o 3TTUE=OO
~4.4076E~09
4 441 73F~00
~443825E=09
~7.5957E~09
~74845TE-09
~T.8618E=09

(b). Continued.

Figure 14.- Continued.

Item
No.
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108
&9
90
Q1
92
93
94
Q5
96
97
98
99

100

-101

102

103

104

108

106

107

108

~9.158
-12.840
~164520
=20 .490
=22 480
-24 4460
-26 6440
~30158
=12 840
=16+520
~20.490
~22+480
-24 0460
-26 440
~9.158
=12.840
-16+520
=206490
~-72 4480
24 o460
"260440
-96160
-12.840
-16.520
-206490
=-220480
=24 0460
=266 440
-28.430
~306420

261171E=04
1e1914E~04
1.1797E=04
~13012E=~05
~2+6866E~05
401923E~05
7e3327E=~05
1.2767E-04
1.6112E=04
1e64T3E=0C4
1.1380E=04
26 4900F =05
-303286E=05
~366542E~05
1.3502E=-05
3e9437E=05
€,0811E-05
9e3849E~05
12460E-04
1.2907E~04
~2e5583FE=03
~2¢5752E~03
~2+8505E=03
~28648E=03
~3e1743E~03
~301862E=03
-365418E~03
-345546E-03
~3.9644E=03
~3e9742E=03
-444272E=~03
~4e4349E=-03
~4e9497E=~03
~449569F=~03
~5e5123E=03
~5e5172E~03
~he0911E~03
~600945E-03
~6e6546E-03
-6e6577E~03

444311E=03
404609E-03
4.8296E=03
448549E~03
502612E~03
5.2825E-03
547403E-03
547621E=03
6.2776E~03
642945E=03
648474E~03
648605E=073
7e4683E=-03
Te4784E=03
8,1050E=03
841119E~=03
847193E=03
847241E~03
942605E=03
942656E=03
~343871E=03
~344107E-03
~3,3118E~03
~363288E=03
~341856E-03
-3,1972E=03
~3.0134E=03
~3.0257E=03
~247895E~03
-247970E-03
~244672E~03
~2.4713E~03
=240408E=073
~240437E=03
~1+4635E=03
~1.4641E=03
~6.9253E=04
«649185E=04
341219E=04
3.1288E-04

~42.574 86116
~42.574 86116
-424574 8,116
“426574 8e116
~420574 8s116
—42574 84116
~424574 8ell6
‘450140 8-116
~456140 8,116
-456140 8s116
-45,140 8,116
-45,140 84116
~454140 86116
~454140 Bellb
~-40,000 8e116
«40,000 Bell6
-40.000 8a116
~40,000 8s116
~40,000 8s116
-40,000 8s116
-40,000 8,116
-42.574 10,690
-420574 106690
-42.574 106690
~424574 10690
~424574 106690
~426574 106690
-424574 106690
~4245T74 8s116
~4245T4 Rs116

3¢3307E-03
3e3542E-03
301378E-03
3.1537E~03
2¢8711E-03
2.8809E-03
2:5319E-03
245420E~03
201092E-03
2.1141E-03
1.5505E~03
165521€E-03
8e4683E-04
8+483BE-04
~564578E-05
~545144E-05
~162014£~03
~102030E~03
~2+6337E-03
~266362E-03

Figure 14.~ Concluded.

(b) Concluded.
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SAMPLE CASE 1,

GEOMETRY DATA

WING
LE SWFEPDEG. 27.1000
TE SWEFPDEG. 14.C500
DIHEDRAL ,DEG. -3,5000
ROOT CHORD 31.1830
SEMISPAN T4.9675
PYLCN LOC./WING SEMISPi-====——r
PYLCN HEIGHT = ———————-
PYLON INCIPDENCE,DEG.,  —-=w————-
TAIL INCIDENCE,DEG.  =—-=====--
CHORDWISE VORTICES 4
SPANWISE VORTICES 20

TAIL RT.CHORD NOSE COORDINATES
PITCHING MOMENT CENTER

TURBOFAN RADIUS= 2.5700

WING=-PYLON-TAIL CONFIGURATICON,

PYLON

-77.5000
-72.7500
-90.0000
20,0510
0.5679
269460
1.000C0

. —— .

-95.0000
~-7.7800

TAIL

27.1009

14.0500"

1.0000
10.3940
25.000N

v ———
——— —

0.5000
2 .
10

Y
0.00G0
0.0000

FLOW CONDITIONS

ANGLE OF ATTACKALPHA,DEG.
MACH NUMBER

2.5000
0.7C00

(a) No external interference.

NO EXTERNAL

z
-10.0000
0.0000

Figure 15.- Sample output from wing-pylon-tail program.

INTERFERENCE



CONTRAL BSINT CrORDINATES ANU SLNOPES

J X
WING CONTROL

~4.9049%
-14.5%11
~22.191%
=29.8434
-8,88AR1
~l6.2%47
~23.K20%
=-10,9864
~11. 7389
10 ~17.R435%
11 =24,9482
12 -32.0%08
13 ~12.%897
[4 -19,4329
15 -26.27A%
16 =33.1192
17 ~14,4405
18 -21.,0222
e ~27.6037
20 =34.1055
2t ~14,7913
22 -22.6115
23 ~2R.937
24 -135,2810
25 -18.17427
26 =24.2009
2T -3n.2598
PR -3H.318%
29 19,391
N 25,7902
31 -31.5875
32 ~37.3R47
33 -21.R438
36 -27.3795
15 -22.9151
16 ~3BL451)
3T -23.4602
IR -2R.TT02
W -T4,0177
40 -39, 3R42
41 -24,R511
Q622
472 -25,077]1
464 —60,1R6N
45 =2h, 74094
46 ~31.1542
47 -16,048)
48 -4N.987R
50 =27.6275
50 -32,3462
51 ~37,0640
52 -41.7R16
83 -29,2472
G4 -33,7369
SR «AR_ 226
G6 ~42.T1AT
57 ~21.0978
a8 -35.32462
59 -39,5546
60 -43,783)
61 -12.9494
42 =36.9155
b1 -4 PR2%
Al —hly RGO
nh 34,7994
Ak =3RLEO4Q
AT =42.2104
AR -45,9153
K9 =16,6502
10 ~40.0942
71 -43,5382
72 -45,9R21
71 -33,5010
Fho -41,6875
76 -44,8661
16 -4B.NGLAL
71 ~19,9804
TR ~42,9539
79 45,9274
A0 -4R,0010

3B NN AW N

OYLON CONTRML

91 -21.277)
42 -26.6121
93 -31.9476
A, -37,2R29
45 -14.9890
a6 -20.7%96
AT -26.6094
Rg  ~37.4202

TAIL CONTRAL

A9 -99,414%
a0 - 104, 4684
91 ~10N0.449D
a2 -105.1557
G3 ~101,.4822
04 ~105.8631
Q5 ~102,5174
96 ~106.5704
a7 -103.5514
98 ~107,2778
9 ~104,5858
N0 17,9852
1N -105.61097
112 ~108.6925
73 -106.6541
L 174 -109, 3998
1NS ~107,6RRY
176 -112.1072?
137 ~108.727%
1NF ~11N.8145

Y
PCINTS

“2.285h5
=2.2865
~2.28L5
~2.206%
~4.%573"
=6,5739
~6.5T739
-6.5739
“10.5739
=-10.5739
=10.5731
-10.8730
~14.5730
=14.57721
~14.573)
=14.5730
-1B.8730
~18.5730
~LR. 5730
=1R8.573n
~22.5730

~34.573)
~34,5739
-39,073)
~38.0T720
~39,0730
-38,073)
~41.0730
“41.0737
~41,0720
~41.073"
~44,0730
-44,0730
44,0730
~44,0T3Y
~47.0730
~47,0730
~4T7.0730
47,0730
~%0,5731
~50.573)
“50.5730
~50.573Nn
~54.5737
~54.5730
54,5710
~54,5730
~5R.5T3N
~58,573)
~5R,5730
~58,5731
~62.5739
~62.5731
~h2.573)
~62.573)
~b6.5TIN
~66.5735
~66.5730
~66.573%
~70,573n
~70.5730
~¥N.5730
~70.5730
~73,7702
~TA,7102
~T3,7702
~73.7702

POINTS

~42.5740
~42.5740
~42.5T740
~42.5740
~42.5749
~42.5740
~42.5740
~42.5740

POINTS

-1.2500
~1.2500
-3.7500
~3.7500
~6.2500
~5.2507
-8, 7500
~8. 7500
~11.2500
~11.2500
~13.7501
~13.750%
~16.2500
~16.2500
-18.7500
~18,7500
~21.2600
~21.2500
~23.7500
~23.7500

0.17394
n.1398
N.139R
N.1398
Q4020
N.4020
D.4020
0.40620
N 6467
Qeb467
0.6467
0.6467
0.8913
N. 8913
C. 8912
0.P913
1.1360
1.1360
11360
1.13867
1.3806
L 143R08
1.3R06
1.3206
1.6253
1.6253
1.462%3
1.6253
1.R699
1. 9699
1.A699
1.8699
2.1146
2.1146
2.1146
2.1166
2.32R6
2.37886
2.3286
2.32R8
2.5121
2.5121
?2.5121
2.5121
2. 69560
2.6956
2.49%6
2. 4756
2.R791
2.879]1
2.879)
2.8791
3.093%2
3, 0037
3,.0032
3.0m32
3.337¢8
3.337R
3.337F
1.3379
3.5828
3.6926
31.582%
3.582%
3.EPT
1.8271
3.R271
3I.8271
4.0718
4.06718
4,.n7T1A
4.0718
4. 3104
4.3164
4.164
Ly 3164
4.5120
4.512Nn
4.5120
4.5120

3.60139
1.6039
3.6039
. hN3G
5.0769
5.N769
S.0740
5.0769

-11.0218
-10.0218
~10.0655
~10.065%
~10.1091
=10.1n91
~10.1527
~10.1527
~1N. 1964
=10.1964
~10.240%
~10.2400
~10. 7834
~10.2R%6
-10.3273
~10.3273
~1c.3700
-1€.3709
~10.6146
-10. 4146

MEAN SURFACE
SLNPE

-0.0n78
2.0231L
n,n1ay
n,nnag

“N.n131
aNonT
frotal
a,ns7

~0.0181
0.715%9
f.0109
0.9019

~0.0178
0.0132
0.9082

-0.00CR

-0.0221
0.n099
U.0054

EUTSALES]

=2.92713
2.0967
0.0027

-1.0r53

-0.232%
0.0029
9.0004

~0.0075

-n.0348

-0.0008

~0.0008

=0.007e
~0.0661

-0.0051

-0.0N31

-0.9071

-N.0820

~0.0090

~C.12040
~0.0060
=N.0874

-0.0124

~N. 0054

~0. 44

-N.n629

ESANI S 10

“N.004G
c.nnze

-n

YT

~0L TR
-0.6093
-0.00213
-n.ov 2
hLn2T
~N. otz
~0.0027
NLATR
-0, 025y
“N.0154
-0 0064
AN
rLnvar
AL otan
S CLN0RT
Y IT
=032
=0.nz2n
[
BENLEPR
LR
nonaR
as g
-NLNAT
BHSHETIN
BTG L
e RS
=0.7901
NOR TR
=D.531t
~0.09

n.noon
noaans
c.anee
0.00nn
n.000n
n.0n00
0.0000
6.0000

o800
foaeen
A 9000
c.onre
o.nnee
a.nocn
o, nnon
no.eoen
Q.0oncon
.0000
c.ne0n
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FYTERNALYY INDUCED VELOCITIES
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Figure 15.- Continued.
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HNRSESHDT VARTEX CHARACTFRISTICS

ANHNDI F G MINPNINT VORTEX STRENGTHS,RAMMA/Y
FOORDINATES
4 . X z SWEEP(DEG) SEMIWINTH ALPHA=C ADDITIARAL, ALPHAZ O, r 426
WING VORTICES
1 ~3.0816 ~2.2RAS N.1398 26,3106 2.2908 =n.,1703 1.46051
2 -1%.727% ~2.2865 0.1398 23,2297 n.705
3 =1R.ITLY -2,2R65 0.1398  19.9996% 0.5549
4 26,0205 ~2.2R65 0.1398 16.6321 fL3615
5 -%.2N81 -6.57319 046020 26,3106 1.4994
6 -12.5712 ~£,5710 n.4020 23,2797 nLTTHT
T ~19.9372 ~6.573) N.4020 19.9999 €.5237
R ~21.3031 -€.5730 0.4020 16.5321 Ga314}
g =T iRkh  -10,5730 0.64h7 2643106 1.5997
10 =14,2912 ~10.5737 N.6467 23,2297 0.75K9
11 -721.39%8 =-19.5730 Ne 6467 19.9999 0,49R0
12 =?2B.50N5 ~19.571) 0.6467 16.6321 f.20921
13 -9.1682> ~14,5730) C.8913 26.3106 1.5946
14 =14,0113 ~14,5749 0.8913 23,2297 NT4TH
15 =22.854% «~14.5731 C.8913 19.9999 D.6TTR
16 <29.6976 ~14.573n N.89t3 16.4/321 0.274C
17 -11.1497 -18,573n 1.1360 26.3106 1.6128
18 =17.731%  ~1R.5T30 1.13860 23.2297 DT80
15 =24.31317 -18.573n 1.1360 19,9999 0.4980
20 ~3M,A94T -1A.5730 1.1360 16,6321 0.25A1
21 ~13.1313 -22.5730 1.3806 26.3106 1.6119
22 -~19.,45%14 =-22.5730 1.3R06 23,2297 C.7181
23 -25,7716 =-22.57130 1.3806 19.9999 C.4373
24 =32.0918 ~22,5730 1.3806 16,6321 0,2479
25 -15.1128 -26.5730 1.6253 ?h.31C6 1.59R0
26 ~21.171% ~24.5730 1.6253 23,2297 0.5h94]
27 =27.2302 «26.5730 1.6253 19.9999 0.4140
28 33,2890 -26.5730 1.6253 [6.6321 0.227%
29 -17.0943  -30.5730. 1.8409 26,3106 1.5646
W -22.8916 ~30.5730 1. 8699 23.2297 n.650R
31 ~28.688% ~-30.573n 1.8699 19,9999 N.38R3
32 -74,4861  -30.5730 1.8699 16.6321 n.2133
1% ~19.0759 ~34.5730 2.1146 26.3106 1.4974
e ~24.6116 ~346.5730 2.1146 23.2297 N.6141
15 =32,1474  ~34.5730 2.1146 16,9999 C.3623
36 ~35.6832 -34,5730 2.1144 16.6321 0,1998
AT ~20.8097  -38.D730 2.3286 26,3106 1.3764
3R ~26.1167 -38.0730 2.3286 23,2297 0.5683
G ~31.4237 -38.073n 2.32f4 19.7999 0.341%
40 -36,7307  -38.0730 2.328% 1646321 nfaAn92
41 =22.72959 ~41.0730 2.5121 26,3106 1.2484
47 ~2T7.4068 - -41,0730 245121 23,2297 C.54C7
43 =32.5177 ~41.0730 2.5121 19.9999 0.3292
46 ~37,6285 ~41.0730 2.5121 16,6321 f.1811
45 -23.7R27  -44,0730 2.6956 26.3106 0.88RY
46 =28.656% -44.073C 2.6956 23,2297 nN,47TT4
47 23,6116 -44,0730 2.6956 19.9999 N.3762
48 ~3A.5264 -44,0730 22,6956 1646321 N.t726
40 ~25,2682 ~47,0730 ?.8701 26,3106 L.ne3p
K¢ =29.98L9 ~47.0730 2.8791 23.2297 0.4R26
51 ~34.705% =-47.0730 2.8791 19.9999 0.2994
52 ~19,4247 -47.0730 2.87°1 16.6321 0.1b61
53 =27.002% -50.5730 3.0032 26,3106 L.l0as
54 =31.4919 -50.5739 3.0932 23.2297 C.HRES
5% -~35.9B81% -%0.5730 3.0832 19.99qa 0.2916
56 ~4n,aT1T 25730 3.0932 16,6321 D.158R8 :
ST ~?28.,987%6 -54.573C 3.3378 26,3106 1.14¢5
4F -33,2120 ~54.5730 3.3378 23,2297 0.4B16
59 =37.4404 ~54,5730 3.3378 19.9997 0279
60 ~41,668% -54.5730 3,3378 16,6321 PL14RT
[-33 -58.5730 1.5R25 26.3106 1.1329
62 =58,5730 3.5A825 23,2297 Q.40
63 ~58.5730 3.582% 19.9999 0,268
bt =58.5730 3.582% 16,5321 Q. 1340
6% -62.5730 38271 26,3106 1.0840
bé ~“62,5730 3.8271 23,7297 2.0037 G101 0.4303
67 -62.5730 3.8271 19.9999 2.0n37 €.NR9S N.2324
68 ~64 0631 -62.5730 3.8271 16.6321 2.0037 06,0033 ~Llle0
49 =~34.9282 ~66.5730 4.071R 26.3106 2.70137 ~0.8313 t.onat
TC ~3R.LAT22  -66.5730 4. 0718 23,2297 2.0n37 0.N893 N.37h4
T1 =41.8162 -66.5730 4.0718 19.9999 2.0037 CL.0R50 0.190]
T2 ~45,2602 ~66,5730 4.071R 16,6321 +N37 G.N871 n,nenrs
73 ~36.9097 -T70.5730 4.2164 26,3106 2.n037 -0, 7800 N.BT4E
T4 ~40,0923 -T0.5730 4.3164 23.27297 2.0037 0.1042 €.2851
TR -43,2T48  ~T70.5730 4. 2164 17.9999 2.0037 0.0852 0.1207%
76 =6465,457T3  ~T70.5730 4.3) 64 th.6321 2.0037 0.0775 0.1%93
TT ~3B.4936 ~T73.7702 4.5120 26.310¢ 1.199% ~C.a056 n.6376
78 -41,4671 -73,7702 4.5120 23.2297 1.19e% 01363 C.l44A
TQ -44,440T7  ~T3,7707 4.5120 19.499qa 1.1995 CuNbes NLLHeR
AN ~4T7.4142 ~73,7702 4.512C 16.6321 1. 1995 N.N549 0.n3r3
PYLON VORTICES
Al ~18,6093 42,5740 1.6039 -77.2799 1.0000 -0.18N9 0.18%R
92 -~23.9444 ~42.5740 3.6039 ~76.3173 1.00NC ~C.0n50 0. 1504
83 ~29.2799 ~42.5749 3.6039 ~T75,2006 1.0000 =N.0039 N.12454
A4 =24,6152 -42.5740 3.6N39  ~T3,8906 1.0000 ~nuNt26 L0074
85 ~12,0838 ~42,5740 5.0769 =17.2799 0.46730 =0, 0008 0.nAant
Ap  -17.8942 -42,5740 5.076%9 -76,3173 0.4730 ~0.0608 1758
BT ~23.7066 -42.5749 5.0769 ~75.2006 C.4730 f.n13% C.llé6
AR =29.5159 =~42.574N0 5.0769 -73.8906 0.4730 =C.0nzR .27
PYLON {MAGE VORTICES .
a9 ~11.5200 ~42.574" 5.8957 77.2799 0. 3457 0.0605 €.0801
a0 =17.3714 <42.5740 5.R957 76.3172 0.3457 ~C.N40R D.ET5P
a1 -23.2229 -42.5740 5.8957 75,2006 0436587 c.N133 n.ltes
92 =29.0743 ~42,5740 S.8957 0.36457 0,028 0.0127
0% -14.5604 <-42.5T740 6.5820 0.3406 ~0,0809 N.1ese
4 -20.1904 -42,5740 6.5820 Ne 3604 ~C.0050 N.1861
95  -25.8205 <-42.5740 6.5820 0.3406 ~6(.7019 0.0454
98 =31.4506 ~42,.5740 6.5820 C.3406 ~f.N126 C.e074
TAIL VORTICES .
97 -96.8980 ~1.250" -10,0218 25,5930 1.2502 n.os594 N,456¢
9g ~101.93146 -1.2500 ~-10,0218 19.2009 1.2502 0.7310 C.1q4at
95 ~98,09%6 “3, 7500 ~10,0655 25.5930 1.28n2 N.N656 4704
100 =1C2.AN24 ~3.7500 ~10.05655 19,2009 1.2502 n.n2ng ¢L1702
101 -99.2932 ~6.2500  -10.1091 25.%930 1.2502 £.0730 Cobt4
102 -103.6731 -6.2500 -10.1C91 19,2009 1.2502 Q.0303 C.16TR
103 -100.4%09 -9.750D  -10.1527 25,5930 1.2%02 C.OBRY Dothls
104 -104.5639 -8.75C0 -10.1527 19.2009 1.2502 fan3ta R S L
105 ~101.6885 ~11.2500 ~-10.1964 25,5930 1.2502 €.n492 N.6442
106 ~105.4147 ~11,2500 -10.1964 19.2009 1.2502 r.r327 Nolafe
107 ~102.BR&L  ~13.7500  ~10,2400 25.593n 1.2502 0.nas nobyen
1ng ~106.2854¢ ~13,7500 ~10.2400 19,2009 1.2502 n.N33p C.137¢
109 ~104,0R837 ~16,2500 -10.2836 25.5930 1.2502 r.1n23 £.3861
11C —107.19%62 -16.25070 ~10.2826 19,2709 1.2502 N.0342 Pal250
111 -~105.2813 ~18.7500 =-10,.3273 25.5930 1.2802 0.1052 f.3917
112 ~10A, 0270 ~-18.750N -10.3273 19,2009 1.2602 0.0329 Co1088
113 ~106.4789 =21.2500 ~1€,3709 25,5930 1.2507 s QL1028 Ca3n3e
116 ~108.R978 =-21.250C -1C.3709 19.2005 1.2502 n.229s L.0056
115 -107.6765 -23,7500 10,4146 25,5930 1.2502 0.0875 n.23re
116 =109, 7485 ~23,75N0  -~10.4146 19,2000 1.2502 n.0173 [l

(a) Continued.

Figure 15.- Continued.



AFRNDYNAMIC LOADING RESULTS

WING LIFT COEFFICIFNT TATL LIFY COFEFFICIENT

ALPHA=N ADDITIONAL,ALPHA= 0,0436 ALPHA=D ADDITIONAL 4 AL PHA=  0.7436
~CaN293 0.2372 0.0035% N.0162
TOTAL LIFY COEFFICIENT TOTAL MCMENY COEFFICIFNT
ALPHA=N ADDITIDNAL, ALPHA= 0.0436 ALPHA=D ADDITINNAL, ALPHA=  N,.0435 .
-N.0258 0.2535 C.0077 -N.2371
PEFERENCE QUANTITIES
WING SPAN,R WING PLANFORM AREA,SREF WING AVE.CHNRD,CAVE
149.0350 3205.9200 21.3821
SPANWISE LOAD DISTRIRUTION
STATINN Y/(rs2) LOCAL CHORD,C CL*C/CL*CAVE CLEC/(2%8)
ALPHA=(C ADDITIONAL ALPHA=C  ADDITIONAL
ALPHA= 00,0436 ALPH&A= 10,1436
WING
1 n.0305 30.5651 -N.4973 1.1994 0.0n19 N.0203
2 0.0877 29.4643 -0.322¢4 1.2040 0.01707 0.2204
3 f.1410 2R.4185 -C.0850 1.2038 n.0002 0.02n4
3 M. 1044 27.372¢ 0.1667 1.1994 -0.n003 €.02023
5 D.2477 26.3267 0.6229 1.19C8 ~0.0009 0.N201
te 7.3011 25.78CR 0.6786 1.1781 “0.0014 0.019%
4 72,3545 24.2349 0.9189 l.1618 -0.001° c.0197
e 0.4078 23.1890 1.1040 1.1423 ~0.0023 0.7193
a f.4612 22,1431 1.2455 1.1209 -0.0n26 ¢.0190
10 0.5079 21.7280 1.3510 1.1023 ~0.0028 N.7186
11 N.5479 20.4436 1.4412 1.0900 -0.0030 0.0184
12 N.5879 19.6592 1.3206 0.9969 ~0.0Nn28 0.169
13 0.6779 18.8748 1.4320 0.9754 ~0.0030 C.N1€5
1 0.6746 17.9596 1.547¢C 0.9421 ~0.N032 0.0159
15 C.7280 16,9137 1.6965 0.8943 ~0.0035 0.9151
16° £,7813 15.8678 1.8240 0.8355 -0.0038 0.7141
17 0.8347 14,8220 1.8867 0.7627 -0.0039 DeN120
3 0.ARBO 13.7761 L.8357 G.6684 ~0.01%8 N.2113
19 0.9414 12,7362 1.4934 0.5366 ~0.,0033% 0.0091
2¢ 0.9840 11.8942 1.0679 0.3452 ~0.0022 0.N0SR
TATL
1 N.0500 10.0672 -0.3271 Cu2452 0.0007 0.0041
2 1500 9.4135 ~0.337% N.2451 0.0007 C.0041
3 ¢.2500 B8.759% ~-N.3524 C.2419 0.0007 0.4
4 C.3500 8.1061 ~0.3692 0.2355 0.0008 0, 0N40
s Q4500 T.4524 -0.3844 0.2264 0.0008 C.I038
5 0.5500 6.798R -0.3952 0.2144 00,0008 0.NN36
7 N.6500 6.1451 ~0.3981 0.1992 0.0008 £.0734
f 0.7500 5.4914 -0.3878 0.1801 0.n00s 0.N030
a 48500 448377 ~0.3552 0.1540 n.0707 C.0026
10 ".9500 4.1841 ~0.275C N.1121 0.0006 . G.oN1e
VFLOCITIES INDUCEN AT SPECIFLED POINTS IN THE VICINITY OF THE WING
{ ALPHA=0 ) t ADDITTIONAL,ALPRA=  0,042¢4)
N X Y 7 usv \ZA' W/ vV urv v/v w/v
1 -0,1530 ~42.5740 8.1160 -0.,00145 0.000R2 0.00198 0.GRT21 =0 02476 ~0,01427
2 ~12.847C ~42.5740 B.1160 -0.00282 0.00340 n.on287 N.91160 ~N.0NAKT -0 NAR?
3 ~16.5200 ~42.5740 8.1160 -C.00626 0.709%2 €.00396 Cu021147, =N, 02331 ~0.N2387%
4 -70,4900  ~42,5740 8.1160C -0.01577 N.01478 0.nc1e2 0.04487 L0H2Q7 - N234R
" =22.,4300  «42,.5740 g.116N -N.02074 N.N1549 ~0.00462 0.05837 -0,0R3107 ~r, 01230
[} ~24,4600 ~42.5740 8.1160C -2.01R69 N.N1264 -0.71323 D.060E3  ~0,NS627 CLr036n
7 ~26.44N0  «42,5740 8,116n ~0.01080 0.0n746 -0.01708 0405564 ~D,NB4R9 (A 2
R -9.1530 ~45.1400 B.1160 -7.00083 0.00059 6.N0203 NeHr568  -0.NNRAQ £, "132%
a ~12.R849C ~45,1400 8.1160 ~0.00141 0.n0NA"R 0.003R4 D.0N812. ~0,0NAMP  —C.0YR14
10 ~16.5200  ~4%.1400 8.116N0 “NND403 N.00140 0.0N667 0.01432 ~0.N0049 -0, 13507
11 =2044900  ~45.1400 8,1160 -0.01265 0.00466 n.00772 0.03300 =N,"19%6 -1, 0312
12 —22.480"  ~45,1400 8.1160 ~N.01950 0.2073% 0.7039%5 N.04839 =N, 02788 -0, 0208
13 ~24.4600 ~45.1400 8.1169 ~0.0n2297 0.717796 -0.70505 0.05954 -0,03322 -0, "1pAR
14 —26.4400  ~45.1400 8.1160 ~N.01745 0.00418 ~0.01348 0.C8857 =~N.N3272 ~C.0N217
15 ~9,1540  ~40.0000 8.1160 -0.,00200 0. N0064 0.00193 0.009C3 =N.ANEPT -0, 01830
16 -}142.8420 ~40.000C 8.1160 -N.,00434 0.00111 0.n018% NeA1573 =0.07°62 ~C.N)1AAs
17 ~16.5200 ~40.0000 8.1160 -0.0N87T9 0.70216 C.00N94 D.02646 ~0.01405 -1, 02110
18 ~2M,490C ~40,00N0 8.1160 -0.01785% 0.00532 -0, 00530 N.08622 ~N.028%6 =0.0090
19 =?27.4800 -40.0000 8.1160 -0.01857 0.00456 -0,01303 N.0K290 -n,032012 DLNPAAR
2¢ ~724.4A00 -40.0000 8.11630 -0.01265 0.00074 =-0.01834 D.0589¢ -0,0304P r.a2oRy
21 —2A, 4400 ~40.0000 B.1160 -N,0N555 -0.00319 ~N.,21832 0.068281 ~0,72805 r.n2a%sa
22 -9.160C  -42.5740 10.6900 ~f.00184 7.00069 0.00162 0.09534  ~N 00860 -~ r 4]
23 -12.8400 =42.5740 10.6900 -0.00331 0.00159 0.00204 N421418 —D.0NRRT  -N_C150)
?4 -16.5270 ~42.5740 10.6900 -0.00624 02.00322 0.10204 0. 022R5  ~0.01477"  ~(,Dlp00
25 =20.64900 ~42.5740 10.6900 -0.01136 0.07511 ~0.0007C 0.03751 =-N,N2418 -C.C)207
2¢ =22.480C =-42.5740 10,6900 ~C.01305 0.00520 =-0.00417 0.04397 =0,N2R26 ~=M.0NK2E
27 =24.4600 ~42.5740 10. 6900 -0.01224 0.00402 -0.00806 0.N4654 -0.03024 f.nr27
28 =26.4400 ~42.5740 10.6900 -0.00918 0.00189 ~0.01056 7.04532 =~C.02020 f.rints
29 ~28.4300 -42.5740 8.1160 -0.N0387 0.NNn353 -0,01565 N.0494R -0, 06251 t.razrn
30 “30.4200  «42.5740 8.1160 ~0.00374 c.nn1gz2 -0.71281 0.04195 =0,N492¢ LoN2e70

(a) Concluded.

Figure 15.- Continued.
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SAMPLE CASE 2, WING-PYLON=TATL CONFIGURATION, EXTERNAL INTERFERENCE
GEOMETRY DATA

WING PYLON TATL
LE SWEEP,DEG. 27.1000 =T77.5000 27,1000
TE SWEEP,DEG. 14.0500 -72.7500 14.0500
DIHEDRAL ,DEG. -3.5000 =90,0000 1.0000
RONT CHORD 31.1830  20.0510 10.3940
SEMISPAN 74,9675 =——m===—= 25,0000
PYLCN LOC./WING SEMISP,—=——=mm- 0.5679 =—==————v
PYLON HEIGHT  =—=—=———e 2.9460 ———————-
PYLON INCIDENCE,DEG,  ——==—=-=- 1.0000 =—=——===--
TAIL INCIDENCE,DEG.  ======== =——-—-—-= 0.5000
CHORDWISE VORTICES 4 4 2
SPANWISE VORTICES 20 2 10

. A X Y 4

TAIL RT.CHNRD NfISE COORDINATES -95.0000 0.0000 ~-10.0000
PITCHING MOMENT CENTER -7.7800 0.0000 0.,0000

TURBOFAMN RADIUS=

2.5700C

FLOW CONDITIONS

ANGLE OF ATTACK,ALPHA,DEG.

MACH NUMBEP

(b) With external interference.

2.5000
0.7000

Figure 15.- Continued.
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J X
WING CONTRPL

1 ~5.9048
2 =14,5511
R -22.1973
4 =29,843%
5 ~3, REAL
& =1he2547
T -?3.6203
B ~3n.9864
9 ~17,7389
0 -17.8435
b ~24.9487
2 =32,3%23
3 ~12.5R97
14 =-19.432%
15 -726.2769
16 -33.1192
17 =14.440%
18 -21.0222
19 -27.6039
20 -34.1R5%
71 =16.2913
22 -22.6115
23 =2R.9317
24 ~35,2519
25 =18,.1422
26 -24,2009
21 =30, 2504
2R -36,31892
29 -19,993)
W -25.7902
31 -31.%R7S
32 -37.3847
3 -21,843%
L -27,3795
a5 -32,9151
6 38,4511
37 -23.4632
3R «28,7702
A6 ~34.0777
40 ~39,3R47
41 24,8511
42 -29.9622
43 -35,171}
44 ~40,1840
4h5 -26,2394
46 ~31.1542
47 -36.0697
48 -40.9838
4% -27.627%
S0 -32.3462
51 ~37.064%
82 ~41.7R36
62 ~29.2470
54 -33,7369
55 -~38,224R
56 62,7167
57 ~31.0978
58 -35,3262
59 ~39,5544
60 ~43.7831
61 =32,.94845
62 ~36.9155
81 -4N.8P25
66 ~44.4494
6% -34,7094
A6 =2R.5D4G
67 -42.2104
68 ~48,015R8
69  -36.6502
0 60,0942
71 -41,5382
T2 ~46.9822
71 -39,.5010
T4 -41,6835
TS -44.6661
T6  ~4B.04B6
77 -39.9806
78 -42.9%37
T4 ~45.9274
A0 ~48.001N

PYLIN CONTRAL

a1 ~21.2710
82 -26.6123
A3 -31.94746
A4 37,2829
85 -14,9890
RE  ~20.79%%
BT ~26.609R
RE =~22.4202

TALL CONTROL

89 -Q0.4149
90 ~104, 4484
91 -10n.4490
92 -105.1657
92 -101.4832
94 -105,8631
95 ~102.5174
96 ~106.5704
97 ~103.5516
98 -107.277
90 - 104.5858
10C -107.9852
101 ~105.4199
102 ~108.6925
103 -106.6541
106 -109,36498
105 ~107.6883
106 -110.1072
127 ~10R, 7225
108 ~110.8145

¥
PCINTS

-2.2865
-2.2865
~2.2865
~2.2865
~5.5730
-6.573)
-6.5730
-6.5710
-10.5739
“1N.5730
~10.5730
-10.57310
-14.5739
~14.5730
~14,573C
~164,573n
~18.5730
-18.5730
-18.5770
-18.5731
~22,573n
~22.5730
~22.5730
-22.5130
-26.5730
-26.5730
~26.573)
~25.5730
~397,8739
-30.5730
~32.5730
-30.5730
~34,5730
-34.6739
=34,5739
34,5739
~3R, 0720
=3R.07730
~38.0730
~38.0732
-41.0730
~41.0730
-41.0730
~41.,3730
~44,0730
-44,0730
~44,0739
-46.0720
~47.0720
-47.0730
-47.0730
~47.0730
-50.5730
-50,5730
-50.5732
-50.5739
~$4.5730
~54.5730
~54.5720
~54.5730
~58.5730
~58.5730
-58.5730
~58.5730
~62,5730
-62.5730
~62.5730
-62.5730
~66.5730
~66.5710
-66.5730
~66,5730
~70.57310
~T0.573)
-70.5730
~70.5730
-73.7707
-73.7702
-73.7702
~73.77C2

POINTS

—42.5740
~42.5740
~42.5740
~42.5740
~42.5740
~42.5740
=42.5740
-42.5740

POINTS

-1.2500
~1.2500
-3.7500
~3.7500
~6.2500
~6.2520
~8.7500
~8,7500
-11.2500
~11.2500
-13.7500
~13.7500
~16.2500
-16.2500
~18.7500
~18, 7500
-21.2500
~21.2500
-23.7500
-23.7500

MEBN SURFACE

0.1398
Y. 1398
N.1398
0.1398
N.anN20
0.4020
D.4020
0.4029
N.646T
R b4
D.6467
0.6467
feR913
0.R913
C.8913
0.8913
1.1360
1.1360
1.1360
1.1360
1.3806
1.38Ch
1.3304
1.3R06
1.6253
1456253
1.6253
1.6253
1.8699
1.8699
1. 8699
1.8699
2.1146
241146
2.1146
241144
2.3286
2.32R6
243286
2.3286
2.5121
2.5121
2.5121
2.5121
2.€955
2./954
2.6954
2.6954
2.8751
2.R791
2.8791
2.8751
3.0932
3.0932
3.0932
3.0932
3.3378
3.3378
3.3378
3.3378
3.5825
3.5A25
3.5R25
3.5825
3.8271
3.8271
3.R271
3.8271
4.0718
4.0718
4.0718
4,0718
4.3164
4.31¢4
443164
43164
445120
445120
4.5120
4.5120

3.6039
3.6039
A.6M39
3.6039
5.0769
5.0769
5.0769
5.0769

~10.0218
-10.0218
~1C.065%
~10.0655
~10.109)

~10.1091
-10.15%527
-10.1527
~10.1964
~1C.1964
-10.2400
~10.2400
~10.2836
~10.,2834
-10.3273
-10.327)
~1€.3709
-1C.3709
~10.4146
~10.4146

SLOPE

~0.0078
0.0231
n,o1al
2.0091
~0.0113
2.0197
0.7147
0.0087
=0.1151
0.9159
0.N109
C.0C19
~C.0178
2.0132
o.ong2
~-C.n008
-0.2221
7.0099
0.9054
-0.7031
-0.0213
0.0067
0.9027
-0.00%83
~0.,0325
2.1029
0.0004
~2.9775
~n,0188
-0.0708
7.0008
-0.7078
~0.0461
~n.0051
~0.0031
~G.N071
~0.1520
-0.0090
~0.0040
~0.006%
~N.N574
-0.0124
-0,9054
~0.N04%
-0.n629
~C.0154
~0.NC69
~0.0029
~0.0683
~0.0183
~0.0093
-0.0023
-0.0712

-N.0211

0.0N00
0.0000
n.0000
Q.0000
0.0000
0.nooe
6.0000
3.0000

0.0000
2.000C
a.0000
0.0000
n.9300
N.0000
0.0000
2.3000
s.0cee
0.0000
0.0000
0.0000
€. 0000
€. 0000
0.0000
a.00C0
0.0000
n.0000
0.0000
0.0000

1 ALPHARO

usv

£.N5000
0.0%000
£.00000
2.0N00C
0.00000
0.00000
0.00000
N.COOCH
0.00000
f.N0000
”.80000
C.00000
f.609500
7.00900
0,00000
0.00300
0.05a0¢
n.00007
C.Non0n
0.9050¢
0.00700
0.N0000
¢.00000
G.000800
2.00000
0.170000
0.00000
nLnO0N0N
€. 00000
0.00700
0.70000
0.00000
G.007%0N0
0.00000C
000000
0.0300N0
n.OCHON
€¢.2030C
0.N0%00
¢.00300
0,00000
0.00000
0.00000
0.00020
£.NN000
0.00930
£.20603°
0.naN3C
€¢.00000
0.N030%
0.00090
7.000900
0.00030
£.000030
~.NANDB0
0.00000
2.000100
0.00030
G.00000
D.00009
£.0n000
2.G0000
n.00000
o

9.70000
rL.AN000

0.02C00
g.00000
0.05%000
n.00000
6."1000
G.NO00N
0.95000
0.00000

£.r0000
0.00000
2.n0Q0G0
0.00000
N.N0000
0.00000
0.00000
a.00000
N.00%00
N.n0000
0.0000C
0,00000
9.00000
0.00000
0.00000
0.00000
0. 00000
0.00200
€.00000
N.00000

{b) Continued.

VIV

£.o0000
c.onnon
£.00000
0.00000
c.00cec
2.00000
n.00000
0.00000
£.70000
0.90000
0.00000
0.00000
0.00000
0.000n0
2.00009
N.NNNNG
00000
n.000An
c.onnen
n.oon0en
2.00000
£,n0000
0.00000
C.ONBO0
a.00000
f.00000
0.00000
0.00000
c.00nnp
5.00000
0.00000
0.00000
o.0n000
0.n05000
0.00000
0.00006
0.00000
0.00000
n.N0eN0
0.00090
f.00000
0.n0NN0
0.60000
nN.60NCo
0.00000
N.0N000
0.00n20
N.00090
7.09000
0.00000
n.oonon
€.00nN0
€.00010
N.070C0
0.00000
2.N0000
£.00000
0.20000
n,00000
.2N000
C.Nn0090
0.00009
7.00000
0.02000
0.00000
£.£00000
5.00000
0.10000
D.N0200
7.07C00
5.00000
0.1n0061
2.00000
0.0000
n.N0000
0. Na00n
N.00006
N.000N0
0.00000
n.00000

2.00000
0. 00000
€.00000
0.09000
n.NN000
f.00n00
f.0n00n
0.07000

fN.00000
0.00000
0.00000

Figure 15.- Continued.

)

"IV

0,00000

C. Q0000
Q. COND0
2.00000
000990
0.00790
n.onnnn
N.0N030
0. 00000
0.0N000
fN.nan00
0.000010
6.CONN0
a.o0nenn
0.00n00
a.oen000
a.0n00
n.6000%0
0.00000
0. 00000
2.00000
C. 00000
LMLLLES]
0,00090
0.ncoo0
0.0000C
f.00000
0.00000
0.00000
fn,00230
a.0n000
C.06000
0.00129
0.00030
0.00200
0.CNN00
0.00000
0.00000
0.00M0
$.0r00
0.0C000
0.00900
0.00030
0,00020Q
0.00990
0.00000
£.00030
0.00300
0.00020
0.00000
0.01179N
0.C0000
f,conan
g.00n00
f.cnn0e
0.00000
0.00900
0.00100
0.00909
7.600300
0.00990
0.000%0
N. 00NN
0.00000
0.00000
0.0n900
0.000200
0.00090

0. 00000
0.00000
Nn.000%0
7.00020
n.0n090
0.00000
0.00000
0.00N0C
0.00000
0.00000
€.00000
0.00000
0.0009C
0.00600
0.00000
0.00000
0.00000
0.00000C
0.00000
6.00000

ADRITIONAL , ALPHA= '

v/v

poeaene
A nenan
pLnpane
9, cannc
a.coene
A pmnan
fLnarAe
nonesae
pLnnran
a,rnnar
n.eREA
AU EYS
neprrne
ALenrne
A neean
[ARS alalln
A nanap
y,ancAr
A elalal o
Aonrane
A ceper
J. 0000
ALPPENE
[ asf dlala)
A.anean
A npean
A ranan
A paran
N ORC0
n.aP0NG
a,0000¢
A.00000
n.oncae
aLnnean
0.0NPSC
A, pApAS
D000
[ealeatiiag
2,000
0.0000C
N.0o0NG
f.ecnne
[s P ealslale
n.onene
[sSalelslaln
a,rnnQe
f.An0n0
D.A00M0
n.a0c00
N, 7/0AC
nLonene
D.00000
a.rnpne
B.0000C
a.ononc
0.0M000
S.00000
A pAnnrn
fLAn0n0
a.00000
larSaalon I}
aLanpng
aLennan

LR.ennac
T A,000nG

nLanear
c.cgere
A nnean
nLerec
n.onoap
AoAmnne
AL reenG
A.enpae
300000
ALNBGAE
n opprre
a.pnnae
ALonpac
)
n.ra090

n.crear

f.00000

0,000
0.00000
noncar
N, rnnne
n.00re s
n.onene
a.noenp
N.0000C
a,00000
f.nAR0n
n.onen0
ALANONL
o.econe
£.00000
0.0000¢
n.0o0ne
5.00000
0.00000
0.mn000
n,10000

noneey

7253

[N
A.6000n0
a.0000n
n.eAnan
A pnann
n.nrarA
D.ArANN
A ararn
fLrnann
a.nnoan
a,an0mn
A Angar
A.0pAnn
o.0000n
AL nnNNY
5.00000
C.ranen
0,000
n.nrannn
fn.69000
A.nnonr
Q.onenn
n.ooeen
. 060na0

Lnnnn

fn,onn00
o.eones
N, norne
A eeaen
~ L rannn
lL.rnnen
A, panan
a.rnnen
a,.rn00n
0.00070
. rnnne
H.onnee
0.onann
Q. fronrn
a.000n0
n.on0nn
0.000°"
0.00n0g
0,000
a.00000
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HORSESHNF VORTEX CHARACTFRISTICS

BOUNDLEG MINPOINT

CCNRNDINAYES
J X ¥
WING VORTICES

-3 F16 - -2,72865
-10.7279 ~2.2865
~18.1742 -2.2R65
“26.02N5 =2.2P65

-5, 2051 ~6.8T30
~12.5712 ~6.5730
=19.9372 -5,5730
~27.30%3  -6.5730

~T.1866 =-10.5730
18 -14.2912 =-10.5739
11 -21.395%  -1£.5730
12 -28.5005 -19.5730
13 ~Q,1687 -164,573C
14 =16.0113 ~14.5720
15 «22.8564 ~14.5730
16 =79.49T4 =14,5730
1T -01.1497 -18.5733
1A ~17.73l4 =18,5730
19 ~24.3137 -14.5730
20 ~30.8947 -18.5730
21 -13.1313  -22.5730
22 -19.4514 =22.5730
23 -2%.T7T1A  -22.5730
24 =37.0018 -22.5730
25 ~15.112R =26.5730
26 ~21.1715 ~26,5730
2T ~27.2307  -26.5730
28 =33.2F90 -26.5730
29 ~17.€941  -30,5739
30 -27.8916 ~30.573)
31 -28.688R -30.5739
312 -34.4861 -30.5730
33 -19.07%9 -34.5739

34 -24.6116 -34,573C
35 -30.1474 -34.5730
36 ~318,6R12 ~34.573n
37 -20.B097 =3R.0730
38 -26.1167 -38.0730
39 =31.4237  ~18.0730
40 -36.7397  ~38,0730
41 =22.7959  ~41.073)
42 -27.4068 -41,0730
43 =-32.5177 -41.0730
44 =37.6285 -~41,073)
45 ~23.7827 -44.0730
46 =2R8.698 -44.0730
47 ~33.6116 -44.0732
48 ~-38.5264 ~46,0732
49 -25,2682 -47.0730
50 -29,9867 -47.0730
51 =34.7055 -4T7.0730
52 ~39.4247 ~47.1730
3 -27.002% =50,5730
54 -31.4919 -50.5739
&5 -35,9813 =50.573)
56 ~40,46T17  -50.,5730
ST -28.9836 -54.5730
58 ~33.2127 -54,5730
59 =37.4404 -54,5730
50 =41.66AR 54,5730
b1 =3N.9851  -58.573D0
62 =-36.9321 ~58,5730
43 -38.8997% -58,5730
64 ~42.8667 =-58,5730
65 =37.946h -62,5730
66 ~36.6521 =~£2.5730
KT ~40.357h  ~62.5730
68  ~44,0631 =62,5730
69 ~34.9282 ~66.5737
70 ~38.3722 -66,5730
Ty ~41.8162 -66.5730
T2 -45.2602 -66.5730
T3 -36.9087T  -T0.573%
T4 -40.0923 ~70.5739
75 -43.2748 -70,5730
T6 -46.4573 -=70.5730
77 -3R.4936 ~T3.7702
78 -41,4671 73,7702
79 ~4h,4407 ~73,77C2
RO =47.4162  =T3,7702

DB AP H AN

PYLNN VNRTICES

91 ~1R.6093 ~42.5T4N
82 -23.944%h ~462.5T40
&3 ~29,2799 -42,5743
A4 ~34.6152 «42,5740
a5 ~12.0838 ~-42.5740
8¢ ~17.89472 -42.5740
RT =23,TN46  =-42.5740
B8 «29.9157 ~42.5740

PYLNN 1MAGE VCRTICES

BO  -11.5200 =42.5740
g -17.3714 ~42,.5740
a1 -23.2229 -42.574N
Q2 -29.07T43  «42.5740
73 -14.5604 ~42.5740
Q4 -~FN.1004 42,5740
A -p5,B205% ~42.57470
6 ~31.450A =42.5T40

TAIL VORTICFS

AT ~GA,B9R1 ~1.2500
ag ~t1nN1.9316 -1.2500
99 -a8.,09%5& <7509
1n¢ ~107,8024 ~3.7500
121 =99,2932 -6.2500
1N2 -10N 6T 642509
03 ~107.4909 ~%. 7580
104 ~-104.5439 -8+ 7500

106 -101.6885 ~11.2500
106 ~1N5.4147  -11.2500
10T -102.8861  ~13.7500
10B -106.2854 ~13.7500
109 ~{04,0B37 -16.2500
110 -107.1562 -16.2500
P11 -105.2813% ~1A.7500
112 =10A.027)  ~1A.7501
113 ~106.47689 ~21.2500
114 ~108,R974  -21.25C0
115 ~107.6765 ~23.7500
116 ~109.768%  ~23.7500

041398
0.1398
0.1398
£,1398
0.4020
0.4020
0. 4020
0.4020
0.6467
0.6467
0.6487
0.6487
6.8913
0.8911
0.8913
0.8913
1.1360
1.1360
1.1360
1.1360
1.3806
1.3806
1.3806
1.13806
1.6253
1.6253
1.6253
1.6253
1.8699
1.8699
1.8699
1.8699
2.1146
2.1148
2.1146
2.1146
2.3286
2.3286
2.3286
2.3286
2.5121
2.5121
2.5121
2.5121
2.69%4
2.6956
2.6956
2.6954
2.8791
2.8791
2.8791
2.8791
32,0932
3.0932
3.0932
3.0932
3.3378
3.3378
3.3378
3.3378
3.5825
3.5825
3.5825
3.587%
3.8271
3.R271
1.8271
3.8271
4.0T1A
4.0TLR
4.0718
4.,0718
4.3164
43184
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(b) Concluded.
Figure 15.- Concluded.-
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Figure 18.~ Predicted axial variation of the wing-
pylon-tail induced downwash at three locations
relative to the turbofan engine.
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