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and S. B. Spangler 

Nielsen ~ngineering & 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 singul.arity 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 rs 

a vortex lattice lifting surface method which can accommodate a wing wsth 

a single 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 lift and pitching moment coeffscients 

are computed. Included in this manual are a brief description of the theory 

and the calculation procedure, descriptions of input and output, prograp 

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 configuratson, 



INTRODUCTION 

T h i s  r e p o r t  i s  t h e  second of two r e p o r t s  prepared under  Cont rac t  

NAS2-5247 f o r  t h e  Ames Research Cen te r ,  NASA. The work on t h i s  c o n t r a c t  i s  

concerned w i t h  t h e  development of a n a l y t i c a l  methods f o r  p r e d i c t i n g  t h e  

aerodynamic i n t e r f e r e n c e  e f f e c t s  between f a n  eng ines  and t r a n s p o r t - t y p e  

a i r f r a m e s .  Th i s  document i s  a  u s e r ' s  manual f o r  t h e  computer programs 

developed under t h e  c o n t r a c t .  The f i r s t  document ( r e f .  1) d e s c r i b e s  t h e  

t h e o r e t i c a l  a n a l y s i s  on which t h e  programs a r e  based and some r e s u l t s  and 

d a t a  comparisons.  

The p r i n c i p a l  a i r f r a m e  components t h a t  were i n v e s t i g a t e d  a r e  a  wing 

w i t h  pylon,  h o r i z o n t a l  t a i l ,  h igh-bypass - ra t io  t u r b o f a n  eng ine ,  and a  l i f t  

f a n  mounted a d j a c e n t  t o  t h e  wing. Angle of a t t a c k  w i t h  z e r o  s i d e s l i p  was 

cons ide red .  The speed range i s  subson ic ,  w i t h  a  P rand t l -Glauer t  c o r r e c t i o n  

used t o  account f o r  c o m p r e s s i b i l i t y  e f f e c t s .  The b a s i c  approach c o n s i s t s  

of c o n s t r u c t i n g  p o t e n t i a l  f low s i n g u l a r i t y  models f o r  each component, i n  

which t h e  boundary c o n d i t i o n s  i n c l u d e  n o t  on ly  se l f - induced  v e l o c i t i e s  b u t  

v e l o c i t i e s  induced by o t h e r  a d j a c e n t  a i r f r a m e  components. No f r i c t i o n a l  

e f f e c t s  a r e  cons ide red .  For purposes  of  computing engine  o r  f a n  i n t e r f e r -  

ence on t h e  a i r f r a m e ,  t h e  f low blockage e f f e c t  of t h e  cowling and t h e  

i n d u c t i o n  e f f e c t  and wake a r e  modeled; t h e  d e t a i l s  of t h e  f low w i t h i n  t h e  

engine  and f a n  a r e  n o t  cons ide red .  

Three programs a r e  d e s c r i b e d  h e r e i n .  The f i r s t  program computes t h e  

f low model and t h e  induced v e l o c i t y  f i e l d  due t o  a  h igh-bypass - ra t io  turbo-  

f a n  eng ine ,  The second program performs t h e  same o p e r a t i o n s  f o r  a  l i f t  

f a n  exhaus t ing  normal t o  t h e  f r e e  s t ream.  The t h i r d  program i s  a  v o r t e x  

L a t t i c e  l i f t i n g - s u r f a c e  method f o r  a  wing w i t h  a  s i n g l e  pylon p e r  pane l  and 

a  horizontal t a i l .  The v o r t e x  l a t t i c e  program i n c l u d e s  i n t e r f e r e n c e  e f f e c t s  

from f a n s  i n  t h e  v i c i n i t y  of  t h e  a i r f r a m e  by a c c e p t i n g  e x t e r n a l l y  induced 

velocities i n  t h e  boundary c o n d i t i o n s  which a r e  s a t i s f i e d .  

"h i s  r e p o r t  i n c l u d e s  a b r i e f  d i s c u s s i o n  of  t h e  t h e o r e t i c a l  approach 

and t h e  assumed f low models w i t h  a  summary of  t h e  e q u a t i o n s  used i n  t h e  

program. No d e t a i l e d  d e r i v a t i o n s  a r e  inc luded ,  b u t  r e f e r e n c e s  a r e  g iven t o  

a i l  t h e  d e r i v a t i o n s  of i n t e r e s t .  The o p e r a t i o n  of t h e  program i s  d i scussed  

a long wi th  d e s c r i p t i o n s  of i n p u t  and o u t p u t .  Program l i s t i n g s  and sample 

c a s e s  a r e  a l s o  included.  A b r i e f  d e s c r i p t i o n  of t h e  use  of t h e  t h r e e  

programs i n  a  complete i n t e r f e r e n c e  c a l c u l a t i o n  i s  p r e s e n t e d .  
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TURBOFAN ENGINE PROGRAM 

The purposes 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 deta~is of 

the flow within the engine need not be considered except insofar as they 

determine the wake velocity profile.- The following analysis is the sane 

as that described in reference 1. The approach is based on the duc~ed fan 

theory presented in reference 2. 

Wake model.- The core engine and fan wakes are represented by semi- 

infinite, concentric, constant-diameter vortex cylinders extendir.g down- 

stream coaxial with the engine centerline (fig. l(a)). The constant-drarneter 

assumption is consistent with tne results of reference 3, which Fndlcate 



0 wake spread:~ng a n g l e s  of  2 t o  3O f o r  a  t u r b u l e n t  j e t  i n  a  cof lowing s t ream 

where t h e  j e t  v e l o c i t y  i s  50 p e r c e n t  g r e a t e r  t h a n  t h e  f r e e  s t ream.  This  

wake node l  assumes t h a t  t h e  f a n  and eng ine  t h r u s t  a r e  produced by  uni-  

formly loaded a c t u a t o r  d i s k s  w i t h i n  t h e  d u c t s .  Thus, t h e  performance of 

t h e  engine  de te rmines  t h e  s t r e n g t h s  of t h e  t r a i l i n g  v o r t e x  c y l i n d e r s ,  

/f and The v e l o c i t y  p r o f i l e  i n  t h e  engine  wake i s  g iven  by  t h e  

asymptot ic  v e l o c i t y  d i s t r i b u t i o n  i n s i d e  a  v o r t e x  c y l i n d e r  and i s  shown i n  

f l q u r e  l ( b )  ., The wake v e l o c i t y  d i s t r i b u t i o n  i s  w r i t t e n  a s  

There fo re ,  i f  t h e  wake v e l o c i t i e s  V and V a r e  known, t h e  s t r e n g t h s  
j  f  ' e 

of t h e  t r a i l i n g  v o r t e x  c y l i n d e r s ,  Yf and Ye, a r e  

A second method may b e  used i f  engine  performance t a b l e s  a r e  

a v a i l a b l e ,  For example, i n  r e f e r e n c e  4 ,  p r e d i c t e d  performance t a b l e s  f o r  

an advanced t u r b o f a n  engine  a r e  p resen ted .  For a  s p e c i f i e d  f l i g h t  Mach 

number and a l t i t u d e ,  t h e  t a b l e s  i n c l u d e  bypass  r a t i o ,  mass f low r a t e  of 

a i r ,  t o t a l  t empera tu re  and t o t a l  p r e s s u r e  i n  t h e  f a n  exhaus t ,  and t o t a l  

t empera tu re  and t o t a l  p r e s s u r e  i n  t h e  c o r e  engine  exhaus t  a s  a  f u n c t i o n  

of t o t a l  engine  t h r u s t .  Assuming t h a t  t h e  s t a t i c  p r e s s u r e  i n  t h e  wake i s  

equa l  t o  t h e  f ree-s t ream s t a t i c  p r e s s u r e ,  t h e  in fo rmat ion  i n  t h e s e  t a b l e s  

i s  adequate  t o  compute t h e  unknown wake v e l o c i t i e s  V and V u s i n g  

i s e n t r o p i c  r e l a t i o n s .  ' f  j  e  

'The f a n  and engine  e x i t  p r e s s u r e  r a t i o s  a r e  



where t h e  s u b s c r i p t  2 r e f e r s  t o  i n l e t  condi t ions .  The e x i t  Mach 

numbers a r e  

The t o t a l  temperature i n  t h e  wake i s  

which l e a d s  t o  t h e  s t a t i c  temperature 

The l o c a l  speeds of sound a re  



which when combined w i t h  e q u a t i o n s  ( 7 )  and (8)  g i v e  t h e  v e l o c i t i e s  i n  

t h e  wake. The t r a i l i n g  v o r t e x  c y l i n d e r  s t r e n g t h s  a r e  t h e n  e a s i l y  computed 

u s i n g  egua-t.ions ( 3 )  and ( 4 ) .  

Turboffan engine  f low model.- When t h e  t r a i l i n g  v o r t e x  c y l i n d e r  

s t r e n g t h s  a r e  known, t h e  b a s i c  t u r b o f a n  engine  model can b e  determined.  

The f low model i s  cons ide red  i n  two p a r t s :  t h e  a x i a l  f low p o r t i o n  which 

imposes boundary c o n d i t i o n s  on t h e  engine  d u c t s  due t o  t h e  a c t u a t o r  d i s k  

and wake, and a  c r o s s f l o w  p o r t i o n  which imposes d u c t  boundary c o n d i t i o n s  

due tio ang le  of a t t a c k  and sidewash on t h e  engine .  These two p o r t i o n s  

a r e  combined by s u p e r p o s i t i o n  s i n c e  b o t h  p r o p e r l y  s a t i s f y  t h e  boundary 

c o n d i t i o n  of f low tangency t o  t h e  d u c t .  

Axia l  f low s o l u t i o n :  The a x i a l  f low model i s  determined by s a t i s -  

f y i n g  t h e  boundary c o n d i t i o n s  of f low tangency t o  t h e  mean l i n e s  of b o t h  

t h e  fan d u c t  and t h e  c o r e  engine  d u c t .  The f low tangency c o n d i t i o n  on 

b o t h  dv;cts i s  s a t i s f i e d  i n  a  manner analogous t o  t h e  method used f o r  a  

s i n g l e  d u c t  i n  r e f e r e n c e  2 .  A bound v o r t i c i t y  of t h e  form 

5 

y ~ f  - -  
v - cf c o t  Bf + 1 cf s i n  ( n g f )  

0 
2 n  

rl= 1 

i s  p laced on t h e  f a n  d u c t  r e f e r e n c e  c y l i n d e r  and a  s i m i l a r  bound v o r t i c i t y  

5 

' ~ e  - -  
v O e  1 ce s i n  (nBe) - Ce c o t  - + 

0 
2 

n'= 1 
n  

i s  p laced  on t h e  c o r e  engine  d u c t  r e f e r e n c e  c y l i n d e r .  

The f a n  d u c t  h a s  an e f f e c t i v e  camber d i s t r i b u t i o n  g iven  by 

and s i m i l a r l y  t h e  c o r e  engine  d u c t  h a s  an e f f e c t i v e  camber d i s t r i b u t i o n  

given by 



The e f f e c t i v e  camber i s  made up of a  geometr ic  camber and an induced camber, 

a s  d i s c u s s e d  i n  d e t a i l  i n  s e c t i o n  2 .3  of  r e f e r e n c e  5 ( a l s o  r e f .  11)- 

The two boundary c o n d i t i o n s  which must b e  s a t i s f i e d  a r e  t h e  f low 

tangency r e l a t i o n s  on t h e  s u r f a c e  of  t h e  f a n  d u c t  and t h e  c o r e  engine  

d u c t  . 

The l e f t  s i d e s  of e q u a t i o n s  (19)  and ( 2 0 )  r e p r e s e n t  t h e  sum of the  

axisymmetric r a d i a l  v e l o c i t i e s  induced by t h e  two wake v o r t e x  c y l i n d e r s  

and t h e  two duct-bound v o r t e x  r i n g  d i s t r i b u t i o n s .  The corresponding 

a x i a l  v e l o c i t y  sums appear on t h e  r i g h t  s i d e s  o f  b o t h  e q u a t i o n s .  These 

e q u a t i o n s  a r e  solved on t h e  d u c t  r e f e r e n c e  c y l i n d e r ,  which i s  de f ined  a s  

a  cons tan t -d iamete r  c y l i n d e r  p a s s i n g  through t h e  t r a i l i n g  edge of t h e  

a c t u a l  d u c t  and hav ing  t h e  same chord-to-diameter  r a t i o  a s  t h e  a c t u a l  

d u c t .  Expanding e q u a t i o n s  (19)  and (20) i n t o  t h e i r  components r e s u l t s  

i n  t h e  fo l lowing .  From e q u a t i o n  ( 1 9 ) ,  f o r  t h e  fan  d u c t  

and from e q u a t i o n  (20) f o r  t h e  engine  d u c t  

where t h e  induced v  v e l o c i t i e s  a r e  normal t o  t h e  d u c t  r e f e r e n c e  c y l i n d e r  

and t h e  induced u  v e l o c i t i e s  a r e  i n  t h e  a x i a l  d i r e c t i o n  on t h e  r e f e r e n c e  

c y l i n d e r .  



The v e l o c i t i e s  i n  e q u a t i o n  (21)  induced on t h e  f a n  r e f e r e n c e  

c y l i n ~ ~ e r  a r e  d e s c r i b e d  a s  f o l l o w s .  From e q u a t i o n s  (15)  and (16)  o f  

r e f e r e n c e  2 ,  t h e  v e l o c i t i e s  induced on t h e  f a n  d u c t  b y  t h e  f a n  duc t -  

bound v o r t i c i t y  
f  

a r e  

= C F;_ c o s  nof 

and 

The P 
k, Q 

c o e f f i c i e n t s  a r e  d e s c r i b e d  i n  Appedix B o f  r e f e r e n c e  1. 

The v e l o c i t i e s  induced on t h e  f a n  d u c t  by  t h e  v o r t e x  c y l i n d e r  

t r a i l i n g  from t h e  f a n  d u c t  a r e  g iven  by e q u a t i o n  (C-3) of  r e f e r e n c e  6  

and equa t ion  (23)  of  r e f e r e n c e  7 .  These v e l o c i t i e s  a r e  expressed  i n  

n o n d i m e n s i o ~ ~ a l  form by s ix- term F o u r i e r  c o s i n e  s e r i e s  a s  

and 



5 

u - 
~ ( ~ 2 ~ )  

- yf 1 B; cos  nef 

n= o n 

These equa t ions  a r e  analogous t o  equa t ions  (8) and ( 9 )  of r e f e r ence  2 ;  

t h a t  i s ,  t h e  c o e f f i c i e n t s  
Bf n 

and B ; ~  a r e  a func t ion  only of t h e  fan  

duc t  chord-to-diameter r a t i o .  

The v e l o c i t i e s  induced on t h e  fan  duc t  by t h e  vor tex  cy l inde r  

Ye t r a i l i n g  from t h e  engine duc t  a r e  given by equa t ions  (13) and ( 2 0 )  

of r e f e r ence  7. These v e l o c i t i e s  a r e  expressed i n  nondimensional form by 

a s i m i l a r  six-term Four ie r  s e r i e s  a s  

v - 
y ( e 2 f )  - r e  C ~ ^ f _  

cos  nBf 

u - 
r ( e , f )  - Ye 2' 'in cos n~~ 

- -* 
where, a s  be fo re ,  t h e  B and B c o e f f i c i e n t s  a r e  a func t ion  only 

'n ,! 
of t h e  geometry of t h e  tu rbofan  englne.  

The v e l o c i t i e s  induced on t h e  fan  duc t  by t h e  vor tex r i n g  d i s t r i -  

bu t ion  bound t o  t h e  engine duc t  
' ~ e  

a r e  func t ions  of t h e  unknown 

c o e f f i c i e n t s  
'en 

. The a x i a l  v e l o c i t y  i s  computed us ing  equat ion (A -9 )  

of r e f e r ence  6 and i s  then expressed a s  a six-term Four ie r  s e r i e s  a s  

be fo re .  Thus, 

5 

u = v C P; cos nof 
YD ( e ,  f )  n  

n= o 

The r a d i a l  v e l o c i t y  induced by 
yD e 

i s  computed i n  e x a c t l y  t he  same 

manner a s  t h e  a x i a l  v e l o c i t y  except  t h a t  equat ion (A-8) i n  t h e  above 

r e f e r ence  i s  replaced by equat ion ( 2 7 )  on page 307 of re fe rence  8.  This 

v e l o c i t y  i s  a l s o  expressed i n  a Four ie r  s e r i e s  a s  



The v e l o c i t i e s  i n  equat ion (22) induced on t h e  co re  engine re fe rence  

cy l inde r  aye t h e  same a s  equat ions  (23) through (30) wi th  t h e  s u b s c r i p t s  

f and e  interchanged everywhere. 

S u b s t i t u t i n g  equat ions  (17) and (23) through (30) i n t o  equat ion 

( 2 1 )  r e s u l ~ z s  i n  t h e  fol lowing equat ion which i s  analogous t o  equation 

( 1 7 )  of r e f e rence  2 .  

5 C 

0 f : + p  - -  
2 0, J + x  c++  cos kef 

,I?= 0 k= 1 

3 5 

Yf * = R; cos m e f  [r (g F: + - 
m n V Bf n 

m= o  n= o  

A s i m i l a r  equat ion i s  obtained from equat ion ( 2 2 )  by interchanging 

s u b s c r i p t s  f and e  i n  t h e  above equation,  wi th  t h e  following r e s u l t  

5 C 5 
@e 

C 5 C 

2 cos kee 
l= 0 k= 1 

(continued on next page) 



Expanding both  s i d e s  of equat ion (31) i n t o  Four ie r  cos ine  ser ies  

and equat ing harmonics on both  s i d e s  r e s u l t s  i n  s i x  l i n e a r  a lgeb ra i c  

equat ions  i n  terms of t h e  s i x  unknowns ' f n  
. These equat ions  are ccn- 

s ide rab ly  s imp l i f i ed  i f  we de f ine  t h e  following c o e f f i c i e n t s .  

The f i r s t  s e t  of s i x  equat ions  i s  a s  follows: 

Zeroth harmonic: 

(continued on next page) 
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First harmonic: 

Second harmonic: 

- 

( con t inued  on nex t  page) 



Thi rd  harmonic : 

Four th  harmonic: 

R* 

Cf o 1 (con t inued  on nex-z page) 



-1 

F i f t h  harmonic: 

These e q u a t i o n s  a r e  l i n e a r  i n  te rms of  t h e  unknown 
f n  

c o e f f i c i e n t s ,  - 
b u t  because  of  t h e  te rms 

Ffn 
and Fgn, t h e  c o e f f i c i e n t s  a r e  i m p l i c i t  

f u n c t i o n s  of  t h e  s i x  unknowns, Ce . Equat ion  ( 3 2 )  can b e  expanded i n t o  
n  

F o u r i e r  c o s r n e  s e r i e s  and l i k e  harmonics equated  a s  b e f o r e .  The s i x  

e q u a t i o n s  o b t a i n e d  i n  t h i s  manner a r e  l i n e a r  a l g e b r a i c  e q u a t i o n s  i n  te rms 

of t h e  unknown c o e f f i c i e n t s  and i m p l i c i t  f u n c t i o n s  of t h e  
'en - 

c o e f f i c i e n t s  because  of  t h e  te rms 
'fn 

Fen 
and F; . These e q u a t i o n s  a r e  

n  
i d e n t i c a l  t o  e q u a t i o n s  ( 3 5 )  w i t h  f  and e  in te rchanged  everywhere. 

Thus, t h e r e  e x i s t s  a  s e t  of  twelve  e q u a t i o n s  and twelve  unknowns, 

and C, . The s o l u t i o n  i s  o b t a i n e d  b y  i t e r a t i o n .  
' f n  

i? , - 



For the case where the Mach number is not zero, the Prandt.1-G1a.trer-L 

compressibility transformation discussed subsequently in connection with 

the wing model is employed (eqs. 5 to 7 of ref. 1). Accordingly, the 

engine and fan chord-to-diameter ratios are increased by the factor 

i3 and the duct camberline slopes remain the same at a given percent chord 

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) Cue to wing 

angle of attack. For most configurations, the angles and their spatial 

variation are small enough that they may be averaged axially and circum- 

ferentially over the fan duct and the engine duct. This appror.irnation 

allows the use of an existing solution for a thin cylindrical duct in 

a uniform crossf low (ref. 9) . 
The procedure using the averaged crossflow velocities is t.o place 

a nonaxisymmetric bound vorticity distribution on each duct to cancel 

the appropriate crossflow through the duct reference cylinder (fig, L(c)), 

Assuming that and bf are the average induced angles of cpwash and 

sidewash on the fan duct, the two components of bound vorticity on t h e  

fan reference cylinder have the form 

5 

Yaf - -  
v - sin af cos Q cot Bf + C c sin n~ * 2 n f 

n= I. 

and 

Y@f - .- 
v - sin 9 sin @ f 

@ f ; Cf0 cot - + 
2 

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

are 

5 

'ae - =  
v sin ae cos @ 1 c sinnee 

n= 1 en 1 



"Be - -  
v - s i n  @ s i n  @ c  c o t  - e + 1 c  s i n  no I en 2 en 

The cf, and c o e f f i c i e n t s  a r e  f u n c t i o n s  on ly  of  t h e  r e s p e c t i v e  

d u c t  chord-to-diameter  r a t i o s  and a r e  t a b u l a t e d  i n  Table  I of r e f e r e n c e  

1 0 ,  i n  addi t ion  t o  t h e  bound v o r t i c i t y ,  t h e r e  i s  a  d i s t r i b u t i o n  of  f r e e  

a x i a l  trailing v o r t e x  f i l a m e n t s  a s s o c i a t e d  w i t h  each bound r i n g  caused 

by t h e  v a r i a t i o n  of  s t r e n g t h  around t h e  Ya Or Yp r i n g s .  Equat ions  

( 3 6 )  through (39 )  a r e  used t o  s a t i s f y  t h e  f o l l o w i n g  boundary c o n d i t i o n s  

on t h e  f a n  and eng ine  d u c t s .  On t h e  r e f e r e n c e  c y l i n d e r  r e p r e s e n t i n g  t h e  

f a n  d u c t  

v  - V s i n  af cos  @ = 0 
y , ( f , f )  

v  + V s i n  f3 s i n  @ = 0 
~ ~ ( f ' f )  .€ 

and on t h e  r e f e r e n c e  c y l i n d e r  r e p r e s e n t i n g  t h e  eng ine  d u c t  

v  - V s i n  a cos  @ = 0 
Y, ( e  7 e )  e  

v  + V s i n  1 3 ~  s i n  @ = 0 
Y@ ( e , e )  

I t  i s  apparen t  from t h e s e  boundary c o n d i t i o n s  t h a t  t h e  mutual i n t e r f e r e n c e  

between t h e  bound Ya and Yp v o r t i c i t y  of  t h e  two d u c t s  i s  n o t  con- 

s i d e r e d .  Si.nce t h e  induced c r o s s f l o w  i s  smal l ,  t h e  s t r e n g t h  of t h e  

bound v o r t i c i t y  i s  smal l  and t h e  v e l o c i t i e s  induced by t h e  bound v o r t i c i t i e s  

on each o t h e r  i s  neg lec ted  a s  a  second-order e f f e c t .  

The above t h e o r y  f o r  t h e  c r o s s f l o w  s o l u t i o n  i s  a p p l i e d  t o  t h e  engine  

t ransformed accord ing  t o  t h e  Prand t l -Glauer t  r u l e  i n  t h e  even t  a  com- 

p r e s s i b i l i t y  c o r r e c t i o n  i s  r e q u i r e d .  

Induceel v e l o c i t i e s  .- Once t h e  s t r e n g t h  of t h e  t r a i l i n g  v o r t i c i t y  

i s  known anel t h e  c o e f f i c i e n t s  f o r  t h e  bound v o r t e x  s t r e n g t h  a r e  computed, 

t h e  v e l o c i t y  f l e l d  induced by t h e  engine  may b e  c a l c u l a t e d .  The v e l o c i t y  

a t  a  f i e l d  p o i n t  i s  t h e  sum of t h e  v e l o c i t i e s  induced by each of  t h e  

s i n g u l a r i t y  d i s t r i b u t i o n s  making up t h e  engine  model. 



The velocity induced at a field point P by a constant strength 

vortex cylinder illustrated in the following sketch is computed 2s follows, 



where t h e  argument of t h e  e l l i p t i c  i n t e g r a l s  K and E is  

and t h e  f i r s t  argument of t h e  Heuman Lambda Function A. (B,ko) i s  

3 
p = sin-' R 

The r a d i a l  v e l o c i t y  induced by t h e  cons t an t  s t r e n g t h  vo r t ex  cy l inde r  

i s  given by equat ion (C-3) of r e f e r ence  6. 

The v e l o c i t y  induced by t h e  duct-bound v o r t i c i t y  descr ibed by 

equat ions  (1.5) o r  (16) i s  computed a s  fol lows.  When t h e  p o i n t  P i s  

on the duct  su r f ace ,  t h e  approximate induced a x i a l  v e l o c i t y  on t h e  su r f ace  

of t h e  duc t  i s  g iven by equat ion ( 2 3 ) ,  and t h e  r a d i a l  v e l o c i t y  i s  given 

by equat ion ( 2 4 ) .  When t h e  p o i n t  P i s  no t  on t h e  su r f ace  of t h e  duc t ,  

t h e  induced v e l o c i t i e s  must b e  obtained by numerically i n t e g r a t i n g  over 

t h e  vor tex  d i s t r i b u t i o n  bound t o  t h e  duct .  The a x i a l  v e l o c i t i e s  a r e  

computed us:-ng equat ion (A-9) of r e f e r ence  6. 

where 



and t h e  argument of t h e  e l l i p t i c  i n t e g r a l s  i s  

The r a d i a l  v e l o c i t y  a t  po in t  P i s  

The v e l o c i t y  induced by t h e  bound nonaxisymrnetric vor t ic i t :y ,  v, 
descr ibed by equat ion ( 3 6 )  o r  ( 3 8 )  and i t s  assoc ia ted  t r a i l i n g  vor tex 

f i l aments  i s  given a s  follows. The a x i a l  v e l o c i t y  i s  induced only by 

t h e  bound v o r t i c i t y  and it i s  given by t h e  following. 

U 

?a, q ( 8 )  
V s i n  a cos @I D 3/2 

+ (i + $1 

where 

and 



The radial velocity component induced by the bound vorticity is 

snd the component induced by the trailing filaments is 

where 

and 

f5 = sin 

E = 1 when < 1 r R - 

E = -  r when > 1 

"She tarlgential velocity component induced by the bound vorticity is 



and t h e  component due t o  t h e  t r a i l i n g  f i l a m e n t s  i s  

4 

r a i l i n g  

where 

-1 E = -  r when E > 1 
P 

when r 
E = O  

The above e q u a t i o n s  f o r  t h e  v e l o c i t y  induced by ya t y p e  vorticity 

can b e  used f o r  t h e  v e l o c i t y  induced by y t y p e  v o r t i c i t y .  The only B 
change t h a t  should  be  made i s  t h a t  t h e  aximuth ang le  @ should be 

rep laced  w i t h  @ ' = @ - go0. 

Program D e s c r i p t i o n  

C a l c u l a t i o n  procedure.-  The computat ion i s  cons ide red  i n  -:wo parts 

and proceeds  a s  fo l lows .  Upon i n p u t ,  t h e  main program irnrnedia-:ely calk 

s u b r o u t i n e  MODEL and t h e  s i n g u l a r i t y  d i s t r i b u t i o n s  making up tlie axla1 

f low model of t h e  t u r b o f a n  engine  a r e  c a l c u l a t e d .  These results a r e  out- 

p u t  and c o n t r o l  r e t u r n s  t o  t h e  main program. I f  t h e  f low f i e l d  induced 



by t h e  t u r b o f a n  eng ine  i s  t o  b e  computed, t h e  l o c a l  a n g l e s  of  a t t a c k  and 

sidewash,  t h e  engine  l o c a t i o n  r e l a t i v e  t o  t h e  wing, and t h e  c o o r d i n a t e s  

of  t h e  f i e l d  p o i n t s  t o  b e  cons ide red  a r e  i n p u t .  MAIN t h e n  c a l l s  sub- 

r o u t i n e  VELCTY where t h e  t o t a l  v e l o c i t y  induced a t  t h e  f i e l d  p o i n t s  by  

t h e  a x ~ s y m m e t r i c  and t h e  nonaxisymmetric l o a d i n g s  on t h e  engine  a r e  com- 

pu ted ,  These v e l o c i t i e s  a r e  o u t p u t  and c o n t r o l  r e t u r n s  t o  MAIN where a  

new c a s e  may b e  i n p u t .  

m use.-  The program i s  w r i t t e n  i n  F o r t r a n  I V  f o r  t h e  IBM 7094 

computer, No t a p e s  o t h e r  t h a n  t h e  s t a n d a r d  i n p u t  and o u t p u t  t a p e s  a r e  

required, ~ y p i c a l  e x e c u t i o n  t ime f o r  t h e  complete program i s  approximate ly  

6 mlnutes  f o r  a  c a s e  w i t h  100 f i e l d  p o i n t s .  S i n c e  t h e  engine  model s o l u t i o n  

1s ob ta ined  by  i t e r a t i o n ,  t h e  t i m e  e s t i m a t e  i s  s t r o n g l y  dependent  on t h e  

t h e  number of i t e r a t i o n s  ( 9  i t e r a t i o n s  f o r  t h e  above example).  The program 

1s b u l l t  around t h r e e  b a s i c  o p t i o n s .  The complete program c a l c u l a t e s  

the f low model f o r  a  h igh-bypass-ra t io  t u r b o f a n  engine  and t h e n  computes 

the velocity f i e l d  induced by  t h e  engine .  The program may b e  used j u s t  

co c a l c u l a t e  t h e  engine  f low model, o r  i f  t h e  f low model i s  known a  p r i o r i ,  

the program may b e  used t o  compute t h e  induced v e l o c i t y  a t  s p e c i f i e d  f i e l d  

p o i n t s ,  A complete d e s c r i p t i o n  o f  t h e  i n p u t  and o u t p u t  i s  p r e s e n t e d  i n  

t h e  fo i lowlng  s e c t i o n s .  

D e s c r i p t i o n  of  I n p u t  

  his s e c t i o n  c o n t a i n s  a  d e s c r i p t i o n  of i n p u t  f o r  t h e  t u r b o f a n  

englne  program. The r e l a t i o n s h i p  between t h e  t u r b o f a n  engine  and t h e  

wlng 1s shorn i n  f i g u r e  2 f o r  purposes  of i l l u s t r a t i n g  t h e  geometry of  

t h e  configuration which must b e  i n p u t .  

A sample i n p u t  form i s  p r e s e n t e d  i n  f i g u r e  3 ( a )  f o r  a  normal run.  

A l l  v e r l a b l s s  shown on t h e  i n p u t  forms i n  f i g u r e  3  a r e  d e f i n e d  i n  t h e  

t a b l e  a t  t h e  end of  t h i s  s e c t i o n .  The f i r s t  c a r d  c o n t a i n s  i d e n t i f i c a t i o n  

information t o  b e  p r i n t e d  a t  t h e  t o p  of  t h e  ou tpu t .  The second c a r d  

c o n t a m s  t h z  geometry s p e c i f i c a t i o n  of t h e  f a n  d u c t  CDF, CHF, TCF, 

and RF(n), The t h i r d  c a r d  c o n t a i n s  s i m i l a r  in fo rmat ion  f o r  t h e  c o r e  

englne  d u c t ,  The f o u r t h  c a r d  c o n t a i n s  more geometr ic  in fo rmat ion ,  

RFRE and XECF;  t h e  f r e e  s t r eam Mach number, EMZ; and t h e  f a n  and englne  

wake v e l o c l t y  r a t i o s ,  VFVZ and VEVZ. The f i f t h  ca rd  i s  made up of f o u r  

i n d r c e s ,  N T l P E ,  MMP, NPRNT, and NCALC which s p e c i f y  t h e  t y p e  of engine  

calculation r e q u i r e d ,  t h e  number of f i e l d  p o i n t s ,  t h e  o u t p u t  o p t i o n s ,  



and t h e  manner i n  which t h e  program i s  t o  b e  used r e s p e c t i v e l y .  These 

f i r s t  f i v e  c a r d s  appear  a s  d e s c r i b e d  i n  any i n p u t  deck prepared f o r  t h i s  

program. The subsequent  c a r d s  a r e  dependent  on t h e  program o p t i o n s  

s p e c i f i e d .  

I f  t h e  program i s  on ly  t o  compute t h e  t u r b o f a n  eng ine  f low model 

u s i n g  t h e  known v a l u e s  of je t  wake v e l o c i t i e s  (NTYPE = 1) and no induced 

v e l o c i t y  f i e l d  i s  wanted (NCALC < O ) ,  t h e  i n p u t  deck i s  complete w i t h  

t h e  f i r s t  f i v e  c a r d s  and i t ems  6 ,  7 ,  and 8 a r e  omi t t ed .  I f  m u l t r p l e  

c a s e s  a r e  t o  b e  run ,  a d d i t i o n a l  i n p u t  decks f o l l o w i n g  t h e  f i r s t  s t a r t  

w i t h  i t em 1 immediately a f t e r  t h e  l a s t  c a r d  of t h e  p rev ious  deck,  Any 

f o l l o w i n g  c a s e s  a r e  independent  of  t h e  p rev ious  sets of  i n p u t ;  t h e r e f o r e ,  

t h e y  must s p e c i f y  t h e  d e s i r e d  o p t i o n s .  

When NCALC = 0,  t h e  induced v e l o c i t y  f i e l d  i s  t o  b e  computed and 

i t ems  6, 7 ,  and 8 f o l l o w  i t em 5 a s  shown i n  f i g u r e  3 ( a ) .  Card 6 c o n t a l n s  

t h e  combined geometr ic  and induced a n g l e s  of a t t a c k  and sidewash on t h e  

f a n  and engine  d u c t s .  These a r e  handled a s  t h e  sum of two p a r t s .  The 

f i r s t  c o n s i s t s  of  t h e  f low and i n c i d e n c e  e f f e c t s  on t h e  engine  a t  z e r o  

wing a n g l e  o f  a t t a c k  and c o n s t i t u t e s  t h e  engine-wing i n t e r a c t i a n  e f f e c t s  

n o t  p r o p o r t i o n a l  t o  wing a n g l e  of a t t a c k .  Thus ALPF and ALPHE a r e  made - 
up of  t h e  engine  i n c i d e n c e  ang le  w i t h  r e s p e c t  t o  t h e  wing root-chord  

and any upwash induced on t h e  engine  due t o  t h e  wing camber an3 t w l s t  

a t  z e r o  wing ang le  of a t t a c k .  BETAF and BETAE i n c l u d e  any geolnetrrc toe -  

i n  of t h e  t u r b o f a n  engine  w i t h  r e s p e c t  t o  t h e  wing r o o t  chord and any 

induced sidewash a t  z e r o  wing ang le .  The second p a r t  c o n s i s t s  of t h e  

f low and i n c i d e n c e  e f f e c t s  on t h e  engine  which are p r o p o r t i o n a l  t o  wlng 

a n g l e  of a t t a c k .  For t h i s  purpose ,  t h e  engine  a x i s  i s  assumed p a r a l l e l  

t o  t h e  r o o t  chord of t h e  (uncambered and un twis ted)  wing. The f a n  and 

engine  a n g l e s  of  a t t a c k  ADALF and ADALE a r e  made up of  t h e  geometrrca l  

ang le  of  a t t a c k  p l u s  t h e  wing-induced upwash due t o  ang le  of  a t t a c k ,  

The f a n  and engine  a n g l e s  of  s idewash,  ADBTF and ADBTE, a r e  t h o s e  lnduced 

by t h e  wing due t o  a n g l e  of  a t t a c k .  

Card 7 c o n t a i n s  t h e  c o o r d i n a t e s  (XQ, Y Q , Z Q )  of t h e  c e n t e r  of t h e  f a n  

i n l e t  i n  t h e  wing c o o r d i n a t e  system a s  shown i n  f i g u r e  2 .  I t e r?  8 r s  a 

deck of MMP c a r d s ;  each c a r d  c o n t a i n s  t h e  c o o r d i n a t e s  (xw,Yw,ZW) o f  a  

f i e l d  p o i n t  a t  which induced v e l o c i t i e s  a r e  t o  b e  c a l c u l a t e d .  These 

c o o r d i n a t e s  a r e  a l s o  i n  t h e  wing c o o r d i n a t e  system. I f  t h e  t u r b o f a n  



engsne procram i s  used t o  compute e x t e r n a l l y  induced v e l o c i t i e s  f o r  i npu t  

i n t o    he vc~r tex  l a t t i c e  program, t h e  order  of t h e  cards  i n  i tem 8 should 

be t h e  same as  t h e  order  of t h e  c o n t r o l  p o i n t s  i n  t h a t  program. This use  

oE t h e  procram i s  i l l u s t r a t e d  i n  t he  f i n a l  s e c t i o n  of t h i s  manual desc r ib ing  

a sample i r t e r f e r e n c e  c a l c u l a t i o n .  I f  an engine-alone c a l c u l a t i o n  i s  

made, then XZ, YZ,  and ZQ can b e  s e t  equal t o  zero ,  and t h e  f i e l d  po in t  

coordinates  XW, YW, and ZW would then b e  spec i f i ed  r e l a t i v e  t o  a  coord ina te  

system wit ' l -  i t s  o r i g i n  a t  t h e  cen te r  of t h e  fan  duc t  i n l e t  face .  

As an a l t e r n a t e  method of c a l c u l a t i n g  t h e  engine v o r t i c i t y ,  i sen-  

t r o p l c  equzt ions  can b e  used t o  determine t h e  wake c h a r a c t e r i s t i c s  i f  

c e r t a s n  temperature and p re s su re  r a t i o s  i n  t he  wake a r e  known. This 

2 a r t l c u l a r  opt ion i s  s p e c i f i e d  by t h e  index NTYPE = 0 on card 5, and 

t h e   change^ i n  t h e  input  a r e  shown i n  f i g u r e  3  (b)  . Items 1 through 5 i n  

f i g u r e  3 ( a )  a r e  unchanged. The two cards  denoted a s  i tem 5 ( a )  i n  

f ~ g u r e  3 (b )  a r e  i n s e r t e d  a f t e r  i tem 5. The f i r s t  card conta ins  t h e  

ambsent c o r d i t i o n s ,  a l t i t u d e ,  p ressure ,  temperature,  dens i ty ,  and t h e  

r a t s o  of s p e c i f i c  h e a t s  ( t h e  a l t i t u d e  i s  f o r  information purposes only 

and 2s usuz l ly  input  i n  f e e t ) .  The second card i s  t h e  engine information 

obtalned from some source s i m i l a r  t o  re fe rence  4. The presence of 

 terns 6 ,  7 ,  and 8 i s  determined by t h e  index NCALC a s  discussed above. 

The f i n a l  op t ion  ava i l ab l e  t o  t h i s  program i s  t h e  c a l c u l a t i o n  of 

the liiducec ve loc i ty  f i e l d  us ing  a  known turbofan engine flow model. 

This o s t i o r  can b e  used t o  avoid recomputing t h e  turbofan s i n g u l a r i t y  

d s s ~ r s b u t i o n s  f o r  cases  when t h e  only changes i n  t h e  input  a r e  t h e  angles  

of a t t ack  and sidewash. The appropr ia te  i npu t  i s  shown i n  f i g u r e  3 ( c ) .  

The f l r s t  f i v e  cards  a r e  t h e  same as  shown i n  f i g u r e  3 ( a ) ,  and when 

the  lndex NCALC > 0 on card 5, t h e  two cards  i d e n t i f i e d  as  item 5 ( a )  

sn f r g a r e  3 ( c )  a r e  i n s e r t e d  a f t e r  item 5  of t h e  normal input .  The f i r s t  

card conta lns  t h e  s i x  c o e f f i c i e n t s  of t h e  fan  duct-bound v o r t i c i t y ,  Cf . 
n 

The second card conta ins  t h e  c o e f f i c i e n t s  f o r  t h e  engine duct-bound 

v o r t s c r t y ,  C . Items 6 ,  7 ,  and 8 a r e  t h e  same a s  shown previously.  
"n 

The i r p u t  program v a r i a b l e s  a r e  def ined as  follows: 

Program Algebraic  Symbol 
Variable  ( i f  appl icab le )  C ornrnent s 

CDF (c/D) f a n  fan duct  chord-to-diameter r a t i o  

CHF Cf fan  duct  chord 

3 0 



( I n p u t  program v a r i a b l e s  c o n t , )  

Program 
V a r i a b l e  

A l g e b r a i c  Symbol 
( i f  a p p l i c a b l e )  Comments 

f a n  d u c t  s e c t i o n  t h i c k n e s s  r a t i o  

f a n  d u c t  geomet r i c  camberlbne 
c o e f f i c i e n t s  

(C/D) e n g i n e  eng ine  d u c t  chord-to-diameter  r a t i o  CDE 

CHE 

TC E  

RE ( N )  

eng ine  d u c t  chord C e  

(t/c) eng ine  eng ine  d u c t  s e c t i o n  t h i c k n e s s  r a t i o  

eng ine  d u c t  geometr ic  c a h e r l i n e  
c o e f f i c i e n t s  

RFRE r a t i o  o f  f a n  d u c t  r a d i u s  t o  eng ine  
d u c t  r a d i u s  

XECF l o c a t i o n  o f  engine  d u c t  l e a d i n g  edge 
r e l a t i v e  t o  t h e  f a n  i n l . s t  f a c e  

EMZ 

VE'VZ 

VEVZ 

NTYPE 

Mach number 

f a n  wake v e l o c i t y  r a t i o  

c o r e  eng ine  wake v e l o c i t y  r a t i o  

index s p e c i f y i n g  t y p e  o f  engine  
c a l c u l a t i o n  

NTYPE = 0  - compute t u r l ~ o f a n  eng ine  
model u s i n g  known eng ine  thermo- 
dynamic c h a r a c t e r i s t i c s  

NTYPE > 0 - compute t u r b o f a n  engine  
model u s i n g  known wake v e l o c i t i e s  

MMP 

NPRNT 

number o f  f i e l d  p o i n t s  a t  which induced 
v e l o c i t i e s  a r e  t o  b e  computed; 
l ! P  < 150 - 

index c o n t r o l l i n g  o p t i o n a l  o u t p u t  

NPRNT = 0 f o r  normal o u t p u t  
NPRNT = 1 f o r  expanded o u t p u t  

NCALC index c o n t r o l l i n g  u s e  of p r o g r a a  

NCALC < 0 - c a l c u l a t e  engine  model 
o n l y  



( I n p u t  procram v a r i a b l e s  c o n t . )  

Irograrn A l g e b r a i c  Symbol 
V a r i a b l e  ( i f  a p p l i c a b l e )  Comments 

NCALC (cont ,  . ) NCALC = 0  - c a l c u l a t e  engine  model 
and induced v e l o c i t y  f i e l d  

NCALC > 0  - c a l c u l a t e  induced v e l o c i t y  
f i e l d  o n l y  

a l t i t u d e  ( i n £  ormat ion  o n l y )  

ambient p r e s s u r e  ( p s f )  

ambient t empera tu re  (OR)  

ambient d e n s i t y  ( s l u g s / f t 3 )  

GAKW 

FNT 

r a t i o  o f  s p e c i f i c  h e a t s  

t o t a l  t u r b o f a n  eng ine  t h r u s t  ( l b s )  

WAT 2 f u e l  consumption ( l b / s e c )  

bypass  r a t i o  

t o t a l  p r e s s u r e  r a t i o  i n  f a n  wake 

t o t a l  t empera tu re  r a t i o  i n  f a n  wake TFTZ 

PEPZ t o t a l  p r e s s u r e  r a t i o  i n  eng ine  wake 

TETZ t o t a l  t empera tu re  r a t i o  i n  eng ine  
wake 

ALPHF average  a n g l e  of  a t t a c k  of  f a n  d u c t ,  
i n c l u d i n g  eng ine  i n c i d e n c e ,  f o r  
a = 0,  degrees  

average  a n g l e  of  a t t a c k  o f  engine  
d u c t ,  i n c l u d i n g  eng ine  i n c i d e n c e ,  
f o r  a = 0 ,  d e g r e e s  

average  a n g l e  o f  s idewash of  f a n  
d u c t  i n c l u d i n g  eng ine  t o e - i n  a n g l e ,  
f o r  a = 0 ,  degrees  

average  a n g l e  of  s idewash of engine  
d u c t ,  i n c l u d i n g  eng ine  t o e - i n  a n g l e ,  
f o r  a = 0,  degrees  



( ~ n p u t  program v a r i a b l e s  c o n t . )  

Program A l g e b r a i c  Symbol 
V a r i a b l e  ( i f  a p p l i c a b l e )  

ADAL F 

ADAL E 

ADBTF 

ADBTE 

Comments 

average  ang le  of  a t t a c k  of f a n  d u c t  
f o r  a d d i t i o n a l  l o a d i n g ,  degrees  

average  ang le  of  a t t a c k  of engine  
d u c t  f o r  a d d i t i o n a l  l o a d i n g ,  degrees  

Pf average  a n g l e  of  s idewash of f a n  d u c t  
f o r  a d d i t i o n a l  l o a d i n g ,  degrees  

average  ang le  of  s idewash of engine  
d u c t  f o r  a d d i t i o n a l  l o a d i n g ,  degrees  

c o o r d i n a t e s  of  c e n t e r  of trlrbof a n  
i n l e t  i n  wing c o o r d i n a t e  system 

c o o r d i n a t e s  o f  f i e l d  p o i n t s  i n  wing 
c o o r d i n a t e  system 

Samples o f  i n p u t  decks  a r e  shown i n  f i g u r e  4 i l l u s t r a t i n g  a l l  of t h e  

o p t i o n s  d i s c u s s e d  p r e v i o u s l y .  I n  f i g u r e  4 ( a ) ,  t h e  i n p u t  deck i s  shown 

f o r  c7 !?orma1 rr:.n i n  \t?hich the: c l ~ i j i i ? ~  f 1 . 0 ~  ;~*.oclel is co;.:puted us ing  l i n o ~ ~  

wake v e l o c i t i e s ,  and t h e  induced v e l o c i t y  f i e l d  i s  c a l c u l a t e d  a t  a number 

of  f i e l d  p o i n t s .  An i n p u t  deck f o r  computing on ly  t h e  t u r b o f a n  f low 

model u s i n g  known wake v e l o c i t i e s  i s  shown i n  f i g u r e  4 ( b ) .  The i n p u t  

deck f o r  computing on ly  t h e  v e l o c i t y  f i e l d  induced by a known en.gine f low 

model i s  shown i n  f i g u r e  4 ( c ) .  An i n p u t  deck t o  coripute t h e  f low model. 

when engine  c h a r a c t e r i s t i c s  a r e  known i s  shown i n  f i g u r e  4 ( d ) .  

I n p u t  l i m i t a t i o n s . -  Some c a r e  must b e  used i n  t h e  s p e c i f i c a t i o n  c f  

i n p u t  v a r i a b l e s .  The c a l c u l a t i o n  of  t h e  camber coefficients RF(T\J) and 

R E ( N )  on c a r d s  2 and 3 r e s p e c t i v e l y  must b e  c a r r i e d  o u t  w i t h  sane c a r e ;  

t h e r e f o r e ,  t h e  p rocedure  i s  cons ide red  i n  d e t a i l  i n  t h e  fo l lowing  s e c t i o n ,  

The chord-to-diameter  r a t i o  may b e  any number g r e a t e r  t h a n  ze ro .  The 

d u c t  chords ,  t h e  c o o r d i n a t e s  o f  t h e  engine  l o c a t i o n ,  and t h e  ccscrc':inates 

of  t h e  c o n t r o l  p o i n t s  a r e  dimensioned v a r i a b l e s ,  and t h e y  should !iar/e 

c o n s i s t e n t  u n i t s .  A l l  a n g l e s  a r e  i n p u t  i n  degrees .  Angles of  a t t a c k  

a r e  p o s i t i v e  i n  t h e  u s u a l  s e n s e ,  and a n g l e s  of  s idewash a r e  p o s i t i v n  i f  

t h e i r  l a t e r a l  component i s  d i r e c t e d  i n  t h e  +y d i r e c t i o n  ( f i g .  2 1 .  

The v a l u e s  a s s i g n e d  t o  Rf/Re and xe/cf t o  determine t h c  re1 < i : i  r ,  

p o s i t i o n s  of t h e  f a n  and c o r e  engine  d u c t s  a r e  impor tan t .  I f  thc. CJ-. 



engine due t  extends i n s i d e  t h e  f an  duc t  (xe/cf < l ) ,  t h e  va lue  of Rf/Re 
should be g r e a t e r  than  3 .  This l i m i t a t i o n  occurs because t h e  tu rbofan  

engine flots model w i l l  no t  converge on a  s o l u t i o n  i f  t h e  duc t s  a r e  t oo  

c lo se  toge ther .  I f  Rf/Re < 3 ,  convergence may b e  obtained i f  

xe/cf > 0-5, although convergence i s  h ighly  dependent on flow condi t ions .  

Good r e s u l t s  have always been a t t a i n e d  when xe/cf = 1. 

The free-stream Mach number may be  any value l e s s  than 1.0 f o r  most 

c a l c n l a t i o n s .  One except ion i s  when t h e  turbofan model i s  t o  be  computed 

from known engine thermodynamic c h a r a c t e r i s t i c s  (NTYPE = 0 ) ,  a s  i l l u s t r a t e d  

i n  f i g u r e  :3 (b) . For t h i s  c a l c u l a t i o n ,  t h e  Mach number should no t  equal 

zero, 

Camber c o e f f i c i e n t s  .- The geometric camber c o e f f i c i e n t s  RF ( N )  and -- 
R E ( N )  a r e  computed according t o  methods descr ibed i n  re fe rence  2.  These 

methods a r e  repeated he re in  f o r  convenience. The fol lowing equat ions  a r e  

w r i t t e n  i n  terms of t h e  fan  duct  b u t  they apply equa l ly  t o  t h e  core  

engine duct by simply changing t h e  subsc r ip t s .  

The s lope  of t h e  camberline i s  descr ibed wi th  a  Four ie r  s e r i e s  a s  

3 
dr f  - = 1 Rf cos (nBf) 
dxf n  n= o  

where 

This  can be in t eg ra t ed  t o  give t h e  camberline s lope as  

Y R f  -- - -Rf 
C f  0 yC;' . > +  (' - c;s2 o f )  

+ Rf 0 + $ cos ef  - 
2 



Note t h a t  t he  camberline rad ius  a t  t h e  t r a i l i n g  edge i s  i d e n t i c a l l y  t h a t  

of t h e  fan duct  re ference  cyl inder ,  which, be d e f i n i t i o n ,  passes through 

t h e  t ra i l ing-edge  rad ius .  Four o the r  po in t s  along t h e  camberline r u s t  be 

se l ec ted  and t h e i r  corresponding €Jf and r values put  i n t o  t h e  
f  

above equation t o  obta in  four  simultaneous equations f o r  t h e  four  

Rfn 
c o e f f i c i e n t s .  I t  i s  suggested on the  b a s i s  of p a s t  experxence 

t h a t  these  po in t s  be  equal ly spaced f o r  b e s t  r e s u l t s ;  t h a t  i s ,  a t  

Xf"cf = 0 ,  1/4, 1 / 2 ,  and 3/4. I f  t hese  four  po in t s  a r e  chosen: the  

Rfn 
c o e f f i c i e n t s  a r e  obtained from t h e  following equations.  

I f  t h e  camberline i s  not wel l  behaved, four  o the r  values of xf/cf nay 

be necessary t o  give the  b e s t  o v e r a l l  f i t  t o  the  ac tua l  camberline, A 

word of caut ion i s  necessary here.  Once the  four  values of Rf are  

computed, equation (64) should be  used t o  compute the  duct radius  a t  

var ious poin ts  o the r  than those used t o  obta in  t h e  
Rfn 

coef f  i .c ients ,  

Comparison between these computed r a d i i  and the  ac tua l  shape may d i c t a t e  

another choice of xf/cf values and a  r eca lcu la t ion  of Rf , I t  i s  
n  

absolu te ly  necessary t o  check the  computed camberline shape because t h e  

charac ter  of equation (62) i s  such t h a t  i f  t he  chosen values of xf /cf  

a r e  not nearly equal ly spaced, l a r g e  undulations i n  t h e  camberline w i l l  

appear. 

The above values of 
Rfn 

and descr ibing t h e  geometric 

camberline a r e  corrected i n  Subroutine CAMBER t o  include induced caimTOer 

c o e f f i c i e n t s .  The concept of induced camber i s  discussed i n  re ferences  

5 and 11. Suf f i ce  it t o  say here t h a t  these  induced camber c o e f f i c i e n t s  

3 5 



a r e  known only f o r  c/D < 1.0 and values  corresponding t o  c/D > 1 a r e  - 
obtained by ex t r apo la t ion .  This method i s  adequate f o r  c/D = 2 because 

t h e  c o e f f i c i e n t s  a r e  near ly  l i n e a r  func t ions  of c/D; however, f o r  very 

l a r g e  c/D values  ex t r apo la t ion  can l ead  t o  erroneous r e s u l t s ,  For a  
A ~ y p i c a l  - duct camberline shape descr ibed i n  r e f e rence  2 ,  t h e  induced 

canber c o e f f i c i e n t s  vary from a  few percent  of c o e f f i c i e n t s  
Rfo 

and 

Rf t o  nea r ly  50 percent  of 
3 Rf, - 

The e f f e c t  of t h e  induced camber c o e f f i c i e n t s  can b e  removed from 

t h e  program i n  t h e  fol lowing manner. These c o e f f i c i e n t s  a r e  propor t iona l  

t o  t h e  duct  thickness-to-chord r a t i o ;  t he re fo re ,  t h e  induced camber can 

be re~noved from cons idera t ion  by s e t t i n g  t / c  = 0 on cards  2 and 3 i n  

t h e  lnput  deck. This change w i l l  no t  a l t e r  any o the r  p a r t  of t h e  

program, 

Descr ip t ion  of Output 

A sample s e t  of output  f o r  a  normal run i s  shown i n  f i g u r e  5. This  

s e t  of output  was generated from t h e  input  deck i l l u s t r a t e d  i n  f i g u r e  

4 ( a ) ,  The e n t i r e  s e t  of op t iona l  ou tput  has  been obtained f o r  t h i s  

case ,  

The pages a r e  numbered and each page f e a t u r e s  t h e  i d e n t i f i c a t i o n  

lnforrnation from t h e  f i r s t  card of t h e  input  deck. A t  t h e  t op  of page 1, 

t h e  lnput  turbofan geometric c h a r a c t e r i s t i c s  a r e  output  followed by t h e  

transformed geometric c h a r a c t e r i s t i c s  i f  M # 0. Under t h e  major 

headlng WAKE CHARACTERISTICS, t h e  computed values  of t h e  s t r eng ths  of t h e  

t r a l l s n g  vortex cy l inde r s  assoc ia ted  with  t h e  fan ,  G ( F ) / V ,  and the  core  

englne, G ( E : ) / v ,  a r e  p r in t ed  along wi th  t h e  i npu t  wake v e l o c i t y  r a t i o s .  

The foliowrng information i s  t h e  c o e f f i c i e n t s  of t h e  fan duct-bound 

v o r t r c r t y ,  C 
n3  

and t h e  core  engine duct-bound v o r t i c i t y ,  C . The next  
en 

l r n e  labe led  CONVERGENCE indicates the  number of i t e r a t i o n s  ( 9 )  and t h e  

convergence c r i t e r i o n  (0.001).  The maximum number of i t e r a t i o n s  allowable 

1s  2 0  and t h e  convergence c r i t e r i o n  i s  a  b u i l t - i n  cons tan t  and means t h a t  

each of t h e  C n  c o e f f i c i e n t s  has  converged wi th in  0.1 percent .  

T h e  remainder of t h e  output  on t h i s  page i s  opt iona l  (NPRNT = 1).  

The f i r s t  block of d a t a  i s  t h e  Four ie r  c o e f f i c i e n t s  of t h e  induced v e l o c i t i e s  

on t h e  f a n  duc t  (eqs.  (25) through ( 3 0 ) ) .  The next  block i s  t h e  corres-  

ponding set. of c o e f f i c i e n t s  f o r  t h e  core  engine duct .  This page completes 
t h e  turbofan engine flow model. 
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The output  from t h e  induced v e l o c i t y  po r t i on  of t h e  prograr? s t a r t s  

wi th  page 2.  This page conta ins  t h e  tu rbofan  geometry and t h e  c o e f f i c i e n t s  

of t h e  bound v o r t i c i t y  repeated from t h e  f i r s t  page and t h e  coord ina tes  

of t h e  f i e l d  p o i n t s  a t  which induced v e l o c i t i e s  a r e  t o  be  computed, The 

f i e l d  po in t s  a r e  ou tput  i n  s eve ra l  forms. The f i r s t  t h r e e  colurnns 

( X W ,  YW, ZW) a r e  t h e  coord ina tes  i n  t h e  wing system a s  input .  The ncx-t 

t h r e e  columns (X,  Y ,  Z )  a r e  t h e  coord ina tes  transformed t o  t h e  engine 

system, and t h e  l a s t  two columns ( R ,  PHI) a r e  c y l i n d r i c a l  coord-inates i n  

an engine-based re fe rence  system ( f i g .  2 ) .  

The next  page (page 3 )  of ou tput  i s  op t iona l  (NPRNT = 1) . Thls 

page l i s t s  t h e  engine-induced v e l o c i t y  components a t  t h e  f i e l d  po in t s  

i n  t h e  engine v e l o c i t y  r e f e rence  system ( r a d i a l ,  t a n g e n t i a l  and a x i a l ) ,  

Note t h a t  t h e  a x i a l  v e l o c i t y ,  U/V, i s  p o s i t i v e  a f t ,  t h e  r a d i a l  veloclzy 

i s  p o s i t i v e  i n  t h e  d i r e c t i o n  of i nc reas ing  r ad ius ,  and t h e  t angen t r a l  

v e l o c i t y  i s  p o s i t i v e  i n  t h e  d i r e c t i o n  of i nc reas ing  azimuthal angle @, 

These v e l o c i t i e s  a r e  those  induced by t h e  tu rbofan  engine model when t h e  

wing r o o t  chord i s  a t  ze ro  angle  of a t t ack .  Engine incidence aizqle and 

toe- in  angle r e l a t i v e  t o  t h e  wing r o o t  chord a r e  included a t  t h i s  time, 

a s  a r e  any flow angles  induced by wing camber and t w i s t .  

Page 4 conta ins  t h e  engine-induced v e l o c i t y  components f o r  zero 

wing angle transformed t o  t h e  wing re fe rence  system. The coord ina tes  

of each po in t  (XW, YW, ZW) a r e  ou tput  wi th  t h e  v e l o c i t y  components a t  

t h a t  po in t .  The v e l o c i t i e s  a r e  p o s i t i v e  i n  t h e  p o s i t i v e  coord ina te  

d i r e c t i o n  a s  shown i n  f i g u r e  2 .  

The f i n a l  page of ou tput ,  page 5,  conta ins  t h e  engine-induced 

v e l o c i t i e s  p ropor t iona l  t o  wing angle  of a t t ack .  The angles of a t t ack  

and s i d e s l i p  a t  t h e  fan  and engine duc ts  a r e  p r i n t e d  a t  t h e  t op  of the 

page. The angle  of a t t a c k  inc ludes  both t h e  geometric angle and the  

wing-induced upwash. The angle of s i d e s l i p  i s  t h e  wing-induced sidewash 

due t o  a .  I f  t he se  angles  a r e  zero ,  no f u r t h e r  output  i s  p r in t ed ,  

s ince  the  engine-induced v e l o c i t i e s  a r e  zero.  I f  t h e  angles  a r e  not 

zero ,  t h e  t h r e e  components of induced ve loc i ty  a t  each f i e l d  po:..nt ( i n  

t h e  wing coord ina te  system) a r e  p r i n t e d .  This concludes t he  oui:put 

l i s t i n g .  

To ob ta in  t h e  t o t a l  v e l o c i t y  induced by t h e  engine a t  t he  f i e l d  

p o i n t s ,  t h e  a = 0 v e l o c i t i e s  a t  a  given f i e l d  from page 4 a r e  added 



d i r e c t l y  t o  t h e  addi t iona l - type  v e l o c i t i e s  from page 5. For purposes 

of computing engine-wing i n t e r f e r e n c e  us ing  t h e  v o r t e x - l a t t i c e  program, 

these two s e t s  of v e l o c i t i e s  a r e  i npu t  a s  s epa ra t e  b locks  of d a t a  

Descr ip t ion  of Er ror  Messages 

Tke t ~ i r b o f a n  engine program has  only one b u i l t - i n  e r r o r  message 

t o  s t o p  the computation. I f  t h e  model c a l c u l a t i o n  f a i l s  t o  converge 

on a s o l u t l o n  i n  20 i t e r a t i o n s ,  t h e  fol lowing message i s  p r i n t e d  i n  

S u b r o ~ t s n e  MODEL: 

"***SOLUTION HAS NOT CONVEliGED I N  20 ITERATIONS***" 

The program then outputs  t h e  s o l u t i o n  from t h e  l a s t  i t e r a t i o n  inc luding  

a l l  t h e  Fourier  c o e f f i c i e n t s  corresponding t o  t h e  op t iona l  ou tput  

discussed previously.  Control  i s  re turned  t o  t h e  main program where 

executxon 3 s  terminated a t  a  STOP. 

When t h e  above problem occurs ,  f i r s t  check t h e  geometry of t h e  

tu rbofan  engine. I f  t h e  core  engine duc t  i s  t o o  near  t h e  fan  duc t  

(xe/cf < 1 and Rf/Re < 2 )  t h e r e  i s  a  p o s s i b i l i t y  t h a t  no s o l u t i o n  

czn be obtained i n  t h e  conventional manner used i n  t h i s  program. 

General ly ,  a s o l u t i o n  may be  obtained by s e t t i n g  Xe/cf = 1, and t h e  

r e s u l t s  w i l l  not  b e  g r e a t l y  d i f f e r e n t  from those which would have been 

ca l cu l a t ed  wi th  xe/cf < 1. 

'She v a r i a b l e s  c o n t r o l l i n g  t h e  convergence a r e  EPS = 0.001 and 

-WIT' = 2 0  i n  Subroutine MODEL. These va r i ab l e s  may b e  modified, b u t  

experience -?as shown t h a t  EPS should no t  be  g r e a t e r  than 0.01 and i n  

most cases  t h a t  have converged so lu t ions ,  convergence i s  obtained i n  

l e s s  than  3 5 i t e r a t i o n s .  

Program L i s t i n g  

'The turbofan engine flow model program i s  w r i t t e n  i n  For t ran  I V  

f o r  t he  IBDI 7094 computer. The program c o n s i s t s  of t h e  main program 

and I? subrout ines .  The t a b l e  below w i l l  a c t  a s  a  t a b l e  of conten ts  

f o r  the program l i s t i n g  given on t h e  following pages. 



P r o q r a m  

MAIN 

MODEL 

VELC TY 

ELL I P S  

LAMBDA 

PKZ, 

FOURCS 

MATRIX 

BNC OE F 

RSCOEF 

BTCOEF 

FTCOEF 

CNCOEF 

CAMBER 

ENGINE 

MMGAMD 

MMGAMC 

MMGAMA 

I d e n t i f i c a t i o n  

T F  0 1  

T F  0 2  



k3611" PQOGRAM T O  CONTROL C P L C U L C T I O N  OF  I I 1 G I i  B " D P S S  R A T I O  T F O l  0 0 1  
i T I I R R ~ ~ F A ~ I  EM(i INE MODFL 4Ni, INDUCFD V F L O C i T Y  FLOW F I E L D  T F O l  0 0 2  

l F O 1  0 0 3  
n ! l l r N S I O N  T ! T L F i 7 0 l ~ C F l 6 I r C F ( 6 I  r P F l h r 6 1 . P F ( b r 6 1  
O I N F N S I O ~ ~  R F L 4 ! , i i E ( 4 1  r X t u l l 5 i ) 1 ~ Y Y Y ~ i 1 5 0 ~ ~ Z W ~ 1 5 O )  
<Gi,<f40i< :'zZZZ 
CD: lMON/FAN/ CDF  . C H F r T C F  9 R F R E r V F V Z r R F  
COklMON/ENG/ CDE.CHEITCEIXECFIVEVZ.RE 

T F O l  0 0 4  
i F 0 l  0 0 5  
Tr?,. . i "1 006 
T F O l  0 0 7  
i F O l  0 0 8  

COMPON/ INDEX/  NTYPEvMMPvNPRNT.NCALC T F O l  0 0 9  
COMMON/SAVE/ GVF.GVEICFICE ~ P F I P E  T F O l  0 1 0  
COMhlON/I~IRhl lA/  E M Z I P Z ~ T Z ~ R Z ~ G A M M A ~ F N T T W A T ~ ~ B P R R P F P Z Z T F T Z P E P ~ T E T ~  T F O l  0 1 1  
COl lMON/MRM2A/ ALPHF,BETAF.ALPHEIBETAE.AOALF,ADBTF,ADALE.ADBTE, T F O l  0 1 2  

1 ' XO,YOIZO$XW.YWIZW T F 0 1  0 1 3  
COMt4ON/PAGE/ T I T L E 9 N P A G E  T F O l  0 1 4  

7 0 7  FORMAT 1 8 F 1 0 . 0 1  T F O l  0 1 5  
7 0 7  FJRMAT 1 6 E 1 3 . 6 1  T F O l  0 1 6  
7 0 4  F O R u A T  1 5 1 5 1  T F O l  0 1 7  
7 0 6  FORMAT 1 2 0 A 4 1  T F O l  0 1 8  

1 0  READ 1 5 9 7 0 6 1  T I T L E  T F O l  0 1 9  
M Z Z Z - 1  S F 0 1  0 2 0  
NPAGE-0  T F 0 1  0 2 1  
READ 1 5 . 7 0 2 1  C O F ~ C H F I T C F ~ I R F I J ~ ~ J = I ~ ~ I  T F O l  0 2 2  
READ 1 5 r 7 0 2 l  C D E I C H E ~ T C E I I R E I J I . J = I ~ ~ I  T F O l  0 2 3  
D E A n  1 5 , 7 0 2 1  RFRE.XECF.iMZ. 'JFVZ,VEVZ T F O l  0 2 4  
READ 1 5 . 7 0 4 1  NTYPE,MMP.NPRNTINCALC T F O l  0 2 5  
I F  I N C A L C  .GT. 0 1  GO TO 1 9  T F O l  0 2 6  
I F  f N T Y P E  .GT. 0 1  GO TO 1 5  T F O l  0 2 7  
READ 1 5 r 7 0 2 l  ALTIPZITZIRZIGAMMA T F O l  0 2 8  
READ 1 5 , 7 0 2 1  F N T * W A T ~ I R P R I P F P ~ ~ ~ F T Z * P E P ~ ~ T E T ~  T F O l  0 2 9  

1 5  C O N T I N U E  T F O l  0 3 0  
C T F O l  0 3 1  
C CALCULATE  H I G H  B Y P A S S  R A T I O  TURBOFAN E N G I N E  MODEL T F O l  0 3 2  
C T F O l  0 3 3  

C A L L  MODEL T F O l  0 3 4  
I F  I M Z Z Z  .EQ. 1 0 1  S T O P  T F O l  0 3 5  
I F  I N C A L C I  1 0 1 2 0 1 2 0  T F O l  0 3 6  

1 9  RFAO 1 5 . 7 0 3 1  I C F I N l r N = l r 6 )  T F O l  0 3 7  
READ 1 5 , 7 0 3 1  I C E I N ) ~ N = l t 6 1  T F O l  0 3 8  
GVFrVFVZ-1 .0  T F O l  0 3 9  
GVE=VFVZ-VFVZ T F O l  0 4 0  

7 0  C O N T I N U E  T F O l  0 4 1  
READ 1 5 , 7 0 2 )  A L P H F ~ R E T A F I A L P H E I ~ E T A E I A D A L F ~ A O B T F F A D A L E ~ A O B ~ E  T F O l  0 4 2  
R E A P  15 .702 IXQ,YO.ZO T F O l  0 4 3  
DO 2 5  J = l . M M P  T F O l  0 4 4  

2 5  READ ( 5 , 7 0 2 )  X M I J l ~ Y W I J l r Z W I J I  T F O l  0 4 5  
C T F O l  0 4 6  

C C A L C U L A T E  V E L O C I T I E S  INDUCED BY A H I G H  BYPASS R A T I O  TURBOFAN E N G l T F O l  0 4 7  
TEnl nliR 

C 
?O C O N T I N U E  

C A L L  VELCTY 
GO TO 1 0  
END 

. ,  - -  " .- 
T F O l  0 4 9  
T F O l  0 5 0  
T F O l  0 5 1  
T F O l  0 5 2  

SLIPPOUT I N F  "ODFL 
C SUPPROGRAI' TO C A L C U L A T E  A i i i G H  GYPASS R A T I O  
C TUDROFAN E N G I N F  F L O  ' MODFL 

TFOZ 0 0 1  
TFOZ 0 0 2  
i F 0 2  0 0 3  

C T F 0 2  0 0 4  
D I Y E N S I O N  R F 1 4 1 r R E I 4 l ~ R P F ! 4 l r R P E ! 4 1 r T l T L E ! 2 0 )  i F 0 2  0 0 5  
"!,"+!5!fiL! " F , 6 ? 6 )  ? O F !  6 : E )  ? P . F ! t )  ? B E ! t !  :f?FC!6: ; C f S ( L :  > e E I ! L !  i e l T C ! s : T F O ?  "06 

1 ~ 9 ~ T ~ 6 1 r ~ ~ i S i 6 l r ~ F T 1 6 l ~ F F i 5 l 6 I r ~ F ~ l 6 ~ r F E l 5 l 6 l r E F l 6 ) r E E l 6 l T ~ O 2  0 0 7  
7 ~ E F S ( 6 l r E E S ( 6 1 r C F 1 6 1 ~ C E ( 6 l ~ C F S A V 1 6 ~ r C F S A V l 6 ~  I F 0 2  0 0 8  

c o c t r r m  rnZzZ TFOZ 0 0 9  
COMLION/FAN/ COF.CHF ITCFIRFRE , V F V Z I R F  T F O 2  0 1 0  
COMMON/Fl$G/ CDF.CHE*TCEIXECFIVEVZIRE T F 0 2  0 1 1  
COblMON/INDEX/ NTYPErMMP.NPRNT,NCALC T F 0 2  0 1 2  
C O ~ ~ M O N / V R M ~ A /  E ~ ! Z I P Z * T Z I R Z I G A M M A I F N T * W A T ~ * B P R R P F P ~ Z T F T ~ P E P ~ T E T ~  T F 0 2  0 1 3  
COMMON/SAVE/ GVF*GVE,CF*CE ,PFvPE  T F O 2  0 1 4  
COMMON/PAGE/ T I T L E t N P A G E  T F 0 2  0 1 5  

C T F ~ ?  n l r  
7 0 1  FORMAT llH1/5X~20A4,5X4HPAGE,I3//1 
7 0 2  FORYAT  I 1 H  I 
7 0 1  FORMAT I 5 X * 6 1 1 P E 1 4 . 7 1 1  
7 1 0  FORMAT 1 8 X 3 H F A N ~ 9 F 1 0 . 5 1  
7 1 1  FORMAT I 5 X 6 H E N G I N E . 7 F 1 0 . 5 1  

.. "- - * "  
TFOZ  0 1 7  
T F 0 2  0 1 8  
TFOZ  0 1 9  
T F 0 2  0 2 0  
T F 0 7  0 7 1  

7 1 1  FORf lAT  ( / 5 X , l 7 H F L I G H T  C O N D I T I O N S / ~ ~ X ~ ~ H A L T ~ X ~ H M ~ X ~ H P I P S F I ~ X ~ H T I R T F O  05; 
1 4 X 3 H R H O l O X 3 H G A M / 1 O X ~ F l U ~ O ~ F 1 0 ~ 3 ~ 2 F 1 O O 2 ~ F l O ~ 6 ~ F l O ~ 2 l  T F 0 2  0 2 3  

7 1 4  FORMAT 1 / 5 X * 2 2 H E N G I N E  CHARACTERISTICS/14X.6HF1LBS13X9HWlLB/SEClr TFOZ 0 2 4  
1 ~ X ~ H B P R ~ X ~ H P T F ~ P T ~ X ~ H T T F / ~ T ~ X ~ H P T E / P T ~ X ~ H T E T T ~ X ~ H F ~ F A N F T F O ~  0 2 5  
2 / l O X 2 F 1 0 ~ 1 ~ 6 F 1 0 . 4 1  T F 0 2  0 2 6  

7 1 5  FORMAT 1/5X,ZOH'dAKE CHARACTERISTICS/15X~6HGlFl/V4X6HGlEl/V4X4HVF/VTFO2 0 2 7  

FORMAT 
FORMAT 
FORMAT 
FOR%AT 
FOR'AAT 
FORMAT 

.. - -  
I/~XI?IHCOEFF~CIEN~S OF BOUND VORTICITY,5XlOHCINI~N=1.6l TFOZ . . -  . 
1 8 X ~ 3 H F A N ~ 6 f l P E 1 5 . 7 l l  
1 5 X ~ 6 H E N G I N E 1 6 1 1 P E 1 5 . 7 l l  
I / 5 X t 2 9 H I N D U C E D  V E L O C I T Y  C O E F F I C I E N T S / / )  
~ / / l O X ~ l 2 H C O N  
1 1 6 X 3 H C / O 7 X l H C 9 X 3 1  

T F 0 2  
T F 0 2  
TFOZ  

V E R G E N C E I I ~ V F I O . ~ )  TFOZ  
iT /C7X2HR08X2HR18X2HR28X2HR37X5HRF/RE5X5HXTFO2 

1 E I C F I  TFOZ  0 3 5  
7 1 1  FORMAT I 8 X 3 H F A N I  T F 0 2  0 3 6  
7 1 7  FORMAT I B X 6 H E N G I N E I  T F O 2  0 3 7  
7 4 0  FORMAT ( 5 X 2 5 H G F O M E T R I C  C H A R A C T F R I S T I C S I  T F 0 2  0 3 8  
7 4 1  FORMAT I / 5X37HTRANSFORMED GEOMETRIC  C H A R A C T E R I S T I C S ~ ~ X I ~ H M  = r F 6 . 3 1 T F 0 2  0 3 9  
7 4 2  FORMAT 1 1 4 X 7 H F A N  C 1 0 3 X 7 H E N G  C I D 4 X 5 H F A N  C5X5HENG C / l l X 4 F 1 0 . 5 )  TFOZ 0 4 0  
7 5 0  FORMAT f5X112H f i IN I  . 6 1 1 P E 1 4 . 7 1 )  T F 0 2  0 4 1  
7 5 1  FORt4AT 15X . lZH f l * !N1  * 6 1 1 P E 1 4 . 7 1  I TFO2  0 4 2  
7 5 2  FORUAT ( 5 X , 1 2 H B I N 1 - T I L D E  r 6 1 1 P E 1 4 . 7 1 1  T F 0 2  0 4 3  
7 6 1  FORNAT I 5 X ~ 1 2 H 9 r l N l - T I L O F  l 6 l l P E 1 4 . 7 1 1  TFOZ  0 4 4  
7 5 4  FORPIAT 1 5 X , 1 2 H F I N I - T I L D E  . 6 f l P E 1 4 . 7 1 1  T F 0 2  0 4 5  
7 5 5  FORMAT 1 5 X , l Z H F * I N I - T I L D F  . 6 1 1 P E 1 4 . 7 1 )  T F O Z  0 4 6  
7 9 9  FORMAT 1 / / 1 0 X 3 5 H * * *  S O L U T I O N  H A S  NOT CONVtPSED I N  r I 3 t 1 6 H  I T E R A T I T F O Z  0 4 7  

IONS ***// I  T F 0 2  0 4 8  
E P S = 0 . 0 0 1  T F 0 2  0 4 9  
M A X I T = 2 0  TFOZ 0 5 0  

C T F 0 2  0 5 1  
C OUTPUT TURROFAN E N G I N E  GEOMETRY 
C 

N P A G E s N P A G E ~ I  
W D l T F  1 6 r 7 0 1 1  T I T L E v Y P A G F  

V R I T F  1 6 9 7 4 0 1  
W D l T F  f 6 9 7 7 0 l  
W R I T F  1 6 , 7 1 0 1  C D F , C H F I T C F * I P F I J I ~ J = ~ ~ ~ I * R F R E I X E C F  
W R I T E  1 6 . 7 1 1 )  C O E > C H E * T C F I I R E I J I + J = ~ + ~ ~  

RETA=SORTII.O - E M Z ~ E M Z )  
I F  I E M Z  .LE. 0 .01 GO TO 9 
W P l T E  1 6 . 7 4 1 1  EMZ 
CDF=CDF/BETA  
CDE=CDE/BETA  
C H F - C H F I B E T A  
CHE=CHE/BETA  
W R I T F  1 6 , 7 4 2 )  COFICDEICHFICHE 

C 
9 C A L I  P K L  I T O F I P F I  . -  - 

C A L L  P K L  ICOEIDF I  
C A L L  CAMBER ICDFVTCF IRPF I  
C A L L  CAMBER I C D E $ T C E I R P E I  

TFOZ 0 5 2  
TFOZ  0 5 3  
TFOZ  0 5 4  
T F 0 2  0 5 5  
T F O 2  0 5 6  
T F 0 2  0 5 7  
T F 0 2  0 5 8  
TFOZ  0 5 9  
T F 0 2  0 6 0  
T F 0 2  0 6 1  

T F 0 2  T F O 2  0 6 2  0 6 3  
T F O 2  0 6 4  
TFOZ 0 6 5  
TFOZ  0 6 6  
TFOZ  0 6 7  
TFOZ  0 6 8  
T F 0 2  0 6 9  
T F 0 2  0 7 0  
TFOZ 0 7 1  



T F 0 2  0 7 3  
T F 0 2  0 7 4  
TFOZ 0 7 5  
TFOZ 0 7 6  
T F 0 2  0 7 7  
TFOZ 0 7 8  
T F 0 2  0 7 9  
T F 0 2  0 8 0  
T F 0 2  0 8 1  
TFO2 0 8 2  
T F 0 2  0 8 3  
TFOZ 0 8 4  
TFOZ 0 8 5  
T F 0 2  0 8 6  
TFOZ 0 8 7  
TFOZ 0 8 8  
T F 0 2  0 8 9  
T F 0 2  0 9 0  
T F 0 2  0 9 1  
T F 0 2  0 9 2  
TFOZ 0 9 3  
T F 0 2  0 9 4  
TFOZ 0 9 5  
TFO2 0 9 6  
TFOZ 0 9 7  
T F 0 2  0 9 8  
TFO2 0 9 9  
TFOZ 1 0 0  
TFOZ 1 0 1  
TFOZ 1 0 2  
T F 0 2  1 0 3  
TFOZ 1 0 4  
T F 0 2  1 0 5  
TFO2 1 0 6  
TFOZ 1 0 7  
TFOZ 1 0 8  
T F 0 2  1 0 9  
T F 0 2  1 1 0  
TFOZ 111 
TFOZ 1 1 2  
TFOZ 1 1 3  
TFOZ 1 1 4  
TFOZ 1 1 5  

TFOZ T F 0 2  1 4 1  1 4 2  

T F 0 2  1 4 3  
TFO2 1 4 4  
TFO2 1 4 5  

OUTPUT F L I G H T  CONDIT IONS TFOZ 1 4 6  

1 2  WRITE 16 .7131  ALTIEMZIPZITZIRZ~GAMMA TFO2 1 4 8  
T F 0 2  1 4 9  
TFOZ 1 5 0  
TFOZ 1 5 1  
TFOZ 1 5 2  
T F 0 2  1 5 3  

C A L L  FNGINE IEMEIEMF*VEVZIVFVZ*FRATI  

OUTPUT TURSOFAN ENGINE CHARACTERISTICS 

WRITE 16 ,7141  F N T * W A T ~ ~ B P R I P F P Z I T F T ~ * P E P ~ * T E T ~ . F R A T  
1 5  GVF = VFVZ - 1.0 

GVE = VEVZ - VFVZ 
WRITE ( 6 , 7 1 5 1  GVF.GVE*VFVZ*VEVZ 

NT IME=O 

T F 0 2  1 5 4  
TFOZ 1 5 5  
TFOZ 1 5 6  
TFOZ 1 5 7  
T F 0 2  1 5 8  

TFOZ T F 0 2  1 5 9  1 6 0  
T F 0 2  T F 0 2  1 6 1  1 6 2  

T F 0 2  1 6 3  
TFOZ 1 6 4  
TFOZ 1 6 5  
TFOZ 1 6 6  

TFO2 T F 0 2  1 6 7  1 6 8  
TFOZ 1 6 9  

COMPUTE THE FIN)-TILDE AND F * l N I - T I L D E  FOURIER COEFFICIENTS 

3 7  XGAMCE=-XECF*CDF*RFRElCDE 
C A L L  FTCOEF ICDE ,COF,RFREtCE I X G A ~ ~ C E V F F T S )  
C A L L  FTCOEF I C D F , C O E * R E R F I C F , X E C F ~ F E T S I  
I F  I N T E S T )  50 .50930  

COMPIJTF THE B I N 1  FOlJRIFR COEFFICIENTS 

CRF=CDF*2.0 
C!?F=CnE*2.0 
C A L L  RNCOEF ICRFIBFI 
C A L L  RNCOEF I C R E v B E I  

99 WRlTE 16 .7991  XT IME 
~ Z Z Z = l ~  
NPRNT;; 

5 0  CONTINUE 
WRITE 1 6 9 7 1 6 1  
WRITE 16 ,7171  l C F l N l ~ N = 1 ~ 6 ~  
WRITE ( 6 * 7 1 8 1  I C E I N l r N = 1 * 6 1  
WRITF ( 6 9 7 2 0 1  NTIMEIEPS 

COMPUTE THE W I N 1  FOURIER COEFFICIENTS 

C 4 L L  RSCOEF ICRF,BFSI  
C A L L  BSCOEF ICRE eBES1 I F  I N P R N T I  10.1 

5 1  WRITE 16 ,7191  
WRITE 1 6 r 7 3 1 1  
WRITE 1 6 9 7 5 0 1  
WRITE 1 6 9 7 5 1 1  
WRITF 16 ,7521  
WRITF ( 6 , 7 5 3 1  
WRlTF  (6 .7541  

T F 0 2  TFO2 1 7 1  1 7 2  

TFOZ 1 7 3  
TFOZ 1 7 4  

COMPUTE THE B I N I - T I L D E  AN0 B * I N l - T I L D E  FOURIER COEFFICIENTS 

XGECF=COEICOF/RFRE + XECF 
XGFCEPI~ .O-XECFl *CDF*RFREICDE 
R E R F = l  .OIRFRE 
C A L L  BTCOEF (CREIXGFCE.RFRE,BET*BETSI 
C A L L  BTCOEF ICRF~XGECF.RERFIBFT,BFTSI  

7 0  DO 2 1  N-1.6 
F F T I N I  =O.O 
FFTSINI=O.O 
FFTINI=O.O 
F E T S I N I - 0 . 0  
CFSAVlNl=O.O 

7 1  CESAVINl=O.O 

T F 0 2  1 7 5  

TFOZ T F 0 2  1 7 7  1 7 6  
T F 0 2  1 7 8  
TFO2 1 7 9  
TFOZ 1 8 0  
TFOZ 1 8 1  
TFOZ 1 8 2  

4 B E I J l r J = 1 ~ 6 1  
I B E S I J I  1J=1.61 
(BET I J l . J = 1 , 6 1  
I B E T S I J l r J = 1 . 6 1  
I F E T  I J l r J s l r 6 1  
l F E T S I J 1 r J = 1 . 6 1  

TFOZ 1 8 3  
TFOZ 1 8 4  
T F 0 2  1 8 5  
TFOZ 1 8 6  
TFOZ 1 8 7  
T F 0 2  1 8 8  
TFOZ 1 8 9  
TFOZ 1 9 0  
TFO2 1 9 1  
TFOZ 1 9 2  

TFOZ 1 1 6  
T F 0 2  1 1 7  
T F 0 2  1 1 8  
TFOZ 1 1 9  
TFOZ 1 2 0  
TFOZ 1 2 1  

WRITE 16 .753)  
WRITE 16 .7541  
WRITE 1 6 . 7 5 5 )  

CDF=CDFf BETA 
COE=CDEIBETA 
CHFICHFIRETA 
CHE=CHE*BETA 

1 0  RETURN 
END 

D F F I N F  E I N I  AND E I I N I  FOURIER COEFFICIENTS 

T F O ~  1 2 4  
T F 0 2  1 2 5  
TFOZ 1 2 6  - - - - 

F F S I I ) = F E S ( l I + l . O  
N T I U F = N T I M E + l  
C A L L  CNCOEF ICF.CDF.RF*PF*FF.EFSl 
C 4 L L  CNCOFF ICFICOFIRE.PF,FE+FFSI 

TFOZ 1 2 7  
TFOZ 1 2 8  
TFOZ 1 2 9  
TFOZ 1 3 0  
TFO2 1 3 1  
TFOZ 1 3 2  
TFOZ 1 3 3  
TFOZ 1 3 4  
TFO2 1 3 5  
T F 0 2  1 3 6  
T F 0 2  1 3 7  

TEST CONVERGENCE OF C F I N I  AND C F I N )  COEFFICIENTS 

T F 0 2  138 
TFOZ 1 3 9  
TFOZ 1 4 0  



SUBROUTINE VELCTY TF03 0 0 1  
C TFO3 0 0 2  
C SUBPROGRAM TO CALCULATE THE VELOCITIES INDUCED AT S P E C I F I E D  TF03 0 0 3  
C CONTROL POINTS BY A H I G H  BYPASS R A T I O  TURBOFAN ENGINE TF03 0 0 4  
c TF03 0 0 5  

D lMFNSlON X W 1 1 5 0 l ~ Y W 1 1 5 0 ) r Z W l 1 5 0 ) ~ X l l 5 O ) ~ Y l l 5 O ~ ~ Z l l 5 O R l l 5 O l  TF03 0 0 6  
1 P H I 1 1 5 0 1  TF03 0 0 7  

DIMENSION Ul15Ol~VRll5OlrVP~150~~UAl1501~VRA1150)rVPA~l501r TF03 0 0 8  
1 A V R T l 1 5 0 1 r A V P T l 1 5 0 1 r A U l 1 5 0 ) ~ A V R l 1 5 0 1 r A V P l 1 5 0 1 ~  TF03 0 0 9  
2 U B l 1 5 0 1 ~ V R B 1 1 5 0 ) ~ V P 8 ~ 1 5 0 1 ~ B U l 1 5 0 1 ~ B V R l 1 5 0 B P 1 5 0  TF03 0 1 0  

DIMENSION PFt6e6l~PEI6r6)~CFl6lrCEl6l~TITLEl2Ol .RFOUMl4) rREDUMl4 lTF03 0 1 1  
TF03 0 1 2  

COMMON MZZZ TF03 0 1 3  
COMMON1FANI COF*CHFITCFIRFRE.VFVZ,RFOUM TF03 0 1 4  
COMMONlENGl CDE*CHE*TCE*XECF.VEVhREOUM TF03 0 1 5  
COMMONISAVEI GVF*GVE*CF*CEvPF*PE TF03 0 1 6  
COMMONIINDEXI YTYPEIMMPSNPRNTINCALC T F 0 3  0 1 7  
COMMONIMRYlA1 F Y Z . P Z . T Z * R Z ~ G A M M A I F N T ~ W A T ~ * B P R ~ P F P ~ , T F T ~ ~ P E P ~ ~ T E T ~  TFO3 0 1 8  
COMMONlMRMZA1 ALPHFIBETAFIALPHEIB~TAEIADALF~ADBTF~AOALEADTE T F 0 3  0 1 9  

1 XQ*YQ.ZO.XW*YW*ZW TF03 0 2 0  
COMMON1PAGEI TITLEsNPAGE TF03 0 2 1  

TF03 0 2 2  
7 0 1  FORMAT I 5 f 5 1  T F 0 3  0 2 3  
7 0 2  FORMAT 16E12.5) T F 0 3  0 2 4  
7 0 3  FORMAT l lHl15X.20A4r5X*4HPAGEI I3)  TF03 0 2 5  
7 0 4  FORMAT l 8 X ~ 8 F 1 0 . 4 1  TF03 0 2 6  
7 0 5  FORMAT l 9 X 6 l l P E 1 5 . 7 1 )  TF03 0 2 7  
7 0 6  FDRMAT 1 5 X * l 5 * 6 l l P E 1 5 . 7 ) 1  T F 0 3  0 2 8  
7 0 7  FORMAT l 5 X ~ l 5 r 3 1 1 X ~ 3 1 1 P E 1 2 . 4 1 1 ~  TF03 0 2 9  
7 0 8  FORMAT l 1 / 5 X 1 5 )  TF03 0 3 0  
7 0 9  FORMAT 1112XlHI6X22HWING COORDINATE SYSTEM.5XlH)*2XlHI5X24HENGINE TF03 0 3 1  

1COORPINATE S Y S T E M I ~ X ~ H I  I TF03 0 3 2  
7 1 0  FORMAT I ~ X ~ H N ~ ~ X ~ H X W ~ ~ O X ~ H Y W ~ ~ O X ~ H Z W ~ ~ O X ~ H X ~ ~ ~ X ~ H Y ~ ~ X ~ H ~ ~ X ~ H R T F O ~  0 3 3  

1 1 l X 3 H P H l l  TF03 0 3 4  
713-FORMAT I / < X ~ H N . ~ X ~ H  XW r ~ X ~ H Y W ~ ~ O X ~ H Z W ~ ~ O X ~ H U / V ~ ~ X ~ H V I R A O ) / V S  TF03 

1 4 X 8 H V I T A N I I V l  TF03 
7 1 4  FORMAT 119XlHN4X7H XW ~ X ~ H Y W ~ ~ O X ~ H Z W ~ ~ ~ X ~ H U / V ~ ~ X ~ H V ~ V S ~ X ~ H W / V I T F O ~  
7 1 5  FORMAT 1 1 1  ZX18HADDITIONAL LOADING~8X8HALPHAlFl3X7HBETAIFl2X8HALPHTF03 

lAlE)3X7HBETAlE1125X4FlO.4/11 TF03 
7 1 6  FORMAT I ~ ~ X I ~ ~ H C O E F F I C I E N T S  OF BOUND VORTICITY~5XlOHCINl~N=1*6) TF03 
7 1 7  FORMAT l B X ~ 3 H F A N ~ 6 l l P E 1 5 . 7 1 1  TF03 
7 1 8  FORMAT I ~ X I ~ H E N G I N E * ~ I ~ P E ~ ~ . ~ ) I  TF03 
7 7 0  FORMAT l114XlHM9X4HBETA6XZHXO8X2HYQ8X2HZQ) TF03 
7 7 1  FORMAT I11 2X42HRASIC TYPE LOAOlNGt ALPHAIROOT) = 0.0 DEG. r TF03 

1 ~ X ~ H A L P H A I F ) ~ X ~ H R E T A ~ F ~ ~ X ~ H P L P H A I E ) ~ X ~ H B E T A ~ E ) / ~ ~ X ~ F ~ O ~ ~ ~  TF03 
7 2 2  FORMAT I /113X3HCIDRXlHC7X5HGAMIV5Xr 5HRFIRE5X5HZEICF) TF03 
7 2 3  FORMAT ISX3HFAN*8F10.41 TF03 
7 2 4  FORMAT lZX6HENGINE.6F10.4) TF03 
7 3 0  FORMAT l I l O X 5 4 H I N D U C E O  VELOCITY COMPONENTS I N  ENGINE REFERENCE SYSTFO3 

.ICYI TF03 
7 3 1 1 ; % ; ~ T l / 9 ~ 5 2 ~ 1 ~ ~ ~ ~ ~ 0  VELOCITY COMPQNENTS I N  WING REFERENCE SYSTEMITFO~ 0 5 1  

C TF03 0 5 2  
M Z Z Z r l  TF03 0 5 3  
P1=3.1415926 TF03 0 5 4  
RAO=180.01PI T F 0 3  0 5 5  
RFTA=SORT(~.O-FMZ*EMZ) TF03 0 5 6  

TF03 0 5 7  
TRRNSFORM COYTROL POINTS TO ENGINE COORDINATE SYSTEM TF03 0 5 8  

TF07 0 5 9  

00 1 2  N=l*MMC 
XCNl=XO-XWIN) 
Y lN l=YWlNl -YO 
ZIN)=ZO-ZWIN) 
PHIINl=O.O 
UlN)=O.O 
VRIN)=O.O 

12 VPINI=O.O 
NPAGE=NPAGE+l 
WRITE (6.703) TITLEpNPAGE 

WRITE l 6 r 7 2 2 1  
WRITE 16.723) CDFICHF+GVF*RFREIXECF 
WRITE 1 6 ~ 7 2 4 1  COE.CHE*GVE 

WRITE 16.720) 
WRITE 1 6 ~ 7 0 4 1  E M Z ~ B E T A ~ X O I Y Q ~ Z O  
WRITE 16.7161 
WRITE 1 6 ~ 7 1 7 )  CF 
WRITE I 6 r 7 1 8 1  CE 
WRITE l 6 r 7 0 9 1  
WRITF 1 6 9 7 1 0 )  

COMPUTE RADIUS AN0 AZIMUTH ANGLE FOR EACH CONTROL P O I N l  

1 8  I F  I Y I N I )  17.20119 
1 7  P H I I N ) =  90.0 - DUM 

GO TO 2 0  
1 9  P H I I N ) =  27O.bOUM 

C 

5 APPLY COMPRESSIBILITY FACTOR - STRETCH X-COORDINATE 
L 

DO 7 0  N=l,MMP 
7 0  X i N l = X l N ) f B E T A  

COF=COF/BETA 
CDEICOEIBETA 
XQ=XOIBETA 
CHF=CHF/BETA 
CHE=CHE/BETA 
I F  INCALC .EQ. 0 1  GO TO 3 2 1  
CALL P K L  I C O F s P F I  
CALL P K L  ICDEIPEI 

3 2 1  CONTINUE 
* 

COMPUTE VELOCITY INDUCED BY FAN DUCT BOUND VORTICITY 

RF=CHFICDF/Z.O 
DO 2 1  N=lrMMP 
X I N I = X I N ) / C H F  

2 1  R l N l = R l N ) I R F  
CALL MMGAMD ICDF~CF.MMPIXIRIAU*AVR,PFI 

2 2 2  DO 2 2  N=l*MMP 
U l N I = U l N l + A U l N l  

2 2  VRIN l=VRIN)+AVRIN)  
C 

C COMPUTE VELOCITY INDUCED BY FAN DUCT T R A I L I N G  VORTICITY 
C 

XCYL=l.O 
CALL MMGAMC ICOF~KCYL~MMP,X,RSAVIAVR) 

7 2 3  DO 2 3  N= l rMHP 
UlN)=UIN)+AUIN)*GVF 

2 3  V R I N l ~ V R l N ) + A V R l N l * G V F  . 
5. COMPUTE VELOCITY INDUCED BY ALPHA AND BETA VORTICITY .. 

CALL MMGAMA l C O F s M M P ~ X * R * A U ~ A V R * A V P * A V R T ~ A V P T I  
DO 2 7  N = l  *MMP 
CSPHI=COSlPHI (N) /RAD)  
S N P H I = S I N l P H I l N l / R A O )  
U A l N I = A U l N l * C S P H I  
VRAlN)*IAVRlNI+AVRTlNll*CSPHl 
VPAINI-lAVPlN)+AVPTlN)l*SNPHI 
PHIP=PHI lN l -90 .0  
CSPHI=COSlPHIP/RAOI 
SNPHI=SINIPHIPIRAOI  
U B l N l = A U l N I * C S P H I  
VRBINI= IAVRINI+AVRT(N) ) *CSPHI  

7 7  VPBINl=l~VPINl+AVPTlN~~*SNPHI 



I F  (ALPHF.EO.O.O.ANDIRETAF.EO.O.O~ GO TO 2 6  
SNALPH=SIN(ALPHF/QAD)  
SNRETA=SIN(QFTAF/RADl  
DO 7 4  N - l r M M P  
U ( N l = U ( Y )  + U A I N l * S N A L P H  
V R ( Y ) = V Q l N )  + V R A l N l * S N A L P H  
V P ( N l r V P ( N )  + V P A l N l * S N A L P H  
U l N ) = U ( N l  + URIN) *SNRETA 
Vc ! ( ro=VR(N l  + VRR(NI+SEIRFTb 

7 4  V P ( N I = V P I N I  + VPR(N)*SNBETP 
7 6  CONTINUE 

C 
C COMPUTE VELOCITY INDUCED BY EVGINE DUCT BOUND V O R T I C I T Y  

C A L L  UYGIt*D ICDE ,CE.VMP.X,R~AUIAVRRPE) 
7 1 7  "0 2 7  J l l r M M P  

U l J l = U ( J ) + A U l J I  
? 7  V R l J l = V R ( J l + A V R I J l  

C  
C  COMPUTE VELOCITY INDUCED e Y  E k G I N E  DUCT T R A I L I N G  VORTICITY 
L 

XCYL-1.0 
C A L L  MMGAMC I C O E ~ X C Y L * M M P . X ~ R * A U . A V R l  

7 2 2  OO 11 J - l r N M P  
U l J I = U ( J I + A U ( J l * G V E  

C COMPUTF V F L D C I T Y  INDUCED BY ALPHA AN0 8ETA V O R T I C I T Y  
r 

C 4 L L  MMGAMA ( C D E , M M P , X * R I A U * A V R P A V P , A V R T ~ A V P T I  
DO 3 7  J=l.MMP 

S N P H I = S I N l P H I ( J l / R A O l  
A U I  J I=O"A*CSPHI  
AVR ( J =DEIB*CSPHT 
AVPI  J )  =DMC+SNPHI 
P H I P = D H I ( J I - 9 0 . 0  
CSPHI=COS(PHIP /RAD)  
S N P H I = S I N ( P H I P / R A D )  
RUG J  I = O Y A t C S P t i l  
BVRLJ l=OMB*CSPHI  

3 7  RVD(J)=DMC+~NPHI 
I F  I A L P H E . C O . O ~ O ~ A N D . B E T A E E E Q O O O G )  GO TO 3 6  
SNALPHnSIN(ALPHE/PAD!  
S N R E T A = S l N l n E T A F / R A D )  
DO 2 4  J.lrl1MP 
U l J ) = U ( J l  + A U ( J ) * S f l A L P H  
V Q ( J l = V Q ( J )  + AVRIJ)*SMALDH 
V D ( J l = V P G J )  + A V P l J l I S Y L L P P  
U ( J I = U ( J l  + RUIJ l+SQRETA 
V R ( J I = V R l J l  + RVR(J)*3NRETA 
V P I J l = V P l J l  + RVP(J l *SNBFTA 

3 4  CONTINUE 
3 6  CONTINUE 

I F  (YPRNT.LE+O) GO TO 2 3 6  
C  
C  OUTPUT ENGINE INDUCED V F L O C I T I E S  I N  ENGlNF COORDINATE SYSTEM 

NPAbt=NPAbt+l 
W R I T F  l b r 7 0 3 1  TITLE,NPAGE 

W R l T r  ( 6 r 7 2 1 )  ALDHFIPFTAF , ~ L D H F I I E T A F  
dRTTF ( 6 9 7 3 0 )  
# R I T E  1 6 r 7 1 ? 1  
I30 9 7 6  J = l * Y Y P  

916 d 9 I ' F  1 6 r 7 0 7 1  J r X \ i I J l r Y n l J l r i W ( J 1  r U I J l ~ V K I J l r L P I J l  

C  
C  OUTPUT ENGINF INDUCED V E L O C I T I E S  I Y  WlUG COORDINATE SYSTEV 

7 ? 6  NPAGE=NPAGE+l 
WRITF ( 6 , 7 0 3 1  TITLEINPAGE 

WRITE 16 .7211  ALPHFIBETAFIALPHE~BETAE 
WRITE 1 6 r 7 3 1 )  
WQITE ( 6 9 7 1 4 1  
DO 9 3 7  J=l ,MMP 
U ( J I = - U 1 J l  
P H I P = P H I ( J l - 9 0 . 0  
CSPHI=CQSIDHIP /RAOI  
S N P H I = S I N ( P H I P / R A O I  
V=VP(J ) *SNPHI  - V R 1 J I * C S P H I  
WE-VP(J I *CSDHI  - V R I J l * S N P H I  
WRITF 16 .7071  J . X W ( J ) t Y W ( J l r Z k l J ) ~ U ( J l ~ V t W  

9 1 7  CONTINUE 
NDAGF=NPAGF+l 
WRITF ( 6 r 7 0 3 1  TITLEINPAGE 
WRITE ( 6 . 7 1 5 )  AOALFIADRTF*ADALE,AOBTE 

7 1 8  CONTINUE 
I F  (ADALF.FQ.O.0 .AND. ADBTF.EQ.OIO .AND. AOALE.EQ.O.0 .AND. 

1 AOBTE.EQ.O.0) GO TO 1 0  

WRITE 1 6 ~ 7 3 1 1  
WRITE ( 6 r 7 1 4 1  
0 0  4 0  J z l r M M P  
U l J ) =  U A ~ J I ~ S N A L F  + UB(J )+SN@TF + AU(J l *SNALE + BU(J l *SNBTE 
V R ~ J I .  VRAIJI~SNALF + VRBIJI~SNBTF + AVRIJ ) *SNALE + R V R ( J l * S N B T E  
V P I J I z  VPA(J I+SNALF + V P B I J l x S N B T F  + A v P ( J ~ + S N A L E  + BVPIJ I *SNBTE 
P H I P - P H I ( J 1 - 9 0 . 0  cSPHI=COS(PHIP /RADI  

S N P H I = S I N l P H I P / R A O l  
V - V P I J I x S N P H I  - V R ( J l * C S P H I  
W=-VP(Jl*CSPH1 - V R ( J l * S N P H I  
U I J l = - U L J )  

r 
C OUTPUT INDUCED ADDIT IONAL V E L O C I T I E S  I N  WING COORDINATE SYSTEM 
C 

WRITE ( 6 r 7 0 7 )  J I X W I J ) , Y W I J ) ~ Z W ( J ) ~ U ( J ) + V , W  
4 0  CONTINUE 
1 0  RETURN 

E N 0  

T F 0 3  219 
T F 0 3  2 2 0  
T F 0 3  2 2 1  
TFO? 2 2 2  

T F 0 3  T F 0 3  2 2 4  2 2 3  



SUBROUTINE E L L I P S  ( A K Z O I T K ~ ? E )  T F 0 4  0 0 1  
C T F 0 4  0 0 2  
C -- TABLE LOOK-UP OF E L L I P T l C  INTEGRALS -- T F 0 4  0 0 3  
C T F 0 4  0 0 4  

D IMENSION C K K ~ 1 0 0 ~ ~ C K 1 1 0 O I r C E l 1 0 0 )  T F 0 4  0 0 5  
C T F 0 4  0 0 6  

<0!4dOi, :4zzz T F 0 4  0 0 7  
C T i 0 4  0 0 8  
C CKK = ARGUMENT OF E L L I P T I C  INTEGRALS T F 0 4  0 0 9  
C TFO4 0 1 0  

DATA C K K ~ O ~ 0 0 ~ ~ 0 l ~ ~ 0 2 ~ ~ 0 3 ~ ~ 0 4 ~ ~ O 5 ~ ~ O 6 ~ 6 O 7 ~ ~ 0 8 O 9 l O l l l 2 l 3 T F O 4  O i l  
1 .14~~15~.16~.17~.18~~19~.20r.21..21~~22~~23~2252627TFO4 0 1 2  
2 .28r.29r.30..31r.321.33r.33*.34~~35~.36~+37~3839404lTFO4 0 1 3  
3 .42~.43r.44..45rr46,.47r.48,.48,~49~.50~~51~52.535455TFO4 0 1 4  
4 . 5 6 * . 5 7 . . 5 8 ~ . 5 9 r . 6 0 ~ ~ 6 1 ~ . 6 2 . . 6 3 ~ 6 4 ~ ~ 6 5 ~ 6 6 6 7 6 8 6 9 T F O 4  0 1 5  
5 . 7 0 r . 7 1 . . 7 2 r . 7 3 ~ . 7 4 ~ . 7 5 t . 7 6 t t 7 7 ~ . 7 8 ~ ~ 7 9 ~ 8 0 8 1 8 2 8 3 T F O 4  0 1 6  
6 . 8 4 r . 8 5 . . 8 6 , . 8 7 r . 8 8 $ . 8 9 9 9 9 O ~ ~ 9 1 * . 9 2 * a 9 3 , 9 4 9 5 9 6 9 7 T F O 4  0 1 7  
7 . 9 8 r + 9 9 /  T F 0 4  0 1 8  

C T F 0 4  0 1 9  
C CK = COMPLETE E L L I P T I C  INTEGRALS OF F I R S T  K I N D  T F 0 4  0 2 0  
C T F 0 4  0 2 1  

OAT& C K / 1 . 5 7 0 7 9 6 , 1 . 5 7 4 7 4 6 . 1 . 5 7 8 7 4 0 ~ 1 1 5 8 2 7 8 0  T F 0 4  0 2 2  
1 1 . 5 9 5 1 8 8 ~ 1 . 5 9 9 4 2 3 ~ 1 . 6 0 3 7 1 0 ~ 1 . 6 0 8 0 4 9 ~ 1 r 6 1 2 4 4 1 r 1 . 6 1 6 8 8 9 ~  T F 0 4  0 2 3  
2 1 . 6 2 1 3 9 3 ~ 1 . 6 2 5 9 5 5 ~ 1 . 6 3 0 5 7 6 r l . 6 3 5 2 5 7 r l . 6 4 0 0 0 0 1 6 4 4 8 0 6  T F 0 4  0 2 4  
3 1 . 6 4 9 6 7 8 ~ 1 ~ 6 5 4 6 1 7 ~ 1 . 6 5 9 6 2 4 1 1 . 6 6 4 7 0 1 1 1 . 6 6 9 8 5 0 1 . 6 7 5 0 7 3  T F 0 4  0 2 5  
4 1~680373~1~685750~1~691208~1~696749~1~7023741708087 T F 0 4  0 2 6  
5 1 ~ 7 1 3 8 8 9 ~ 1 ~ 7 1 9 7 8 5 r 1 . 7 2 5 7 7 6 ~ 1 . 7 3 1 8 6 5 ~ 1 . 7 3 8 0 5 5 1 7 4 4 3 5 1  T F 0 4  0 2 7  
6 1~750754r1~757269r1~763898~1~770647~1~777511784519 TFO4 0 2 8  
7 l ~ 7 ~ 6 5 0 ~ 1 ~ 7 9 8 9 I B ~ l ~ 8 O 6 3 2 8 ~ 1 1 8 1 3 B 8 4 ~ 1 1 8 2 l 5 9 3 l 8 2 9 4 6 O  TFO4 0 2 9  

0 2~214022r2~235068r2~2~7205~2~280549t2~3052322331409 TFO4 0 3 5  
E 2.359264r2.389016~2.420933*2.455338.2.4926352533335 TFO4 0 3 6  
F 2.578092r2.627773*2.683551,2.747073,2.8207522908337 T F 0 4  0 3 7  
G 3 .016112r3 .155875~3 .354141t3 .695637 /  T F 0 4  0 3 8  

C T F 0 4  0 3 9  
C CE = COMPLETE E L L I P T I C  INTEGRALS OF SECOND K I N 0  TFO4 0 4 0  
C T F 0 4  0 4 1  

DATA C E / 1 . 5 7 0 7 9 6 ~ 1 . 5 6 6 8 6 2 1 1 . 5 6 2 9 1 3 r 1 . 5 5 8 9 4 8 ~ 1 5 5 4 9 6 9 1 5 5 0 9 7 3  T F 0 4  0 4 2  
1 l r 5 4 6 9 6 3 , 1 r 5 4 2 9 3 6 ~ 1 . 5 3 8 8 9 3 ~ 1 . 5 3 4 8 3 3 ~ 1 . 5 3 0 7 5 8 1 5 2 6 6 6 5  T F 0 4  0 4 3  
2 1.522555~1.518428~1.514284t1~510122.1.505942501743 T F 0 4 0 4 4  
3 1 . 4 9 7 5 2 6 ~ 1 ~ 4 9 3 2 9 0 ~ 1 . 4 8 9 0 3 5 ~ 1 . 4 8 0 4 6 6 1 4 7 6 1 5 2  TFO4 0 4 5  
4 1 . 4 7 1 8 1 8 , 1 . 4 6 7 4 6 2 ~ 1 . 4 6 3 0 8 b b 1 ~ 4 5 8 6 8 8 f 1 . 4 5 4 Z 6 9 1 4 4 9 8 2 7  T F 0 4  0 4 6  

7 0 0  TEST = 1.00E-07 
I F t P A R A - T E S T l 7 0 1 r 7 0 2 . 7 0 2  

J A = l + J A  
IFICKKIJAI-AKSQ122r23r22 

2 3  T K = C K I J A )  
TE=CE ( J A  1 
GO TO 3 0  

22 CONstAKSQ-CKKtJA1)/ICKKlJA+l)-CKKIJA)) 
TK=cK(JA)+CON*(CKIJA+~)-CKtJAIi 
TE=CE~JA~+CON*ICEIJA+~)-CE(JA~) 
GO TO 3 0  

7 3  I F ( ~ K S O - . 0 1 ) 7 2 1 * 7 2 l r I Z O  
7 2 1  PARA=.25*AKSQ 

GO TO 7 0 0  
7 2 0  AKS0nl.-AKSQ 

GO TO 2 0  
3 0  CONTINUE 

RETURN 
E N 0  



SUBROUTINE LAMROA I XP.ZPIYPI 

TARLF LOOK-UP OF HEUUAN LAUROA FUNCTION 

n l t 4 F N S I O N  Y l 1 9 r 1 9 1 r X l 1 9 l ~ L 1 1 9 1  

COMMON MZZZ 

X = ARCSIN K (DEGREES) 

Y = HEUMAN LAMBDA FUNCTION 

3 0 .996195$1 .0 /  
DATA 1Y~2~JlrJ=l~191/0.0~0.0R699000.17??.1R~0.258327~0.341~70~ 

1 0~421815r0~499050~0.572487.0~641567~0.705765~0~764592~ 
2 0 ~ 8 1 7 6 0 0 ~ 0 ~ R 6 4 1 R 8 ~ 0 ~ ~ 0 4 5 9 9 ~ C ~ ~ 1 7 9 1 0 0 0 . 9 6 4 1 3 5 ~ 0 ~ 9 8 3 0 3 7 ~  
3 0 . 9 9 4 6 2 4 r 1 . 0 1  

DATA lYl3~Jl~J=lr191/0.0~0.086495~00172332~0.256858~0.339430~ 
1 0~419419r0.496219~0.569244~00637940f0.701786~0.760298~ 
2 0~813034r0.85960210.899660000932934r0.959244~0~978597~ 
3 0 . 9 9 1 5 1 1 ~ 1 . 0 /  

DATA ~ Y ~ 4 ~ J I ~ J = 1 ~ 1 9 1 / 0 . 0 . 0 . 3 R 5 h 7 7 ~ 0 0 1 ~ 0 7 0 4 ( r C . 2 5 4 G 3 4 ~ 0 ~ ' ~ 3 6 2 3 1 ~  
1 0~415475r0~491565r0.5h3L,?6~O063?OlO0O.bY53O7~9~l533G6~ 
7 0 ~ 8 0 5 7 0 3 r 0 . P 5 7 0 1 1 ~ 0 . P O 1 9 6 Q ~ O ~ ~ ~ 2 5 i ~ 4 ~ ~ ~ 9 5 7 ? ? 6 ~ O ~ ~ J 7 2 1 ~ 1 ~  

1 
DATA 

1 

T F 0 5  0 2 7  
TFOE 0 2 8  
T F 0 5  0 2 9  
T F 0 5  0 3 0  
T F 0 5  0 3 1  

3 0 .945145*1 .0 /  
D A T A 1 Y 1 1 9 ~ J ~ ~ J = 1 ~ 1 9 1 / 0 ~ 0 ~ 0 . 0 5 5 5 5 6 0 0 0 1 1 1 1 1 1 ~ 0 ~ 1 6 6 6 6 7 ~ 0 ~ 2 2 2 2 2 2 ~  

1 0 . 2 7 7 7 7 8 ~ 0 . 3 3 3 3 3 3 ~ 0 . 3 8 8 8 8 9 ~ 0 0 4 ( r 4 4 4 4 t 0 0 5 0 0 0 0 0 ~ 0 ~ 5 5 5 5 5 6 ~  
2 0.611111r0.666667rO.722222~0077777880~933333~0~888889~ 
'3 0 .944444*1 .0 /  

C 
I F  l M Z Z Z 1  2 0 ~ 9 0 1 2 0  

C 
2 0  OX = 5.0 

OZ = 5.0 
FNX=XP/DX 
N=FNX 
N=N+1 
FNZ=ZP/DZ 
M-FNZ 
M=M+1 
C 1 - I Z P - Z l M I l I O Z  
C Z = l X P - X l N l l / D X  
A = l Y l N ~ M + 1 ~ - Y l N ~ M l ~ x C 1  
R = 1 Y l N + l ~ M I - Y I N * M l l * C 2  
O=Cl*C2*lYlN+lrl4+ll-Y(N+l~M~+Y~N~Ml-Y~N~M+lll 
YP=YINIMI+A+B+O 

9 0  RETURN 
END 



SUBROUTINE PKL I C O s P l  
C 
C SUBROUTINE TO COMPUTE P1K.L) COEFFICIENTS FROM BTZ COEFFICIENTS 
C REF. THERW TAR-TR 6 1 3  (PAGE 2 2 1  
C REF. BTZ DA-91-508-EUC-393 ITABLE 8 1  

COMMON MZZZ 

PI=3.1415926 
I F  IMZZZ .EO. 0 1  RETURN 
M-31 
I F  I C D  .GT. 5 . 0 1  M=63 

TFOb 0 0 1  
TF06 0 0 2  
TF06 0 0 3  
TFO6 0 0 4  
TFO6 0 0 5  
TF06 0 0 6  
TFO6 0 0 7  
TFO6 0 0 8  
TFOb 0 0 9  
TF06 0 1 0  
T F 0 6  0 1 1  
TF06 0 1 2  
TFO6 0 1 3  
TFO6 0 1 4  
TF06 0 1 5  
TFO6 0 1 6  
TFO6 0 1 7  
TF06 0 1 8  
TF06 0 1 9  
T F 0 6  6 2 0  
TFO6 0 2 1  
TFO6 0 2 2  
TFOb 0 2 3  
T F 0 6  0 2 4  
TF06 0 2 5  
T F 0 6  0 2 6  
T F 0 6  0 2 7  
TF06 0 2 8  
TF06 0 2 9  
TF06 0 3 0  
TFOb 0 3 1  
TF06 0 3 2  
TF06 0 3 3  
TF06 0 3 4  
TFOb 0 3 5  
w46. a36 
TF06 0 3 7  
TFOb 0 3 8  
TF06 0 3 9  
TF06 0 4 0  
TFO6 0 4 1  
TF06 0 4 2  
TFOb 0 4 3  
TFO6 0 4 4  
TFOb 0 4 5  
TF06 0 4 6  

cSTHI=COSITHI I 
DO 2 2 0  K - l r M P P  
THK=THETAlKl 
U I  lKl=O.O 
ETA=CO*ICOSlTHKl-CSTHII 

, I F  IETA.EQ.O.Ol GO TO 2 2 0  
AK2=4.O/tETA*ETA*4.0l 

( AK=SQRTIAKZI 
AKP2rl.O-AK2 
CALL E L L I P S  IAK2.ZK.ZEl 
W=Ill.O+AKPZ)*ZE - 12.O*AKPZ*ZKI)/AK 
UI IK I - IW- l .OI /ETA 

1 2 2 0  CONTINUE 

0 0  1 4  K = l s 6  
PlKsll~CO~P1*1-BIKs2l-2~*BlKt1ll 
PCG.a-ED/P1.4- & W t V F l =  
DO 1 4  L13.6 
P I K ~ L l = C O / P I / 2 ~ O * 1 B l K ~ L + 1 l - B I K b L - 1 ~  

1 4  CONTINUE 
DO 1 6  L = l r 6  

1 6  P l l r L l = - P I l * L )  
RETURN 
END 

TFO6 0 4 7  
TF06 0 4 8  
TFO6 0 4 9  
TFOb 0 5 0  
TF06 0 5 1  
TF06 0 5 2  
T f 0 6  053 
TFO6 0 5 4  
T F 0 6  0 5 5  
TF06 0 5 6  
TFO6 0 5 7  
T F 0 6  0 5 0  
TF06 0 5 9  
TF06 0 6 0  
TF06 0 6 1  
TFOb 0 6 2  
TF06 0 6 3  
TFO6 0 6 4  
TFO6 0 6 5  
TFO6 0 6 6  
TFO6 0 6 7  
TFO6 0 6 8  
TF06 0 6 9  
TFO6 0 7 0  
TF06 0 7 1  
TFOb 0 7 2  
TFO6 0 7 3  
TFd6 0 7 4  
TFO6 0 7 5  
TF06 TFO6 0 7 6  0 7 7  

T F 0 6  0 7 8  
TF06 0 7 9  
TF06 0 8 0  
TFOb 0 8 1  

TFO6 TFO6 0 8 2  0 8 3  
TF06 0 8 4  
T F 0 6  0 8 5  
TF06 0 8 6  
TF06 0 8 7  
TF06 0 8 8  
TF06 0 8 9  



SUBROUTINE FOIJRCS (F,B.NINOUT.NPRINT) 
C 

SURRDUTINE U A T R I X  I A v N R l  
DTUFNSIOY A (  6 9  7 1 r R (  7 1  7 1 9 N (  7 1  
NC=NR+l 
DO 1 J = l * N R  

1 N l J I = O  
DO Z I = l r N R  
CONtO.0 
1 1 = 1 - 1  
DO 3 J=11NR 
J J = J - 1  
I F  ( 1 1 )  4 9 4 r 5  

5 0 0  6 K = l t l i  
I F  ( J - N I K ) )  6 , 3 9 6  

6 CONTINUE 
4 C O N A = A ( J * l I  

I F  ICONA) 8 1 9 t 9  
8 CONA=-CONA 

C SUB. FOURCS -- FOURIER COSINE SERIES DETERMINATION 
C F 9 0 M  RALSTON AN0 WILF  -- MATH. METHODS FOR D I G I T A L  COMPUTERS 
C CHADT. 2 4  BY G. GOERTZEL 
C TFOB 0 0 6  

T F 0 8  0 0 7  D I M E N S I O N  F ( 5 0 ) , F F ( 5 0 ) , B ( 5 O I  
COMMON MZZZ 

7 0 0  FORVAT ( 1 H  / )  
7 0 1  FORMAT (4E15 .71  
7 0 2  FDRMATl5X5HTHETA6XlOHFOURlER F N 6 X I l H O R I G I N A L  FNLX lZHFOURlER COEF 

P I = 3 . 1 4 1 5 9 2 7  
T F 0 8  0 1 1  
TFOB 0 1 2  
TFOB 0 1 3  
T F 0 8  0 1 4  

T F 0 8  TFOB 0 1 5  0 1 6  
T F 0 8  0 1 7  
TFO8 0 1 8  
T F 0 8  0 1 9  
T F 0 8  0 2 0  
TFO8 0 2 1  

1 
C 
N . . ,  - 
CONTINUE 
I F g C O N )  5 0 0 * 6 0 0 * 5 0 0  
WRITE ( 6 r 6 0 1 )  I 

1T( 1 3 H  S INGULAR*  
STOP 

TFOR 0 7 9  

TFOB 0 3 5  
T F 0 8  0 3 6  
T F 0 8  0 3 7  
T F 0 8  0 3 8  
T F 0 8  0 3 9  

T F 0 8  T F 0 8  0 4 0  0 4 1  

0 0  1 6  J = l r N C  
A(L ,J I=A(L*J ) -CMULT*A 
CONTINUE 
0 0  1 7  L = l r N R  
0 0  18 J= l .NR 

1s ~(L;;I=A~L.J+II 
1 7  CONTINUE 

2 CONTINUE 
DO 1 9  J = l r N R  

2 9 1  F F I I I = F F ( I ) / T W O  
7 9 0  JN=NS- I - I+ IONE 

I F ( J N I  2 0 1 + 2 0 4 , 2 0 4  
2 0 1  F F ( I I = F F ( I ) / T W O  
2 0 4  CONTINUE 
7 0 1  CONTINUE 

N N = N ( J I  
7 0  B I J * L ) = A ( N N v L )  
1 9  CONTIYUE 

0 0  2 1  J=l,NR 
DO 2 2  L = l * N R  
N N = N ( J I  

2 2  AILINNI:B(L,JI  
2 1  CONTINUE 

RETURN 
END 

GO TO 1 
7 M=NOUT 
1 CN=N 

WRITE ( 6 r 7 0 0 )  
WRITE ( 6 . 7 0 2 1  
DTH=PI / (CN-1 .01  
TH=-DTH 
DO 1 I = l . N  
TH=TH+DTH 
SUFl=O.O 
DO 4 J=11M 
C J = J - I  

4 SUM=SUM+ F F ( J I * C O S  ( C J * T H I  
1 WRITE 16 ,7011  TH. S V M I F ( I I ~  F F ( I I  

RETURN 
CllP 



SUBROUTINE BNGOEF I C e B G I )  
C 
C FOURIER ANALYSIS  OF R A D I A L  VELOCITY INDUCED BY AN 
C ACTUATOR O t S K  I N  THE E X I T  PLANE -- B ( N )  

NIIOO 
KMAX.6 
DO 1 0  K s l r K M A X  

10 BGIIKI=O.O 
E P S = P I / l E O .  
P I M = P I - E P S  
CN=N 
DELTH=.5*PIMICN 
NP=N+ l  
DO 6 l = l r N P  
DO 3 J11.2 
F1.I-2 
F J = J  
TH=FI*PIM/CN+FJ*OELTH 
S T H n S I N  I T H I  
CTHaCOS ( T H I  

7 2  XG=-.5*C*Il.+CTHl 
7 3  XGSQrXG*XG 

GKSQ=XGSO/ 14.+XGSQI 
GK=-SQRT 14./(4.+XGSQI ) 
CALL ELLIPS IGKSQIZKGIZCGI 
~ G C ~ , ~ / P ~ * ( ~ G K - ~ ~ / G K I * Z K G + ~ ~ / G K * Z C G ~  
STHK=O. 
CTHK=l.  
DO 2 K = l * K M A X  
BG(X.Jl=BGC*CTHK 
CON=STHK*CTH+CTHK*STH 
cTHK=CTHK*CTH-STHK+STH 

2 STHK=CON 
3 CONTINUF 

DO 5 K = l r K M A X  
I F ( l - 1 1 4 9 5 * 4  

4 B G I ~ K I = B G I ~ K I + D E L T H I ( B G I K I 1 ) + l B G O ~ K I + B G I K ~ l I + B G ~ ~ ~ 2 I ~ ~ 3 ~ ~  
5 B C O I K I = B G ( K I Z I  
6 CONTINUE 

EXTRA=-EPS/Pl*ALOG(4. /EPS*SQRT ( Z . / C I l  
s i = - 1  
DO 7 K=l.KMAX 
S I X - S 1  

7 BGIIK)=~~*~BGI(KI+SI*EXTRAIIPI 
R R S l l + . 5 * B G I l I )  
uzzz=1 
RETURN 
END 

SUBROUTINE BSCOEF (CRIBS! 
C 

DIMENSION B S l b ) r F ( 5 0 l  
C 

COIIMON MZZZ 
C 

P I = 3 . 1 4 1 5 9 2 6  
N = 5 0  
CN=N 
D T H z P I / ( C N - 1 - 0 1  
TH=-DTH 

2 2  D o  3 0  J = l * N  
TH=TH+OTH 
CSTH=COSlTH l  
X G ~ - ~ . ~ + C R * ( I ~ O + C S T H I  
GKSO=XG*XG 
GKSQ=4.O+GKSQ 
GKSQ=4.O/GXSQ 
CALL ELLIPS ( G K S Q * Z K * Z E l  
GK=SQRT(GKSQI 

3 0  F(J)=O.~~+IGK*XG/~.O*ZK/PII 
CALL FOURCS (FIFIN.~*O) 
DO 3 1  J - 1 9 6  

3 1  B S l J I = F ( J I  
RETURN 
END 

l F l 0  0 0 1  
T F l O  0 0 2  
l F l 0  0 0 3  
T F l O  0 0 4  
T F l O  0 0 5  
T F l O  0 0 6  
T F l O  0 0 7  
T F l O  0 0 8  
T F l O  0 0 9  
T F l O  0 1 0  
T F l O  0 1 1  
T F l O  0 1 2  
T F l O  0 1 3  
T F l O  0 1 4  . .  .. ~- 

T F l O  0 1 5  
T F l O  0 1 6  
T F l O  0 1 7  
T F l O  0 1 8  
T F l O  0 1 9  
T F l O  0 2 0  . .  .. -~ 

T F l O  0 2 1  
T F l O  0 2 2  
T F l O  0 2 3  
T F l O  0 2 4  

T F l O  T F l O  0 2 5  0 2 6  



SUBROUTINE BTCOEF ICRV,XGAMCV.RGAMRV*BT.BTSI 
C 

DIMENSION B T l 6 l r R T S 1 6 1 ~ F l 5 0 ) ~ G ( 5 0 )  
C 

COMMON MZZZ 

XG=XR-XCYL*CR 
XG=XG*RRA 
XGSO=XG*XG 
GKSQ=RRA4/lRRAP+XGSOl 
GK=SORTlGKSQl 
CALL ELLIPS lGKSO.ZK,ZEl 
F(Jl=((ZE-ZKI/GK + lGK*ZK/2.)l/PI/RASOT 
NOEX=O 
SNB=l(RRA-l.O1+*21+XGSQ 
SNB=XG /SORT(SNBl 
BETA=ASINlSNBl*RAD 
ASK=ASINIGKl*RAD 
XG=XG*RCYLR 
IF (BETA1 62.63163 

62 BETA=-BETA 
NOEX=-1 

67 C4LL LAMROA 1ASK.BFTA.HLMBI 
IF (NDEXI 64.65165 

64 HLMB=-HLMB 

TFll 001 
TFll 002 
TFll 003 
TFll 004 
TF11 005 
TFll 006 
TFll 007 
TFll 008 
TFll 009 
TFll 010 
TFll 011 
TFll 012 
TFll 013 
TFll 014 
TFll 015 - .. 
TFll 016 
TFll 017 
TFll 018 
TFll 019 
TFll 020 
TFll 021 
TFll 022 
TFll 023 
TFll 024 
TFll 025 
TF11 026 
TFll 027 
TFll 028 
TFll 029 
TFll 030 
TFll 031 
TFll 032 
TFll 033 
TFll 034 
TFll 035 
TFll 036 
TFll 037 
TFll 038 
TFll 039 
TFll 040 
TFll 041 
TFll 042 
TFll 043 
TF11 044 
TFll 045 
TFll 046 

~ ~- 

83 GlJl=-GIJI-1.0 
48 GlJl=-GIJI 

CALL FOURCS IF.FvN*6rOl 
CALL FOURCS lG1G,N96rOl 
DO 20 J=l.6 
BTIJl=FIJI 

20 BTSIJI=GlJl 
RETURN 
END 

TFll 047 
TFll 048 

TFll TFll 050 049 
TFll 051 
TFll 052 
TFll 053 
TFll 054 
TFll 055 
TFll 056 
TFll 057 
TFll 058 
TFll 059 
TFll 060 - .  
TFll 061 
TFll 062 

TFll TFll 063 064 
TFll 065 
TFll 066 
TFll 067 
TFll 068 
TFll 069 
TFll 070 
TFll 071 
TF11 072 
TFll 073 

TFll 079 

65 CONTINUE 
IF IXGI 71972.73 



SUBROUTINE FTCOEF ~ C D G A M . C D V I R V R G A M I C N ~ X C G A ~ . ( ~ F I ~ F T S )  
C 

COMMON M I Z Z  
C 

7 0 0  FORMAT 1 / /5X77HSUBROUTlNE FTCOEF DOES NOT ALLOW THE INTERSECTION 
I F  THE FAN AND ENGINE DUCTS// IOXZOHEXECUTION TERMINATED) 

CO=COGAM 

C SET U P  A TABLE OF GAMMA O/VZERO * S I N I T H E T A )  VERSUS THETA 
C 

N=OG 
NU-N 
N=N+1 
KEN+& 
DO 1 2  J = 1 * K  
T H I J I - 0 .  
ST-0.0 

1 2  G O l J I = O .  
0 0  1 9  J-2,N 
T H ( J ) = T H l J - I l + O T  

1 7 0  T s T H I J )  
CT=COS lTf2.) 
C T = C T / S I N  I T I 2 . 1  
A=CO+CT 
S T = S I N  ( T I  
B = C ~ * S T  
CnCZ*SIN (2.*T) 
0 - C 3 * S I N  13,*T) 
E=C4*S1N 14 . iT )  
F = C 5 * S I N  15.*Tl 
GDIJl=A+B+C+D+F+F 
G n l J ) = G D l J I * S T  

1 9  CONTINUE 
T H l N + l ) = P I + l .  
G O ( N + l l = G D I N I  

2 2  GOI1)=2.*CO 
T H I 1 ) - 0 .  

C 
C COMPUTE INDUCED R A D I A L  
C 

N F = 5 0  
CNF-NF 
DTF=PI I lCNF-1 .  I 
O T I = 1 0 0 .  
O T P = P I / D T I  
n=oTPf  3. 
TF=-OTF 

AND A X I A L  V E L O C I T I E S  

DO 9 9  JX=I,NF 
TF=TF+OTF 
UI=O. 
VI=O. 
TP=O. 
XSCV=-0.5*COSlTFI 
XCv=XsCv+o.5 
XSP. XCGAM - 0.5 + XCV+COV*RVRGAM/CDGAM 
I F  I X S D . G E . - O ~ ~ . A N D ~ X S P . L T ~ O O ~ ~ A N O D R R E O O ~ ~ O  GO TO 9 9 8  

5 0  K 1 1  
NT=1  

T F 1 2  0 0 1  
T F l Z  0 0 2  

T F l 2  0 1 6  
T F 1 2  0 1 7  
T F 1 2  0 1 8  
T F 1 2  0 1 9  
T F l Z  0 2 0  
T F 1 2  0 2 1  
T F 1 2  0 2 2  
T F 1 2  0 2 3  
T F 1 2  0 2 4  
T F 1 2  0 2 5  
T F l 2  0 2 6  
T F l Z  0 2 7  
T F 1 2  0 2 8  
T F 1 2  0 2 9  
T F 1 2  0 3 0  
T F l Z  0 3 1  
T F 1 2  0 3 2  
T F l Z  0 3 3  
T F l Z  0 3 4  
T F l Z  0 3 5  
T F 1 2  0 3 6  
T F 1 2  0 3 7  
T F l Z  0 3 8  . - 
T F 1 2  0 3 9  
T F 1 2  0 4 0  
T F l 2  0 4 1  
T F l 2  0 4 2  
T F l Z  0 4 3  
T F l Z  0 4 4  
T F l 2  0 4 5  
T F l Z  0 4 6  
T F 1 2  0 4 7  
T F 1 2  0 4 8  
T F l Z  0 4 9  
T F l Z  0 5 0  
T F 1 2  0 5 1  
T F 1 2  0 5 2  
T F l Z  0 5 3  
T F 1 2  0 5 4  
T F l 2  0 5 5  
T F 1 2  0 5 6  
T F l Z  0 5 7  
T F 1 2  0 5 8  
T F l 2  0 5 9  
T F 1 2  0 6 0  
T F 1 2  0 6 1  

XS=-0.5*CTP 
X l= lXSP-XS)CCDxZ;O 
X Z = x I * X I  
RR=R+l.O 
RM=R-1.0 
PP=XZ+RR*RR 
PM=XZ+RM*RM 
R T P P r S O R T I P P l  
AK2=4.*R/PP 
C A L L  E L L I P S  l A K Z * Z K * Z E )  
DUMSZK-ZE-Z.O*RM/PM*ZE 
U=OUM/RTPP 
OUMeZK-ZE-Z.O*R/PM*ZE 
V*DUM*XI/R/RTPP 

52 I F I T P - T H ( N T ) t 5 5 * 5 4 r 5 3  
5 3  NT=NT+ l  

GO TO 5 2  

K - 2  
UI=UI+H*10111~+4~*01121+DI~3)1 
VI=VI+H*lDJl1)+4~*OJl2~+OJl3)l 
D 1 l l l = D I l 3 )  
O J l l ) = O J l 3 )  
I F I T P - P 1 ) 5 1 r 5 1 , 6 1  

6 1  F U I J X I s C D / Z . / P I * U I  
FV lJX)=CO/2 . /P I *V I  
UI=O. 
v1=0. 
TP=o. 

9 9  CONTINUE 
CALL  FOURCS lFV*FV,NF,6.O) 
CALL  FOURCS I F U * F U * N F * 6 , 0 )  
DO 7 0  J s 1 . 6  
F T I J l = F V I J )  

7 0  F T S l J l = F U I J l  
9 9 9  RETURN 
9 9 8  WRITE 1 6 9 7 0 0 )  

STOP 

TF12  0 7 3  
l F f 2  0 7 4  
T F 1 2  0 7 5  
T F l 2  0 7 6  
T F 1 2  0 7 7  
T F 1 2  0 7 8  
T F l Z  0 7 9  
T F 1 2  0 8 0  
T F 1 2  0 8 1  
T F l Z  0 8 2  
T F l 2  0 8 3  
T F 1 2  0 8 4  
T F 1 2  0 6 5  
T F f 2  0 8 6  
T F l 2  0 8 7  
T F 1 2  0 8 8  
T F l 2  0 8 9  
T F l 2  0 9 0  
T F l 2  0 9 1  
T F 1 2  0 9 2  
T F 1 2  0 9 3  
T F l 2  0 9 4  
T F l Z  0 9 5  
T F 1 2  0 9 6  
T F l 2  0 9 7  
T F l 2  0 9 8  
T F l 2  0 9 9  
T F l 2  1 0 0  
T F l 2  1 0 1  
T F 1 2  1 0 2  
T F l Z  1 0 3  
T F l 2  1 0 4  
T F 1 2  1 0 5  
T F l 2  1 0 6  
T F l 2  1 0 7  
T F l 2  1 0 8  
T F 1 2  1 0 9  
T F 1 2  1 1 0  
T F l Z  111 
T F 1 2  1 1 2  
T F 1 2  1 1 3  
T F l 2  1 1 4  
T F l Z  1 1 5  
T F 1 2  1 1 6  



SUBROUTINE CNCOEF (C*CO,R*P,E*Ebl 
C 

DIMENSION C16I,Rf4l~P(6~6)rE(6),ES(61*0(6~7)~RHS~6) 
C 

C4D=C014.0 
tLN=ALOG(16.O/CDl - 1.0 

C 
C COMPUTF RIGHT HAND SIDF 
C 

C COMPUTE COEFFICIENT MATRIX 
C 

0 0  15 J=1,6 
0 0  15 K=1.6 

15 OIJIK)=P(J*KI/~.O 
0 0  16 K.196 
J=K 
O ( K * J I = Q ~ K I J ~ - O I ~  

16 O(lvK)=-0~1~KI 
Qllrl)=O(lrll - C4D*(R(I)*CLN + R(2)/2.01 
Qllr2l=Ql1~2) - C40*IRll)*CLN/7.0 - RI31/8.01 
0(1*3)=0(1*31 + C40*(R(41/12.0 - R12)/4.01 
O(lr4)=Ollr4l - C4D*lR(31/8.01 
Q(1*5)=011r5l - C4D*(R14l/12.0) 

0 1 3 ~ 1 1 = 0 f 3 ~ 1 )  - C4O*lR(3l*CLN + (R(2)+Rl4)l/2.Ol 
013,21=013~21 - C4D*lR(3I*CLN/Z.O - R111/4.01 
0(3r31=013,3l - C40*I(RfZl+R(411/4.0 - R(2I/12.01 
0(3r41=0(3,4) - C4D*IR(11/4.0 - R(31/16.01 
0(3r51=0(3*5) - C40*lR~21/12.0 - R141120.01 
Of3.6)=0(3961 - C4D+(R131/16.0) 

C 
0(4,11=0(4rl) - CLD*(RI4)*CLN + R(3)IZ.O) 
O(4r21=0(4~21 - C4D*(Rl4l*CLN/2.0 - R121/8.01 
014.31=0(4,31 - C4D*IR(3)14.0 - RIl1/6.01 
Q~4,4)=0(4141 - C4D*(R(21/16.01 
0(4,5)=0(4r5l - C4D+(R(11/6.0 - RL3)/20.01 
Ol4,6l=O(4r61 - C4D*IR171116.01 

C 
0 1 5 ~ 1 l = 0 1 5 ~ 1 1  - C4O*(R(4l/2.01 
0(5,71=0(5r21 + C4D*(R(31/8.0) 
0(5,1)=0(5.11 + C4D*IR(21/12.0 - R141/4.01 
0(5.41=0(5*41 - C4D*(R131/8.0 - R(1)/8.OI 
d15r51=9(5r51 - C4D*lR(2l112.0 - Rf2)/20.01 
0(5*61=0(5,61 - C4D*(R(11/8.01 

C 
0(6,21=0(6*21 + C40*1R(4)/8.0J 
Q(6.31=0(6r31 + C4D*(R(3)/12.01 
0(6*41=0(6,41 - C4D*(R(41/8.0 - R(21/16.01 
0(6r5)=0(615) - C40*~RI31/12rO - R(l)/10.01 
0(6*6)=0(6+61 - C4O*(R(21/16.01 

C 
CALL MATRIX (0.6) 

59 0 0  60 J11.6 
60 C(J1-0.0 

00 61 J-1.6 
DO 61 K=lr6 

61 C(JI=C(JI + O(J*K)*RHS(Kl 
RETURN 
EN0 



SUBROUTINE CAMBER I C D I T C ~ R P I  
C 
C SUBROUTINE TO COMPUTE INDUCE0 CAMBER COEFFICIENTS 
C 

D IMENSION C D R A T ( 5 l r O C O I 4 r 5 l , R P ( 4 )  

0 4 7 4  iDR&Ti0.0~0~i5r0~50~0079,i.& 
DATA ~ 0 C 0 l 1 ~ J ) ~ J = 1 r 5 ~ ~ 0 ~ 0 ~ 0 ~ 0 0 1 4 9 + 0 0 0 0 3 1 6 ~ 0 0 0 0 5 0 5 ~ 0 ~ 0 0 6 9 6 /  
DATA ~ D C O ~ Z ~ J ~ ~ J = 1 ~ 5 l ~ 0 ~ 0 ~ 0 . 1 0 8 9 7 ~ 0 ~ 2 2 2 3 6 ~ 0 ~ 3 3 4 1 4 r 0 . 4 3 9 4 0 /  
D A T A  ~ 0 C 0 ~ 3 ~ J ) r J = 1 ~ 5 1 ~ 0 . 0 ~ 0 . 0 3 5 5 8 ~ 0 0 0 7 2 2 3 ~ 0 0 1 1 0 2 2 ~ 0 . 1 4 9 2 8 /  
DATA ~ D C 0 l 4 ~ J ) ~ J ~ 1 ~ 5 l ~ 0 ~ 0 ~ - 0 ~ D 0 2 0 3 ~ - 0 0 0 0 5 3 9 ~ - 0 ~ 0 0 9 4 8 ~ - 0 ~ 0 1 3 7 5 /  

C 
0 0  2 J.195 
N = J  
I F  ( C D R A T I J I - C O I  2,3,4 

2 CONTfNUE 
rrH=++-- 

DEL=CDRATIN l -CDRATIMI  
DIF=CO-CORATIM) 
D E L T A = o l F / D E L  
DO 1 0  K = l r 4  
RP(KI=OCO(KIMI + DELTA*lDCDlK*N)-DCDIK1M)) 

1 0  C r n I I N U E  
GO TO 2 0  

3 M I N  
DO 6 K=t .O  

I F 1 4  1106 
11-14 U U I  

T F 1 4  0 0 8  
T F 1 4  0 0 9  
T F 1 4  0 1 0  
T F 1 4  0 1 1  
T F 1 4  0 1 2  
T F 1 4  0 1 3  
T F 1 4  0 1 4  
T F 1 4  0 1 5  

SUBROUTINE ENGINE iiMErEMFlbEVL,VFVZ,FRAI) T F 1 5  0 0 1  

COMMONIMRMlA/ EMZ 

CONSTANTS 

FNT 

AE=RTGGR*SQRTl T E )  
VF=EMF*AF 
VE=EME*AE 
FNF=W/G*8PR/lBPR+I~O)*~VF-VZ) 
FNE=W/G/(BPR+l.O)*(VE-VZI 
FNTP=FNF+FNE 
FRATsFNFIFNTP 
VEVZ=VE/VZ 
VFVZ=VF/VZ 
RETURN 
END 



SUBROUTINE MMGAMO I C D ~ C N . I X . X P * R P I U G . V G ~ P )  T F l 6  0 0 1  
C VELOCITY INDUCED AT A F I E L D  POINT RY A D I S T R I B U T I O N  OF T F 1 6  0 0 2  
C GAMMA-0 VORTEX RINGS T F 1 6  0 0 3  
C T F l 6  0 0 4  

0 l M F N S I O N  C N ~ 6 ~ ~ ~ G ~ 1 5 ~ ~ ~ V G f 1 5 0 ) , X P f 1 5 0 ) ~ R P ~ 1 5 O ) ~ G D G f 1 5 0 ) t P l 6 r 6 )  T F l 6  0 0 5  
D I M E N S I O N  ~ H l 1 0 5 ~ ~ G O f 1 0 5 ) ~ D 1 ~ 3 1 ~ D J 1 3 1 r C S T l 5 ) ~ C V f 6 ) ~ C U l 6 l  T F 1 6  0 0 6  

C T F l 6  0 0 7  
COMMON MZZZ T F 1 6  0 0 8  

C T F 1 6  0 0 9  
CO=CNf 1 I T F 1 6  0 1 0  
C l = C N I Z I  TF16  0 1 1  
C 2 = C N ( 3 )  T F 1 6  0 1 2  
C3=CN141  T F l 6  0 1 3  
C 4 = C N ( 5 )  T F l 6  0 1 4  
C 5 = C N f 6 1  TF16  0 1 5  

C T F l 6  0 1 6  
C SET U P  A TABLE OF GAMMA D/GAMMA + S I N I T H E T A I  VERSUS THETA T F l 6  0 1 7  
C T F 1 6  0 1 8  

DG=lOO. T F l 6  0 1 9  
P I = 1 . 1 4 1 5 9 2 6  T F 1 6  0 2 0  

1 1  D T = P I / D G  T F l 6  0 2 1  
NnDG T F 1 6  0 2 2  
NW=N T F 1 6  0 2 3  
N = N + l  T F 1 6  0 2 4  
K=N+4 T F 1 6  0 2 5  
DO 1 2  J = l r K  T F l 6  0 2 6  
T H l J l = O .  T F 1 6  0 2 7  
ST=0.0 T F 1 6  0 2 8  

1 7  GOfJ )=O.  T F l 6  0 2 9  
DO 1 9  J = 2 r N  T F 1 6  0 3 0  
T H l J l = T H f J - 1 l + D T  T F l 6  0 3 1  

1 2 0  T = T H l J l  T F 1 6  0 3 2  
CT=COS fT /2 . )  T F 1 6  0 3 3  
C T = C T / S I N  f T 1 2 . 1  T F l 6  0 3 4  
A=CO+CT T F 1 6  0 3 5  
S T = S I N  ( T I  T F 1 6  0 3 6  
B = C l * S T  T F 1 6  0 3 7  
C=C2*SIN  (2.*T) T F 1 6  0 3 8  
0 - C 3 * S I N  13.*Tl  T F l 6  0 3 9  
E=C4*51N 14.*TI T F l 6  0 4 0  
F = C 5 * S I N  15.*T) T F 1 6  0 4 1  
GDIJI=A+B+C+D+E+F TF16- 0 4 2  
G D ( J ) = G D I J ) * S T  T F 1 6  0 4 3  

1 9  CONTINUE T F 1 6  0 4 4  
T H f N + l  I = P I + l .  T F l 6  0 4 5  
G D l N + I l = G D f N )  T F 1 6  0 4 6  

72 G D I  1 )=2.*CO T F 1 6  0 4 7  
T H I l ) = O .  T F 1 6  0 4 8  

C T F 1 6  0 4 9  
C COMPUTE C O E F F I C I E N T S  FOR V E L O C I T I E S  INDUCE0 ON REF. CYLINDER 
r 

T F 1 6  0 7 1  
TF16  0 7 2  
T F l b  073 
T F l 6  0 7 4  
T F l 6  0 7 5  
T F l 6  0 7 6  
TF16  0 7 7  

C A L L  E L L I P S  (AKZ.ZKIZEI 
DU&%=ZK-ZE-Z.O*RMIPM*ZE 
U=DUM/RTPP 
DUV=ZK-ZE-2.O*R/PM*ZE 
V=DUM*XI/R/RTPP 

52 I F f T P - T H l N T l ) 5 5 r 5 4 r 5 3  
5 3  NT=NT+ l  

GO TO 5 2  
5 4  G = G D l N T l  

GO TO 5 6  
55 G I G D ~ N T - ~ ~ + ~ T P - T H ~ N T - ~ ) ) * ~ G O ~ N T ) - G O ~ N T - ~ ~ ) / ~ T H ~ N T ~ - T H ~ N T - ~ ~ )  
5 6  D I f J I = G + U  

D J l J ) = - G * V  
6 0  TP=TP+OTP 

V G I J X I  = CD/Z I /P I *V I  
TP=O. 
u1=0 .  

COMPUTE GAMMA-D/l 2 GAMMA 

GDGAM=CN<1l*CiN 
D U U = C S T i l )  
CSTfllrSORT11a-CSTfll*CSTfl)) 
C S T I 7 ) = Z e * C S T f 1 ) * D U M  
DO 7 4  J = 3 r S  

7 4  CST(  J ) = Z r * C S T i  J-I )+OUM-CST I J - 2 )  
0 0  7 3  J = Z r b  

7 1  GDGAMsGDGAW+CNfJ)*CSilJ-I1 
GDGIJX!=GDGAM/ZI 

69 CONTIF4UE 
99 CONTINUE 

909 RFTVREI 
END 

T F 1 6  0 7 8  
T F 1 6  0 7 9  
T F 1 6  0 8 0  
T F 1 6  0 8 1  
TF16  0 8 2  
TF16  0 8 3  
T F 1 6  0 8 4  
T F l b  0 8 5  
T F l 6  0 8 6  
T F 1 6  0 8 7  
T F l 6  0 8 8  
T F 1 6  0 8 9  
T F 1 6  0 9 0  
T F 1 6  0 9 1  
T F 1 6  T F 1 6  0 9 3  0 9 2  

T F 1 6  0 9 4  
T F 1 6  0 9 5  
T F 1 6  0 9 6  

T F 1 6  T F 1 6  0 9 7  0 9 8  

-. . 
l v l b  i 4 i  
T F l b  1 4 3  
T F 1 6  1 4 4  
I F 1 6  145 
T F 1 6  1 4 6  
T F l 6  1 4 7  
T F 1 6  1 4 8  
T F 1 6  149 
T F l 6  1 5 0  
T F l b  1 5 1  
T F l b  1 5 2  
T F l 6  1 5 3  
TFi6 1 5 4  



SUBROUTINE YMGAMC ICDIXCINX.XPIRPIU~~VCI 
i 
C VELOCITIES fNDUCED BY A CONSTANi STRENGTH VORTEX CYLINDER 
C 

DIMENSION X P ~ l 5 0 1 r R P I 1 5 0 ) ~ U G I 1 5 0 ~ ~ V G l 1 5 0 1  
C 

CALL ELLIPS IGKSQIZK,ZE) 
IF IXGRI 38.42938 

42 IF IRRG-1-01 34212429142 

242 U-0.25 
GO TO 59 

742 Ur0.50 
V.O.0 
IF IRRGI 60160.59 

18 CONTINUE 
NOEX=O 
SNB=XGR/SORTIXGRZ+RGMZ) 
BETA=ASINI5NBI*RAO 
ASK=ASIN(GKI*RAO 
IF (BETA1 34335935 

34 BETA=-BETA 
NDEX=-I 

35 CALL LAYBDA IASK,BETA.HLMBI 
IF INDEX) 36937t37 

36 HLMR=-HLMR 

RETA=-BETA 
MDEXr0 
CON7 INUE 
IF IXGR) 41rk2.43 
NDEX=-1 
HLMR=-HLMB 
XGR=-XGR 
IF IRRG-1;O) 241r2&1>141 
U=XGR*ZK/l2.*PIl/SQRT(XGRZ+RGP21 - .25*HLMB 
GO TO 45 
U=XGR*ZK/lZ.4PII/SQRT(XGR2+RGP21 + a5 + 8254HLMB 
IF INDEX) 46,59959 
XGR=-XGR 
NOEX=O 
HLMB=-HLMB 
IF (RUG-1.01 3471247r147 
u=-u 
GO TO 59 
u=-U + .5 
GO TO 59 
U=-U + 1.0 

C COMPUTF RADIAL VELOCITY 
t 

59 Vr(ZE-ZKI/GK + GK*ZK/Z. 
V=V/PI/RTRRG 

60 UGIJ) = U 
VGtJ) = v 

160 CONTINUE 
99 RETURN 

END 
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UI=Ul+H*(DUf11+4~*DUtZIiOUf3!1 
W I = W I + H I I D W I I I + ~ . ~ O W ~ ~ I + ~ ~ I ~ I I  
V I T = V I T + H ~ ~ O V ? I I ~ + ~ ~ ~ O V T ~ Z ~ + D V T ~ ~ ~ ~  
W I T = W I T + H * I ~ W I ( I ! + ~ . * D W T I Z ~ + D W ~ ( ? ! )  
nu1 1)=0uf?) 
OVlll=DV131 
DWIl)=DW13) 
DVTI1)=DVTl31 
DWTf l)=DWTl31 
IF ITP-PI) 7 7 9 7 7 ~ 7 8  

78 UGIJXI = CD*UI 
VGIJXI = CDXVI 
WGIJX) = CO*WI 
VGTIJXI = CD+VIT 
WGTI JX) = CO+I.IIT 
IF (AV.EO.O.1 VGIJX) = 1.0-VGTIJXl 
TP=O.O 
UI=0.0 
V1=0.0 
VlT10.0 
w1=0.0 
WIT-0.0 

99 CONTINUE 
C 
C COVPUTE GAMMA-All 2*V*COSIPHIl*SINlALPHA) I 
C 

DO 55 M=l,IX 
GD2t+Al=O.O 
IF IXPIM).LE.OIO.OR.XP(M).GT.~.~) GO TO 55 
CST=-2.*lXPlMI-m51 
STI~)=SQRT(~.-CST+CST) 
CTN=SQRTIll.+CST1/2.1 
CTN=CTN/SQRTII.-CTNXCTNI 
STlZl=2.*STlll*CST 
DO 54 K=3,5 

54 STfKl=2.*STIK-l)*CST-STlK-2) 
GDA=SC I I I *CTN 
DO 53 L=1,5 

53 GDA=GDA+SCIL+II*STIL) 
GOZlN1=GDA/Z. 

55 CONTINUE 
999 RETURN 

END 



LIFT FAN PROGRAM 

The purpose of t h e  l i f t - f a n  program i s  t o  c a l c u l a t e  t h e  induced 

v e l o c i t y  f i e l d  due t o  t h e  presence of a  l i f t  f an  exhaust ing i n t o  a  

crossflow. The model i s  t h a t  of a  l i f t  fan  alone i n  t h e  presence of a 

uniform stream, and i s  thus  most app l i cab le  t o  fuse lage  mounted l i f t  

fans  such a s  those  descr ibed i n  re fe rence  1 2 .  A schematic of a t y p i c a l  

conf igura t ion  showing coord ina te  systems and s i g n  conventions i s  shown 

i n  f i g u r e  6. 

Theore t ica l  Analysis  

L i f t - f an  model.- The l i f t - f a n  model on which t h e  program i s  based 

i s  the  same a s  t h a t  descr ibed i n  re fe rence  1. The l i f t  fan  i s  replaced 

with  a  uniformly loaded acu ta to r  d i sk .  The known s o l u t i o n  f o r  an 

a c t u a t o r  d i sk  with  no crossf low i s  a  s t r a i g h t  vor tex  cy l inde r  t r a i l l n g  

from t h e  fan  ( r e f .  8 ) .  Since t h e  wake i s  ben t  due t o  t h e  a c t i c n  of che 

f r e e  stream, it i s  assumed t h a t  t h e  s t r e n g t h  of t h e  t r a i l i n g  v c r t i c r t y  

can be  determined a s  i f  t h e  wake were s t r a i g h t .  This v o r t i c i t y  i s  then 

superimposed on a  c i r c u l a r  cy l inde r  l y i n g  along a  curved path.  

A model of a  j e t  exhaust ing i n t o  a  crossf low should include e f f e c t s  

of entrainment of t h e  f r e e  stream and t h e  blockage e f f e c t  of t h e  wake 

( r e f .  1 3 ) .  I n  re fe rence  13,  a  d i s t r i b u t i o n  of s inks  i s  placed on t h e  

j e t  c e n t e r l i n e  t o  r ep re sen t  t h e  entrainment of t h e  f r e e  stream, T h e  

blockage e f f e c t  i s  ca l cu l a t ed  by assuming t h a t  t h e  j e t  behaves l o c a l l y  

a s  a  s o l i d  cy l inde r  wi th  an e l l i p t i c a l  c r o s s  sec t ion .  Also, assuming 

t h a t  t he  flow p a s t  an e l l i p t i c  cy l inde r  can be reduced t o  t h e  flow past 

an equiva len t  cy l inde r ,  a  doublet  d i s t r i b u t i o n  i s  used t o  represen t  t h e  

blockage e f f e c t  of t h e  j e t .  The e n t i r e  s e t  of equat ions  t o  p r e d i c t  

t h e  v e l o c i t y  induced by each component of t h e  l i f t - f a n  model i s  presented 

below. 

The v e l o c i t y  induced by a  curved vortex cy l inde r  i s  de t e r~ r ined  by 

breaking t h e  curved cy l inde r  i n t o  many s t r a i g h t  segments, each of w l ~ i c h  

i s  then represented by a  vor tex r ing .  The jet-induced ve loc i ty  i s  

obtained by summing t h e  v e l o c i t i e s  induced by each vortex r ing .  The 

number of segments used depends on t h e  r a p i d i t y  of t h e  convergence o f  

t he  induced v e l o c i t i e s .  



'The incremental  v e l o c i t i e s  induced by a  s i n g l e  element of t h e  

vortex cy l inde r  a r e  

and 

where 

and K and E a r e  complete e l l i p t i c  i n t e g r a l s  with argument 

These veLoc!ities a r e  referenced t o  t h e  , coord ina te  system def ined 

i n  f i g u r e  7 .  The coord ina te  t ransformations a r e  

e = (xp - x ) s i n  0 + ( Z  - zS) cos 6 
S P  7 

5 = (xp - x ) cos e - 
s ( z ~  - z  s s i n e J  

The v e l o c i t y  t ransformations t o  t h e  x , y , z  coordinate  system are :  



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, do. 

(continued on next page) 



where 

The El, E Z 9  and E are empirical constants evaluated in reference 13 
3 

from data correlations and have the values 

Other varia.bles in the above equations are a function of the geometry 

of the jet, which is considered in two regions. The first region is from 

 he 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 

regior , 



In the second region the jet retains a similar elliptical cross section; 

therefor?, 

c - 
d - 2.24 

The velocity components induced by the doublet distribution are 

4 .  < I  ( d y  cos e v .  
ds ' 

[(i)2 + ( q ~ ) ~  + (< 1)2]5'2 

2 
< ' ? '  (dl) cos 6 v 

j ds ' 

[ (  ) + (.I,. + (c 1 ) 2 ] ~ ' ~  

where J16 must be evaluated in the two regions of the jet, 

- KD - 1 ' ( z  4 $) when 0 - < 6 '  $)< - 0.3  

and 

KD = - 8 when 6' 5) > 0.3 



These v e l o c i t i e s  a r e  r e l a t i v e  t o  t h e  l o c a l  doublets ;  t he re fo re ,  they must 

be transformed t o  t h e  free-stream coord ina te  system a s  follows. 

(??)= d(,$ s i n  8 + d 

d  ) = d (%) cos 5 - d (:)sin 8 

The t o t a l  v e l o c i t y  induced by t h e  l i f t - f a n  model i s  given by t h e  

s u m  of equat ions  ( 7 1 ) ,  ( 7 2 ) ,  ( 7 3 ) ,  (741, ( 7 5 ) ,  ( 7 6 ) ,  (901, (911, and (92 ) .  

t h , -  - The above j e t  wake model assumes t h e  pa th  of t h e  j e t  

c e n t e r l i n e  t o  b e  known a  p r i o r i .  Several  d i f f e r e n t  methods f o r  computing 

the  path of t h e  c e n t e r l i n e  of t h e  j e t  a r e  ava i l ab l e .  The computer program 

o f f e r s  an o,ption of s e l e c t i n g  e i t h e r  of two of t hese  methods. The f i r s t ,  

developed by Wooler ( r e f .  1 4 ) ,  i s  based on a  j e t  i s su ing  perpendicular  

(9 = 90°0) t o  t h e  f r e e  stream. The c e n t e r l i n e  of t h e  j e t  i s  descr ibed 

as 

and the d i s t ance  along t h e  pa th  can b e  obtained a s  follows: 

The local a:?gle of t h e  c e n t e r l i n e  of t h e  j e t  i s  

t a n  6 = 2 
0 

The second method, developed by Margason ( r e f .  1 5 ) ,  i s  appl icab le  

tc a  jet en te r ing  t h e  crossf low over a  range of angles ( 6  go0) . 
j 

The c e n t e r l i n e  i s  descr ibed by t h e  following. 

6 2 



X - -  z - 4 -  ( + c o t  6 
do 4sin do j 

j 

tan 8 = 4 sin 2 ( $ ~ ( ~ ~ + ~ 0 t 6  j ' j 

These two methods can be compared for ' j = 90° for any v / V j  

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, 151, 

If 6 = 90°, the authors suggest that Wooler's method be used to compute 
j 

the path taken by the jet because the entrainment and blockage sffects 

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 nazthod, 

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 veloc~ty 

components are computed by integrating over a specified number ~f 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. 



The t c t a l  induced v e l o c i t y  a t  each f i e l d  p o i n t  i s  computed by 

summing the  above v e l o c i t y  components, and then  t h e  t o t a l  v e l o c i t y  f i e l d  

induced by a s i n g l e  l i f t  f an  i s  output .  

The program i s  capable  of cons ider ing  a  second l i f t  f an  a t  t h i s  t ime 

although no i n t e r f e r e n c e  between t h e  two f an  wakes i s  considered.  The 

a3ove procedure i s  repeated f o r  t h e  second f an  and t h e  t o t a l  v e l o c i t y  

induced by t h e  p a i r  of f ans  i s  output .  

A f t e r  t h e  f i n a l  ou tpu t ,  t h e  program r e t u r n s  t o  t h e  beginning t o  

read i n  anc ther  case .  

rn use.- The program i s  w r i t t e n  i n  For t ran  I V  f o r  t h e  IBM -- 
7094 computer. No t a p e s  o t h e r  than  t h e  s tandard i npu t  z.nd ou tpu t  t apes  

a r e  requi red .  Typical  execut ion t imes a r e  approximately 0.5 minutes 

f o r  a case  with  one l i f t  f an  and 12 f i e l d  po in t s .  A complete d e s c r i p t i o n  

of t h e  i npu t  and ou tpu t  i s  presented i n  t h e  fol lowing sec t i ons .  

Descr ip t ion  of Input  

~ h b s  s e c t i o n  con ta in s  a  d e s c r i p t i o n  of t h e  i npu t  f o r  t h e  l i f t -  

fan computer program. A sample i npu t  form i s  presented i n  f i g u r e  8. 

The ~ n p u t  f o r  a  normal run i s  made up of a  deck of 3 + NP cards  a s  

show2 Ln f l g u r e  8 ( a ) .  The f i r s t  card i s  i d e n t i f i c a t i o n  informat ion 

t o  be printed a t  t h e  t o p  of t h e  output .  The second card  conta ins  i n fo r -  

rnatlon on t h e  j e t  v e l o c i t y ,  angle ,  s i z e ,  and t h e  l o c a t i o n  of t h e  f a n  

wl th  r e spec t  t o  t h e  wing coord ina te  system. The q u a n t i t i e s  c a l l e d  f o r  

rn f l g u r e  8 ( a )  a r e  def ined on t h e  fol lowing pages. The second card  a l s o  

conta lns  t h e  l o c a t i o n  of a  second j e t  i n  t h e  wing coord ina te  system. 

I f  t h l s  second j e t  i s  included,  i t s  v/vj, A j ,  and do a r e  assumed t o  

be the  same a s  those  of t h e  f i r s t  j e t .  I f  t h e  second j e t  i s  not  included,  

the l a s t  t h r e e  q u a n t i t i e s  on card 2 may be  l e f t  b lank.  

The t h i r d  card  conta ins  a d d i t i o n a l  informat ion on t h e  number of 

f l e l d  po ln t s  t o  be  considered,  t h e  j e t  path  d e s c r i p t i o n  t o  be  used, 

rhe  ncmber 3f f ans ,  an op t iona l  output  code, and seve ra l  values  which 

c o n t r o l  t h e  i n t e g r a t i o n  along t h e  j e t  pa th .  These l a t t e r  values  a r e  

defined In &he fol lowing t a b l e  and comments on s e l e c t i n g  magnitudes of 

t h e  va lues  3re given fol lowing t h e  t a b l e .  

The f o ~ r t h  and fol lowing ca rds ,  NP i n  number, a r e  coord ina tes  of 

tha f i e l d  p o i n t s  a t  which v e l o c i t i e s  a r e  t o  be  computed i n  t h e  wing 



coord ina te  system. I f  no wing i s  p re sen t ,  t h e  "wing" coordinate  system 

can b e  made t o  co inc ide  wi th  t h e  j e t  coord ina te  system by spec i fy ing  t h a t  

XQ, Y Z ,  and ZQ i n  card 1 a r e  zero.  I t  should b e  noted t h a t  t h e  j e t  

flow models were developed t o  permit  p r e d i c t i o n  of wake-induced v e l o c i t i e s  

ad jacent  t o  t h e  wake; consequently,  t h e  model does not  p r e d i c t  z e a l i s t i c  

v e l o c i t y  p r o f i l e s  w i th in  t h e  wake and, i n  f a c t ,  t h e r e  i s  a  s i n g u l a r i t y  

a t  t h e  wake cen te r .  Therefore ,  t h e  f i e l d  p o i n t  l o c a t i o n  would gene ra l ly  

l i e  ou t s ide  t h e  wake. 

One program opt ion  (NPATH < 0) o f f e r s  t h e  a b i l i t y  t o  i npu t  a t a b l e  

of v a r i a b l e s  de f in ing  t h e  pa th  of t h e  j e t  c e n t e r l i n e .  The s e t  of cards  

descr ibed i n  f i g u r e  8 ( b )  must be  added i n  order  t o  use t h i s  optfion, 

The number of po in t s  i n  t h e  t a b l e  i s  determined by t h e  magnitude of 

NPATH (NPS = < 40) .  The next s e t  of cards  ( i tem no. 5)  i s  t he  

l o c a t i o n  of t h e  t a b u l a r  p o i n t s  along t h e  pa th  i n  a  j e t  coord ina te  system 

( f i g .  7 )  . With a  maximum of e i g h t  p o i n t s  per  card ,  t h e r e  may be a t o t a l  

of f i v e  ca rds  f o r  t h i s  va r i ab l e .  Items 6 and 7 a r e  t he  x/do and z/do 

coord ina tes  r e spec t ive ly  of t h e  p o i n t s  de f in ing  t h e  c e n t e r l i n e  pa th ,  The 

l a s t  i tem of input  i s  t h e  angle of t h e  c e n t e r l i n e ,  8, a t  t h e  spec i f i ed  

po in t s .  Note t h a t  t h e  angle 8 i s  measured from t h e  v e r t i c a l ,  A sample 

s e t  of i npu t  i l l u s t r a t i n g  t h e  var ious  op t ions  i s  presented l a t e r ,  

The inpu t  program v a r i a b l e s  a r e  def ined a s  follows: 

Program Algebraic Symbol 
Variable  ( i f  appl icab le )  

DELTJ 

Comments 

j e t  v e l o c i t y  r a t i o ,  V/v j  # 0 

j e t  e x i t  angle measgred from the  
ho r i zon ta l ,  d j  # 0 

j e t  e x i t  diameter,  f t .  

*Q 
X-coordinate of cen te r  of f ' i r s t  j e t  

e x i t  i n  wing coordinate  system, f t ,  

Y~ 
Y-coordinate of cen te r  of f s i r s t  j e t  

e x i t  i n  wing coordinate  system, f t ,  

z 
Q 

Z-coordinate of cen te r  of f i r s t  j e t  
e x i t  i n  wing coord ina te  system, f t ,  

X-coordinate of c e n t e r  of ~ e c o n d  j e t  
e x i t  i n  wing coordinate  system, f t ,  



(~nput program v a r i a b l e s  cont . )  

Program Algebraic  Symbol 
Variable ( i f  app l i cab l e )  

NFAN 

NPmT 

DZD 

3 S 

D S V  

ENDS 

Comments 

Y-coordinate of c e n t e r  of second j e t  
e x i t  i n  wing coord ina te  system, f t .  

Z-coordinate of c e n t e r  of second j e t  
e x i t  i n  wing coord ina te  system, f t .  

number of f i e l d  p o i n t s  (0  < NP < 200) , 
i f  NP = 0,  no induced v e l o c i t i e s  
a r e  computed 

index de f in ing  type  of c e n t e r l i n e  
pa th  
= 1 Wooler's pa th  
= 2 Margason's pa th  
< 0  inpu t  t a b l e  of pa th  v a r i a b l e s  

where 
I NPATH~ = number of p o i n t s  i n  t a b l e  < 40 - 

number of f ans  (NFAN < 2) - 

index c o n t r o l l i n g  op t iona l  ou tpu t  
= 0  f o r  normal ou tpu t  
= 1 f o r  expanded ou tpu t  

i n t e g r a t i o n  i n t e r v a l  f o r  c e n t e r l i n e  
pa th  c a l c u l a t i o n  

i n t e g r a t i o n  i n t e r v a l  f o r  sink-doublet  
c a l c u l a t i o n  

i n t e g r a t i o n  i n t e r v a l  f o r  curved 
vor tex  c y l i n d e r  c a l c u l a t i o n  

l eng th  of j e t  wake f o r  i n t e g r a t i o n  
purposes. I f  (s /d)  = 0, only t h e  
j e t  c e n t e r l i n e  coord ina tes  a r e  
computed and ou tpu t  

index t o  determine presence of 
curved vor tex cy l inde r  
= 0.0 no vor tex  cy l inde r  
= 1.0 curved vor tex  cy l inde r  in -  

cluded i n  wake model 

X-coordinate of f i e l d  po in t  i n  wing 
coord ina te  system, f t .  

Y-coordinate of f i e l d  po in t  i n  wing 
coord ina te  system, f t .  



( Inpu t  program v a r i a b l e s  cont . )  

Program Algebraic  Symbol 
Variable  ( i f  appl icab le )  

THETA (J) 

Comments 

Z-coordinate of f i e l d  point. i n  wing 
coord ina te  system, f t .  

d i s t a n c e  along c e n t e r l i n e  path i n  
number of j e t  diameters 

X/do X-coordinate of c e n t e r l i n e  p o i n t s  i n  
j e t  coord ina te  system 

Z-coordinate of c e n t e r l i n e  po in t s  i n  
j e t  coord ina te  system 

angle  of pa th  a t  p o i n t s  def!ining j e t  
path ( t a n  8 = dx/dz) , degrees 

Samples of i npu t  decks a r e  shown i n  f i g u r e  9  i l l u s t r a t i n g  a l l  of 

t h e  discussed opt ions .  The f i r s t  input  deck shown i s  f o r  a  case  with 

one l i f t  fan  where t h e  fan wake a t  t h e  e x i t  i s  normal t o  t h e  f r e e  stream, 

The pa th  i s  t o  be computed us ing  Wooler 's  method and t h e  induced v e l o c i t y  

f i e l d  i s  t o  be  computed a t  t h e  spec i f i ed  f i e l d  po in t s .  The complete s e t  

of ou tput  i s  required.  The second s e t  of cards  i l l u s t r a t e s  t h e  input  

f o r  computing only t h e  c e n t e r l i n e  pa th  of a  f an  wake i n  an i n i t i a l  e x i t  

angle of 60°. Margason's method of c a l c u l a t i o n  i s  s p e c i f i e d ,  arid no 

induced v e l o c i t y  f i e l d  i s  requested.  The l a s t  s e t  of input  i s  ffor two 

l i f t  fans .  The c e n t e r l i n e  path i s  spec i f i ed  and t h e  complete v e l o c i t y  

f i e l d  i s  t o  be  computed. No op t iona l  output  i s  required f o r  t h i s  case ,  

L imi ta t ions  of Input  

There a r e  c e r t a i n  l i m i t s  placed on some of t h e  input  v a r i a b l e s ,  The 

j e t  v e l o c i t y  r a t i o  should not  equal zero  because p a r t s  of t h e  output  a r e  

normalized on t h e  free-stream ve loc i ty .  The j e t  e x i t  angle must be g rea t e r  
0 than zero; however, it may be  g r e a t e r  than 90 . Margason's method 

( r e f .  15) i s  always used f o r  t h e  c e n t e r l i n e  pa th  i f  6. f go0. 
7 

A c o n s i s t e n t  s e t  of u n i t s  must b e  used f o r  t h e  fan  diameter:, l oca t ion ,  

and f i e l d  po in t s  s ince  these  va r i ab l e s  have dimensions. When a  t a b l e  

of c e n t e r l i n e  path va r i ab l e s  i s  t o  b e  input ,  t h e  index NPATH i s  

spec i f i ed  a s  a  nega t ive  number, t h e  magnitude of which i s  t h e  number 

of po in t s  i n  t h e  t a b l e  (< 40) .  The v a r i a b l e  ENDS s p e c i f i e s  t he  length  - 
of t h e  c e n t e r l i n e  path used f o r  t h e  v e l o c i t y  i n t eg ra t ion .  I f  ENDS = 0-0, 



no lnduced v e l o c i t y  c a l c u l a t i o n s  a r e  made. I f  ENDS i s  inpu t  g r e a t e r  

than che length  of t h e  c e n t e r l i n e  pa th  t o  which Wooler 's  o r  Margason's 

methods a r e  app l i cab le  (s/do < 50) ,  t h e  value of ENDS is  changed t o  
7 

equal t h e  ir~aximum length  i n  t h e  t a b l e .  The maximum length  which should 

be input  i s  dependent on t h e  l o c a t i o n  of t h e  p o i n t s  where induced 

v e l o c i t i e s  a r e  computed. I f  a l l  p o i n t s  a r e  forward of t h e  j e t ,  an 

input  value of ENDS of t h e  o rde r  of 10 should b e  adequate. I f  v e l o c i t i e s  

a r e  t o  b e  computed a t  p o i n t s  downstream of t h e  j e t ,  it i s  necessary t o  

xncrease t h e  input  value of ENDS such t h a t  t h e  j e t  extends downstream 

of the p o i r t s  i n  quest ion.  General ly ,  t h e  author  has  found it necessary 

to  run the  program with d i f f e r e n t  j e t  l engths  and compare t h e  f i n a l  

r e s u l t s  t o  determine an appropr ia te  length .  One must remember t h a t  t h e  

execut ion time i s  d i r e c t l y  propor t iona l  t o  t h e  j e t  l ength .  

Three d i f f e r e n t  i n t e g r a t i o n  i n t e r v a l s  a r e  i npu t  i n  t h i s  program. 

A l l  t h r e e  have been inves t iga t ed ,  and t h e  values  shown i n  t h e  sample in-  

pu t  should he  considered a s  upper l i m i t s  f o r  most cases .  Values l a r g e r  

than those shown can lead  t o  no t i ceab le  v a r i a t i o n s  i n  t h e  r e s u l t s ,  and 

smal le r  values  lead  t o  excess ive  computer running time. The l e a s t  

c r i t i c a l  i s  t h e  value of DZD, t h e  i n t e y r a t i o n  i n t e r v a l  f o r  t h e  cen te r -  

l l n e  path ca l cu l a t ion .  I t  has  only a  small  e f f e c t  on t h e  f i n a l  r e s u l t s  

and the  t o t a l  run time. The most c r i t i c a l  i s  t h e  value of DSV, t h e  

integration i n t e r v a l  f o r  t h e  v e l o c i t i e s  induced by t h e  curved vortex 

cylinder. Values smal le r  than t h a t  i l l u s t r a t e d  (0.2) can lead  t o  l a r g e  

changes i n  computer execut ion time. I f  a l l  f i e l d  po in t s  a t  which induced 

v e l o c l t l e s  a r e  t o  b e  computed a r e  f a r  removed from t h e  j e t  c e n t e r l i n e ,  

t he  value cf DSV w i l l  have a  small e f f e c t  on t h e  f i n a l  r e s u l t s ;  however, 

t h e  value cf DSV has  a  l a r g e  e f f e c t  on t h e  r e s u l t s  a t  f i e l d  p o i n t s  very 

near  t h e  j e t  wake. The value of DS, t h e  i n t e g r a t i o n  i n t e r v a l  f o r  t h e  

slnk-doublet con t r ibu t ion  t o  t h e  induced v e l o c i t y  f i e l d ,  should not  be  

l a r g e r  than t h e  i l l u s t r a t e d  value (0.1) t o  avoid excessive e r r o r .  

I n t e r v a l s  smal le r  than t h e  above w i l l  no t  change t h e  f i n a l  r e s u l t s  

appreciably un le s s  a  f i e l d  po in t  i s  very near t h e  j e t  c e n t e r l i n e .  I f  

t h e  user  has  some ques t ion  about t h e  above i n t e r v a l  s i z e s ,  t h e  b e s t  

procedure i s  t o  choose seve ra l  r ep re sen ta t ive  f i e l d  po in t s  and run t h e  

program wsth var ious  i n t e r v a l s .  

The con t ro l  po in t s  a t  which induced v e l o c i t i e s  a r e  t o  be computed 

may be loca ted  anywhere i n  t h e  flow f i e l d ;  however, t he  r e s u l t s  a r e  b e s t  



i f  t h e  p o i n t s  do n o t  f a l l  i n s i d e  t h e  wake o r  t o o  n e a r  t h e  j e t  c e n t e r -  

l i n e .  

A word o f  c a u t i o n  i s  n e c e s s a r y  i f  s e v e r a l  sets of  r u n s  a r e  t o  b e  

s t acked .  A l l  runs  s p e c i f y i n g  t h e  j e t  c e n t e r l i n e  p a t h  (NPATH < 0)  should 

f o l l o w  any r u n s  i n  which t h e  p a t h  i s  computed. T h i s  i s  because  t h e  

d a t a  b l o c k  which s p e c i f i e s  t h e  a r r a y  SD(J)  f o r  a  computed p a t h  is 

d e s t o r y e d  when a  p a t h  i s  i n p u t .  

Discuss ion  of  Output  

A sample set  of o u t p u t  f o r  a  normal run  i s  shown i n  f i g u r e  L O ,  Th i s  

set  of o u t p u t  was genera ted  from t h e  f i r s t  i n p u t  deck i l l u s t r a t e d  i n  

f i g u r e  9. The e n t i r e  s e t  of  o p t i o n a l  o u t p u t  h a s  been ob ta ined  for t h i s  

case .  

The pages a r e  numbered and each page f e a t u r e s  t h e  i d e n t i f i c a t i o n  

in fo rmat ion  from t h e  f i r s t  c a r d  of  t h e  i n p u t  deck. A t  t h e  t o p  of page I,  

t h e  je t  v e l o c i t y  r a t i o ,  t h e  j e t  e x i t  a n g l e ,  and t h e  i n t e g r a t i o n  i n t e r v a l  

a r e  p r i n t e d .  T h i s  in fo rmat ion  i s  fol lowed by a  s t a t e m e n t  of t h e  method 

used t o  compute t h e  c e n t e r l i n e  parameters .  The fo l lowing  f o u r  columns 

c o n t a i n  t h e  c o o r d i n a t e s  and t h e  ang le  of t h e  p a t h  of t h e  j e t  c e n t e r l i n e ,  

Page 2 i s  t h e  f i r s t  of t h r e e  pages of o p t i o n a l  o u t p u t .  The f i r s t  

l i n e  c o n t a i n s  t h e  i d e n t i f i c a t i o n  in fo rmat ion  and it i s  fol lowed by a 

s t a t e m e n t  of t h e  source  of t h e  induced v e l o c i t i e s .  T h i s  i s  fol lowed 

by t h e  je t  v e l o c i t y  r a t i o  (v/vJ), t h e  i n i t i a l  d iamete r  of t h e  j e t  (a), 
t h e  c o o r d i n a t e s  of  t h e  c e n t e r  of  t h e  j e t  e x i t  i n  a  wing-based coordinaee  

system ( X Q , Y Q , Z Q )  , t h e  assumed l e n g t h  of t h e  j e t  (S/D) , and t h e  i n t e -  

g r a t i o n  i n t e r v a l  (D(S/D)) . The v e l o c i t y  components induced by ?:he s i n k  

d i s t r i b u t i o n  r e p r e s e n t i n g  t h e  en t ra inment  of t h e  j e t  a r e  p resen ted  i n  a 

r ight -handed,  fan-based c o o r d i n a t e  system c e n t e r e d  i n  t h e  f a n  e x i t  

( f i g u r e  6 ) .  The c o o r d i n a t e s  of  t h e  f i e l d  p o i n t s  a r e  re fe renced  t o  

t h e  f a n  e x i t  d iamete r  (X/D, Y/D, Z / D ) .  The v e l o c i t y  components are 

re fe renced  t o  t h e  j e t  v e l o c i t y ,  and t h e  induced a x i a l  v e l o c i t y  (u/VJ) 

i s  p o s i t i v e  a f t ,  t h e  induced l a t e r a l  v e l o c i t y  (V/VJ) i s  p o s i t i v e  l e f t  

and t h e  induced downwash i s  p o s i t i v e  downward ( f i g .  6 ) .  The l a s t  colunn 

c o n t a i n s  t h e  t o t a l  induced v e l o c i t y  due t o  t h e  s i n k  d i s t r i b u t i o n .  

S i m i l a r  v e l o c i t y  components induced by t h e  d o u b l e t  d i s t r i b i x t i o n  

r e p r e s e n t i n g  t h e  blockage e f f e c t  of  t h e  wake a r e  p resen ted  on page 3 .  



~ e l o c i c y  cc~mponents induced by t h e  curved v o r t e x  c y l i n d e r  a r e  on page 4. 

Pages 3 and 4 a r e  a l s o  o p t i o n a l .  

The t o t a l  v e l o c i t y  components induced by t h e  f a n  wake a r e  shown on 

page 5, Tbe f i e l d  p o i n t  c o o r d i n a t e s  (XW,YW,ZW) a r e  t h o s e  i n p u t .  The 

v e l o c i t y  cclmponents induced by  t h e  s i n k  and d o u b l e t  d i s t r i b u t i o n s  a r e  

p r i n t e d  i n  t h e  n e x t  t h r e e  columns. The l a s t  t h r e e  columns c o n t a i n  t h e  

v e l o c s t y  ccimponents induced b y  t h e  s i n k  and d o u b l e t  d i s t r i b u t i o n s  and t h e  

curved v o r t e x  c y l i n d e r .  These v e l o c i t i e s  a r e  r e f e r e n c e d  t o  t h e  f r e e -  

strearn v e l o c i t y  and t h e  wing c o o r d i n a t e  system ( f i g u r e  6) . The a x i a l  

v e l o c i t y  (c/V) is  p o s i t i v e  forward,  t h e  l a t e r a l  v e l o c i t y  (V/V) i s  p o s i t i v e  

r l g h t ,  and t h e  downwash (W/V) i s  p o s i t i v e  downward. T h i s  page concludes  

t h e  o u t p u t  when t h e r e  i s  one l i f t  f an .  I f  a  second l i f t  f a n  i s  s p e c i f i e d ,  

pages 2 through 5 a r e  r e p e a t e d  f o r  t h e  second f a n  and t h e n  one a d d i t i o n a l  

page 1s p r i n t e d  w i t h  t h e  t o t a l  v e l o c i t i e s  from b o t h  l i f t  f a n s  summed a t  

each c o n t r c l  p o i n t .  

E r r o r  Messages and S tops  

The l i f t - f a n  program has  on ly  one e r r o r  message. I f  one s e t  of 

i n p u t  i s  executed i n  which t h e  j e t  c e n t e r l i n e  p a t h  i s  s p e c i f i e d  through 

i n p u t ,  any fo l lowing  c a s e s  t h a t  a r e  s t acked  must a l s o  have t h e  p a t h  i n p u t  

Th i s  1s necessa ry  because  once a  p a t h  i s  i n p u t  t h e  d a t a  b lock  s p e c i f y i n g  

t h e  a r r a y  S D ( J )  i s  changed and t h e r e  i s  no simple way t o  i n i t i a l i z e  it 

a g a i n ,  I f  a  fo l lowing  s e t  of  i n p u t  s p e c i f i e s  t h a t  t h e  p a t h  b e  computed, 

the  message 

"***EXECUTION TERMINATED - JET CENTERLINE PATH MUST BE INPUT***" 

1s p r ~ n t e d  and e x e c u t i o n  t e r m i n a t e s  i n  a  STOP s ta tement .  The above 

s s t u a t l o n  i s  avoided by p roper  s t a c k i n g  of i n p u t .  A l l  c a s e s  i n  which t h e  

p a t h  ss computed (NPATH = 1 o r  2 )  should  b e  run b e f o r e  any c a s e s  i n  which 

t h e  p a t h  i s  i n p u t  (NPATH < 0 ) .  

Program L i s t i n g  

The l i f t - f a n  f low model program i s  w r i t t e n  i n  F o r t r a n  I V  f o r  t h e  

IBM 7094 computer. The program c o n s i s t s  of t h e  main program and two 

s u b r o u t i n e s .  
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I F  I S - S L )  2 l t 2 6 1 7 8  
7 R  I F  I Z D T I l I . E O ~ Z D T I 2 I I  MU=O 

CALL  I N T E R P  IM~MM.SDT+ZOT+SLIZLI 

GO TO 2 9  
2 6  S O I J l = S  

Z o l  JI=I-OZD 
2 9  XDlJ~=CON14.O*IZDlJl**3~ + L O l J l f C T O E L J  

TTH=0.75*CONf (ZD lJ l++2)  + CTOELJ 
TH=ATANl  TTH)  
T H E T A I J I - T H * R A D  
J = J + 1  
I F  ( J - 4 0 1  2 7 r 2 7 . 4 0  

1 2 )  WOOLER-S METHOD - REF. J. OF AIRCRAFTSMAY-JUNE 1 9 6 9 r P . 2 8 3  

1 0  X O ( l l m O . 0  
I F  IDELTJ.NE.90.1 GO TO 2 0  
WRITE ( 6 9 7 3 3 1  

3 7  SL=SD(  JI 
I F  1 s - S L )  31936.78 

1 8  I F  I Z D T l l I . F O . Z O T ( 2 ) )  MU=O 
C A L L  I N T F R P  l M r M M . S D T * Z O T * S L ~ Z L l  

Z D l J l = L - D L 0  
3 9  XOIJl~SORT(7~O1*llVVJ*ZOIJll**2~5l 

TTH=ZI5*XOlJ1 /LO1J)  
T H E T A l J l = A T A N ( T T H ) * R A D  
J=J+l 
I F  I J - 4 0 )  3 7 r 3 7 r 4 0  

4 0  CONTINUE 
WRITE 1 6 r 7 1 1 1  
0 0  41 J=I ,NPS 

C COMPUTE WAKE ENTRAINMENT AN0 BLOCKAGE EFFECT 
C WOOLER'S METHOD - REF. JOURoOF A IRCRAFT*  NOV-OEC 1 9 6 7 .  P.537 
7 

MFANP=MFAN+I 
I F  (NPRNT.EO.01 GO TO 4 5  
WRITE 1 6 ~ 7 0 1 1  TITLE.NPAGE 
NPAGE=NPAGE+l 
WRITF 1 6 1 7 1 6 1  MFANP 
WRITE 1 6 r 7 2 3 1  
WRITE 1 6 r 7 0 7 1  VVJ*DIXQ.YQ+ZQ 
WRITE 1 6 r 7 1 3 1  
E1=0.35 
E2=0.08 
E3=30.0 
DO 5 0  J= l ,NP 

C LOOK UP XI Z *  AND THETA 
C 

DO 1 5 1  JN=NTR*NPS 
K J N = J N  
I F  ( 5 - S O I J N I I  1 5 3 1 1 5 2 , 1 5 1  

1 5 1  CONTINUE 
1 5 1  NTR=KJN-1 

MNT=KJN LNT-NTR 

OFLTA=lS-SD(LNT)l/lSDlMNT)-SDILNT)) 
X - X O I L N T )  + I X ~ ( M N T I - X D I L N T ) ) ~ D E L T A  
Z~ZOILNTI  + I Z D ( M N T 1 - Z D ( I N T l l a D E 1  T A  
T H = T H E T A I L N T I  + ~ T H E T A ( M N T I - T H E T A I L N T ~ ) ~ D E L T A  
GO TO 154  

1 5 7  NTR=VJN 
X=XD(MTRI  
Z = Z O l N T R I  
TH=THETA(NTRI 

1 5 4  CONTINUE 



WRITF l b r 7 0 6 )  V V J ~ D ~ X O I Y C I V Z O ~ F N ~ S  
WRITE 1 6 r 7 2 8 )  
WRITF 16 .7221  
00 6 5  J = l r N P  
U = U S I J ) + ~ D ( J I  
v ~ v ~ l ~ ~ ) r Y D I J )  
W n W S I ~ ) + W D l ~ )  
U=-U/VVJ 
V=-V IVVJ  

65 WRITE 1 6 , 7 0 5 )  J 1 X W I J ) ? Y W l J ) r Z W I J ) r U , V , W  
GO TO 1 0  

C 

C COMPUTE VELOCITY INDUCED BY A CONSTANT STRENGTH VORTEX 
C CYLINDER L Y I N G  ALONG THE J E T  CENTERLINE 
C 

6 2  I F  INPRNT.EQ+OI GO TO 6 6  
WRITE 1 6 r 7 0 1 1  T ITLE3NPAGE 
NPAGE=NPAGE+l 
WRlTE 1 6 9 7 1 8 )  MFANP 
WRITE 16 ,7231  
WRITE ( 6 . 7 0 7 )  VVJ,O,XC~YQIZQ~ENOSIDSV 
WRITE 1 6 r 7 1 3 1  

6 6  DO 7 0  J = l * N P  

LOOK UP LOCAL XI 7.1 AND THETA 

KJN=JN 
I F  I S - S D I J N ) )  1 7 3 r 1 7 2 9 1 7 1  

1 7 1  CONTINUE 
1 7 1  NTR=KJN-1 

1 7 2  NTR=KJN 
X r X D I N T R I  
Z = Z D I N T R I  
TH=THETAlNTRI  

1 7 4  CONTINUE 
C 

CSTn=COSlTH/RAoI  
. . 
I F  INPRNT.EQ.01 GO TO 6 0  
WRITE 16 .701)  TITLEINPAGE 
NPAGE=NPAGE+I 
WRITE 1 6 $ 7 2 1 1  MFANP 
WRITE 16 .723)  
WOTTF 1 6 9 7 0 7 )  VVJID.XO.YD.ZO~ENDS.DS 
W q l T F  16 .720)  
DO 5 9  J = l . N P  
VSAV=SORTIUOlJ ) * *Z  + V O I J l * * Z  + W O I J l r * 7 )  

59 W Q I T F  16 .705)  J ~ X P 1 J l r Y P l J I ~ Z P l J I ~ U D ~ J I ~ V D l J ) ~ ~ D l J I ~ V S A V  
6 0  I F  I N C Y L )  6 2 . 6 3 r 6 2  
6 3  WRlTE 1 6 * 7 0 1 l  TITLEINPAGE 

NPAGE=NPAGE+l 
WRITE 1 6 ~ 7 1 9 )  MFANP 
* R I T E  1 6 , 7 2 3 )  

DENP=XIR**2 + lRPR+l.O1**2 
AK2=4.*RPR/DENP 
CALL  E L L I P S  I A K Z * Z K , ? E l  
D U M U = G A M V J / P I / S O R T I D E N P l * l Z K - Z E - 2 ~ * I R P R - 1 . l * Z E / D E E I M l  
DUMV=-GAMVJ/PI/R~R*XIR/SORTlDENP)flZK-ZE-2.*RPR*ZE/~ENMl 



- --- .- 
IF INPRN~.EO.OI GO TO 7 0  
VSAV=SQRTlUSV( J ) * * 2  + VSVI  J l * * Z  + WSVI ~ l i t i 2 1  
WRITE ~ ~ ~ ~ ~ ~ ~ M J ~ X P ~ J ) ~ Y P ~ J ~ I Z P ~ J I ~ U S V ~ J I ~ V ~ V ~ J I ~ W ~ V ~ J I ~ ~ ~ A ~  

7 0  CONTINUE 
C 
C OUTPUT TOTAL INDUCED VELOCITY COMPONENTS I N  WING COORO. SYSTEM 
C 

WRITE l 6 s 7 0 l l  TITLE.NPAGE 
NPAGE=NPAGE+l 
MFAN-MFAN+l 
WRITE 16.7191 MFAN 
WRITE 16.712) 
WRITE 16.706) 
WRITF I b r 7 3 O l  
WRITE ( 6 ~ 7 2 7 1  
WRITE l 6 r 7 2 4 l  
DO 8 0  J = l * N P  
U = U S l J ) + U O l J l  
V - V S I J l + V O l J l  

FWIJ~=FWIJ~+W 
F U l I J l = F U l I J ) + U l  
F V l I J I = F V l I J l + V l  
F W l I J I = F W l I J ) + W l  

8 0  WRITE 16.705) J I X W I J I ~ Y W I J I ~ Z W I J I ~ U ~ V ~ W ~ U ~ ~ V ~ ~ W ~  

C 
C OUTPUT TOTAL VELOCITY INDUCED BY TWO L I F T  FANS 
C 

83 WRITE 1 6 e 7 0 1 1  TITLEsNPAGE 
WRITE l 6 e 7 2 6 1  
WRITE l 6 r 7 3 5 l  

C ERROR STOP 
C 

9 9 9  WRITE 1 6 9 7 9 9 1  
STOP 
END 



C INTERPOLATION SUBROUTINE WITH L INEAR OR PARABOLIC OPTION LFO2OOOl 
i L F 0 2 0 0 0 2  
C NTYPE = 0 r L I N E A R  I N T E R P O L A I I O N  L F 0 2 0 0 0 3  
C  NTYPE = 1 r PARABOLIC INTERPOLATION L F 0 2 0 0 0 4  
C N = NUMBER OF TABLE E N l R I E 5  L F 0 2 0 0 0 5  
C  X  = INDEPENDENT VARIABLE L F 0 2 0 0 0 6  
C F = F l X l  
C  VALUE = F l A R G I  

SUBROUTINE I N T F R P  (NINTYPE.XSFIARG.VALUEI 
D IMENSION X ( l l . F I 1 1  
I F l N - 1 1 1 ~ 1 0 ~ 2 0  

C 
C NO E N T R I E S  I N  TABLE. SET VALUE TO ZERO. 
C 

1 VALUE=O.O 
RETURN 

C 
C  ONE ENTRY. USE T H I S  VALUE. 
C 

1 0  V A L U E = F l l l  
RETURN 

C 
C CHECK FOR ARG BEING LESS THAN X 1 1 1  
r 

C SET VALUE EQUAL TO F I R S T  ENTRY. 
C 

2 1  V A L U E n F 1 1 )  
RETURN 

r 
C CHECK FOR ARG BEING GREATER THAN X f N l  

C 
C TWO OR MORE ENTRIES I N  TABLE 
C 

7 4  I F l N - 2 ) 3 0 , 3 0 * 2 5  
C 

C CHFCK TYPE OF I N Y E R P O L A l i O N  SCHEME REOUESTED 
r 

75 I F  ( N T Y P F - I t  2 6 r 4 0 r 4 0  
76 0 0  7 7  J22 .N  

I F  I A R G - X ( J ) )  2 8 . 4 3 r 2 7  
77  CONTINUE 

L I N E A R  INTERPOLATION 

3 1  S L O P E = l F l M ) - F l L ) l / I X l M ) - X l L ) )  
VALUE=FlL)+lARG-X1LI)xSLOPE 
RETURN 

C 

C PARABOLIC I N T E R P O L A T I O N  
C 

4 0  J = l  
4 2  J = J + l  

I F l J + I - N 1 4 1 r 5 0 r 5 0  
4 1  I F l A R G - X l J ) t 5 0 * 4 3 . 4 2  
4 1  V A L U E = F l J l  

RETURN 
5 0  VALUE=O.O 

s(L=J-1 
MU=J+ I  
DO 5 1  M=ML.YU 
PROD=F lM l  
DO 5 2  L=ML,MU 
I F l M - L 1 5 3 r 5 2 9 5 3  

5 3  PROD=PROD*lARG-XlLll/lXIM)-X(LI1 
5 2  CONTINUF 
5 1  VALUE=V4LUE+PROO 

C 
6 1  RETURN 

END 



SUBRUUTINE E L L I P S  IAKSO~TKITE) L F 0 3 0 0 0 1  
L F 0 3 0 0 0 2  -- TABLE LOOK-UP OF E L L I P T I C  INTEGRALS -- L F 0 3 0 0 0 3  
L F 0 3 0 0 0 4  

D IMENSION CKKI100IrCK(100~~CE~100) L F 0 3 0 0 0 5  
L F 0 3 0 0 0 6  

COMMON MZZZ L F 0 3 0 0 0 7  
L F 0 3 0 0 0 8  

CKK = ARGUMENT OF E L L I P T I C  INTEGRALS L F 0 3 0 0 0 9  
L F 0 3 0 0 1 0  

DATA C K K ~ O ~ O O * ~ O l r . O 2 ~ ~ 0 3 t t O 4 ~ ~ O 5 ~ . 0 6 ~ . O 7 ~ . O 8 ~ ~ O 9 ~ ~ l O ~ . l l ~ ~ l 2 ~ . l 3 ~ L F O 3 O O 1 l  
1 ~14~.15~.16r~17r.18~~19~~201.~1r~21~~22t~23~~24~.25~~26~~27~LF030012 
2 .28*.29r.30*~31r.321133r.33~~34~~35~.36~~37~~38~.39*~40~~4l~LFO30013 
3 . 4 2 ~ . 4 3 r . 4 4 ~ . 4 5 ~ . 4 6 ~ . 4 7 ~ . 4 8 8 8 4 9 ~ . 5 0 9 . 5 1 1 ~ 5 2 ~ . 5 3 ~ . 5 4 ~ . 5 5 ~ L F O 3 O O l 4  
4 . 5 6 1 . 5 7 ~ . 5 8 r . 5 9 . . 6 0 . . 6 1 , . 6 2 ~ ~ 6 3 ~ . 6 5 1 . 6 6 ~ . 6 7 ~ . 6 8 ~ . 6 9 ~ L F O 3 0 0 1 5  
5 .70r.71r,72lr73..74r.751.75~.766677~778~.79~~8O~.8l*.82~.83~LFO3OOl6 
6 . 8 4 , + 8 5 r . 8 6 ~ . 8 7 r . 8 8 ~ ~ 8 9 , . Q O ~ . 9 3 r ~ 9 4 ~ . 9 5 * ~ 9 6 ~ ~ 9 ? ~ L F O 3 0 0 1 7  
7 + 9 8 * . 9 9 /  L F 0 3 0 0 1 8  

L F 0 3 0 0 1 9  
CK = COMPLETE E L L I P T I C  INTEGRALS OF F I R S T  K I N 0  L F 0 3 0 0 2 0  

L F 0 3 0 0 2 1  
DATA CK~1~570796~1~574746~1~578740~1r58278011.5868681591003 L F 0 3 0 0 2 2  

1 1r595188~1~599423~1~603710~116O8O49~11612441l6l6889 L F 0 3 0 0 2 3  
2 lr621393~1~625955~l~630576f1~635257~l1.64OOOOl6448O6 L F 0 3 0 0 2 4  
3 1.649678~1~654617r1.659624r1.664701*1.6698501675073 L F 0 3 0 0 2 5  
4 1~680373~1~685750~1~691208~1~696749~1~702374r1~7OB087~ L F 0 3 0 0 2 6  
5 1.713889r1.719785r1.725776~1.731865tl~7380551744351 L F 0 3 0 0 2 7  
6 1.750754~1.757269~1.763898~1.77064717775191784519 L F 0 3 0 0 2 8  
7 1.791650~1.798Q18r1.806328~1~813884~1~8215931829460 L F 0 3 0 0 2 9  
8 1 . 8 3 7 4 9 1 ~ 1 . 8 4 5 6 9 4 ~ 1 . 8 5 4 0 7 5 ~ 1 ~ 8 6 2 6 4 1 r 1 . 8 7 1 4 0 0 1 8 8 0 3 6 1  L F 0 3 0 0 3 0  
9 1 . 8 8 9 5 1 3 r 1 . R 9 8 9 2 5 ~ 1 . ~ 0 8 5 4 7 ~ 1 . 9 1 8 4 1 0 1 1 . 9 2 8 5 2 6 1 9 3 8 9 0 8  L F 0 3 0 0 3 1  
A 1.949568~1.960521~1.971783t1.9953032007598 L F 0 3 0 0 3 2  
R 2 ~ 0 2 0 2 7 9 ~ 2 ~ 0 3 3 3 6 9 ~ 2 ~ 0 4 6 8 9 4 ~ 2 . 0 6 0 8 8 2 ~ 2 ~ 0 7 5 3 6 3 2 0 9 0 3 7 3  L F 0 3 0 0 3 3  
C 2.105948~2~122132~2.138970~2.15651621748272193971 L F 0 3 0 0 3 4  
0 2.214022~2.235068~2.257205~2~280549~2.3052322331409 L F 0 3 0 0 3 5  
E 2 . 3 5 9 2 6 4 * 2 . 3 8 9 0 1 6 . 2 . 4 2 0 9 3 3 r 2 . 4 5 5 3 3 8 , 2 . 4 9 2 6 3 5 2 5 3 3 3 3 5  L F 0 3 0 0 3 6  
F 2.578092~2.627773~2.b83551~2.747073~2.8207522908337 L F 0 3 0 0 3 7  
G 3.016112.3.155875*3.354141*3.695637/ L F 0 3 0 0 3 8  

L F 0 3 0 0 3 9  
CE = COMPLFTE E L L I P T I C  INTEGRALS OF SECOND K I N 0  L F 0 3 0 0 4 0  

L F 0 3 0 0 4 1  
DATA C E / l . 5 7 0 7 9 6 ~ 1 . 5 6 6 8 6 2 1 1 . 5 6 2 9 1 3 , 1 . 5 5 8 9 4 8 ~ 1 5 5 4 9 6 9 1 5 5 0 9 7 3  L F 0 3 0 0 4 2  

1 1~546963*1.542936~1.~38893~1.534833~1.5307581526665 L F 0 3 0 0 4 3  
2 1.522555~1.518428rl.51428411.510122tl~5059421501743 L F 0 3 0 0 4 4  
3 1.497526~1.493290~1.489035~1~484761~1~4804661476152 L F 0 3 0 0 4 5  
4 1.471818~1.467462~1.46308611.458688~1.4542691449827 L F 0 3 0 0 4 6  

I F  IMZZZI 73 ,3093  
3 IF IAKSO- .99120120 ,21  

2 1  PARA=O~25+11.0-AKS01 
7 0 0  TEST = 1.00E-07 

IFIPARA-TEST17011702.702 
7 0 1  PARA-TEST 
7 0 2  ZLP=ALOG14./PARA I 

TK=ZLP*0.5*11.+PARAl-PARA 
TF=l.O+lZLP*PARAl-PARA 
G o  T o  3 0  



WING-PYLON-TAIL PROGRAM 

This program computes span loadings ,  and l i f t  and p i t c h i n g  c o e f f i c i e n t s  

f o r  a con f igu ra t ion  comprising a  wing and a  t a i l  wi th  a  v e r t i c a l  pylon 

under o r  above each wing panel.  The wing i s  considered t h e  main planform 

while  t h e  pylon and t a i l  a r e  op t iona l  items. Sample cases  descr ibed a t  

t he  end of t h i s  s e c t i o n  i l l u s t r a t e  how t h e  program handles  t h e  f u l l  wing- 

py lon - t a i l  combination. 

A l l  t h r e e  components may have sweep, t a p e r ,  camber, and t w i s t .  

Furthermore, t h e  wing and t a i l  may e x h i b i t  d ihed ra l  and t h e  t a i l  can have 

incidence r e l a t i v e  t o  t h e  wing roo t  chord. The pylon i s  considered t o  

Lie i n  a  v e r t i c a l  plane b u t  t h e r e  i s  allowance f o r  pylon incidence with  

r e spec t  t o  t h e  f r e e  stream ( t o e - i n ) .  The program cannot handle breaks 

i n  sweep o r  d ihed ra l ,  nor yaw f l i g h t  angle.  

Fundanentally, t h e  program i s  based on r ep re sen t ing  t h e  su r f aces  

of t h e  wing, pylon, and t a i l  by horseshoe v o r t i c e s  whose c i r c u l a t i o n  

s t r eng ths  a r e  determined from t h e  flow tangency boundary condi t ions  

l i n e a r i z e d  i n  terms of angle  of a t t ack .  This approach was a l s o  followed 

by Margason and Lamar a t  t h e  Langley Research Center ,  NASA~. The flow 

tangency formulat ions  f e a t u r e  t h e  op t iona l  i nc lus ion  of i n t e r f e r e n c e  

v e l o c i t i e s  induced by an ex t e rna l  component such a s  a  turbofan engine 

o r  a l i f t  fan  f o r  purposes of computing i n t e r f e r e n c e  wing loadings.  

F ina l ly ,  a  Prandtl-Glauert  co r r ec t ion  i s  used t o  account f o r  compressi- 

b i l i t y  e f f e c t s  a t  speeds up t o  t h e  c r i t i c a l  speed. 

Theore t ica l  Analysis 

'The requirements on t h e  s e l ec t ed  flow model a r e  explained i n  d e t a i l  

i n  re fe renee  1. The ana lys i s  makes use of a  vor tex  l a t t i c e  which models 

t h e  wing-pylon-tail mean sur face .  The su r f aces  a r e  divided i n t o  t r apezo ida l  

shaped elemental  panels  wi th  one horseshoe vortex assigned t o  a  panel .  

Such a vortex c o n s i s t s  of t h r e e  p a r t s :  a  bound l e g  along t h e  a rea  

element qua r t e r  chord, and two t r a i l i n g  l e g s  along t h e  s i d e s  of t h e  element 

extending downstream t o  i n f i n i t y  p a r a l l e l  t o  t h e  X a x i s  ( s e e  f i g u r e  11). 

'R, J* Margason and J. E .  Lamar have developed a  p lanar  vor tex l a t t i c e  
ana lys i s  and computer program appl icab le  t o  wing alone,  including t h e  
eEfect  of d ihedra l .  



I n  t h e  chordwise d i r e c t i o n ,  t h e  elements have equal dimensions and 

t h e  same number of elements i s  used on both  wing and pylon. The pylon 

r o o t  chord must equal  t h e  l o c a l  wing chord where they  jo in .  I n  t he  

spanwise d i r e c t i o n ,  t h e  a r e a  element widths may b e  va r i ed  t o  allow f c r  

c l o s e r  spacing where l a r g e  spanwise loading g rad ien t s  e x i s t .  Furthermore, 

i f  a  pylon i s  p re sen t ,  t h e  t r a i l i n g  l e g s  of two spanwise ad jacent  v o r t i c e s  

and t h e  upper vor tex  on t h e  pylon must co inc ide  a t  t h e  wing-pylon 

i n t e r s e c t i o n  ( s e e  sample case  1). The h o r i z o n t a l  t a i l  is  t r e a t e d  a s  a 

wing. 

The flow tangency boundary condition s t a t e s  t h a t  t h e r e  i s  no flaw 

through t h e  wing, pylon, and t a i l  camber su r f aces  a t  con t ro l  p o i n t s ,  

These po in t s  a r e  a c t u a l l y  loca ted  i n  t h e  chordal  p lanes  a t  t he  midpoints 

of t h e  th ree-quar te r  chord l i n e  of each a rea  element. I n  t h e  case of 

t h e  wing and t h e  t a i l ,  t h e  chordal  plane i s  t h e  plane conta in ing  t h e  

r e spec t ive  roo t  chord and making an angle equal t o  t h e  respect i l re  d ihedra l  

with t he  z = 0 plane.  For t h e  pylon, t h e  chordal  plane i s  the  ve r txca l  

plane conta in ing  t h e  pylon r o o t  chord. 

The v e l o c i t i e s  normal t o  t h e  wing c o n s i s t  of a  component a.E t h e  

f r e e  stream, (op t iona l )  i n t e r f e r e n c e  v e l o c i t i e s  u  v  w induced i> 9 i 
by an ex t e rna l  component ad jacent  t o  t h e  wing-pylon-tail a i r f rame,  and 

pe r tu rba t ion  v e l o c i t i e s  u, v,  w induced by t h e  vortex l a t t i c e  i t s e l f ,  

With M con t ro l  p o i n t s  on t h e  l e f t  wing panel ,  MP on t h e  pylon, and MT 

on t h e  l e f t  ho r i zon ta l  t a i l  pane l ,  t h e  boundary condi t ion  on t h e  l e f t  

wing panel  a t  small angle of a t t a c k  i s  given by: 

(continued on next page) 



v u  W 
- i 3 v  s i n  - - at COS 5) + v v v + v v i 3 v  cos $I 

v v = 1 , 2 ,  ..., M (99)  

where N = M + MP + MT and a t  = a + a  rad ians .  The conf igura t ion  
J v 

and coord ina te  system p e r t a i n i n g  t o  a l l  formulat ions  of t h i s  s e c t i o n  a r e  

shown i n  f  r-gure 11 ( a )  and 11 (b)  . 
With t h e  pylon a t  small  angle  of incidence i ( toe- in  i s  p o s i t i v e ) ,  

t he  pylon boundary condi t ion  i s  w r i t t e n  f o r  MP con t ro l  po in t s  as:  

where i == i + i rad ians .  F ina l ly ,  wi th  MT con t ro l  p o i n t s  on t h e  t R 
l e f t  panel of t h e  ho r i zon ta l  t a i l  a t  small  angle  of incidence ati 
r e l a t i v e  t o  t h e  wing roo t  chord, t h e  t a i l  boundary condi t ions  i s  

spec i f i ed  as 

7 
+ > 2 kw cos @ - Fv s i n  Gt  

L v,n  tv  V , n  v ) 

(continued on next page) 



- - 
where - 

+ ati + a r a d i a n s  and atpi - atev 
+ ati r a d i a n s .  

Equat ions  (99)  and (100) a r e  expanded v e r s i o n s  of t h e  boundary 

c o n d i t i o n s  d e s c r i b e d  i n  r e f e r e n c e  1. The a d d i t i o n s  a r e  due t o  t h e  

h o r i z o n t a l  t a i l  c o n t r i b u t i o n s  r e p r e s e n t e d  by t h e  t h i r d  summation term 

of t h e  e x p r e s s i o n s  (99) and (100) . The f u n c t i o n s  FU, Fv, Fw a r e  

i n f l u e n c e  f u n c t i o n s  ob ta ined  from t h e  Biot -Savar t  law. There fo re ,  the 

p e r t u r b a t i o n  v e l o c i t i e s  a t  a  p o i n t  ( x , y , z )  induced by  a  horseshoe v o r t e x  

on t h e  wing a r e  

The f u n c t i o n s  Fiv and F i w  
i n  e q u a t i o n s  (99) through (1-01) a r e  

i n f l u e n c e  f u n c t i o n s  a s s o c i a t e d  w i t h  an ( o p t i o n a l )  pylon t i p  v o r t e x  

image system which accounts  f o r  a  p o r t i o n  of  t h e  i n t e r f e r e n c e  caused by 

t h e  p resence  of an eng ine  a t  t h e  pylon t i p .  The scheme, d e s c r i b e d  i n  

d e t a i l  i n  r e f e r e n c e  1 and shown i n  f i g u r e  12,  c o n s i s t s  of  t r e a t s n g  r h e  

engine  a s  a  c y l i n d r i c a l  d u c t  and imaging w i t h i n  t h e  c y l i n d e r  t h e  horse-  

shoe v o r t i c e s  p r e s e n t  on t h e  pylon.  I n  t h i s  manner, t h e  pylon--induced 

f low through t h e  c y l i n d e r  i s  approximate ly  c a n c e l l e d ,  t h e  i n f i n i t e  

sidewash v e l o c i t y  over  t h e  pylon t i p  i s  c a n c e l l e d ,  and a  l i f t  c a r r y o v e r  

e f f e c t  from t h e  pylon t o  t h e  engine  i s  ob ta ined .  S i n c e  t h e  v o r t i c e s  

added i n  t h i s  scheme a r e  images of  pylon v o r t i c e s ,  t h e i r  l o c a t . ~ o n  1s 

known and no new unknown v o r t e x  s t r e n g t h s  a r e  added. 

~ q u a t i o n s  ( 9 9 ) ,  ( l o o ) ,  and (101) r e p r e s e n t  a  set  of M + MP + MT 
e q u a t i o n s  w i t h  M + M P  + MT unknown c i r c u l a t i o n  s t r e n g t h s  which can 

b e  computed through a  m a t r i x  s o l u t i o n .  Two s e t s  of r e s u l t s  a r e  c a l -  

c u l a t e d :  one a t  z e r o  wing a n g l e  of a t t a c k  which de te rmines  t h e  circu- 

l a t i o n s  n o t  dependent  on a and one w i t h  c i r c u l a t i o n s  p r o p o r t i o n a l  t o  

a ,  c a l l e d  t h e  a d d i t i o n a l  s o l u t i o n .  Addi t ion  of  t h e s e  two s e t s  of r e s u l t s  



w i t h  t h e  l a t t e r  s c a l e d  t o  t h e  a p p r o p r i a t e  a y i e l d s  t h e  t o t a l  wing- 

pylon t a i l  c i r c u l a t i o n s  a t  any ang le  of  a t t a c k .  

For t h e  z e r o  ang le  s o l u t i o n ,  t h e  e f f e c t s  of  wing camber and t w i s t ,  

pylon camber, t w i s t  and i n c i d e n c e ,  and t a i l  camber, t w i s t  and i n c i d e n c e  

a r c  ob ta ined .  I f  any ex te rna l ly - induced  v e l o c i t i e s  a r e  p r e s e n t ,  on ly  

that p a r t  of  t h e  v e l o c i t i e s  which a r e  caused a t  z e r o  wing ang le  of a t t a c k  

ss t o  b e  inc luded .  For i n s t a n c e ,  i n  t h e  c a s e  of  an engine  benea th  t h e  

pylon,  t h e  z e r o  angle  s o l u t i o n  should c o n t a i n  t h e  engine-induced v e l o c i t i e s  

c a l ~ s c d  by engine  inc idence  r e l a t i v e  t o  t h e  wing r o o t  chord,  t h e  engine  

opera t sng  i n  t h e  wing-induced sidewash and upwash a t  z e r o  wing ang le ,  

and t h e  f low a c c e l e r a t i o n  ( t h r u s t )  produced by  t h e  engine .  

For t h e  a d d i t i o n a l  s o l u t i o n ,  t h e  p h y s i c a l  model i s  one of an 

untwisted, uncambered wing a t  a n g l e  o f  a t t a c k ,  a  pylon w i t h  no t w i s t ,  

carriber and i n c i d e n c e ,  and a  t a i l  w i t h  no i n c i d e n c e ,  t w i s t ,  and camber, 

I f  any ex te rna l ly - induced  v e l o c i t i e s  a r e  p r e s e n t ,  on ly  t h a t  p a r t  which 

i s  due  t o  wing ang le  of a t t a c k  should  b e  inc luded .  For i n s t a n c e ,  i n  t h e  

c a s e  of an engine  benea th  t h e  pylon,  t h e  engine  i s  cons ide red  an open 

d u c t ,  w l t h  no t h r u s t  ( o r  d r a g ) ,  a l i g n e d  w i t h  t h e  wing r o o t  chord d i r e c t i o n  

and only  engine-induced v e l o c i t i e s  due t o  engine  o p e r a t i o n  i n  t h e  a 
snduced wing sidewash and upwash a r e  cons ide red .  A p roper  t e s t  of  t h e  

nodeL f o r  t h e  a d d i t i o n a l  s o l u t i o n  i s  t h a t  a l l  c a l c u l a t e d  l o a d i n g s  go 

t o  z e r o  a s  a goes  t o  zero .  

Once t h e  c i r c u l a t i o n s  a r e  determined,  t h e  load  d i s t r i b u t i o n  on t h e  

w i n g  and t a i l  can  be ob ta ined  a s  fo l lows .  The f o r c e  p e r  u n i t  l e n g t h  on 

the v o r t e x  f i l a m e n t  i s  c a l c u l a t e d  a s  t h e  p roduc t  of d e n s i t y ,  v e l o c i t y  

norna l  t o  t h e  f i l a m e n t ,  and c i r c u l a t i o n  s t r e n g t h .  

The l i f t  on an element i s  determined a s  t h e  sum of  two c o n t r i b u t i o n s :  

l i f t  a c t l n g  on t h e  spanwise l e g  of  t h e  horseshoe v o r t e x  and t h e  l i f t  

a c t l n g  on t h a t  p o r t i o n  of  t h e  t r a i l i n g  l e g s  w i t h i n  t h e  planform. The 

f ~ r s t  i s  c a l c u l a t e d  u s i n g  t h e  v e l o c i t y  a t  t h e  mldpoint  of t h e  element 

q u a r t e r  chord ,  t h e  v o r t i c i t y  s t r e n g t h  of  t h e  bound l e g ,  and t h e  span 

of t h e  e lementa l  a r e a .  The second depends on t h e  v a l u e s  of t h e  v e l o c i t y  

a t  t h e  t h r e e - q u a r t e r  chord o f  t h e  a r e a  e lement ,  t h e  n e t  c i r c u l a t i o n  

AT of t h e  c o i n c i d e n t  l e g s  a long  t h e  s i d e s  o f  t h e  a r e a  e lement ,  and t h e  

appropriate l e n g t h  of  t h e  t r a i l i n g  l e g s .  Because of  symmetry, thc n r t  

s t r e n g t h  of t h e  c o i n c i d e n t  t r a i l i n g  l e g s  and t h e  sidewash v e l o c l t ~ ~ r  



along the wing and tail root chords are zero, consequently no lift is 

computed along the root chords. 

The expression for the elemental lift coefficient is (ref. I, 

eq- (4) . 

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 s m i n g  of elemental lifts multiplied by their respective moment 

arms gives the pitching moment. 

L 

To account for compressibility effects, a version of the PrandtP-  

Glauert rule is used. The flow is transformed into an equivalent, 

incompressible flow according to the following relations. 

- - -  v 2s [(1 - :)cos + 7 tan 
'ref v 

area element 

where the primed quantities are the transformed values. The trans- 

formation on the velocity potential 

yields the incompressible form of the linearized differential ec~uation 

for the velocity potential. Accordingly, the perturbation ve1oc:ities 

are related as follows. 

w' (X' ,Y1 ,Z1) = 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 



of t h e  wing-pylon camber su r f ace  remain t h e  same a t  given percent  chord 

s t a t i o n s  which a r e  equiva len t  p o i n t s  i n  t h e  t ransformation.  

Program Descr ip t ion  

Calcu la t ion  procedure.- The computer program proceeds through 

var iaus  s t ages  a s  follows. The ai r f rame geometry i s  f i r s t  read i n .  

This inc ludes  informat ion such a s  l ead ing  and t r a i l i n g  edge sweeps, 

dihedrals, r o o t  chords,  pylon he igh t ,  ho r i zon ta l  t a i l  l o c a t i o n  r e l a t i v e  

t o  she  wing, and engine cowl r ad ius  when appropr ia te .  Then t h e  number 

cf spanwise and chordwise v o r t i c e s  t o  be  l a i d  ou t  on t h e  wing, pylon, 

and t a l l  a r e  spec i f i ed  through inpu t ,  Associated wi th  t h e  spanwise 

s p e c i f i c a t i o n  a r e  spanwise coord ina tes  of t h e  l e f t  t r a i l i n g  l e g s  of t h e  

horseshoe v o r t i c e s .  The d i s t ances  from t h e  r o o t  chord t o  t h e  l e f t  l e g s  

a r e  predetermined by t h e  use r  and read i n  s epa ra t e ly  f o r  t h e  wing, pylon, 

and t a l l ,  : respectively,  

w l t h  the flow condi t ions ,  i . e . ,  angle  of a t t a c k  and Mach number, 

s p e c l f ~ e d  through inpu t ,  t h e  program transforms t h e  a i r f rame according 

t o  the coinpress ib i l i ty  r u l e  descr ibed above. I t  then  proceeds t o  l a y  

ou t  t r apezo ida l  shaped elemental  pane ls  i n  t h e  chordal  planes  of t h e  

wing, pylon, and t a i l  wi th  one horseshoe assigned t o  a  panel .  The bound 

l e g  ss made t o  co inc ide  wi th  t h e  elemental  panel  qua r t e r  chord while  

t h e  t s l i s  extend chordwise ( p a r a l l e l  t o  t h e  elemental  panel s i d e )  

dow~stream t o  i n f i n i t y .  This s e c t i o n  of t h e  program a l s o  l o c a t e s  t h e  

c o n t r o l  p o ~ n t s  a t  which t h e  boundary condi t ions  a r e  t o  be  s a t i s f i e d .  

Af t e r  completion of t h e  var ious  coord ina te  computations, Subroutine 

Ixmrdii c a l c u l a t e s  t h e  in f luence  c o e f f i c i e n t s  required by t h e  main program 

t o  determine t h e  elements of t h e  in f luence  c o e f f i c i e n t  matr ix .  The 

matr ix  i s  def ined by t h e  left-hand s i d e  of equat ions  ( 9 9 ) ,  ( l o o ) ,  and 

(101), The next  s t e p  i s  t o  b u i l d  up t h e  a r r ay  def ined by t h e  r i g h t -  

han6 s rde  of t h e  equations.  A t  t h i s  s t age ,  a l l  l o c a l  angles  of a t t a c k  

and e x t e r n a l l y  induced v e l o c i t i e s  a r e  read i n  a f t e r  which two s i n g l e  

colurc a r r ays  a r e  computed: one f o r  t h e  zero  angle  case  and one f o r  

t he  additional loading case ,  Subroutine MATINV i n v e r t s  t h e  matr ix  and 

so lves  f o r  t h e  unknown c i r c u l a t i o n  s t r eng ths .  

A s  a  next  s t age ,  t h e  program c a l l s  on Subroutine LOAD t o  c a l c u l a t e  

sparAwise loadings on t h e  wing and t a i l  a s  wel l  as  t h e  o v e r a l l  l i f t  and 



p i t c h i n g  moment c o e f f i c i e n t s .  This  c a l c u l a t i o n  i s  based on t h e  elemental  

l i f t  expression given by equat ion (103) .  The l a s t  s t a g e  of t h e  program 

p r i n t s  ou t  t h e  spanwise loadings on wing and t a i l  t oge the r  with  t h e  

o v e r a l l  l i f t  and p i t c h  c o e f f i c i e n t s .  

A s  an op t ion  and a f t e r  t h e  c i r c u l a t i o n s  a r e  known, wing-pylon-tail 

induced v e l o c i t i e s  a t  f i e l d  p o i n t s  determined by t h e  use r  can be corr.puted 

and p r in t ed .  The program i s  arranged t o  handle  cases  consecut ive ly ,  

Proqram operat ion.-  The computer program is  w r i t t e n  i n  For t ran  117 

and has  been run on two machines: IBM 360-67 and ~ n i v a c  1108, For t h e  

IBM 360/67, a  maximum of 200 c o n t r o l  p o i n t s  can b e  used. No ta.?es a r e  

required o t h e r  than  t h e  s tandard inpu t  and output .  For a  conf igura t ion  

employing 120 c o n t r o l  p o i n t s ,  t h e  running time t o  c a l c u l a t e  loadings i s  

about s i x  minutes. For t h e  Univac 1108, which has  a  somewhat s ~ n a l l e r  

core ,  t h e  maximum n u d e r  of c o n t r o l  p o i n t s  i s  l imi t ed  t o  170, The time 

requirement on t h i s  machine f o r  t h e  120 con t ro l  po in t  case  i s  about 2 

minutes. I n  connection with  t h e  use of t h e  Univac machine, it should 

b e  noted t h a t  t h e  program a s  l i s t e d  he re in  i s  dimensioned f o r  200 con t ro l  

p o i n t s ,  and t h e  dimension s ta tements  would have t o  b e  changed t o  

permit  opera t ion  on t h e  Univac machine. 

Proqram l i m i t a t i o n s  and precaut ions . -  There a r e  problems t h a t  

could a r i s e  i n  t h e  use of t h e  program. The f i r s t  has  t o  do wit :?  t h e  

layout  of t h e  v o r t i c e s .  The v e l o c i t y  induced a t  a  po in t  by a  vor tex 

f i l ament  becomes s ingu la r  a s  t h e  po in t  approaches t h e  f i l ament ,  For 

each inf luence  func t ion ,  Subroutine INFWW avoids t h e  singular it:^ by 

examining a  func t ion  which conta ins  t h e  d i s t ance  between t h e  po in t  and 

t h e  f i l ament .  I f  t h e  value of t h i s  func t ion  i s  l e s s  than l o m 5  (an 

abso lu te  value independent of t h e  dimensions of t h e  wing and/or horse- 

shoe v o r t e x ) ,  t h a t  in f luence  c o e f f i c i e n t  i s  s e t  equal t o  zero ,  Conse- 

quent ly ,  it i s  d e s i r a b l e  t o  maintain  a  minimum value f o r  t h e  input  

semispan dimension. I t  i s  recommended t h a t  t h e  semispan b e  ma2e equal 

t o  o r  g r e a t e r  than  1. 

Some c a r e  must b e  taken i n  s e l e c t i n g  t h e  spanwise widths of 

adjacent  a r e a  elements and s e l e c t i n g  f i e l d  po in t  l oca t ions  f o r  calcu- 

l a t i n g  off-wing v e l o c i t i e s .  A s  a  genera l  r u l e ,  t h e  spanwise widths 

of two ad jacent  a rea  elements should not  d i f f e r  by more than h a l f  of 

t h e  smal le r  width. For t h e  case  where a  pylon i s  p re sen t ,  t h e  upper 



a r e a  element on t h e  pylon should  have approximate ly  t h e  same spanwise 

width a s  tl-e two a d j a c e n t  e lements  on t h e  wing. Also ,  t h e  a r e a  e lements  

shonld  b e  l a i d  o u t  on t h e  wing s o  t h a t  t h e  common s t reamwise  s i d e s  of two 

a d j a c e n t  e lements  have t h e  same spanwise c o o r d i n a t e  a s  t h e  pylon.  F i n a l l y ,  

u s e  of t h e  program h a s  i n d i c a t e d  t h a t  off-wing v e l o c i t i e s  can b e  computed 

a t  l o c a t i o n s  a s  c l o s e  t o  t h e  wing a s  one-half o f  t h e  width  of  t h e  n e a r e s t  

horseshoe kor tex .  A t  s m a l l e r  d i s t a n c e s ,  t h e  i n f l u e n c e  of  t h e  n e a r e s t  

bound v o r t e x  f i l a m e n t  i s  unduly l a r g e ,  and u n r e a l i s t i c  v e l o c i t i e s  a r e  

computed, 

A s i m i l a r  k i n d  of  problem can a r i s e  i n  t h e  c a l c u l a t i o n  of t a i l  l o a d s ,  

i n  t h e  e v e n t  t h a t  a  w i n g - t a i l  combination i s  c a l c u l a t e d .  The wing v o r t e x  

t r a i l i n g  l e g s  extend downstream i n  t h e  p l a n e  of  t h e  wing pane l  ( t h e  

chorda l  p l z n e ) .  I f  t h e  wing h a s  no d i h e d r a l  and t h e  t a i l  l i e s  i n  t h e  

Z = 0 p l a n e ,  t h e  wing v o r t e x  t r a i l i n g  l e g s  w i l l  l i e  i n  t h e  t a i l  p lane .  

In t h i s  e v e n t ,  one of  two c o u r s e s  i s  suggested .  F i r s t ,  t h e  spanwise 

spacrng  of t h e  e lements  on t h e  t a i l  c a n  be made t h e  same a s  t h o s e  on t h e  

wing s o  t h a t  t h e  wing and t a i l  v o r t e x  t r a i l i n g  l e g s  c o i n c i d e .  Th i s  

arrangement w i l l  n o t  produce any u n r e a l i s t i c  induced v e l o c i t i e s  on t h e  

t a i l  due t o  t h e  wing wake. A l t e r n a t e l y ,  one can recogn ize  t h a t  t h e  wing 

wake will, i n  f a c t ,  b e  d e f l e c t e d  downward a t  some ang le  t o  t h e  Z =O plane .  

A s  a  f i r s t  approximation,  t h i s  ang le  could  b e  t aken  a s  2 a / &  on t h e  

b a s i s  of l i f t i n g  l i n e  t h e o r y .  Knowing t h e  a x i a l  s e p a r a t i o n  of  wing and 

t a i l ,  r h e  d i s t a n c e  of  t h e  t a i l  p l a n e  above t h e  d e f l e c t e d  wake can b e  

c a l c u l a t e d ,  and t h e  t a i l  can t h e n  b e  g iven  t h i s  v e r t i c a l  o f f s e t  above 

t h e  Z = 0 plane .  The l a t t e r  method i s  probably  t h e  most r e a l i s t i c  i n  

terms of accuracy of t h e  wing-induced i n t e r f e r e n c e .  

The program c o n t a i n s  an e r r o r  message, "DETERMINANT I S  ZERO," 

whlch IS p r i n t e d  i f  t h e  i n f l u e n c e  c o e f f i c i e n t  ma t r ix  i s  improperly de f ined .  

T h i s  c ~ n d r t i o n  should  a r i s e  on ly  i f  t h e r e  i s  an e r r o r  i n  t h e  i n p u t  o r  i f  

t h e  v o r t e x  l a y o u t  i s  improper,  accord ing  t o  t h e  d i s c u s s i o n  e i t h e r  above 

o r  In t h e  fo l lowing  s e c t i o n .  The c a l c u l a t i o n  w i l l  p roceed,  however, b u t  

an l n e o r r e c t  s o l u t i o n  w i l l  b e  genera ted .  

The oce o t h e r  c i rcumstance  t h a t  w i l l  cause  t h e  e r r o r  message t o  

b e  p r i n t e d  i s  i f  t h e  dimensions of IPIVOT and INDEX do n o t  equa l  NMAX. 

I f  t h e  s i z e  of  t h e  program i s  reduced t o  enab le  t h e  program t o  b e  run 

on a  s m a l l e r  machine t h a n  t h e  IBM 3 6 0 / 6 7 ,  t h e  dimensions of t h e  t h r e e  

v a r i a b l e s  noted above must b e  reduced t o  t h e  same va lue .  



Descript ion of Input  

This s e c t i o n  desc r ibes  t h e  input  f o r  t h e  computer program. I n  t h e  

fol lowing d i scuss ion ,  t h e  conten t  of a l l  i npu t  cards  i s  descr ibed and, 

where appropr ia te ,  i n s t r u c t i o n s  on genera t ing  t h e  i npu t  quant i t l -es  a r e  

given. A l l  input  v a r i a b l e s  a r e  l i s t e d  a t  t h e  end of t h i s  s e c t i o n  i n  

t h e  order  of appearance i n  t h e  input  deck except  t h a t  t h e  f i r s t  t h r e e  

v a r i a b l e s  l i s t e d  do not  appear i n  t h e  input  deck bu t  a r e  needed f o r  program 

input  p repara t ion .  The inpu t  format f o r  a l l  c a rds  i s  shown i n  f i g u r e  1 3 ,  

and t h e  i tem numbers r e f e r  t o  f i g u r e  13. 

Item 1.- The f i r s t  card se rves  a s  i d e n t i f i c a t i o n  and may contain  

any alphanumeric information des i r ed .  

Item 2.- The second card s p e c i f i e s  t h e  number of chordwise v o r t i c e s  

on t h e  wing pane l ,  pylon, and t a i l  panel (NCW, NCP, and NCT) and t h e  

number of spanwise v o r t i c e s  on these  components (MSW, MSP, and P E T ) ,  

The remaining v a r i a b l e  i s  t h e  number of image v o r t i c e s  MSPI used t o  

represen t  t h e  l i f t  carryover  due t o  an engine a t  t h e  pylon t i p .  The 

presence of t h e  pylon i s  ind ica ted  by a  non-zero value of MSP, The 

presence of t h e  t a i l  i s  ind ica ted  by a  non-zero value of NCT. If the 

vor tex  image i s  t o  b e  used, MSPI must equal MSP. For no image go r t i ce s ,  

MSPI = 0. 

The accuracy of t h e  pred ic ted  l i f t  and moment depends on t h e  n u h e r  

of  v o r t i c e s  used. I n  r e f e rence  1 6 ,  i t  i s  suggested t h a t  a  mini~num of 

20 v o r t i c e s  b e  used on t h e  wing semispan (MSW) t o  ob ta in  accura te  l i f t  

c o e f f i c i e n t s .  The p i t ch ing  moment i s  s e n s i t i v e  t o  t h e  chordwise number 

of v o r t i c e s .  For high aspec t  r a t i o  wings, NCW = 2 may be a d e q ~ a t e .  

I n  gene ra l ,  it i s  suggested t h a t  NCW = 4. For low aspec t  r a t i o  wings, 

l a r g e r  values  may b e  necessary.  For wing-pylon combinations, NCP should 

equal  NCW although it i s  not  required by t h e  program ( t h e  program 

however r equ i r e s  t h e  pylon roo t  chord t o  be  equal t o  t h e  l o c a l  wing 

chord) .  Reference 16 g ives  add i t i ona l  i n s i g h t  i n t o  t h e  s e l e c t i o n  of 

numbers of wing v o r t i c e s .  

F ina l ly ,  t h e  number of v o r t i c e s  i s  a f f ec t ed  t o  some ex ten t  by the  

cons idera t ions  noted under Program Limi ta t ions  and Precaut ions .  

Item 3.- The t h r e e  cards  descr ibed a s  Item 3  conta in  d a t a  specifying 

t h e  conf igura t ion  and t h e  flow condi t ion .  The f i r s t  card contains  w i n g  



data, the engine r ad ius ,  and angle  of a t t a c k  a t  which t h e  add i t i ona l  

loading i s  t o  b e  computed, and t h e  Mach number, The wing chord and semi- 

span and engine r ad ius  a r e  dimensional q u a n t i t i e s  and should have con- 

s l s t e n t  u n l t s .  The engine r ad ius  need be  spec i f i ed  only i f  t h e  vor tex  

image scherze i s  used (MSPI f 0 ) .  The s i g n  conventions f o r  t h e  sweep, 

incldenee,  and d ihed ra l  angles i s  shown i n  f i g u r e  11 and fol lows t h e  

usua l  convention wherein p o s i t i v e  sweep i s  sweep a f t ,  p o s i t i v e  d ihed ra l  

corresponds t o  wing t i p  above t h e  r o o t  chord, p o s i t i v e  t a i l  incidence i s  

such as t o  i nc rease  t h e  angle  of a t t a c k  of t h e  t a i l ,  and p o s i t i v e  pylon 

incidence 1s toe- in .  

The second and t h i r d  cards  con ta in  t h e  pylon and t a i l  c h a r a c t e r i s t i c s ,  

r e spec t ive ly .  Again, some of t h i s  input  i s  dimensional and should 

have u n i t s  c o n s i s t e n t  wi th  t h e  wing dimensions. The pylon may be  e i t h e r  

above o r  below t h e  wing, b u t  may not  extend both above and below t h e  wing. 

If th2 pylon i s  below t h e  wing, t h e  d ihed ra l  angle PHIP i s  spec i f i ed  a s  

--go0 and H i s  p o s i t i v e .  I f  t h e  pylon i s  above t h e  wing, PHIP i s  

spec i f i ed  as  +go0 and H i s  a  nega t ive  number. NO d ihed ra l  angles  

other than these two a r e  permit ted.  The pylon may b e  loca ted  a t  any 

spanwise s t a t i o n  on t h e  wing, inc lud ing  t h e  t i p  (FRAC = 1 . 0 ) .  I f  n e i t h e r  

t h e  pylon rior t h e  t a i l ,  nor bo th ,  a r e  p re sen t ,  t h e  appropr ia te  c a r d ( s )  

would have a l l  ze ros ;  i . e . ,  a  blank card can be  used. 

Item 4.- The s i x t h  card ,  descr ibed as  Item 4, conta ins  t h e  coord ina tes  --- 
of ~ h e  c e n t e r  of moments. These a r e  dimensional q u a n t i t i e s ,  whose u n i t s  

should b e  c o n s i s t e n t  with  those  of t h e  wing, and whose s igns  must b e  

consxstent  wi th  t h e  wing coord ina te  system. The Y coord ina te ,  YM, 

m u s t  be zero.  

I t e n  5-.- The seventh card conta ins  s eve ra l  i nd i ces  which govern t h e  

i n p u t  and output  op t ions ,  a s  ind ica ted  i n  t h e  t a b l e  a t  t h e  end of t h i s  

s ec t lo3 ,  

I t e x  6.- The e igh th  and following cards  comprising Item 6 l i s t  t h e  --" 

spanw~se  1cc:ation Y ( 1 )  of t h e  outboard t r a i l i n g  l e g s  of each streamwise 

row of v o r t i c e s  on t h e  wing. The input  q u a n t i t i e s  a r e  dimensional 

spanwlse d i s t ances  which should have t h e  same u n i t s  a s  t h e  wing span 

and chord input  values .  A l l  d i s t ances  a r e  input  a s  p o s i t i v e  q u a n t i t i e s .  

The znput  s t a r t s  a t  t h e  r o o t  chord and proceeds outward towards t h e  t i p ,  

accordrng t o  t h e  index I. A value of I = 1 i s  assigned t o  t h e  t r a i l i n g  



l e g s  on t h e  r o o t  chord (Y = 0 ) .  Thus, Y ( 1 )  i s  not  input .  The f i r s t  

quan t i t y  i s  Y ( 2 ) ,  which i s  t h e  spanwise coord ina te  of t h e  outboard trail- 

i ng  l e g  of t h e  innermost horseshoe vortex.  

I f  a  pylon i s  p re sen t ,  one value of Y ( I ) ,  say ~ ( 1 ~ ~ ~ ~ ~ )  must be 

t h a t  spanwise coord ina te  a t  which t h e  pylon i s  loca ted ;  t h a t  i s ,  

( Ipylon ) = SSPAN X FRAC. 

Since t h e r e  a r e  MSW v o r t i c e s ,  spanwise, on t h e  wing, t h e  maximum 

value of I (which i s  IMAX) i s  MSW + 1. IMAX i s  l imi t ed  t o  50 i n  t h e  

program, so  t h e  maximum number of v o r t i c e s ,  spanwise, on t h e  wing i s  

l imi t ed  t o  49. The l a s t  value of Y t o  b e  en te red ,  Y (IMAX) , milst equal 

t h e  value of t h e  semispan; t h a t  i s  Y(1MAX) = SSPAN. 

These s i x  items comprise t h e  minimum amount of i npu t  d a t a  ;require2 

i f  t h e  conf igura t ion  c o n s i s t s  only of an uncarrbered and untwisted w i n g ,  

The remainder of t h e  i npu t  i s  op t iona l  and i s  governed by t h e  opt ion 

card ,  Item 5 ,  and t h e  pylon and t a i l  vor tex  s p e c i f i c a t i o n s ,  MSP and 

NCT, Item 2 .  

Item 7.-  The f i r s t  op t iona l  s e t  of input  i s  necessary only i f  a 

pylon i s  presen t  (MSP # 0 ) .  The q u a n t i t i e s  required a r e  t h e  ve1:t.i- 

c a l  d i s t ances  z ( K )  from t h e  pylon r o o t  chord ( t h e  wing-pylon i n t e r s e c t i o n )  

t o  t h e  outboard t r a i l i n g  l e g s  of each streamwise row of horseshoe v o r t i c e s ,  

The d i s t ances  a r e  a l l  dimensional q u a n t i t i e s ,  which should have t h e  same 

u n i t s  a s  t h e  wing dimensions. A s  i n  t h e  wing case ,  Z (1) i s  assoc ia ted  

with  t h e  t r a i l i n g  l e g  along t h e  wing-pylon junct ion and i s  not  i n p u t ,  

The f i r s t  quan t i t y  entered i s  Z ( 2 ) ,  t h e  l o c a t i o n  of t h e  outboartl leg- of 

t h e  vortex on t h e  pylon nea re s t  t h e  wing. K i s  l imi t ed  t o  9 (ICMAX < 91, - 
Consequently t h e  spanwise nuniber of v o r t i c e s  on t h e  pylon, MSP, i s  

l im i t ed  t o  8. The l a s t  value of Z ( K )  , Z (KMAX) , must equal t h e  pylon 

span, H,  exac t ly .  

For a  pylon below t h e  wing, t h e  Z ( K )  values  a r e  p o s i t i v e .  For a 

pylon above t h e  wing, t h e  Z ( K )  values  a r e  negat ive.  

Item 8.- This s e t  of i npu t  i s  necessary only i f  a  t a i l  i s  presen t  

(NCT # 0 ) .  The t h r e e  q u a n t i t i e s  on t h i s  card a r e  t h e  X ,  Y ,  and Z 

coord ina tes  of t h e  lead ing  edge of t h e  t a i l  r oo t  chord. These a r e  

dimensional q u a n t i t i e s  and must have s igns  according t o  t h e  ax i s  system 

of t h e  wing. The Y coord ina te ,  TNY, must be  zero.  



Item 51,- This s e t  i n  i npu t  i s  necessary only i f  a  t a i l  i s  p re sen t  

(NCT f O), The q u a n t i t i e s  on t h e s e  cards  a r e  t h e  spanwise d i s t ances  

YT(K) from t h e  t a i l  r oo t  chord t o  t h e  outboard l e g  of each streamwise 

row of horseshoe v o r t i c e s .  The procedure f o r  ob ta in ing  t h e  inpu t  i s  t h e  

same a s  t h a t  f o r  t h e  wing. The layout  of t h e  t a i l  v o r t i c e s  should b e  

governed by t h e  comments made under Program ~ i r n i t a t i o n s  and Precaut ions .  

The f i n a l  value of YT must b e  equal  t o  t h e  t a i l  semispan TSSPAN. The 

maximum value of K permit ted i s  15,  which l i m i t s  t h e  spanwise number 

of v o r t i c e s  on t h e  t a i l  semispan t o  14. 

Item 12.- This s e t  of i npu t  i s  necessary only i f  t h e  wing has  camber 

and t w i s t  iALPEELC = 1 . 0 ) .  The q u a n t i t i e s  s p e c i f i e d  i n  t h i s  s e t  of cards  

a r e  t h e  tangents  of t h e  l o c a l  angles of a t t a c k ,  ALPHAL, of t h e  cambered 

and twis ted  l i f t i n g  su r f ace  a t  each con t ro l  p o i n t  f o r  zero  wing angle of 

a t tackkr .  The f i r s t  card i n  t h i s  item con ta ins  t hese  values  f o r  t h e  

chordwise row of elemental  pane ls  nea re s t  t h e  r o o t  chord, s t a r t i n g  wi th  

t h e  pazel  nea re s t  t h e  lead ing  edge. I n  t h e  avent t h a t  t h e r e  a r e  more than 

eight chordwise panels  on t h e  wing, t h e  second card would have t h e  values  

f o r  t n e  n i n t h ,  t e n t h ,  e t c . ,  pane ls  i n  t h a t  f i r s t  row. Otherwise, t h e  

second card has  t h e  values  f o r  t h e  chordwise row next  outboard of t h e  

f l r s t  row, and so  on. Thus, t h e r e  a r e  MSW ( o r  poss ib ly  2 MSW) cards  i n  

t h l s  itern, 

The values  of ALPHAL a r e  obtained a s  fol lows.  Consider t h e  upper 

ske tch  i n  f i g u r e  l l ( b ) ,  which shows t h e  cambered and twis ted  s e c t i o n  of 

t h e  l i f t i n g  su r f ace  a t  some spanwise s t a t i o n  q ,  f o r  ze ro  wing angle of 

a t t a c k ,  A t  t h e  con t ro l  po in t  P, a  tangent  t o  t h e  su r f ace  i s  cons t ruc ted ,  

which makes an angle 
a~ 

with  t h e  roo t  chord ( t h e  X a x i s ) .  The 

p o s i t i v e  sense of a R  i s  shown. The input  value required i s  

6iZPHAL = "can a  Q - 
Items 11 and 12.- The inpu t  q u a n t i t i e s  i n  t hese  two items a r e  
"P 

e x t e r n a l l y  induced v e l o c i t i e s  a t  t h e  wing con t ro l  po in t s .  Cards with  

t h i s  input  a r e  required only i f  E I  of i tem 5 i s  1.0. Each card has  t h e  

index number JN of con t ro l  po in t  and t h r e e  v e l o c i t i e s :  u/V, v/V, and 

w/V, The v e l o c i t i e s  a r e  those  induced a t  t h e  con t ro l  po in t s  on t h e  l e f t  

wlng  panel  and must have s igns  c o n s i s t e n t  wi th  t h e  wing coordinate  system. 

The con t ro l  p o i n t s  a r e  considered i n  t h e  following order :  t h e  f i r s t  i s  

nea re s t  the l ead ing  edge and r o o t  chord, and t h e  succeeding p o i n t s  

procezd a f t  chordwise t o  t h e  t r a i l i n g  edge, then from t h e  lead ing  edge 



of  t h e  n e x t  outboard  chordwise row a f t  towards t h e  t r a i l i n g  edge of t h i s  

row, and s o  on,  end ing  w i t h  t h e  chordwise row a t  t h e  t i p  and t h e  conero l  

p o i n t  n e a r e s t  t h e  t i p  and t r a i l i n g  edge. There a r e  M c a r d s  i r .  each 

of t h e s e  two i t e m s ,  where M = MSW x NCW. 

The induced v e l o c i t i e s  i n  i t e m  11 a r e  t h o s e  t h a t  a r e  p r e s e r - t  on 

t h e  wing when t h e  wing ang le  of a t t a c k  i s  ze ro .  The induced v e l o c i t i e s  

i n  i t em 12 a r e  t h o s e  t h a t  a r e  p r o p o r t i o n a l  t o  wing ang le  of  attc;.ck and 

have magnitudes a s s o c i a t e d  w i t h  t h e  wing ang le  of a t t a c k ,  ALPHA, i n p u t  

i n  i t em 3 .  

I tems 1 3  and 14.- The i n p u t  q u a n t i t i e s  i n  t h e s e  two i t ems  c;.re 

e x t e r n a l l y  induced v e l o c i t i e s  a t  t h e  pylon c o n t r o l  p o i n t s .  C a n s  wr th  

t h i s  i n p u t  a r e  r e q u i r e d  o n l y  i f  E I  of  i t e m  5 i s  1.0 and MSP # Cl rn 

i t em 2. The i n p u t  i s  determined i n  much t h e  same manner a s  i tems T l  and 

12.  The o r d e r  of  c o n t r o l  p o i n t s  i s  a s  fo l lows:  t h e  f i r s t  i s  n e a r e s t  t h e  

pylon-wing i n t e r s e c t i o n  a t  t h e  l e a d i n g  edge and succeeding p o i n t s  

proceed a f t  i n  a  chordwise d i r e c t i o n  t o  t h e  t r a i l i n g  edge,  t h e n  from 

t h e  l e a d i n g  edge of t h e  nex t  outboard  chordwise row a f t  t o  t h e  t r a l l r n g  

edge,  and s o  on. There a r e  MP c a r d s ,  where MP = MSP x NCP. The control 

p o i n t  index JN i n  each c a r d  ranges  from a  v a l u e  of  M + 1 f o r  t h e  f l r s t  

c a r d  i n  t h e  i t em t o  M + MP i n  t h e  l a s t  c a r d  of t h e  i t e m ,  I tem 1 3  

c o n t a i n s  v e l o c i t i e s  p r e s e n t  f o r  a = 0 ,  and i t em 1 4  c o n t a i n s  v e l o c l t l e s  

p r o p o r t i o n a l  t o  a .  

I tems15 and 16.- The i n p u t  q u a n t i t i e s  i n  t h e s e  i tems a r e  e x t e r n a l l y  

induced v e l o c i t i e s  a t  t h e  t a i l  c o n t r o l  p o i n t s .  Cards w i t h  t h i s  inpu-c 

a r e  r e q u i r e d  on ly  i f  E I  of  i t e m  5  i s  1 . 0  and NCT # 0  i n  i tem 2 .  The 

i n p u t  i s  determined i n  much t h e  same manner a s  i n  i t e m s  11 and 1 2 .  There 

a r e  MT c a r d s ,  where MT = MST x NCT. The c o n t r o l  p o i n t  index Jl ranges  

from M + MP + 1 t o  M + MP + MT. I tem 1 5  c o n t a i n s  a = 0  v e l o c i t i e s  

and i tem 1 6  c o n t a i n s  v e l o c i t i e s  p r o p o r t i o n a l  t o  a .  

I tem 17.- Th i s  s e t  of  d a t a  i s  r e q u i r e d  i f  a  pylon i s  p rese r . t  

(MSP # 0) and i f  t h e  pylon h a s  camber and/or t w i s t  (PINCLC = 1 . C  i n  

i t e m  5 ) .  The q u a n t i t i e s  s p e c i f i e d  a r e  t h e  t a n g e n t s  of  t h e  l o c a l  ang les  

of  a t t a c k ,  PINCL, of t h e  cambered, t w i s t e d  pylon mean s u r f a c e  a t  each 

c o n t r o l  p o i n t  f o r  z e r o  pylon r o o t  chord inc idence  ( t o e - i n )  and z e r o  

wing ang le  of a t t a c k .  A s  i n  t h e  wing c a s e ,  i t e m  10 ,  t h e  f i r s t  ca rd  

c o n t a i n s  v a l u e s  f o r  t h e  c o n t r o l  p o i n t s  i n  t h e  chordwise row of  p a n e l s  



n e a r e s t  t h e  wing-pylon j u n c t i o n ,  and each succeeding c a r d  covers  t h e  

e n t i r e  nex t  outboard  chordwise row. There a r e  MSP c a r d s  i n  t h i s  i t e m .  

The v a l u e s  of  PINCL a r e  ob ta ined  a s  fo l lows .  Consider  t h e  middle 

ske tch  of  f i g u r e  l l ( b ) ,  which shows a  s e c t i o n  of  a  pylon under  t h e  l e f t  

wing panel . ,  The pylon r o o t  chord h a s  toe - in ,  s o  t h a t  it makes an ang le  

i w i t h  the  X d i r e c t i o n .  Due t o  a  combination of  t w i s t  and camber, 

t h e  t a n g e n t  t o  t h e  pylon mean s u r f a c e  a t  c o n t r o l  p o i n t  P  makes an 

ang le  i w i t h  t h e  pylon r o o t  chord d i r e c t i o n ,  p o s i t i v e  a s  shown. Then 
R 

PINGL = t a n  i R - 
I tem 18.- T h i s  set  of  d a t a  i s  r e q u i r e d  o n l y  i f  a  t a i l  i s  p r e s e n t  -- 

(NCT # 5) and t h e  t a i l  h a s  camber and/or t w i s t  (TLPHAC = 1 .0  i n  i t em 5 ) .  

The q u a n t i t i e s  s p e c i f i e d  a r e  t h e  t a n g e n t s  of  t h e  l o c a l  a n g l e s  of a t t a c k ,  

TLPE-IAL, of t h e  cambered and/or t w i s t e d  l i f t i n g  t a i l  s u r f a c e  f o r  z e r o  wing 

ang le  of a t t a c k  and f o r  z e r o  t a i l  i n c i d e n c e  angle .  The o r d e r  of p o i n t s  

and c a r d  arrangement f o l l o w s  t h o s e  of i t ems  10 and 17. There a r e  MST 

c a r d s  i n  t h i s  i tem.  

The v;ilues of TLPHAL a r e  ob ta ined  a s  fo l lows .  Consider  t h e  lower 

s k e t c h  of f i g u r e  l l ( b ) ,  which shows a  t a i l  whose r o o t  chord i s  l o c a t e d  

above t h e  wing a  d i s t a n c e  TNZ and makes a  p o s i t i v e  i n c i d e n c e  ang le  "ti 
w i t h  r e s p e c t  t o  t h e  X a x i s .  A t  some spanwise s t a t i o n ,  t h e  t a n g e n t  t o  

t h e  mean s u r f a c e  a t  c o n t r o l  p o i n t  P  makes an ang le  " t R  
w i t h  t h e  t a i l  

r o o t  chord d i r e c t i o n ,  due t o  camber and t w i s t ,  where 
" t R  

i s  p o s i t i v e  a s  

shown. Then TLPHAL = t a n  a t 4  
I tem 1.9.- Th i s  s e t  of d a t a  i s  r e q u i r e d  on ly  i f  induced v e l o c i t i e s  -- 

a r e  t o  b e  computed a t  f i e l d  p o i n t s  a d j a c e n t  t o  t h e  wing-pylon-tai l  

( m M  # 0 1-n i t em 5 ) .  The number of c a r d s  i n  t h i s  i t em i s  MMM. Each 

c a r d  has  >:, Y, and Z c o o r d i n a t e s  of a  p o i n t  where t h e  induced v e l o c i t i e s  

a r e  d e s i r e d .  The p o i n t s  need n o t  b e  i n  any p a r t i c u l a r  o r d e r ,  a l though 

an o r d e r  might b e  d i c t a t e d  by  t h e  subsequent  use  of t h e  o u t p u t  a s ,  f o r  

i n s t a n c e ,  an engine-wing i n t e r f e r e n c e  c a l c u l a t i o n .  

T h i s  c:ompletes t h e  d e s c r i p t i o n  of  t h e  i n p u t  and i t s  p r e p a r a t i o n .  

The program v a r i a b l e s  w i t h  a l g e b r a i c  symbol and comments a r e  l i s t e d  

below i n  t h e  o r d e r  i n  which t h e y  appear i n  t h e  i n p u t  deck. 



Program Algebraic Symbol 
Variable (if applicable) Comment 

number of control points on wing 
semispan M = NCW x MSW 

number of control points 011 pylon 
MP = MCP x MSP 

number of control points on tail 
semispan MT = NCT X MST 

running index of control points 
1 < JN < (M + MP + MT) 

Item 2 

NCW 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 p:jloi? 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 - - Item 3 

PS IWL I wing leading-edge sweep angle 
measured in the wing planform, 
positive for sweep back, deg, 

wing trailing-edge sweep angle 
measured in the wing plan.form, 
positive for sweep back, deg,, 

PSIWTI 

CRWI 

SSPAN 

PHI 

wing root chord, dimensional 

wing semispan, dimensional 

wing dihedral, positive for tips 
above root chord, deg. 



(Input program v a r i a b l e s ,  cont ,  ) 

Program Algebraic  Symbol 
Variable ( i f  appl icab le )  Comments 

engine r ad ius ,  dimensional: RAD = 0.0 
corresponds t o  t h e  case  of MSPI = 0; 
i f  MSPI = 1, a non-zero value of 
RAD must b e  s p e c i f i e d  

wing roo t  chord angle  of a t t a c k  
r e l a t i v e  t o  f r e e  stream, deg. 

free-stream Mach number 

pylon leading-edge sweep angle ,  
p o s i t i v e  f o r  sweep back, deg. 

PSI PTI  pylon t ra i l ing-edge  sweep angle ,  
p o s i t i v e  f o r  sweep back, deg. 

pylon r o o t  chord, dimensional 

pylon he igh t  (span) , dimensional 
value i s  p o s i t i v e  f o r  pylon below 
wing and negat ive f o r  pylon above 
wing 

pylon d ihed ra l  angle:  -90.0 f o r  
pylon below wing and +90.0 f o r  pylon 
above wing, deg. 

FRAC 

PING 

PSITLI 

spanwise pylon l o c a t i o n ,  f r a c t i o n  of 
semispan 

pylon incidence r e l a t i v e  t o  X 
d i r e c t i o n ,  toe- in  p o s i t i v e ,  deg. 

ho r i zon ta l  t a i l  Leading-edge sweep 
angle measured i n  t a i l  planform, 
p o s i t i v e  f o r  sweep back, deg. 

ho r i zon ta l  t a i l  t ra i l ing-edge  sweep 
angle measured i n  t a i l  planform, 
p o s i t i v e  f o r  sweep back, deg. 

t a i l  r o o t  chord, dimensional ~1391~1 

TS S PAN t a i l  semispan, dimensional 

t a i l  d ihed ra l ,  p o s i t i v e  f o r  t i p  above 
r o o t  chord, deg. 

ho r i zon ta l  t a i l  angle of incidence 
wi th  r e spec t  t o  wing roo t  chord, 
p o s i t i v e  f o r  upward induced face ,  deg. 

"ti 



(1npu t  program v a r i a b l e s ,  c o n t .  ) 

Program A l g e b r a i c  Symbol 
V a r i a b l e  ( i f  a p p l i c a b l e )  

I t e m  4 

I t em 5 

MMM 

PINCLC 

TLPHAC 

CIRCP 

I t e m  6 

y (1) 

Comments 

c o o r d i n a t e s  o f  pitching-rno~rrient c e n t e r  
i n  wing c o o r d i n a t e  system, d imensional  

number o f  l o c a t i o n s  i n  v i c i n i t y  of 
wing-pylon- ta i l  a t  which vrinq-pylon- 
t a i l  induced v e l o c i t i e s  a r e  d e t e r -  
mined (MMM < 50) , I f  M I  = 0, 
induced v e l E c i t i e s  a r e  not: c a l c u l a t e d  

ALPHLC = 0.0: wing w i t h o u t  camher 
and t w i s t  

ALPHLC = 1.0: wing w i t h  camber and 
t w i s t .  (ALPHAL (J) must b e  r ead  i n  
i t em 10)  

PINCLC = 0.0: py lon  w i t h o u t  camber 
and t w i s t  

PINCLC = 1.0:  pylon w i t h  czambcr and 
t w i s t  (PINCL(J)  must b e  r ead  in 
i t e m  17)  

TLPHAC = 0.0: t a i l  w i t h o u t  camber 
and t w i s t  

TLPHAC = 1.0: t a i l  w i t h  camber and 
t w i s t  (TLPHAL (J) must b e  r ead  i n  
i t e m  18)  

EI = 0.0: no e x t e r n a l l y  induced 
v e l o c i t i e s  

EI = 1.0:  e x t e r n a l l y  induced v e l o c i t i e s  
inc luded  ( A l l  c a r d s  d e s c r ~ b e d  in 
i t e m s  11-16 must b e  inc luded  in i n p u t  
deck even though some may be b l a n k )  

CIRCP = 0.0: horseshoe  va::tex 
c h a r a c t e r i s t i c s  n o t  p r i n t e d  

CIRCP = 1.0:  horseshoe  vo::tex 
c h a r a c t e r i s t i c s  p r i n t e d  i n  output 

d i s t a n c e  from wing r o o t  chord t o  
outboard  t r a i l i n g  l e g  of  Itth wing 
horseshoe  v o r t e x ,  d imensional  
( 2  < I < IMAX, IMAX < 50), One 
v a l u e  must e q u a l  FRAE*SSPAN if a 



(~nput program va r i ab l e s ,  cont ,  ) 

Program Algebraic  Symbol 
Variable  ( I f  appl icab le )  

Y (I) con-t.. 

Item 7 -- 

z (Kj 

Stern 8 

T r n  
TNY 
TNZ 

Item 9 -- 

Yis ( I T )  yT(2) ,YT(3) , - - - ,  
YT ( ITMAX) 

Item 10 -- 

ALP:-lii~ (J) t a n  aQ (1) , t a n  aj ( 2 )  , 
. . . , t a n  aQ (M)  

Stem 11 
U U .  i 

UEI (3N,i) - (1,l) , ( 2 , 1 ) ,  v 

Comments 

pylon i s  p re sen t ,  and t h e  l a s t  value 
must equal  SSPAN, i d e n t i c a l l y  

d i s t ance  from pylon r o o t  chord 
t o  outboard t r a i l i n g  l e g  of Rth 
pylon horseshoe vor tex ,  dimensional 
2 ( K ( K M A x *  
Z (K)  a r e  p o s i t i v e  f o r  pylon below wing 
and nega t ive  f o r  pylon above wing. 
Las t  value must equal H i d e n t i c a l l y .  
I f  MSP = 0, no inpu t  cards  a r e  
necessary 

ho r i zon ta l  t a i l  r o o t  chord nose 
coord ina tes ,  dimensional. I f  
NCT = 0, no input  cards  a r e  necessary 

d i s t ance  from hor i zon ta l  t a i l  r o o t  
chord t o  outboard t r a i l i n g  l e g  of 
ITth t a i l  horseshoe vortex,  dimensional 
( 2  < I T  ( I T M A X ,  ITMAX < 1 5 ) .  The 
l a s t  value must equal TTSPAN, 
i d e n t i c a l l y .  I f  NCT = 0, no input  
cards  a r e  necessary 

tangent  of l o c a l  angle of a t t a c k  of 
wing mean su r f ace  a t  J ' t h  con t ro l  
po in t  due t o  wing t w i s t  and camber. 
See f i g u r e  11 f o r  s i g n  convention. 
I < J < M, M < 125. ( I f  ALPHLC = 0 .0 ,  
noWinpEt cardF a r e  necessary) 

(continued on next page) 



(Input program variables, cont.) 

Program Algebraic Symbol 
variable (if applicable) 

Item 12 

Comments 

I externally induced velocity components 
at JN'th-wing control points for 
zero angle case. 1 < JN < M, M < 125, 
(If EI = 0.0, no i6put cards are 
necessary) 

I 
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 
cal=ds are necessary) 

Item 13 

... 'i - 
v (M+MP ,1) I externally induced velocit1~ coir.poiient s at JN'th pylon control paint for v v i i zero angle case. M + 1 ( JN ( p ~ i  + MP, 

VEI (JN,~) 7 + ,  , 7 (M+2y1), M < 125, MP < 25. (If EI - 0.0, no 
input cards are necessary) 

v. 

Item 14 
v v i i 

VEI (JN,2) 7 (M+1,2), v (M+2,2), externally induced velocity components 
at JN'th pylon control point for 

v additional loading case, i .. . , - (M+MP ,2) M + 1 < JN < M + MP, M < 125, MP < 25, v (If EI- O.T, no input cards are 
necessary) 

97 



(Input program v a r i a b l e s ,  c o n t . )  

Program A l g e b r a i c  Symbol 
Var iaSle  ( i f  a p p l i c a b l e )  

I tem 15 
u 

UEI ( JM, 1) i - ( M + M P + ~ , ~ ) ,  v 

v  
V E I  (JRT, 1) i - 

v ( M + M P + ~ ,  1 ) , 

Comments 

, e x t e r n a l l y  induced v e l o c i t y  components 
a t  J N ' t h  t a i l  c o n t r o l  p o i n t  f o r  z e r o  
ang le  case .  
M + M P + l < J N < M + M P + M T ,  
M < 125,  MP-< 25, MT < 50. (If E I  = 0.0, 
no-input carTs  a r e  necessa ry )  

e x t e r n a l l y  induced v e l o c i t y  components 
a t  JN"th t a i l  c o n t r o l  p o i n t s  f o r  
a d d i t i o n a l  l o a d i n g  case .  
M + M P +  1 <  J N < M + M P + M T ,  
M. < 125,  MP( 25; MT < 50. ( I £  E I  = 0 .0 ,  
no-input c a r a s  a r e  necessa ry )  



( I n p u t  program v a r i a b l e s ,  c o n t . )  

Program A l g e b r a i c  Symbol 
V a r i a b l e  ( i f  a p p l i c a b l e )  

I tem 17 

PINCL ( J) t a n  i ( I ) ,  t a n  i ( 2 ) ,  R R 
..., t a n  i (MP) R 

I tem 1 8  

TLPHAL(J) t a n  a t R ( l ) ,  t a n  a tg(2)  3 

. . . , t a n  atR (MT) 

I tem 1 9  

PMX (MM) 
(MM) 

PMZ (MM) 

t a n g e n t  of  ang le  between pylon mean 
s u r f  a c e  t a n g e n t  a t  J '  t h  c c ~ n t r o l  
p o i n t  andpylon r o o t  chord direction, 
due t o  camber and t w i s t  of t h e  pylon. 
See  f i g u r e  11 f o r  s i g n  corven t son ,  
1 < J < MP. ( I f  PINCLC = C.0, no 
i n p u t  c a r d s  a r e  necessa ry )  

t a n g e n t  of  a n g l e  of a t t a c k  of t a i l  
mean s u r f a c e  a t  J ' t h  c o n t r o l  p o i n t  
r e l a t i v e  t o  wing r o o t  chord p l a n e ,  
due t o  t a i l  camber and t w i s t ,  See 
f i g u r e  11 f o r  s i g n  convent ion 
1 < J < MT. I f  TLPHAC = C.0, no 
i n p u t  c a r d s  a r e  necessa ry .  

c o o r d i n a t e s  of l o c a t i o n s  at. which 
wing-pylon- ta i l  induced v e l o c i t i e s  
a r e  computed. 1 < MM < MMM 
I f  MMM = 0 ,  no i n p u t  c a r d s  a r e  
r e q u i r e d  

Samples of  two i n p u t  decks a r e  shown i n  f i g u r e  14  i l l u s t r a t i n g  the 

p r e v i o u s l y  d i s c u s s e d  o p t i o n s .  The f i r s t  i n p u t  deck shown i s  f o r  a  wing- 

p y l o n - t a i l  c o n f i g u r a t i o n  w i t h  no e x t e r n a l l y  induced v e l o c i t i e s .  The 

image v o r t e x  scheme i s  included.  The v o r t e x  l a t t i c e  i s  made up of 20  

spanwise rows and 4 chordwise rows of  v o r t i c e s  on t h e  l e f t  wing p a n e l ,  

10  spanwise rows and 2  chordwise rows of  v o r t i c e s  on t h e  l e f t  t z i l  p a n e l ,  

and 2  spanwise rows and 4 chordwise rows of  v o r t i c e s  on t h e  l e f t  pylon,  

The a i r f r a m e  c o n f i g u r a t i o n  i s  t h a t  shown i n  f i g u r e  1 6  and t h e  f low 

c o n d i t i o n s  a r e  s p e c i f i e d  by  a  f r e e  s t r eam Mach number of  0 . 7  and ang le  

of a t t a c k  of 2.5O. The induced v e l o c i t y  f i e l d  i n  t h e  v i c i n i t y  o f  a 

t u r b o f a n  engine  i s  r e q u i r e d .  

The second i n p u t  deck shown i n  f i g u r e  1 4  concerns  t h e  same con- 

f i g u r a t i o n ,  b u t  i n c l u d e s  v e l o c i t i e s  induced by  a  h i g h  bypass  r a t i o  turbo-  

f a n  engine .  The p r e p a r a t i o n  of i n p u t  f o r  t h i s  c a s e  i s  discussed i n  

d e t a i l  i n  t h e  s e c t i o n  e n t i t l e d  "Sample I n t e r f e r e n c e  C a l c u l a t i o n . "  



Descr ip t ion  of Output 

This s e c t i o n  desc r ibes  t h e  output  from t h e  wing-pylon-tail program. 

I n  t h e  following, a l l  i tems of ou tput  a r e  enumerated and t h e  con ten t s  

b r i e f l y  descr ibed.  Two sample ou tputs  a r e  shown i n  f i g u r e  15. 

The f i r s t  page i d e n t i f i e s  t h e  run and p r i n t s  t h e  geometry d a t a ,  

vor tex d l s -z r ibu t ions ,  and flow condi t ions  a s  spec i f i ed  i n  t h e  input .  

The wsng roo t  chord angle  of a t t a c k ,  a = ALPHA, i s  given i n  degrees on 

t h s s  page, I n  a l l  fol lowing i tems ALFHA i s  spec i f i ed  i n  rad ians .  On 

t h e  next pages, program-computed c o n t r o l  po in t  coord ina tes  a r e  l i s t e d  

toge ther  wi th  t h e  mean su r f ace  s lopes  spec i f i ed  i n  t h e  input  a s  tangents .  

Thss p a r t  of t h e  output  a l s o  p r i n t s  t h e  e x t e r n a l l y  induced v e l o c i t i e s  

correspondLng t o  t h e  zero  angle  and a d d i t i o n a l  loading cases .  I n  t h e  

first samp.Le case ,  f i g u r e  1 5 ( a ) ,  t he se  v e l o c i t i e s  appear a s  zeroes .  

Whereas i n  t h e  second case ,  f i g u r e  1 5 ( b ) ,  non-zero values  were read i n .  

The next stem i s  op t iona i ,  c a l l e d  f o r  by CIRCP = 1.0 i n  t h e  input ,  

and provldes  informat ion concerning t h e  computed horseshoe vortex 

charac te rs : ; t i cs .  This  output  s t a r t s  on a  new page and inc ludes  bound 

l e g  msdpoint coord ina tes ,  bound l e g  sweep angles  and vortex h a l f  widths.  

The ca l cu l a t ed  vortex s t r e n g t h s  f o r  t h e  zero  angle and add i t i ona l  cases  

a r e  a l s o  l i s t e d  i n  t h i s  opt ion.  The fol lowing new page conta ins  t h e  

aerodyramic performance parameters computed by t h e  program. A l l  f o r ce  

and moment c o e f f i c i e n t s  a r e  referenced wi th  r e spec t  t o  wing (planform) 

a rea  and w_ng average chord, which a r e  l i s t e d .  Resul t s  a r e  computed f o r  

t he  zero  angle and add i t i ona l  cases ,  I n  t h e  case of t h e  span load 

c o e f f l c s e n t s ,  cc  /C C t h e  wing l i f t  c o e f f i c i e n t  CL i s  t h a t  f o r  t h e  R L avy  
loadsng case  be ing  considered.  A l l  l eng th  dimensions a r e  t h e  same a s  i n  

t he  lnput and t h e  coord ina te  system assoc ia ted  wi th  t h e  con t ro l  po in t s ,  

e t c , ,  s s  shown i n  f i g u r e  11. The l a s t  and op t iona l  i tem i s  c a l l e d  by 

MMM jL 0 sn t h e  i npu t  and s t a r t s  on a  new page. This output  includes  

coordinates of t h e  l oca t ions  a t  which wing-pylon-tail induced v e l o c i t i e s  

a r e  ca l cu l a t ed  and t h e  induced v e l o c i t y  components a t  t he se  l oca t ions  f o r  

b ~ t h  the  zero angle  and add i t i ona l  loading cases .  



Program Listing 

The wing-pylon-tail vortex lattice program is written in Fcrtran IV 

for the IBM 360 /67  computer. The program consists of the main 

program and three subroutines. 

Proqr am 

MAIN 

LOAD 

INFWW 

MATINV 
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L T T L I F T ( 5 0 . ? 1 , P T L I F T l 5 ~ , ~ 1 , V T ( 5 0 ~ 2 1 , U T I 5 ' I , 2 l  r V R T 1 5 0 , 2 1 ~ C L T ' l T ( l l  V L 1 ' 1 0 0 4 h  

v L r ! g o l r 7  

COMMOY CRLI I .  S S P I N , S H P W L  I .SWPWT11SRFF,C4VE15! lPl .  I F , C H L  I F T , N C W t V , M ,  V L n 1 " " 4 '  
I Y T W 1 P T L X . P T L Y . P T L Z , P V X x P V Y y P V 7 t ~ W P V V P P P H I r C W , F I I H , f V W . F W W ~ ~ I P ~ ~ 4 S P ~  VL13Ln""Q 
2 M P ~ , H U P , Y T P . P V P X . P V P Y I P V P 7 ~ S H P V P r P H I I ' , C D , F U P I F V P ~ F W P l N ~ P ~ ~ P P ~ 1 ~  V L ? l l ' ! c '  
l N Y M T , M P I Y T P I  , D V F Y I  , P V P Y 1 1 P V P L I 1 5 W ~ V P I I S P l F U P l F V P l c P C R  V L A l * r ' l  
4NCT,MT,PVTY , D V T Y  . P V T Z ,  SWDTVV,  P H I  T + V T T , S T ,  TIJTIFVT 1 F W T r l l l V 9 v Y R W ~  V l  0 1 1 0 5 7  
C Y R P I . V R T , C H L P C  ,Y.CWPYCF,CVPkTE,T , r S P W I , R A C  A X L P A N L T L L  I F  V L " I Q " 5 3  
h R L L I F R , R L L I F T , S L O C O 1  , ~ t C L I F , S L U C O , U F T 4 . C Q W w C P T ~ Y ~ " C c Y ~ P ~  V I  1 1 1 0 5 4  
7 F 9 T l r T < S P h N , S k P T L I , ~ W P T l I I T S P F C c T C A V f r T I 1 Y L I f ~ T ~ H L I F ~  VTIYTTW, V L P 1 0 ^ 5 5  
R P T T L I . P T T L Y ~ P T T L Z . U T I V ~ T , Y R T W W Y H T T y V C T P Y T P I T C H L O C Y T ' P T L  V L 1 1 " 7 5 6  

COMHON S W P T T F , T T , T C S " l I l . l T Y A X X T L D A N 1  , T T L I F T . R T L I F T , T S L D C I r  V L 1 L n " 5 7  
I T E C L I F  . T C L D t ( l ,  1rlVOU,lF'03. T?THOM,CLTI'T,!lC I , V F I , ! 4 F I  V L O L i l c I G P  

v L n l ? r i q  

N M A X = 7 0 0  V I . C L I D h "  
V L " I n P 6 I  
V l  - I ? C f . ?  

P G A L  Y ~ C H  V L P I ? ~ ~ ?  
I F " 9 H A T  ( I V l  , 2 7 X ,  2 Z H l t P o 5 F S k Z 9 t  VORTCY C H A R 4 C T E Q l S T I ~ S / / l ~ X y 1 7 H R " l I ~ l l l L V L n ~ L " ~ ' ~  

1 F G  q I O P ~ I Y T I X S Y . ? 4 V V r U T F Y  5 T Q F Y G T H Z , ' ; A U ' 1 4 / V I 1 3 Y , I I c i C ~ I i 1 U ~ I ~ I A F S /  ? X V L " l " r h 5  
~ , ~ ~ . ) , ~ X , ~ ~ ~ X , ~ X , I ~ Y , ~ ~ , ~ ~ ~ ~ , ~ X ~ I J H ~ W F F P I ~ ~ F I ; ~ , ~ X ~ ~ ~ I S F ~ ~ I W I ~ T H . ~ Y .  7 H h L D V L P 1 1 " C h  
? H A = o , ~ x ,  1 7 w b ~ ~ l ~ l ~ " n l  . ~ L V H A = . ~ ~ . ~ / ~ Y , I  3 1 i m r  V ? F T ~ C ~ S / I  ( j ~ r - 1  w1.7 

f F O R M A T  I 7 1 5 1  v L " l - p 6 °  

7 F O R Y A T  l R r I O . 5 1  v l n l 7 c c o  

Q E P R M A T  (~Y.Z?I~TI Z W ~ F O + ~ F C .  , F * . 4 , ? Y , F 9 . 4 . 9 K 7 ~ 4 . ~ ~ t  "L::1 q"7C 

o ~ O R ! ~ A T  I 3 ~ , 1 ~ J , 9 Y , l t ~ l , O X , l l ~ Y , 0 X . l l l 7 . 7 X , i + ~ S L ~ ~ ~ , I Z ~ ,  3 1 * I / V V l  " I ' I "71 
L , ~ X  ,~UVIV.IY,?HWIV,I~Y, T U V ~ V , ~ ~ .  ? ~ A / V I  VI 1 I,?," 77 

7 1  l l 4 l J Y Z T U E T C l J F O l  V L O l ^ " 7 Q  
I '  F O Q U A T  1 1 4 r l Y ~ F 9 . 4 . 2 Y , C Q . 4 , 7 X Y F R . 4 4 ~ Y ~ i R . 4 R 2 Y ' r F 8 . 4 7 X r P . 4 1  V L ? l q m Q r  

1 ~ d . 4 )  VI r l n " u l  
1 4  FORMAT I I H I ,  7 O A 4 / 1  V l  " 1 * " 0 2  
I 5  FI IRMAT 1 2 O A L I  V I - 1 ~ ~ 3  
1 7  FORNAT ( l H l r  7 5 H  O E T I D M I N A N T  f C  7 F R O l  V L ~ I " ~ R ~  
1  R F O R ~ A T l / 9 X , ? Z H T O T 4 L  I I F T  T q E F F I C  I F Y T . 1 9 X . 2 4 H T n T n l  u 7 M F h t T  r " F F T I r I E V l " 1 O r R q  

l N T l  V I  C I q O P I .  
1 0  F O R V A T  I ~ X I F R . ~ ~ ~ X I F R . ~ ~ ? ~ Y , F S . ~ ~ ~ X ~ F P . ~ P I  V1 O l " 1 1 7  
7 1  F D R P A T  1 4 X , 2 3 H P l H F ? U A L  , ? L 6 .  F R . 4 r 2 Y , F R . 4  , ? X , F R . ~ I V I O I ~ T P ~  
27 F P R N A T  l 4 X 1 ? 3 t ' R 0 P T  T H l R O  ~ Q . ~ . ~ X I F R . ~ ~ Z I ~ F R . ~ I  VI C I ~ ~ R -  
7 3  F O Q Y A T  l 3 X 1 1 l ~ 7 X I F 4 . 4 ~ h X 1 F R . 4 t 6 X X F R . 4 ~ ~ Y ~ F ~ . 4 7 3 X F P . 7 X F P . 4  V L O l n O O C  
'4 F O T U A T  I 7 X . 4 H K I N G I I  v I " I ~ C s l  
7 5  FOQMAT ( 4 X , 7 3 H S E M I Z P A Y  F8.4.21,PH--------~7XXF9.41VL0100Q2 
' I 1  F 0 R P 4 r  1 4 X , 2 3 W P Y l O N  L " l C . / H I N G  S F M I S P . l  RH-------- r ? ~ , ~ 8 . 4 . ? ~ , ~ ~ - - - ~ l ~ ! n ~ 9 3  

I -----I v ~ n 1 n n ~ 4  
' 7  F O Q W A T  I ~ X . ~ ~ H P Y L O Y  HFISHT , RH-------- ,?x.FQ.4,?X,RH---VLoIQr~5 

1  -----I VI  n ~ o o o c  

3 1  FORMAT 1 1 0 F R . 5 1  
2 2  f O R M A T  1 1 1 5 . 5 F 5 . 1 1  
17 F O Q N A T  ( 3 F 1 0 . 3 1  V L C 1 0 1 C 9  
3 4  FORMAT I l H l r 4 X  1 7 h H C @ N T R O L  P n I N T  C O n F ~ I Y A T E C  A N n  S L O P C S , I S X ,  V L O I " l " 4  

I 7 Q H E X T F Q N A L L Y  I N O U C E O  V E L O r  I T l F S l  V L C I n 1 O 5  
1 5  FORMAT I 1 4 ~ l X ~ f 9 . 4 ~ 2 X ~ f R . 4 ~ 2 X , F 8 . 4 ~ Z X X f f l B 4 4 6 X , F 9 . 5 ~ l X , F 9 . 5 , l Y , F 9 . 5 V L O l n l ~ h  

1 , l l X , F 9 . 5 , I X , F Q . 5 1  V L O I ~ I ~ ~  
3 6  FORMAT I l H l r 9 X ~ h 6 H V f L ~ 1 C I T I F S  I N O I I C F I I  AT S P E C I T I F O  P I I I N T C  IF1 T H F  V I V L O l Q l O P  

ICINITY OF THF WING// ~ I X , I ~ I . ~ X , ~ H A ~ P H A = ~ , I ~ X X I H I , ~ X X I H I ~ X X I ~ ~ A ~ ~ I ~ ~ ~ I ~ I ~ Q  
2 T I O N A L 9 h L P H A = . F R . 4 , L H l r  I V L C I ~ I I O  

47 F O R M A T  I I I ~ , ~ F I ~ . ~ I  V L F I ~ I ~ I  
7 P  FORMAT ( 4 X . 3 P H P I T C H I N C .  W Y F k T  C L N T F P  ~ 7 Y ~ F Q . 4 + 2 Y ~ ~ R . 4 ~ ? X ~ F 8 V l O L r ) 1 l 2  

1 ' I  \ I ,  0, n l l 2  .. .. . . . . . . .. 
' 9  FORMAT 1 2 X ~ 1 2 ~ 3 X ~ F R . 4 1 2 X ~ F 8 8 4 4 2 X ~ ~ R R 4 4 7 X ~ F R . 5 ~ ? X F 8 . 5 2 F f l . 5 7 X  V L 0 1 1 1 1 4  

1 F R . 5 r 2 Y 1 F R . 5 1 2 X . F R . 5 1  V L P l l l l 5  
$0 FORMAT I 3 X ~ 1 H Y ~ 6 X ~ I H X ~ 9 X ~ I H Y ~ 9 X x L H Z ~ I 3 X y 3 W U / V v 7 X H V / V 7 X 3 H U / V  V l ' l l n l l h  

1 1 2 X ~ 3 H I J / V ~ 7 X ~ 3 H V / V ~ ~ X ~ 3 t I W / V / l  V L O l " 1 1 7  
+I FORMAT I 1 1 4 . h F 1 5 . h  1  V L O t D l l B  
4 1  FOQMAT ( 1 5 ,  3 F 1 2 . 4 1  V L O I ~ I I ~  
4 5  F ~ R M A T  I I ~ , ~ F Z ~ . ~ I  V L ~ I ? I Z ~  
A h  FORMAT ( 4 Y + 3 0 H T A l L  P T . C H l l R D  N O S E  C 0 P P O 1 8 1 h T E S , ? X . F ~ ~ + ~ 7 Y Y F 8 . 4 ~ 2 X , F R V L 0 1 1 1 2 1  

I .&I V I ~ I Q I ~ ?  . . . -  . - -  
+7 FORMAT I / ~ X I  I Q H W I N G  COUTRCL P O I N T S l l  V L 0 1 7 1 2 1  
4 n  FORMAT 1 1 4 ~ 2 Y ~ F R . 4 ~ 7 X ~ F R . 4 ~ ? X x F ~ . 4 1 6 X , F 9 . 5 I X F . 5 1  V L Q l " 1 2 4  

l q ~ - - - - - - - - -  .llX.F9.5.1X.9H---------l V L ~ I O I  2 5  
- 9  FOPk'AT 1 4 X , 2 3 H T A l L  I N C I D F N C E , O E G .  , 9H--------,7X.RH--------,2XVlPI7I7h 

L 1 F Q . 4 1  V L ' 1 1 1 1 7 7  
C n  F P R M A T  ( / 2 7 X ,  Q 1 4 V F l r A O O T L l  V L n I n 1 2 P  
5 1  FOQMAT 1 / / 5 1 X ~ 1 H 1 ~ 4 X ~  7HALPWA=Ol  l 6 Y .  1 H 1 . 1 X , 1 ~ l ( Z X . t 7 H A ! l ' l l T I ~ N 4 L , A L P V L r ) l ~ l 7 ~  

lHA=,FP.4.1H1/34X.17HPE4N SI IL 'FACEI  V L ( 1 1 ~ 1 3 n  
5 1  F O R q 4 T  I l F 3 1 . 4 .  7 1 2 9 )  V I ' I l n l l l  
5 6  F O R M 4 1  l l f 2 3 . 4 .  2 F 1 9 . 4 ,  1 F 2 5 . 4 ,  1 F 1 3 . 4 1 7 F 1 4 . 4 1  V L 3 1 1 1 3 7  
5 C  F O P u A T  ( l F 1 7 . 4 ,  3 1 2 9 1  V L " I n 1 9 1  
'ih FORMAT ( 1 3 0 X .  I 2 H  X A C ' i  Y I I * P E Q l  V L 0 l 1 1 ? 4  
i7 FORMAT ( l F 3 R . 4 .  I F 1 7 . 4 1  V L " I " I "  
L.R F O R H A T  ( ~ X . ? ~ H C H ~ P I I Y I ~ F  V O U l l r E Z  , 7 X , l 3 , 7 X , 1 ~ , 7 X , l l l  V L O l n l 7 h  
5 Q  F O Q U A T  1 / / 3 4 X ~ I 3 H C F - ~ M F T Q Y  O A T A I I Z R X ,  4CIJ ING.bY.  5HOYLON,5X,  4 L ( T b l L V L 1 1 ? 1 ~ 7  

1 1 1  V l  0 1 7 1 3 9  
k C  F r R M A T  1 4 X , ? 3 H C P A N W I S E  V O R T I C E S  r 7 X .  l 3 r 7 Y .  l 3 r 7 X , 1 3 1  V L 7 I O 1 ~ 9  
5 1  F n R Y A T  ( 1 5 X , 4 4 H E N G I Y E  I N M I C F I )  V E L C C I T I F C  0 * I  H r 2 Q I 7 ' W T 4 1  T A I L / ? ~ X , ~ H V L n l ~ 1 4 ~  

111,4LPHb=fl, 1 7 X , 9 H V , A L P H \ = O , 1 7 X , 9 H k , b l  P H 4 = " 1  V L O l " 1 4 1  
C? FORMAT 1 4 X , l  h H T I I R B O C A h l  9 h n l l J S = , 4 X . F 5 . 4 1  V L Q I " 1 4 7  
h a  F n R v A T  lZFlR.4.1F24.4,1F14.441F1R.41 V 1 " 1 " 1 4 3  
<b  FORMAT ( / 3 Y  1 4 H T A  I 1  / 1  V L n 1 " 1 4 4  



4 5  FORHAT(  / 24X ,26HSP4NWISE LOAO O I S T Q l ~ l J T I O N / / 2 X ,  7 t {STAT I ' IU ,SX ,  7 t i Y / ( V l 0 1 P l 4 5  
1 @ / 2 ) , 5 X , 1 3 H L O C 4 L  C H O P O ~ C ~ 6 X ~ l 2 ~ i C L * C / ~ L * C 4 V E ~ I 4 X ~ L O H C L * C / ( 2 * R I / / 4 2 X V L ~ L ~ l 4 h  
2,7HALPHA=cl,2Xl l O H 4 O O I T I O N A L ~ 7 X ~ 7 H A L P H A = ? X l O H A O I T l O 4 l  / 5 1 X ,  h t i 4 V L O l n 1 4 7  
3LPH6= ,FR.4 , IZX I  6HALPHb= .FP .4 )  V L " I ~ I ~ P  

6 6  FORM41  ( 4 X v Z h H 4 N G L E  OF 4 T T & C K s 4 L P H b , D E G . r 7 X , F H H 4 1  ~ ~ 0 1 n 1 4 9  
6 7  FORMAT(43X ,  1 1 2 1 2 7 X 1  1 1 2 1  V L O l ( 1 1 5 0  
6.8 FLlRPAT ( / 2 X t 1 3 H T A l L  V O R T I C E S )  V L 9 1 0 1 5 1  
6" FORMAT ( 3 F 1 0 . 5 )  V L O I 0 1 5 2  . 
7 P  FORMAT ( ~ X I Z O H H A C H  NUMRER r l 3 X 1 F R . 4 )  V L 0 1 1 1 5 3  
7 1  FORMAT 1/5Xr7HALPHA=0,5Xrl7HAOOITIONAL,4LPHA=rFR.4.5X,7H4LPHA=0, V L n 1 0 1 5 4  

14X,17HAOOITIONAL,AlPHA=tFR.4) V L 0 1 0 1 5 5  
1 7  FORMAT f l H l r 3 3 X ~ 2 7 H b F Q O O Y Y b H I t  L O A D I N G  R E S U L T S / / / O X I ~ ~ H H I N ~  L I F T  C V L 0 1 0 1 5 6  

~ O E F F I C I E N T I Z O X I ~ ~ H T ~ I L  L I F T  C O E F F I C I E M T 1  V L 0 1 0 1 5 7  
7 3  FORMAT 1 1 1  39X.21HX Y  I I V L O I O I S R  
74 FORMAT ( I Z X .  ZOHPYLON CONTROL P O I N T S /  I 
7 5  FORf4AT ( / ~ X I ~ ~ H T A I L  CnYTROL P O I N T S / )  
7 6  FORVAT ( I Z X I I ~ H P Y L O C  V O R T T C E S I I  
7 7  F O R P A T  I / Z X . M H P Y L O N  I Y A G F  V O R T I C F S )  
7 8  FORMAT f / 134X , I5HFLOW C O N D I T I O N S / / )  

l r O O  R E A 0 1 5 r 1 5 1  T A L K  
C  
C  I N I T I A L I Z E  TEPMS 

0 0  3 2 1 8  J = l r 5 C  
TLPHAL  C J)=0,0 
U T ( J . l l " 0 . 0  
IITCJ.Z)=n,@ 
V T f J - 1  I -0.0 
V T t J , Z t = O . n  
v B r I J , I ) = n . o  
V R T t  J,7l=o.O 
TLPnNL  (JI-0-0 
T T L I F T l J , l  i = P - C  
T T L I F T ( J . 7 ) - 0 . P  

R T L I F T ( J I I I = ~ . ~  V I  0 1 n 7 1 7  
3 7 1 8  R T L I F T ( J . 2 1 = @ . 0  V L O ~ ~ Z ~ P  

C V L O l O Z I 9  
c V L O ~ ~ Z ? ~  

WRITE  ( 6 . 1 4 1  T 4 L K  ~ ~ 0 1 n 7 7 1  
c V L ~ I ~ ? Z Z  
C R E 4 0  I N  NUYRtR  C F  rHORUWISE V O Q T I C F S  Oh1 WING AND PYLOL l r  T P 4 N L l C F  V L ~ L 0 7 7 3  
C  VORTICFS ON U I N G  AUI) PYLONISPANWISE DEI IMAGE P Y L ~ V I T H O P Q ~ I C F  &NO V L C l n 7 7 4  
C  SPANWISE ON HORIZONTAL  T A I L  V L C L n 2 2 5  
r V L ~ I Q Z Z ~  

REbO 1 5 . 6 )  N C W 1 N C P ~ H S U 7 H S P . H S P I ~ N C T , H S T  V L 0 1 0 2 2 7  
r VL0102_zR - 
C RKOTN WING L.F. 4ND T.E. SWEEP 4 N G L F S r W I N 6  P r O T  CHCRDl V L n 1 0 7 2 ' 4  
C  WING SEMISPANIWING DIHEORALITURBOFAN R 4 0 T U S 7 H I N G  ROOT CHOP0 V L O L n 7 1 P  
C  ANGLE O F  ATTACKIFRFE S T P E A q  MACH hUYRFR. V L 0 1 0 2 3 1  
C  READ I N  PYLON L.E. 4NO T.E. SWEEP 4NGLEC+PYLON ROOTCHOUO. ~ ~ 0 l n 2 1 7  
C  PYLON H E I G H T 9 P Y L O N  ~THFF IRAL IPYLON 1 0 C 4 T 1 0 N v P Y L n N  INCTOFNCE. V L O l Q 2 I 1  
C  R E 4 0  I N  T l I L  L.F. ON0 T.E. SWEFP ANGLESITAIL QOOTCHOROI V L 0 1 1 2 3 4  
C  T A I L  S F P I S P ~ N I T A I L  D I H E D P 4 L . T A I L  INCIOENCE.  V L O l O 2 9 5  
r V l  O l n 7 1 6  

PFAO 15 .7 )  P S I W L I I P S I W T I I C R W I ~ S S P A N ~ P H l ~ R A D ~ P L P H A ~ M A C H  
REAO ( 5 , 7 l  PSIPLI~PSIPTIICRPIIH~PHIP~FRACCPINC 
RFAD (5.71 P S I T L 1 1 P 5 1 T T I  * C P T I  . T S S P A N N P H I T ~ T L I N C  
TALPHA=ALPHA VLO1024c l  
SWPWLI =TAN ( ( P S I W L I  / 1 @ 0 . 0 ) * 3 . 1 4 1 6 ~  ~ ~ 0 l n 7 4 1  
SWPHTI =TAN ( ~ P S I W T 1 / 1 8 0 . 0 I * 3 . 1 4 1 6 1  V L O l O 2 4 7  
SWPPLI =TAN ((PSIPLI/LSO.O)*~.I~I~I v ~ n 1 n 2 4 3  
SWPPTI =TAN ~ ( P S I P T 1 / 1 8 0 . 0 1 * 3 . 1 4 1 6 1  ~ ~ 0 l n 2 4 4  
T A N P H l  =TAN 1 ( P H 1 / 1 8 0 . 0 ) * 3 . 1 4 1 6 1  V L O l 0 2 4 5  
T T N P H I  =TAN ( ( P H I T / l R O . 9 1 * 3 . 1 4 1 6 I  V L f l l 0 7 4 f .  
SWPTL I  =TAN ( ( P S I T L 1 1 1 8 0 . 0 ~ * 3 . 1 4 1 6 )  V L 0 1 7 2 4 7  
SWPTT l  =TAN ( I P S I T T I / 1 8 0 . 0 ) * 3 . 1 4 1 6 1  V L ' l l 0 2 4 8  

V L 0 1 0 7 4 9  
PEAO IN MOMENT CENTER v ~ 0 1 n 2 5 n  

V L 0 1 0 2 5 1  
READ ( 5 1 7  r M 9 Y H t Z H  V L 0 1 0 2 5 2  

V L 0 1 0 2 5 1  
CONTROL CARD-MMM I S  NUMBER O F  P O I N T S  ON TURBOFAN WHERF V E L O C I T I E S  V L O l o 2 5 4  
INDUCED RY WING-PYLON-T4 IL  ARE TO PE COMPUTFO, ALPHLC=n  l N 0 l C b T F S  V L 0 1 0 2 5 5  
NO WING CAMRER AND TWIST ,  1.0 I N D I C A T E S  W I T H  CAMBER AND T W I S T 9  V L 0 1 0 2 5 6  
P I N C L C  I N D I C A T E S  SAME FOR PYLON, TLPHAC FCR T 4 1 L t  FI=O. '  I N D l C 4 T F S V L ' l 3 2 5 7  
NO EXTERNALLY INDUCED V E L O C I T I E S  TO RE REAO I N  AND INCL tJDFD I N  V L 0 1 0 7 5 R  
THE CALCULATION,  E l = l . O  READ AND INCLUDE EXTERNALLY INDUCEO VELO- V L 0 1 0 2 5 9  
T l E S .  CIRCP=O.O BYPASSES P R I N T O U T  OF VORTEX C t i 4 R A C T E ? I S T I C S ,  V L O 1 9 7 6 O  
CIRCP=I.O OUTPUT SHOHS VORTEX CHMIACTERTSTICF v ~ n l n z h l  

V L C l O 2 h P  
READ ( 5 . 3 2 )  M M M I A L P Y L C ~ P ~ N C L C ~ T L P H A C C E I  P C  I P C P  V L 0 1 0 2 6 9  

V L n l O Z 6 4  
IVAX=MSW+l  V L n l r 1 2 6 5  

V L O l 0 2 h h  
LAY-OUT L E F T  T A I L  LEGS OF THF  ~FSWF-VTRTICES~THE W m  V L O l n 7 6 7  

V L 0 1 O Z C 8  
R E A O ( 5 r 7 )  I Y ( I ) t l = 2 v I Y A X l  V L O I n 2 h 0  

V 1 0 1 O 2 7 0  
I F  (HSP.FQ.0) GO TO 2 2 0 5  V L 0 1 0 2 7 1  
KHAX=MSP+I ~ ~ 0 1 1 2 7 2  

V L O L ~ Z ~ ~  
LAY-OUT LOWER T A l L  LEGS OF THE HORSESHOE VORTICES ON THE P V l O N  V L 0 1 0 2 7 4  

V L D I  1 2  1 5  
REbO(5 .71  f Z 1 K l . K = 2 r K H b X )  V L 0 1 0 2 l h  

V L O L 0 2 7 7  
1 5  CONTINUE V L ~ ~ ? Z ~ R  

I F  INCT.EO.01 6 0  TO 1 1 0 0  
V L 0 1 0 2 7 9  VLO l??RO 

READ l " i U l Z O N r A L  T A I L  HOOT CHORD W S F  L C 1 O R O I N ~ i C S r I N X ~ T N Y r ~ N I  V L n 1 9 2 R I  
V L ~ I O Z R Z  

RFdO 1 5 ~ 7  1 TNXITPVY,T' IZ  V L Q l ? Z R 7  
VL P l 9 7 R 4  

LbY-OUT LEFT T A I L  LFGS OF HOQSESHf lF VQRTICFS I lN THF T A I L  V l O l O 2 R s  
V L O 1 0 7 R h  

I T * A X = Y S T * i  VLQLO? '7  
R E 4 0  1 5 * 7  ) I Y T I  I T ) *  I T - 2 . I T " A X i  YL'1107RR 



C WlNG VORTEX HALFWIDTH=SW 

C O U P R F S S I B I L l I V  RULE 

P V V I  J l s - S U M V I I  I 
. P V Z l J l = - S U M V ( I l * T b N r H I  
P C X I  Jl~-llA-O~?5l*lCR~/Oll-lSUI(VlIl*SWPC~ J C W l I  

C 
C COOROINATES OF 3 / 4  CHORO ELFHENTAL PANEL L F F T  S I D E  P f l lNT .PT l  
C 

PTLXlJl=-IlA-O~251*ICR~/Dll-lVlIl*SWPClJCWll . 
P T L V I  J l = - V l I l  
P T L Z  ( J l = - V I I  )*TANPHI 

7 2 0  CONTINUE 
I F  IV I I I . LT .SSPAN)  GO TO 7 0 1  
M=NC WtMSW 
I F  lEISP.EQ.01 GO T O  1 1 0 1  

-- 
VORTICES 

.- 

CHORDWISE WING-PYLON-TAIL GEOMFTRV AND NUMBER OF 
SPANWISE D I R E C T I O N S  OUTPUT 

C 
C CALCULATE RFAL AN0 IMAGE VORTEX POINTS AN0 CONTROL POINTS I l N  THE 
C P N N  - - - - 
C 

E-NCP 
K= 1 
ZfKl=O.O 

WRITE 16.591 
WRITE 1 6 ~ 3 0 1  P S I W L I ~ P S I P L I . P S I T L 1  
WRlTE ( 6 1 8  1 PSIWTI ;PSIPTI .PSITT I  
WRITE (6.211 PHI.PHIP.PHIT 
WRITE 16.221 CRWI .CRPI~CRT1 
WRlTE 16.251 SSPANITSSPAN 
WRITE 16.261 FPAC 
WRlTE 16.271 H 
WRITE (6.101 P l N C  
WRlTE (6.491 T L I N C  
WRITE (6.581 NCW.NCP.NCT 

E 
C THE FOLLOWING COORDINATES LOCATE THE PVLON ROOTCHOPD NOSE 
C 

L 
C T H E  F O L L W I N G  COOROINATES LOCATE PYLON-ENGINF CHORO NOSE AND T A I L  WRITE 16;601 

W a l T E  I 6 e 7 3 I  
I F  INCT.EO.0 
WRlTE (6.461 
CONTINUE 
WRlTE 1 6 r 3 8 1  
WRITE 16.621 
WRITE 16;781 
WRITE 1 6 r 6 6 1  
WRITE 1 6 t 7 O l  

MSW.WSP.MST 

GO TO 3 1 8 2  
TNXsTNYvTNZ 

XN.VM,ZM 
RAO 

ALPHA 
MACH 

L 
C PVLON-ENGINE CHORO=CRPE 

C. 
C CHANGE ANGLES TO RADIANS 
C 

VLO 1 0 4 0 2  
V L 0 1 0 4 0 3  
V I  n i n ~ n 6  

ALPHA- lALPHAl lRO.01*3 .141b  
T&LPHA= lTALPHAI1RO.O~*3 .141b  
PINC=(PINC/l~O.OI*3.l416 
T L I N C =  lT t tNC/180 .01*3 .1416  
P H I -  IPH1/180.01*3.1416 
P H l T =  I P H I T / 1 8 0 . 0 1 * 3 . 1 4 1 6  
P H l P =  l P H I P / I R O . 0 l + 3 . 1 4 l b  

C CALCULATF VORTEX AN0 CONTROL POINTS CODROINATES ON THE WlNG 
C 

C S P H I = C O t l A T A N l T A N P H I H  - - 
- - SEGSINIATANITANPHI~ 1 

- 
0=NCW 
1=1 
r111=0 .0  

7 0 1  1=1+1 
S I t W v f I l = l v I I l + v l  1-11112.0 
V L O C I I I = S U M V I I I / S S P A N  
0 0  7 2 0  JCW=I .NCW 
A=JCW 
SWPClJCWl=S~PWLE-l1A-O.25l /Ol~lSWPWLE-SWPWTEl 
J=l I-2 l*NCY+JCW 
SWPVI J I -  SWPWLE-ll A-0.751/Dl*lSWPWLE-SWPWTFl 

r 
C D I S T I N C T I O N  RETWEEN SWEEP I N  CHOROALISUPVVPI AND PLANFORHISWPVl 
C P I  ANE 
C 

SWPVVPIJ l=SWPVlJ I *CZPHI  
C 

C PVLON VORTEX HALFYIOTH=SP 
. - - - , . - 
V L 0 1 0 4 O 5  
V L 0 1 0 4 0 6  
V L O I 0 4 @ 7  
V L 0 1 0 4 0 8  
V L O I O ~ C ~  
V 1 0 1 0 4 1 0  
V L O t b 4 1 1  
V L b 1 0 4 1 2  
V L F 1 0 4 1 3  
V L 0 1 0 4 1 4  
V L 0 1 0 4 1 5  
VLO 1 0 4 1  h 
V L 0 1 0 4 1 7  
V L O I ~ ~ I R  VLOIF~IQ 

V L O I F ~ ~ ~  
V L 0 1 0 4 2 1  
VLO 1 0 4 2 2  
~ ~ 0 1 0 4 2 3  
V L 0 1 0 4 2 4  V L O l 0 4 2 5  

V L P 1 0 4 2 6  
V L P l O 4 7 7  
V L 0 1 0 4 2 R  
V L C l O 4 2 9  
V L O 1 0 4 3 0  
V L 0 1 0 4 1 1  
VLP1 '7412  

C 
C PVLON VORTFX IWAGFS ARE L A 1 0  flUT NFXTINOTE A D D I T I O N  
C IMAGF 
C 



9 2 0  C ~ N T ~ N U E  
DP=RAO-I IRAO*RAOl I I  RAO+Hl l  
K IMAX=KI  
IF 1ZI IK l l .LT.OPl  GO TO 901 
MPI=MSPI*NCP 
GO TO 1 1 0 2  

1 1 0 1  MP=O 
1 2 0 3  MPI=O 
1 1 0 7  CONTINUE 

MPl=M+l 
Y M l h M + W  
MPP1=M+MP+l 
NMTPt=M+MP+MPI+l 
MTrNCT+MST 
N=M+MP+MPI+MT 
NMMT=M+MP+MP I 
NMMP I -M+MP+MT 

C 

BUILD UP L.M.S. OF BOUNDARY CONDITIONv THE COEFFICIENT MATRIX 

CONTROL POINTS ON WING. VORTICES ON WING 
C 

DO 2 1 2  J E = l * M  
00 2 1 2  J V = l r M  
XWW=PCXlJCI-PVXIJVI 
YwWI~)=PVYIJC)-PVYIJVI  
YWWl2)=PVYlJCl+PVY1JVI  
ZWW=PVZlJC)-PVZIJVI 
DO 2 6 1  I = l , 2  
CALL I N F W W ~ S W V V P ~ J V ) ~ P H I ~ X W W + Y W W I I ) ~ Z W W ~ S W ~ J V ) ~ F U W I I I ~ F V W ~ ~ I ~  

1FWWII I I 
SWPVVPlJV1.-SWPVVPIJVI 
PHI=-PHI  

2 6 r  CONTFNUE 
F V N I J C ~ J V ) = ~ F W W ~ ~ I + F W W ( ~ ) ~ C S P H I - I F V W I ~ ) ~ F V W ~ ~ ) I * ~ P H I  

7 1 2  CONTINUE 
C 

5 CONTROL POINTS ON U t N G *  VORTICES ON PYLON 
C 

IF (MSP.EO.OI GO TO 1 1 0 3  
00, fl7 JC=l  tM 
DO 712 LVsMPltWMB 
JVP1;)V-M 
X W S T X I  J C I - P V P X I  J V P I  
Y W P l T ~ ~ W Y ~ l d C I + V P Y L I  JVP I 
YWPI;I=PVY IJCIUPVPY IJVPI 
ZWP=PVZIJCI-PVPZIJVPI 
DO 2f#Z 1=1+2 
c lK t  1NHIYlSWPVPl.lVPI rPHIP+XWPIYWPl I l r Z W P 6 P l  JWI r F U P I 1  I *UP1 ilr 

I F U P I T  I t  
P H I  P=--PH 1P 
SWPVPlJVPI=-SWPVPIJVPI 

262 CONTINUE 
FVNIJC~JVI=IFWPI~~+FWPI~II*CSPHI-IFVP~~I+FVPI~II*SPHI 

112 CONTtNUF 

C CONTROL POINTS ON WING* PYLON IMAGE VORTICES, VL010505 
C FVNI  WILL BE ADDED TO FVN OF PYLON ACCORDING TO IMAGE PRINCIPLE VL010506 

VL010507 

JI=JV-lM+MPl 
jVP=JV-lM+MPl 
XWPI=PCX~JCI-PVPXI I J V P I  
YWP~I~)=PVYIJCI-PVPYI(JVPI 
Y W P I ~ ~ I = P V Y ~ J C ~ + P V P Y I ~ J V P I  
Z W ~ ~ = ~ V Z I J C I - P V P Z I I J V P I  
DO 2 6 5  I = l r 2  
CALL ~ N F W W ~ S W P V P I I J V P I ~ P H I P S X W P I ~ Y W P I ~ I I * ~ ~ P I  

1 F V P I l l I r F W P 1 i I I l  
pHIP=-PHIP 
SWPVPI IJVP)=-SWPVPI (JVPI 

2 6 5  CONTINUE 
FVNI(JC,JII = I F w P I I ~ I + F W P I I ~ I ~ * C S P H I - ~ F ~ P ~ ~ ~ ~  

3 1 3  CONTINUE 
1 2 0 4  CONTINUE 

C 
c CONTROL POINTS ON DYLON*WING VORTICES 

2 6 3  CONTINUE 
~ v N l . J c + J v ) =  - ( F V W l l  l+FVWIZ I I 

4 1 2  CONTINUE 

P S P I  I J V P I  

+FVPI1211 

C 

5 CONTROL POINTS ON PYLON* VORTICES ON PYLON 

2 6 4  CONTINUE 
FVNI  J C r J V I =  - l F V P 1 1 l + F U P l 2 ~ I  

5I2 CONTINUE 
c 
C CtWTROt POINTS ON PYLON* PYLON-INAGE VORTICES 
c F V N ~  WLL BE AOOEO m FVN OF PYLON ACCORDING TO MAGE P R I N C I P L E  



00 267.1-1.2 VLOIO 
CALL INFW~(SWPVPI(JVPlsPHIP~XPPI~YPPI~Il~ZPPISPIJVPFUPIll VLOla  

1 F V P I ~ I l r F W P I ( I l l  V L O ~ D  

YTT(2I=PVTY(JCTl+PVTY(JVTI VL010649 
ZTT=PVTZ(JCT)-PVTZIJVT) VL010650 
DO 7 7 8  I = l r Z  V L O l O 6 5 l  
CALL INFWW ( S W P T V V ( J V T I ~ P H I T ~ X T ~ ~ Y T T ~ ~ ~ ~ Z T ~ ~ S T ( J V T I ~ F U T ~ I ~ ~ F V T ~ I ~ ~ V ~ O ~ O ~ ~ ~  

IFWT~ 1 I 1 VL010653 
SWPTVV(JVTlr-SWPTVVIJVTI VL010654 
PHIT=-PHIT VL010655 

2 7 8  CONTINUE VL010656 
FVNIJCsJVI=(FWTIlI+FWT(Z)$*TCSPHI-(FVT(lI+FVT(2ll*TSPHI VL010657 

5 2 3  CONTINUE VL010658 
C VL010659 

2 6 7  CONTINUE 
F V N I ( J C 9 J I ) -  - ( F V P I ( l l + F V P I ~ Z ) I  

5 1 3  CONTINUE 
C VL010583 
C VORTEX IMAGING SCHEME I N  ACTION FOR WING AN0 PYLON CONTROL POINTS VL010586 

CONTROL POINTS ON WING* VORTICES ON T A I L  

0 0  5 2 4  JC=l.M 
DO 5 2 4  J T T = l r M T  
JV=JTT+M+MP 
XWT=PCX(JCl-PVTXIJTTI 
YWTl l )=PVY(JCI -PVTYIJTTI  
YWT(Z)=PVY(JC)+PVTY(JTT) 
ZWT=PVZ(JCl-PVTZIJTTI 
DO 2 7 6  I=l.2 
CALL INFWW ( S W P T V V ( J T T I ~ P H I T ~ X W T ~ Y W T ~ I ) ~ Z W T ~ S T ~ J T T I  

CONTINUE 

c 
C CLi tTuLp.WMIDSPAN VORTEX ROUND LEG POINTS tiWD CONTROL POINTS 
C C O O R M W W S  ON THE HORIZONTAL T A I L  
C 

2 7 6  CONTINUE 
FVN(JCIJVI=IFWT(~)+FWT(~II*TCSPHI-(FVT(~I+FVT(~~~*TSPHI 

5 2 4  CONTINUE 
C 

C CONTROL POINTS ON T A I L *  VORTICES ON WING 
C 

OO 5 2 1  JCT=lsMT 
JC=JCT+M+MP 
DO 5 2 1  J V = l r M  
X.TW=PCTX JCTI-PVXI J V )  
YTW(l )=PVTY(JCTI -PVY(JV1 
YTW(Zl=PVTYIJCT)+PVY(JV) 
ZTW=PVTZ(JCTl-PVZ(JVl 
DO 2 7 7  I = 1 * 2  
CALL INFWW ( S W P V V P ( J V ~ Y P H I ~ X T W I Y T W ~ ~ ~ ~ L T W ~ S W ~ J ~ ~ ~ F U ~ ~ Y ~ ~ F ~ ~ ~ ~ ~  

1 1 1 1 )  
SWPVVP(JV)=-SWPVVP(JV) 
PnI=-PHI  

2 7 7  CONTINUE 
F V N ( J C ~ J V ~ ~ ( F W W ( ~ ) + F W W ~ ~ ~ ~ * T C S P H I - ~ F V W ~ ~ ~ + F V W ~ ~ ~ ~ * T S P H I  

5 2 1  CONTINUE 

c 
C T A I L  VORTEX HALFWIOTH=ST 
C 

C 
C CONTROL POINTS ON T A I L *  VORTICES ON PYLON 

C COORDINATES OF 3 / 4  CHORD ELEMENTAL PANEL LEFT SIDE ~ O i t 4 T  ON 
C PTTL 
C 

JVP=JV-M 
XPT=PCTX(JCTl-PVPX(JVPI 
YPT(~I=PVTY(JCTI-PVPY(JVPI 
YPT(2l=PVTY(JCTl+PVPY(JVP) 
ZPT=PVTZ(JCTl-PVPZIJVPI 
DO 2 7 9  I = l r Z  
CALL INFWWlSWPVP(JVPlrPHIPsXPT~YPT~Il~ZPTtSP~JVPlsFUPlIlsFVP,~I~~ 

I F W P ( 1  I 1  

SWPVPlJVP)=-SWPVP(JVPl 
2 7 9  CONTINUE 

F V N ~ J C S J V ~ = I F W P ( ~ I + F W P ( ~ I ~ * T C S P H I - ( F V P ( ~ + F V P ~ ) * T S ~ H I  
5 2 2  CONTINUE 

1 5 2 5  CONTINUE 
C ~ ~ 0 1 0 7 1 6  
C CONTROL POIYTS ON T A I L *  PYLON IMAGE VORTICES VL010717 
C F V N I  W I L L  BE ADDED TO FVN OF PYLON ACCORDING TO IMAGE PRINCIPLE VL010718 
C VL010719 

I F  (MSPI.EO.OI GO TO 1 5 2 6  VL010720 





1 7 1 5  CIRIJC* t l=O.O 
GO TO 2 7 1 0  

1 7 1 3  DO 1 7 1 6  JC=MPl.MMP 
CI~lJC*1l=12~566371*lPINC-UEI~JC~ll*PINC+VEIlJC~lll 

1 7 1 6  CIRlJC*2)=12.566371*VEIlJC~2l 
2 7 1 0  CONTINUE 

C READ I N  LOCAL HORIZONTAL T A I L  ANGLES OF ATTACK 
C 

I F  lTLPHAC.EQaO.01 GO TO 4 6 1 0  
NNTtO 
DO 9 9 1 1  JNT-1 rMT*NCT 
MNT=MNT+NCT 

9 N 1  READ l 5 r 7  I I T L P H A L I J T I .  JT=JNT.MNTI 
4 6 1 0  CONTINUE 

L 

C CONTROL POINTS ON HORIZONTAL T A I L  
C ~ ~ 0 1 0 8 8 7  

IF; M ~ A C ~ E a r O 6 O s A N O ~ E I ~ E O ~ O ~ O  ) GO TO 1 8 1 1  VL010888 
I F  ~ T L C H A C . N E a O ~ ~ D ~ E I ~ E Q o O ~ 0  ).GO TO 1 8 1 2  VL010889 
I F  ITLPHAC.EQaO.O*A~DeEI.NE.O.O I GO TO 1 8 1 3  VL010890 
DO 4Tl3 JC-MPPl sNMMPI VLO10891 
JCC* JC-( M+MP I VL010892 
CIRfJC~1)=12.566371*l1TLPHAL(JCC)+TLINC)*TCSPHI+VEIlJC*ll*TSPHI- VL010893 
lfUEIIK~ll*lTLPHALlJCC1+TLINC)+WEIlJC~lII*TCSPHIl VL010894 

C VL010913 
C VL010914 

ILDb CON1 TNUE VL010915 
CALL H ~ T I N V ~ F V ~ ~ ~ N M ~ ~ ~ < I R ~ ~ ~ D E T E R M ~ I P I V O T ~ I N D € X ~ N ~ A X ~ I S C A L E I  VL010916 

C. VL010917 
Cr IF  DETMININAW OF T H E  COEFFICIENT MATRIX I S  ZERO CHECK CALL VL010918 
C ESPECIALLY NMMPIIZPXVOPT~NDEXSNMAX VL010919 
c DZNENSION OF IPIVOT AND INDEX MUST EOUAL NHAX. NMMPI EQUALS VL010920 
C NUMBER'OF CONTROL POINTS IE. UNKOWNS V L 0 1 0 9 2 1  
C- VL010922 

(OETf!RW 3 0 0 4  - 3 0 W - 3 0 0 8  VL010923 
C VL010924 
C VL010925 

3 0 0 5  WRITE 161171 VL010926 
C VL010927 
C VL010928 

3 0 0 4  CONTINUE VL010929 
C VL010930 
t IMAGE VORTEX STRENGHTS RELATED 10 PYLON VORTEX STRENGTHS V L 0 1 0 9 3 1  
C VL010932 

JI=JC-MMP 
~MAG~JC-I~I~*KII-(~*KHAXII*NCPI-MP 
c I R I I J ~ ~ ~ ~ = c I R I I M A G . ~ I  
C I R I I J 1 s 2 1 - C I R I I M A G I 2 )  

7 1 4  CONTINUE 
9 7 1 4  CONTINUE 

C .  
C CALCULATE VELOCIT lES INDUCED ON ENGINE 
C 

C COORDINATES OF POINTS ON ENGINE ARE READ I N  NEXT 
C 

I F  (MMM.EQ.0) GO TO 4 0 0 0  
READ 1 5 ~ 3 3 1  IPMXIMM).PMYIMMI~PMZIMMI*MM-~~MMMI 
DO 3 1 1 2  MM=l*MMM 

3 1 1 2  PMXIMH~=PMXIMMI /BETA V L 0 1 0 9 5 1  
C VL010952 
C CALCULATE INDUCED VELOCITIES U.V*W AT POINTS ON ENGINE DUE TO WINGVL010953 
C VORTlCES V L 0 1 0 9 5 4  
C VL010955 

DO 5 0 0 0  JV=l*MMM VLO10956 
U E l J V $ l l r O . O  V L 0 1 0 9 5 7  
VE(JV.11-0.0 V L 0 1 0 9 5 8  
WElJV*ll=O.O V L 0 1 0 9 5 9  
UEIJV.ZI=O.O VL010960 
VElJV*2l=O.O VLO'L0961 
WElJVe2)-0.0 VL010962 
DO 5 0 0 0  J C = l * M  V L 0 1 0 9 6 3  
XWM PMXlJVl -PVX(JC1 V L 0 1 0 9 6 4  
YWMl1) = P M Y t J V I - P V Y I J C I  VL010965 
YWMl2) = PMYIJV)+PVYlJC)  V L 0 1 0 9 6 6  
ZWM = P M L I J V I - P V Z I J C I  VL010967 
DO 1 2 6 1  111.2 VL010968 . CALL INFWW lSWPVVPlJC~rPHIrXWM~YWMl1IsZWM~SWlJCI~FUWllFVWlll VL010969 

1 F W W l I l  I VL010970 
SWPVVPlJCI=-SWPVVPIJCI V L 0 1 0 9 7 1  
PHI=-PHI VL010972 

1 2 6 1  CONTINUE VL010973 
DO 1 8 0 9  I X X = l s Z  V L 0 1 0 9 7 4  
UEfJV~IXX)=UE~JV~IXXl+llFUWl1)+FUWl2)I~C1R~JC~IXXIl/l2~566371 V L 0 1 0 9 7 5  
V E ~ J V ~ I X X I = V E l J V ~ I X X 1 + ( l F V W l 1 l + F V W l 2 ~ ~ * C I R J C I X X l l 2 5 6 6 3 7 l  VL010976 

1 8 0 9  WElJV~IXX)=WElJV~IXXl+llFWWl1l+FWWl2Il*CIRlJCIXXlll256637l V L 0 1 0 9 7 7  
5 0 0 0  CONTINUE VL010978 

C VL010979 
C CALCULATE VELOCITIES U.V*W AT POINTS ON ENGINE DUE TO PYLON VORTI-VL010980 
C CES V L 0 1 0 9 8 1  
C VL010982 

I F  IMSP.EO.0) GO TO 5 0 3 6  V L O j 0 9 8 3  
DO 5 0 1 0  JV=lrMMM V L 0 1 0 9 8 4  
DO 5 0 1 0  JC=MPl.MMP V L 0 1 0 9 8 5  
JCP=JC-M VLO10986 
XPM= PMX(JV1-PVPXIJCPJ V L 0 1 0 9 8 7  
Y P M l l l  r PMYIJVI -PVPYIJCPI  VL010988 
Y P M l 2 l  - PMYIJVI+PVPY(JCP) 
ZPM = PMZIJVI -PVPZIJCPI  
DO 1 2 7 1  1=1*2  
CALL INFWWISWPVP IJCPI~PHIP~XPMsYPMIII~ZRM~SPIJCPI~FUPIII~FVPI 

I F U P (  1 )  I 
PHIPs-PHIP 
SWPVP(JCP)=-SWPVPIJCPI 

1 2 7 1  CONTINUE 
nn 1arq rxx.1.7 
~ ; I ~ ~ ; ~ ; X ~ I ~ U ~ I ; V S I X X ) + I  I F U P ( l ) + F U P l 2 l  I*CIRlJC1IXX)l/l2~566371 
VEIJV. IXX)=VEIJV* IXX)+( (FVP (lI+FVP~2ll~CIRlJC~IXX1I~l2~~66371 

1 8 1 9  WE~JV*IXXltWE~JV~IXXl+l(FWPl1l+FWP~2ll*C1R~~~IXXI1/12~566371 
5 0 1 0  CONTINUE 

v C o i o 9 P i  
VL010998 
VL010999 
VLOllOOO 
V L O l l O O l  

C VL011002 
C CALCULATE VELOCITIES U*V*W AT POINTS ON ENGINE DUE TO PYLON-IMAGE VL011003 
C VORTICES V L 0 1 1 0 0 4  
C VL011005 



J I =JC-MMP 
JCPmJC-( M+t!P) 
X P I M = P M X l J V l - P V P X I I  JCP)  
Y P ~ ~ ~ ~ I = P M Y I J V I - P V P Y ~ I J C P I  
Y P I f 4 1 2 l = P M Y f J V I + P V P Y l I J C P l  
Z P l h ! = p M Z l J V l - P V P Z I  f  JCP)  
D O  1 2 8 1  I = l r Z  

0 0  6 0 0 4  J = l r M T  V L 0 1 1 0 8 1  
JT T= J+ f  M+MP) V L 0 1 1 0 8 2  
P C T X B E l J ) = P C T X ( J I * S E T A  V L 0 1 1 0 8 3  

6 0 0 4  W R I T E  16 .351  J T T ~ P C T X B E I J ) ~ P V T Y ~ J ) ~ P V T Z I J I I T L P H A L ~ J ) ~ U E ~ J T T ~  V L 0 1 1 0 8 4  
~ V E ~ I J T T ~ ~ ) . W E I ( J T T I ~ ) ~ V E I I J T T I Z ) ~ W E I I J T T ~ ~ I  V L 0 1 1 0 8 5  

6 0 0 5  C O N T I  NUF V L 0 1 1 0 8 6  
C V L 0 1 1 0 8 7  

C A L L  INFWW ~ S W P V P I I J C P ~ ~ P H I P I X P I M ~ Y P I ~ ~ ( I ) ~ Z P I ~ ~ S P ~ ( J C ? I ~ F I ) P I ( I ~ ~  
l F V P I I I ~ ~ F W P I l I I 1  

pu l p= -PH IP  

C V L O l l O B 8  
C c ~ R C U L A T I O N  VALUES A N 0  VORTEX BOUND L E G  M I D P O I N T  COORDINATES OUT V L 0 1 1 0 8 9  
C V L O l l 0 9 0  

SWPVPI (JCPl=-SWPVPI (JCP1 
1 7 8 1  C O N T I N U E  

00 1 8 2 9  I X X = I , 2  
U F ~ J V ~ I X X ) = U E I J V ~ I X X ) + l I F U P I l I ) + F U P 1 l 2 l ) * C I R I I J I ~ I X X ~ l ~ 1 2 ~ 5 6 6 3 7 l  
V F ~ J V I I X X I = V E ~ J V I I X X ) + ( ~ F V P I I ~ I + F V P I ~ ~ ~ I * C I R I I J I ~ I X X ~ ~ / ~ ~ . ~ ~ ~ ~ ~ ~  

1 8 7 9  WF(JV~IXX)=WEIJV~IXX)+I~FdPIIII+FWDIl2llrCIRI~JI~1XX))~l2.566371 
5 0 7 0  C O N T I N U E  

C 
I F  fCIRCP.EO.O.01 GO TO 3 0 0 1  
W Q I T F  l 6 r l l  ALPHA 
0 0  5 5 0  J = I , M  
SWPVVPlJI=fATANISWPVVP~Jl*RETA11*~57.295781 

C C A L C U L A T E  V E L O C I T I E S  UI V.  W AT P O I N T S  ON E N G I N E  DUE TO 
C HOR. T A I L  V O R T I C E S  
C 

I F  fNCT.FO.0) GO TO 5 0 3 5  
D O  5 0 3 0  JV=l .MMM 
00 5 0 3 0  JCC-1.MT 
JC=JCC+M+MP 
X T ~ + = P ~ ~ X ~ J V ~ - P V T X (  JCC) 
Y T M f l I = P W Y ( J V l - P V T Y I J C C I  
Y T M f Z I = P M Y I J V I + P V T Y l J C C l  
Z T M = P M Z ( J V ) - P V T Z I J C C ]  
D O  1 2 9 1  I r l r Z  
C A L L  I N F W W ~ S W P T V V I J C C l r P H I T ~ X T I 4 ~ Y T l 1 ~ I ) ~ Z T M ~ S T f J C C ) ~ F U T l I ) ~ F V T l I ~ t  

I F  IMSP.EO.0) GO TO 2 9 9 8  
W R l T F  l h 1 7 h l  
DO 5;1  ;=MPI,MMP V L 0 1 1 1 0 4  
JP=J-M V L 0 1 1 1 0 5  
SWPVPlJP)=(ATANfSWPVPlJP)*PETAIl*~57~29578~ V L 0 1 1 1 0 6  
P V P X B E ( J P ) = P V P X I J P ) + B E T A  V L 0 1 1 1 0 7  

5 5 1  W R I T E  1 6 9 1 3 1  J ~ P V P X 3 E ( J P ~ ~ P V P Y ( J P l ~ P V P Z f J P l ~ b W P V P f J P 1 S P l J P  V L O 1 1 1 0 8  
l C I R l J ~ 1 I r C I R l J ~ Z )  V L 0 1 1 1 0 9  

DO 1 5 1  J P = l r M P  V L O l l l l O  
1 5 1  S W P V P l J P ) = T A N l S W P V P ( J P ) / 5 7 ~ 2 9 5 7 8 l ~ B E T A  V L O l l l l l  

V L 0 1 1 1 1 2  
1 F W T f  I I )  

SWPTVVIJCCI= -SWPTVV(JCC)  
P H I T r - P H I T  

1 2 9 1  C O N T I N U E  

I F  (MSPI.EO.01 GO T O  2 9 9 8  
W R I T E  DO 5 5 2  1 6 , 7 7 1  J = M P P I * N M M T  

J I = J - I M + M P l  V L 0 1 1 1 1 6  
SWPVPI(JI)=IATANlSWPVPI(JIl*BETAll*f57~295781 V L 0 1 1 1 1 7  
PVPXIlJIl=PVPXIlJI)*8ETA V L O l l l l 8  

5 5 2  W Q l T E  16 .131  J ~ P V P X I ~ J ~ ) ~ P V P Y I I J I I ~ P V P Z I I J I ~ ~ S W P V P I I J I I ~ S P I I J I I ~  V L 0 1 1 1 1 9  
1 C 1 R I l J I ~ 1 l r C l R I l J I ~ 2 l  V L O l l l Z O  

DO 1 5 2  J P I = l , M P I  V L O l l l 2 1  
1 5 2  SWPVPIlJPI)=TANISWPVPIlJPI)/57~29578)/0ETA V L 0 1 1 1 2 2  

2 9 9 8  CONTINUE V L 0 1 1 1 2 3  

DO 1 8 3 9  I X X = I . 2  
U F ~ J V ~ I X X ~ = ~ E ~ J ~ ~ I ~ ~ ) + ( ~ F U T ~ ~ I + F U ~ ~ ~ ~ I * C I R ~ J C ~ I X X ) I ~ ~ ~ . ~ ~ ~ ~ ~ ~  
V E ~ J V ~ I X X ) = V E ~ J V ~ I X X ) + ( ~ F V T ~ ~ ) + F V T ~ ~ ~ ~ * C I R I J C ~ I X X ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1 8 1 9  W F ~ J V ~ ~ ~ X ~ = ~ E ~ J ~ ~ ~ X X ) + ( ~ F W T ~ ~ ) + F ~ ~ ( ~ I ~ ~ C I R ~ J C C I ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
5 0 7 0  C O N T I N U E  
5 0 3 5  C O N T I N U E  

C 
4 0 0 0  C O N T I N U E  

C 

C V L 0 1 1 1 2 4  
I F  fNCT.EQ.01 GO TO 3 0 0 1  V L O l l l 2 5  

W R I T E  0 0  1 5 3  1 6 ~ 6 8 1  J T = l v M T  
V L 0 1 1 1 2 6  
V L 0 1 1 1 2 7  

J = J T + I M + M P + M P I I  V L 0 1 1 1 2 8  
JCS=J-MP I V L 0 1 1 1 2 9  
S W P T V V l J T ) = l A T A N f S W P T V V l J T I * B E T A l 1 * ( 5 7 . 2 9 5 7 8 )  V L 0 1 1 1 3 0  
P V T X ~ J T I = P V T X ~ J T ) * R E T A  V L 0 1 1 1 3 1  

1 5 1  W R I T F  l h . 1 3 )  J , P V T X ~ J T ] ~ ~ V T Y ~ J T ) ~ ~ V T Z I J T ) ~ S T I J ~ ) ~  V L 0 1 1 1 3 2  
l C I R l J C S ~ I l r C I R l J C S ~ 2 l  V L 0 1 1 1 3 3  

DO 1 5 4  J = l * M T  V L 0 1 1 1 3 4  
S W P T V V I J l = T A N l S W P T V V l J l / 5 7 . 2 9 5 7 8 ) I B E T A  V L 0 1 1 1 3 5  

C V L 0 1 1 0 5 6  
C CONTROL  P O I N T  COOROINATES A N 0  NEAN SURFACE SLOPES A N 0  EXTERNALLY  V L 0 1 1 0 5 7  
C INOOCFO V F L O C I  T I E S  OUTPUT V L 0 1 1 0 5 8  
C V L 0 1 1 0 5 9  

W R I T E  ( 6 r 3 4 )  V L 0 1 1 0 6 0  
W R I T E  1 6 9 5 1 )  ALPHA V L 0 1 1 0 6 1  
W R I T E  1 6 . 9 1  V L 0 1 1 0 6 2  
W R I T E  ( 6 . 4 7 1  V L 0 1 1 0 6 3  

1 5 G  P V T X l J I = P V T X l J l / B E T A  
3 0 0 1  C O N T I N U E  

C 
6 0 0 1  W R I T E  1 6 , 3 5 1  J * O C X R E T ( J I , P V Y I J I t P V Z l  

1 t W F l f J ~ ! l r V F I I J ~ 2 ) r ' ~ E I l J ~ Z )  
I F  l Y S P . E O + O l  6 0  TO 6 0 0 3  C WING L O A D I N G  C A L C U L A T I O N S  FOLLOW 

5 
C A L L  LOAD 

W R l T F  f h r 7 4 )  
r 

DO 6 0 0 2  J z M P l r M W P  
J C C = J - Y  
~ C P X ~ E ~ J C C I = P C P A ~ J C C I * ~ ) ~ C A  

6 0 0 7  W R I T F  ( 6 r 4 5 1  J ~ P C P X R E ( J C C I ~ P V P Y I J C C I  
! . V E ~ ~ J I ~ ~ ~ V E I I J ~ Z I  

6 0 0 7  C O N T I Y U F  

CONT l N U E  V L 0 1 1 1 4 4  
C V L 0 1 1 1 4 5  
C V L O l l l 4 6  
C OVERALL  L I F T  AND I lOYENT COEFF IC IENT ,REFERENCE O U A N T I T l i b r b P A N W I b E  V L 0 1 1 1 6 7  
C LOADINGS OUTPUT V k O 1 1 1 4 8  
C 

W R I T F  ( 6 9 7 2 )  
U R I T F  f 4 r 7 1 1  A L P H A r 4 L P H A  
k J 9 I T r  l 6 r 1 9 1  S l l t ~ L i ~ I 1 1  ~ I U ~ ~ L I F ~ ? ~ ~ T U M ~ ~ F ~ ~ ~ ~ T U ~ ' L I F O )  
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00  8 2 4  NN=MPl rMMP 
NNP-NN-M 
J T = ( I - 2 l * N C H + N V  
)~TP=PTLX( . IT I -PVPX (PJNPI - - - 
y T P (  l l = P T L Y I J T l - P V P Y  (NNP1 
Y T P ( Z I = P T L Y (  J T I + P V P Y  ( Y N P I  
Z T P = P T L Z ( J T l - P V P Z ( N N P I  
DO 2 6 6  L = 1 1 2  
C A L L  I P I F W W ( S U P V P ~ N N P I , P ~ I I P P X T P ~ Y T P ~ I . I , Z T P P C P ~ ~ J W P ~ ~ F U P ~ L I ~ F V ~ ~ L ~ ~  

l F H P ( L 1 )  
SuPVP(NNPI= -SWPVP(NNPI  
P H l P = - P H I P  

7 6 6  CONTINIJE 
DO 8 1 0  r x x = 1 . 2  

8 1 0  V l J T ~ I X X l = V l  J T . I X Y I + ( ( F V P I  11tFVP12l1*C1R~NF.,1VX1l/12.5h6371 
R 2 4  CONTINIJE 

c 
C  CALCULATE SIDEWASH V E L O C I T Y  V  4 1  THE 3 / 4  CHObO PF THE L F F T  
C  T q A l L I N G  VORTEX LEGS :ON THF U lh 'G  INOIJCED RY L Y L C N  IMAGE VORTICFS 

0 0  2 7 2  L=1 .2  
C A L L  I N F W U ~ S H P V P I ~ N N P l l r P H I P , X T P I , Y T P I ~ L l , Z T P I , S P l ~ N N P 1 l ~ F U P l ~ L l ~  

I F V P I ~ L I I F W P I I L I I  
SUPVPI1NNPII=-SWPVPI(NNP0 
P u l p = - P H I P  

2 7 2  CONTIYUE 
0 0  R 1 1  1xx=1 ,2  

8 1 1  V ~ J T . I X X I = V ~ J T , I X X I + ~ ~ F V P I ~ I I + F V P I I ~ I I * C I R I ~ J I . I X X ) I / ~ ~ . ~ ~ ~ ~ ~ ~  
P 2 5  CONTINUE 

3 0 3 0  CONT I N U F  
L 

: CALCULATE SlClEHASH V E L I C I T Y  V ~ T  THF 3 / 4  CHORO OF ~ 1 4 ~ -  
t LEFT T Q L I L I N G  VOPTFX LFGS I k  WING INOUCF0 RY HnR. T A I L  VORTICFS 

6 0  2 7 5  L = l , Z  
CALL  I N F U W I ' ~ U P T V V ( N I  ) , P Y I T I X T T , V T T ( L I  l I T T , S T I U N l r F L I T I I  l . F V T f L ) .  

1 F H T 1 L l l  
SWPTVVINNI= -SYPTVVIP iN)  
P H I T = - P H I T  

275 CONTINUE 
DO 8 1 5  I X X = 1 . 2  

8 1 5  V ~ J T , I X X l = V ~ J T , I X X l ~ ~ l c V T ~ ~ l t F V T I Z l l ( 1 C I P ~ J T T , l Y X l l / l 2 . 5 6 6 3 7 l  
P3C CONTINUF 

C 

c&L,--L~~TE V F L O ~ I T Y  1' 697 v nT  H l h C  VPRTFU RTUhJD L F r i  Hl lJ"r i fhl 

c INDUCED BY W I N 6  VOW1 I C E S  

2 4 8  CONTINUE 
V L I ' C ' , 1 7 "  

DP 8 1 1  I X X - 1 ~ 2  V L 0 2 0 1 5 9  

U f  J B , I X X l = U l  J B ~ I X X I + ( ~ F U W ( 1 l + F I I W ( Z I  l + C I R ( N N l  l X Y 1  1 1 1 2 . 5 6 6 3 7 1  * V L O Z 0 l h ~  
8 1 2  V 8 ~ J B , I X X l = V B ~ J R . 1 X X l + ~ ~ F V W ( 1 l + F V W ~ 2 l l t C I R l N H ~ I X Y l l / 1 2 . 5 6 6 ? 7 1  V L O 2 I l h l  
8 2 6  CDNTlFlUE VLO2'1162 V 1 0 7 0 1 C 3  . - 

CALCVL4TE VELOCITY U  &NO V  AT WING VORTFX ROUND L F G  P l n P f l I I T  V L O 2 0 1 6 4  

C  IYPUCFD RY PYLON V O F T I C E S  
V L 0 2 0 1 6 5  
V L 0 2 3 1 6 6  

JR=( I -ZI*NCW+NV 
NNP=NN-M 
XRP=PVX( J B I - P V P X I N N P I  
Y B P I L I = P V Y ( J B I - P V P Y ~ N N P I  
YBPl2l=PVY(JRI+PVPY~NYPl 
Z B P = P V Z ( J B l - P V P Z ( N N P 1  
DO 2 6 9  L=1.2 
CALL INFWW15UPVP(NNP11PHIPPXPPtYBP~Ll t Z R P P S P l ' l ~ ~ l  , F U P f L l  V F V P [ L I  9 

I F W P ( L 1  I 
S U p V P l N N P l = - S H P V P I N N P I  
PH lP=-PH1P . ... 

2 6 9  CONTINUE 
DO 8 1 3  I X X = I . Z  
U f J B , I X X I = U ~ J B 1 I X X l t l ~ F ~ P l I 1 + F U P ~ 2 l l * C I R ~ N N , l X X l l / l 2 . 5 6 ~ 3 ~ l  

1313 V R I J B . I X X I = V R ~ J 8 , I X X I + I ~ F V P ~ 1 I + F V P I 2 I I t C I R N N I X X ~ I / 1 2 . 5 6 h 3 7 1  
8 2 7  CONTINUE 

C  
C  CALCULATE V E L O C I T Y  I1 AUD V  AT WING VORTFX ROUNC LFG MIOPOTNT 

C I N M l C F D  PY PYLON IHAGF VORTfCES 

J  I=NN-HMP 
N N P l = N N - ( H t P P l  
JB=( I -2I*NCW+NV 
XBPI=PVX(JBI-PVPXI I N N P I  I 
YRPI(1I=PVYlJRI-PVPYI~NNPII 
YBPl(71=PVYlJBI+PVPYI(NNPl I 
ZRPI=PVZ(JBI-PVPZI(NNPII 
DO 2 7 0  L = l . 2  
C A L L  I N F W U ( S W P V P I ( N N P I ~ . P H I P , X B P I I Y R P I  I L I ~ Z R P ~ , S P I ( N N P I I  

l F V P l t L l . F U P I ( L ) l  
SUPVPI(NNPIl=-SHPVPI(NYPI1 
P H I P = - P H I P  

2 7 0  CONTINUE 
DO R 1 4  I X X = l t 2  
U ~ J R , ~ Y X ~ = U ~ J B , ~ X X I + ~ ~ F U P I ~ ~ ~ + F U P I ~ ~ ~ I * C I R I ~ J I , I X X ~ ~ / ~ ~ .  

8 1 4  V R ~ J B . I X X ~ = V B I J P ~ ~ X X I ~ ~ ~ F V P I ~ ~ ) + F V P I ~ ? ~ ~ * C ~ R ~ ~ J I , I X X ~ ~ ~ ~  

C CbLCULATF VELOCITY IJ AN9 V AT WING VORTEX RflIJUDLFG I ' l O o q l N T  V L c 7 " 7 1 2  

c ~ " I W C L D  PY V O R T I C E S  IIY &inn. i n i t  v ~ r z - 7 1 ~  
\ r L n 7 ? ? 1 4  

I F  (NCT.FO.OI G1' l'i 3 1 3 2  V ! " 7 n ? 1 5  

D 1  8 3 7  UV=l .NCW \'t"7"21' 



J B = l  8-21 *NCW+NV V L 0 2 0 2 1 1  C PANELS.SUWLIF =CL 
DO 8 3 2  NN=l lWT VLO202 1 R 
NNT=NN+IH+YPI V L 0 2 0 2 1 9  

i c  
S U W L I F l I X X I = S U W L l F I  I X X l + 2 . 0 * C H L I F T l I ~ I X X l  

X8T=PVXIJBI -PVTXINNI  V L 0 2 0 2 2 0  1 8 1 5  CONTINUE 
V 8 T I l l = P V V l J 8 l - P V T V l N N l  V L 0 2 0 2 2 1  ' I F  I I .LT . INAXI  GO TO 7 0 2  
V R T l 2 l = P V V l J 8 l + P V T V l N N l  V L 0 2 0 2 2 2  C 
LBT=PVZI J B I - P V T Z I N N I  V L 0 2 0 2 2 3  C 
DO 2 8 9  L s l t 2  V L 0 2 0 2 2 4  C SLDtO=SPANLOAD COEFFICIENT CLCICLCAVE FOR THE WING 
CALL I N F W W l S ~ P l V V I N N l r P H I T ~ X B T ~ V 8 T I L l  t Z 8 T ~ S T l N N l F U l l L l F V T l L l  V L 0 2 0 2 2 5  C 

1 F W T l L l  I VLO20226 00 3 0 1 0  I X X = l t 2  
SWPTVV(NNI=-SWPTVVINNI V L 0 2 0 2 2 7  00 3010 I=2, I H h X  
PHITI-PJ$IT- - - ---  v L 0 2 0 2 2 8  

V L ~ Z O L ~ ~  ---- I F  ISUWLIFIIXXI.EP.OIOI GO TO 3 8 1 1  
2 3 9  ~ N ~ N U E  S L O C O l l r  I X X I = S L O C O l l  I t  I X X I I S U W L I F I  I X X I  

0 0  8 1 6  IXX=1.2 V L 0 2 0 2 3 0  GO TO 3 0 1 0  
UIJB.IXXl=UlJ8.IXXl+llFUTf1l+FUTl2ll*CIRlNNTXXllll2.5663ll V L 0 2 0 2 3 1  3 8 1 1  SLDtOI Is IXXI=O.O 

8 1 6  V8lJ8IIXX)=VBIJR,IXXl+lIFVTl1l+FVT42ll*CIR(NNT1IXXI1112.566371 V L 0 2 0 2 3 2  3 0 1 0  C O N T I N U L  -- - - 
0 3 2  CONTINUE V L 0 2 0 2 3 3  C 

3 1 3 2  CONTINUE V L 0 2 0 2 3 4  I F  1NCT.EQ.O) GO TO 9 1 2 0  
C 
C CALCULATE L I F T  ON CHORDWISE ROW OF ELEHENTAL PANELS 
r 

C 
C HORIZONTAL T A I L  LOADING CALCULATIONS FOLLOW 
r 
C C T T I =  T A I L  TIPCHORO UNSTRETCHED 
C 

CTTl=CRTI-TSSPAR*lSWPTLI-SWPTTI I 
TSREF=ICTTl+CRTII*TSSPAN 

C TCAVE= T A I L  AVERAGE CHORD 
TCAVE=TSREF112rO*TSSPANl 
rr-1 

JP=H+KCW 
C I R N E T ; . C ~ R N E T + C ~ R ~ J T I ~ X X ~ - C I R ~ J S ~ I X X ~ -  
GO TO 2 0 1 1  

NTINUE 
~ r - c n - n u a u ~  cn TO 2010 

JT . IXXI -CIRIJSI IXXI  

JT=JTT+W+WP 
V T I J T T ~ I I = V E I I J T ~ I I  
V T l J T T r 2 l = V E I l J T ~ 2 1  
00 8 2 3 0  NN=lrW 
XTIW=PTlLXIJTTI -PVXINNI  
VTTWIl)=PTTLVIJTT)-PVYINN) 
VTTWl2 l=PTTLVl  J T T l + P V V l  N N I  
Z T T W - P T T U I J T T I - P V Z I N N I  
0 0  2 7 1  5 L=1.2 
CALL INFWY ISWPVVPINNI ~ P H I * X T T W I V T T W I L l  ~ZTTWISWINPII ~ F U W f L l  rFVWIL1 

r 1FWWILI  I 
SWPVVPlNNI=-SWPVVPINNI 
PHI=-PHI 

2 7 1 5  CONTINUE 

- 
C T L L I F T = L I F T  ACTING ON LEFT LEG OF VORTEX T A I L  AT THE 3 1 4  ELFMENTALVLO20260 
C PANEL CHORO V L 0 2 0 2 6 1  
C V L 0 2 0 2 6 2  

TLLIFTlJT~IXXI=ELPANLlJll*F4C~VlJT~IXXl~l2.O/SREFl*CIRNET V L 0 2 0 2 6 3  
r V L 0 2 0 2 6 4  

., . - - - - - - . 
C B L L I F T = L l F T  ACTING ON BOUND LEG OF THE VORTEX AT THE HIOPOlNT V L 0 2 0 2 7 0  DO 80%UXX=112 V L 0 2 0 3 4 2  

8 0 9 0  VTIJTT.IXXI=VTI JTT;IAI+IIFVWIII+FVWIZ) 1 * ~ 1 ~ 1 ~ ~ 1 ~ ~ 1 1 1 1 2 1  T I L O 2 0 3 4 3  
8 2 3 0  CONTINUE V I  0 ~ 1 4 6  . - . - . - . . 

C V L 0 2 0 3 4 5  
C CALCULATE SIOEHdSH VELOCITV V AT THF 3 / 4  CHORO OF THE LFFT Vl.020346 
C T R A I L I N G  VORTEX LEGS ON TNE HOR. T A I L  fNOUCED RV HOR.TAII. VORTICESVL020347 

C SFCL I F = (  SECTIOVL IFTtLf lCAL CHCSOI /?*SPAY V L 0 2 0 2 0 2  
C VLO202P3 

SFCLIFll~lXXl=C4lL1FTflrIXXl*lSIEFIl2.O*SUfJTI*CSPHI*4.O*S5P4Nll VLOZO284 
C V L 0 2 0 2 8 5  

8 1 9  CONTINIJE V L 0 2 0 2 8 6  
c V L 0 2 0 2 8 7  
C SPANWlSF SUMMING I IP  OF L I F T S  ACTIFtG ON tH l lROUlSF ROU n F  FLEMFVTLL V L 0 7 0 2 8 8  

0 0  2 6 6 0  L = l t Z  V L 0 2 0 3 5 1  
CALL INFWW ISWPTVVINN I .PHIT.XTT.VTTILI I Z T T ~ S T I N N  Ir FUTIL  l ~ F V ' l L l r V L O Z 0 3 5 R  
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FWTHREZO. 
7 6 7  F U l r F U O N E  

FVTrFVONF+FVTWD+FVTHRE 
FWI=FWONF+FWTWO+FWTHRF 
R F T U R N  
=un 

V L 0 3 0 0 0 3  C M 9 T R I X  I N V F Q S I ? Y  WITi4 PCCO\ i I 'ANYIYG S O L U T I O N  OF  L I N E A R  F O U P T I O N S  V L O 4 0 0 0 3  
V L 0 3 0 0 0 4  C VLO4OOO~t  
V L 0 3 0 0 0 5  O I ' $ F Y S I O ' I  I P I V ? T I * ~ ) ~ A I N U A X ~ N ) ~ H I N I ~ A X ~ I I ~ ~ I N D E X I N M A X ~ ~ I  V L 0 4 0 0 0 5  
V L 0 3 0 0 0 6  C n l l l V 4 L C V C F  I IQ0191JQ0nl )  I ICDLLll 'r l C O L U s t I  I A q A X r  T r  S h A P I  V L 0 4 0 0 0 6  
V L 0 3 0 0 0 7  C V L 0 4 0 0 0 7  
V L 0 3 0 0 0 8  C I Y I T I A L l Z A T I O V  V L 0 4 0 0 0 8  
V L 0 3 0 0 0 Q  C V L 0 4 0 0 0 9  

r SCARCH FOR P I V O T  
C 

6 0  D O  1 0 0  Y = I 1 N  
7 0  I F  I I P I V O T I K I - 1 1  
RO I F  I A R S I A M A X I - A R :  
85 l R O W = J  
9 0  ICOLUI(=K 
Q 5  A H A X r A I J , K I  

l n o  ~ONTIQUF 
1 0 5  C D N T I N U F  

FLEMEQT 

C INTFRCHANGE ROWS TO P U T  P I V O T  ELEMENT ON D IAGONAL  
C 

1 1 0  I F  I I R O W - I C O L U W I  1 4 0 ,  2 6 0 .  1 4 0  
1 4 0  DFTERV=-DETERV 
1 5 0  00 2 0 0  L = I , N  
160 SvJPP=A l IROW,L l  
1 7 0  A 1  I R O l r l ~ L l = A l I C O L U M ~ L l  
7 0 0  A 1  ICDLUI I I L I=SWAP 

S C A L F  T H F  DETERMINANT  



C DIVIDE PIVOT ROW BY PIVOT ELEMENT 
C 

C REDUCE NON-PIVOT ROWS 

00 550 Ll=l*N 
IFfL1-ICOLUMI 4009 550. 400 
T-AlLlrlCOLUMI 
AlLltlC0LUM)=010 
DO 450 L=l rN 
AILlrL)=AILl*LI-AlICOLUM,L)IT 
IFIM) 550, 5509 460 
DO 500 L=l*M 
R I L ~ ~ L I = B I L ~ ~ L I - B I I C O L U M I L I * T  
CON1 INUE 

INTERCHANGE COLUMNS 

640 JCOLUM=I NOEX I L. 2 I 
650 no 705 K-IPN 
660 IWAP=AIK*JROWI 
670 AlK~JROWl=AlK*JCOLUY1 
700 AlK.JCOLUMl=SWAP 
705 CONTINUE 
710 CONTINUE 
740 RETURN 

END 



SAMPLE INTERFERENCE CALCULATION 

I n  t h i s  s e c t i o n  a  sample case  i s  s e t  up t o  i l l u s t r a t e  t h e  use of 

t h e  programs presented i n  t h i s  r e p o r t  t o  compute t h e  i n t e r f e r e n c e  of a  

high-bypass-ratio tu rbofan  engine on a  wing-pylon-tail conf igura t ion ,  

Use of t h e  l i f t - f a n  program t o  provide i n t e r f e r e n c e  e f f e c t s  f o r  t h e  

wing-pylon-tail program is a l s o  discussed.  

Turbofan Engine-Airframe I n t e r f e r e n c e  

Calcu la t ion  procedure.- The c a l c u l a t i o n  of t h e  i n t e r f e r e n c e  of a 

high-bypass-ratio turbofan engine on a  wing-pylon-tail conf igura t ion  

proceeds i n  t h e  fol lowing manner. ~ i r s t ,  t h e  vor tex  l a t t i c e  program i s  

used t o  compute t h e  c h a r a c t e r i s t i c s  of t h e  wing-pylon-tail conf igura t ion  

i n  a  uniform flow a t  angle of a t t a c k  (no i n t e r f e r e n c e  from any ex te rna l  

sou rce ) .  The flow f i e l d  induced i n  t h e  v i c i n i t y  of t h e  turbofan englne i s  

computed a t  t h i s  time. From t h i s  flow f i e l d ,  average values  of down- 

wash and sidewash a c t i n g  on t h e  turbofan engine a r e  obtained.  These 

average values  a r e  made up of two components. The f i r s t  i s  due t o  wrng 

camber and t w i s t ,  and pylon and t a i l  carfiber, t w i s t ,  and incidence,  a l l  

a t  ze ro  wing angle of a t t ack .  The second i s  due t o  t h e  f l a t  wing-pylon- 

t a i l  a t  angle of a t t a c k  ( t h e  add i t i ona l  loading c a s e ) .  

The turbofan engine c h a r a c t e r i s t i c s  and t h e  components of t h e  

induced flow f i e l d  a t  t h e  engine a r e  then input  i n t o  t h e  turbofzn engine 

program. The s i n g u l a r i t y  d i s t r i b u t i o n  represen t ing  t h e  engine i n  t h e  

d i s turbed  flow f i e l d  i s  computed. From t h i s  s i n g u l a r i t y  dis t r i l=u-t ion,  

t he  flow f i e l d  induced on t h e  wing, pylon, and t a i l  i s  obtained.  

The engine-induced flow f i e l d  i s  then  input  i n t o  t h e  vortex l a t t i c e  

program i n  t h e  form of pe r tu rba t ion  v e l o c i t i e s  a t  t h e  con t ro l  po in t s .  

A new wing-pylon-tail load ing  d i s t r i b u t i o n  i s  computed which includes  

t h e  e f f e c t  of t h e  turbofan engine. Using t h e  new loading,  t h e  induced 

flow f i e l d  i n  t h e  v i c i n i t y  of t h e  engine i s  recomputed and compzred with 

t h e  previous r e s u l t s .  I f  t h e  d i f f e r ence  i s  s u f f i c i e n t l y  smal l ,  t h e  

i n t e r f e r e n c e  c a l c u l a t i o n  i s  complete. However, should the  d i f f e r ence  

b e  l a r g e ,  a  second i t e r a t i o n  i s  necessary.  A second i t e r a t i o n  i s  

c a r r i e d  ou t  i n  exac t ly  t h e  same manner a s  t h e  f i r s t .  A s p e c i f i c  case  

w i l l  be  computed i n  t h e  following s e c t i o n  t o  f u r t h e r  i l l u s t r a t e  t he  

above procedure. 



? case . -  An i n t e r f e r e n c e  c a l c u l a t i o n  such a s  t h a t  d e s c r i b e d  i n  

r e f e r e n c e  I. u s i n g  b o t h  t h e  t u r b o f a n  engine  and t h e  wing-pylon- ta i l  

v o r t e x  l a t t i c e  programs proceeds  a s  fo l lows .  For t h e  i l l u s t r a t i v e  sample 

c a s e ,  t h e  a i r f r a m e  c o n f i g u r a t i o n  chosen i s  t h a t  of  a  wind t u n n e l  model 

of a  t y p i c a l  high-speed t r a n s p o r t  t y p e  a i r c r a f t  ( f i g .  1 6 ) .  The wing 
0 has  b o t h  camber and t w i s t .  The t i p  chord i s  t w i s t e d  -3.5 w i t h  r e s p e c t  

t o  t h e  r o o t  chord and t h e  t w i s t  d i s t r i b u t i o n  i s  assumed l i n e a r .  The 

wlng camber i s  d e f i n e d  by  a  NACA mean l i n e  a  = 0.4  ( c  = -0.02353) 
Q i 

a t  -1 = 0 . 2  and a  NACA 63.25 mean l i n e  ( c  = 0.1307 a t  q = 0 . 7 .  
Q i 

Slnce  f o u r  rows of v o r t i c e s ,  chordwise,  w i l l  b e  used on t h e  wing, t h e  

d i n g  mean s u r f a c e  s l o p e s  due t o  t w i s t  and camber a r e  r e q u i r e d  a t  f o u r  

chordwise s t a t i o n s  over  t h e  wing semispan. The f o u r  s l o p e s  due t o  

c a d e s  on ly  a t  q = 0.2 and 0.7 a r e  shown i n  f i g u r e  1 7 ,  t o g e t h e r  w i t h  

an assumed v a r i a t i o n  of  t h e s e  s l o p e s  over  t h e  remainder of t h e  semi- 

span.  The mean s u r f a c e  s l o p e s  r e q u i r e d  a s  i n p u t  t o  t h e  v o r t e x  l a t t i c e  

program a r e  t h e  sum of t h o s e  shown i n  f i g u r e  17 and t h e  l o c a l  t w i s t  

ang le  , 

The wing h a s  a  s i n g l e  pylon l o c a t e d  a t  q = 0.57. The pylon i s  
0 uncarnbered and u n t w i s t e d ,  b u t  it does have a  1 toe - in  angle .  The 

r e l a t i o n s h i p  between t h e  pylon and wing i s  shown i n  f i g u r e  16.  

The hci r izonta l  t a i l  shown i n  f i g u r e  1 6  h a s  b a s i c a l l y  t h e  same plan-  

form as  t h e  wing excep t  t h a t  it h a s  no camber o r  t w i s t .  The t a i l  has  

0,5O m c i d e n c e  ang le  w i t h  r e s p e c t  t o  t h e  wing r o o t  chord and i s  l o c a t e d  

20 inches  above t h e  wing. The t a i l  h a s  a  lo p o s i t i v e  d i h e d r a l  ang le .  

The rncdel t u r b o f a n  engine  i s  a  s i n g l e - s t a g e  f a n  d r i v e n  by a  t u r b i n e  

u s i n g  an e x t e r n a l  c o l d  g a s  supp ly ,  and i s  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  

r e f e r e n c e  17. A s k e t c h  of t h e  engine  i s  shown i n  f i g u r e  1 6  i l l u s t r a t i n g  

t h e  r e l a e i v e  s i z e  and l o c a t i o n  of t h e  f a n  d u c t s  and t h e  c o r e  engine  d u c t .  

Note t h a t  t h e  engine  h a s  no t o e - i n  ang le  and i s  a t  -4.5O inc idence  w i t h  

r e s p e c t  t o  t h e  wing r o o t  chord.  

The c o n d i t i o n s  chosen f o r  t h e  sample c a l c u l a t i o n  a r e  t h e  same a s  

t h o s e  p resen ted  i n  r e f e r e n c e  1 w i t h  t h e  excep t ion  t h a t  t h e  r e s u l t s  of 

r e f e r e n c e  1 a r e  f o r  a  wing-pylon-engine c o n f i g u r a t i o n  w i t h  no h o r i z o n t a l  

t a i l  p r e s e n t .  The f r e e  s t r eam Mach number i s  0.7. The v e l o c i t y  r a t i o s  

I n  t h e  t u r b o f a n  eng ine  wake were measured d u r i n g  t h e  wind t u n n e l  t e s t s  

d e s c r i b e d  i n  r e f e r e n c e  1 and t h e  fo l lowing  r e p r e s e n t a t i v e  v a l u e s  a r e  used. 



The unusual shape of t h e  wake p r o f i l e  (Ve < V) and i t s  e f f e c t  is, 

d iscussed i n  t h e  above re fe rence .  

The f i r s t  s t e p  i n  t h e  c a l c u l a t i o n  i s  t o  ob ta in  t h e  wing-pylon-tail 

c h a r a c t e r i s t i c s  with  no e x t e r n a l  i n t e r f e rence .  The vortex l a t t i c e  program 

i s  run wi th  t h e  f i r s t  s e t  of i npu t  shown i n  f i g u r e  14. The r e s u l t s  af  

t h i s  run a r e  presented i n  f i g u r e  15. Note t h a t  t h e r e  a r e  no exLernaLly 

induced v e l o c i t i e s  condsiered i n  t h i s  case .  The flow f i e l d  induced by 

t h e  wing-pylon-tail loadings i n  t h e  v i c i n i t y  of t h e  turbofan engine i s  

ca l cu l a t ed  a t  p o i n t s  which correspond nea r ly  t o  t h e  engine c e n t e r l i n e ,  

t h e  t o p  and bottom of t h e  engine duc t s ,  and t h e  inboard and outk,oard 

s i d e s  of t h e  engine duc ts .  

The next s t e p  i n  t h e  i n t e r f e r e n c e  c a l c u l a t i o n  i s  t o  compute t he  

turbofan engine performance i n  t h e  perturbed flow f i e l d .  This r equ i r e s  

knowledge of t h e  average induced upwash and sidewash on both t h e  fan  

and core  engine duc ts  a s  was discussed previously.  The wing-pylon-tail 

induced upwash i n  the  v i c i n i t y  of t h e  engine i s  shown i n  f i g u r e  18 where 
0 t h e  v e l o c i t i e s  induced by t h e  a = 0 loading and t h e  add i t i ona l  loading 

a t  a = 2.5' a r e  both shown. The average induced upwash angles i n  t h e  

wing coord ina te  system a r e  obtained from t h i s  f i g u r e ,  and t h e  sidewash 

angles  a r e  obtained from s i m i l a r  curves.  Noting t h a t  t h e  engine i s  a t  
0 -4.5O incidence wi th  r e spec t  t o  t h e  wing r o o t  chord and 0 toe-- in ,  

t h e  fol lowing values  a r e  chosen. 

Angles l e s s  than  0.5' a r e  neglected i n  t h e  above t a b l e  because t h e i r  

e f f e c t  i s  smal l .  



Some ca re  i s  requi red  i n  determining t h e  flow angles  on t h e  f an  

and core  engine duc t s  such t h a t  c e r t a i n  incidence angles  a r e  no t  included 

twice i n  t h e  c a l c u l a t i o n .  The incidence and toe- in  angles  wi th  r e spec t  

t o  the win2r r o o t  chord cause c r o s s  flow v e l o c i t i e s  on t h e  engine a t  

a = C and t h e r e f o r e  a r e  included i n  t h e  a = 0 ca l cu la t ion .  The flow 

angles  ~_nd.~ced  by t h e  a = 0 loading on t h e  wing-pylon-tail a r e  super- 

imposed on these  incidence angles .  For t h e  a d d i t i o n a l  loading case,  t h e  

englne c e n t e r l i n e  must b e  a l igned wi th  t h e  wing r o o t  chord, s i n c e  t h e  

crossf low must go t o  zero  a s  a -+ 0 .  Thus t h e  engine has  t h e  same angle  

of a t t ack  as  t h e  wing r o o t  chord and t h e  flow angles  induced by t h e  

o: + 0 loading on t h e  wing-pylon-tail a r e  superimposed on these  angles  

as  shown i n  t h e  above t a b l e .  Some caut ion  must be  exerc i sed  i n  super- 

imposing t h e  above angles  s o  t h a t  t h e  s igns  a r e  c o r r e c t .  Notice t h a t  

a p o s i t i v e  angle  of a t t a c k  exposes t h e  bottom of t h e  engine t o  t h e  

flow. However, because of t h e  s i g n  convention chosen f o r  t h e  induced 

v e l o c i t i e s  i n  t h e  wing coord ina te  system, an induced downwash s t r i k i n g  

the  t o p  of t h e  engine i s  taken a s  p o s i t i v e .  The s i g n  of t h e  induced 

angles of a t t a c k  must be  changed be fo re  they a r e  added t o  t h e  geometric 

angle of at-tack. The s igns  of t h e  induced sidewash a r e  c o n s i s t e n t  a s  

compuced arid t h e r e f o r e  need not  be  changed. This i s  a l s o  i l l u s t r a t e d  

i n  t h e  above t a b l e .  

The angles  i n  t h e  above t a b l e  a r e  included i n  t h e  i npu t  t o  t h e  

turbofan engine program shown i n  f i g u r e  4. The output  of t h e  calcu- 

l a t i o n  i s  p.resented a s  f i g u r e  5. The important p a r t s  of t h e  p a r t i c u l a r  

output a r e  on pages 4  and 5 where t h e  induced v e l o c i t y  components a r e  
0 0 l i s t e d  for t h e  a = 0 and a = 2.5 loading condi t ions ,  r e spec t ive ly .  

These e x t e r n a l l y  induced v e l o c i t i e s  a r e  included i n  t h e  second s e t  of 

input  co t h e  wing-pylon-tail program ( f i g .  1 4 ) .  

The wing-pylon-tail program i s  re run  with t h e  engine in t e r f e rence  

included,  This i s  considered t h e  f i r s t  i t e r a t i o n  i n  t h e  i n t e r f e rence  

c a l c u l a t i o n .  The induced flow f i e l d  i n  t he  v i c i n i t y  of t h e  turbofan engine 

duc ts  i s  again computed. The new r e s u l t s  ( f i g .  1 5 ( b ) )  a r e  compared with  

zhe previous "no in t e r f e rence"  case t o  determine i f  a  second i t e r a t i o n  

i s  necessary.  I f  t h e  induced angles  a t  t h e  engine loca t ion  have changed 

appreciably,  t h e  turbofan engine program should be re run  with t h e  new 

induced angles  t o  provide a  new s e t  of e x t e r n a l l y  induced v e l o c i t i e s  f o r  

che vortex l a t t i c e  program. The authors  have found t h a t  f o r  t y p i c a l  



t r a n s p o r t  type a i r c r a f t  i n  a  c r u i s e  conf igura t ion ,  t h e  second i t e r a t i o n  

i s  unnecessary because t h e  e f f e c t  of t h e  tu rbofan  engine on t h e  a i r f rame 

i s  small .  I n  t h e  case  of very c l o s e l y  coupled engines and wings, t h e  

i n t e r f e r e n c e  e f f e c t s  could be l a r g e  and add i t i ona l  i t e r a t i o n s  would be 

necessary.  I n  t h i s  case  t h e  induced v e l o c i t y  f i e l d  over t h e  f an  and 

engine duc t s  i s  even more nonuniform than  t h a t  shown i n  f i g u r e  18; 

t h e r e f o r e ,  t h e  assumption of a  uniform upwash and sidewash may l i m i t  t he  

r e l i a b i l i t y  of t h e  computed r e s u l t s .  

Lift-Fan In t e r f e rence  

The c a l c u l a t i o n  of t h e  i n t e r f e r e n c e  of a  l i f t  f a n  on a  wing-ta i l  

combination does not  r e q u i r e  i t e r a t i o n .  The l i f t - f a n  model as  described 

prev ious ly  i s  not  a f f ec t ed  by i n t e r f e r e n c e  v e l o c i t y  f i e l d s .  Thus the  

f an  wake c a l c u l a t i o n  i s  made f i r s t  and t h e  v e l o c i t i e s  induced at. t he  

wing-ta i l  c o n t r o l  p o i n t s  i s  determined. These v e l o c i t i e s  a r e  input  as  

e x t e r n a l l y  induced v e l o c i t i e s  on t h e  wing and/or t a i l  f o r  t h e  zero wing 

angle  of a t t a c k  loading case.  The r e s u l t s  from t h e  vortex l a t t i c e  

program include t h e  des i r ed  i n t e r f e r e n c e  e f f e c t s  and no f u r t h e r  i t e r a t i o n s  

a r e  necessary.  
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" 
(a) Axisymmetric v o r t i c i t y  d i s t r i b u t i o n .  

(b)  Wake v e l o c i t y  p r o f i l e .  

I V  s i n  a 

( c )  Angle of a t t a c k  v o r t i c i t y  d i s t r i b u t i o n .  

Figure  1. - High-bypass-ratio t u rba f  an 
engine model. 



Planf orm 

AS shown, 0 < 0 

Front  

Figure 2.- Typical  wing and h igh  bypass r a t i o  
tu rbofan  engine. 



Item No. 1: Format (20A4), any alphabet ic  o r  numeric information 
(1 card)  

Column NO. 

Prcgram Variable 

Data 

Item No. 2: Format (7F10.0) , decimal point  required 
(1 card)  

Column No. 

Program Variable 

Data I I I I I I I 

Item No. 3: Format !7F10.0), decimal poin't required 
(1 card)  

Column NO. 

Program Variable 

Data 

Item No. 4: Format (5F10.01, decimal po in t  required 
(1 card)  

Column No. 

ProJram Variable 

Data 

Item No. 5: Format (415) 
(1 card)  

Column NO. 

Program Variable  

Data 

Note: If  NCALC < 0, Items 6, 7 ,  and 8 a r e  omitted and thf program computes 
only the  turbofan flow model. 

Iter? No. 6: Format (8FlO.O) , decimal point  required 
( I  card)  . 

Column No. 

Proqram Variable 

Data 

Item No. 7: Format (3F10.0), decimal po in t  required 
(1 card)  

Column NO. 

Program Variable 

Data 

Iteni No. 8: Format (3F10.0), decimal po in t  requlred 
( W P  cards)  

Column No. 

Program Variable (J = 1, 2 ,  . . . , MMP) 
Data 

( a )  Normal input ,  N ~ P E  = 1, NCALC 5 0. 

Figure 3 . -  Input forms f o r  turbofan engine flow model program. 



I t e m  N o .  1 

I t e m  N o .  2 

I t e m  N o .  3 1 S a m e  as s h o w n  i n  f i g u r e  3 ( a )  . 
I t e m  N o .  4 

I t e m  N o .  5 

I f  N T Y P E  = 0 ,  i n s e r t  the f o l l o w i n g  t w o  cards between I t e m s  5 and 6. 

I t e m  N o .  5 ( a )  : F o r m a t  ( 7 F 1 0 . 0 )  , d e c i m a l  p o i n t  r equ i r ed  . . 

( 2  c a r d s )  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

N o t e :  If NCALC < 0 ,  I t e m s  6, 7 ,  and 8 are o m i t t e d  as before. 

(b) Optional i n p u t ,  S W P E  = 8 ,  NCALC 2 0 a, 

Figure 3.- con t inued ,  



Item No, b. 

Item No, 2 

Item No, 3 Same as shorn in f i gu re  3 ( a ) ,  

I t e m  N o .  4 

I t e m  N o .  5 

I f  NCALC > 0 ,  i n s e r t  the f o l l o w i n g  t w o  cards between I t e m s  5 and 6 

I t e m  N o .  5 ( a )  : F o r m a t  ( 6 3 1 3 . 6 )  , d e c i m a l  p o i n t  requi red  - 
( 2  c a r d s )  

C o l u m n  N o .  

Program V a r i a b l e  

D a t a  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  N o .  6 

I t e m  N o ,  7 S a m e  as shown i n  f i g u r e  3 ( a )  . 
I t e m  N o .  8 

( c )  O p t i o n a l  i n p u t ,  NCALC > 0. 

Figure 3 , -  C o n c l u d e d .  



RUN 1-A TURBOFAN INDUCED VELOCITIES AT WING-PYLON-TAIL FIELD POINTS. ALPHA12.5 

1 .47 7.36 0. 0. 0. 0. 0. 
7.92 7.94 0 • 0. 0. 0. 0. 
1.90 1.0 0.7 1.473 0.8248 

1 108 1 0 
-4.5 0.0 -4.5 0.0 3.5 -0.5 3.4 -1.3 
-9.16 -42.574 8.12 
-6.9048 -2.2865 0.1398 

-14.5511 -2.2865 0.1398 
-22.1973 -2.2865 0.1398 
-79.8476 -2.2865 0.1398 

-R.8881 -6.5770 0.4020 
-16.2542 -6.5730 0.4020 
-77.6207 -6.5730 0.4020 
-70.9804 -6.5770 0.4020 
-)0.7189 -10.5730 0.6467 
-1 7.8475 -10.5730 0.6467 
-74.9482 -10.5730 0.6467 
-12.0528 -10.5770 0.6467 
-17.5897 -14.5730 0.8913 
-1 9.4329 -14.5730 0.8913 
-76.2760 -14.5730 0.8913 
-11.1192 -14.5730 0.8913 
-1 4.4405 -18.5770 1.1360 
-31.0772 -18.5710 1.1360 
-77.6079 -18.5770 1.1760 
-1h.l 855 -1R.5770 1.1760 
-16.2913 -22.5730 1.3806 
-77.61 15 -22.5770 1.7806 
-28.9317 -22.5730 1.3806 
-35.2519 -22.5730 1.3806 
-18.1422 -26.5730 1.6253 
-24.2009 -26.5730 1.6253 
-70.2596 -26.5730 1.6253 
-76.3183 -26.5730 1.6253 
-19.9930 -30.5730 1.8699 
-25.7902 -30.5730 1.8699 
-11.5875 -30.5730 1.8699 
-17.7847 -30.5730 1.8699 
-71.8478 -34.5730 2.1146 
-27.3795 -34.5730 2.1146 
-37.9153 -34.5730 2.1146 
-38.4511 -34.5730 2.1146 
-23.4632 -38.0730 2.3286 . 
-28.7702 -38.0730 2.3286 
-34.0772 -38.0730 2.3286 
-39.3842 -38.0730 2.3286 
-74.8513 -41.0770 2.5121 
-79.9622 -41.0730 2.5121 
-75.0731 -41.0770 2.5121 
-40.1840 -41.0730 2.7121 
-76.2394 -44.0730 2.6956 
-71.1542 -44.0730 2.6956 
-76.0690 -44.0730 2.6956 
-40.9R98 -44.0730 2.6956 
-27.6275 -47.0730 2.8791 
-9T.3462 -4700730 2.8791 
-77.0649 -47.0730 2.8791 
-41.7876 -47.0730 2.R791 
-79.2470 -50.5730 3.0932 
-1s.7369 -50.5770 7.0932 

(a) Input for normal run with known wake velocit ies.  

Figure 4. Sample input t o  turbofan engine progfam. 



R ! J N  I -a H IGH B Y P A S S  R A T I O  TURBOFAN E N G I N E  FLOW MODEL 
"1 47 7.36 0.0 0.0 0.0 0.0 0.0 
7 m17 7.94 0.0 0.0 0 e 0 0.0 0.0 
1 ,QC I r 0 0.7 1 e473 0 e 8248 

1 0 1 -1 

(b) Input f o r  computing only turbofan engine flow 
model from known wake v e l o c i t i e s .  

P I J ~ I  1 .-r T~JQQOFAF\ I  F ~ J G J ~ I F  F h f n U f f n  FLOW F I F L n  
I ,Liq 7*!  96 C. 0 0.0 0.0 0.0 0.0 
7 ;.,Q7 7e94 0.0 0.0 0 a 0 0.0 0.0 
1 a 9 3  1 sp (i O e 7 1 e473 0 e 8248 

3 7 1 1 
R,7h?757F-07 7 ~ 9 1 3 7 ? 1 F - 0 1 - 1 . 1 3 C h 5 R E - 0 1  9.720423E-02-7 r968484E-02  6.441038E-02 

- 1  , l ~ n Q ~ i F - P l - h e 7 6 7 7 7 6 F - O I  1.517594E-01-1.500507E-01 1.077964E-01-8-458991E-02 
- 4 e 5  0 s  -4.5 0 * 305 -0.5 3.4 -1 83 
- O , I C ,  -47.574 P. 1 7  
- h e " " h l  -7.7854 0.1198 

-1 /A , Q " q n  -7.7864 Pel398 

( c )  Input f o r  computing induced flow f i e l d  using 
known engine flow model. 

D L I M  7-n H I G H  PYPhSS R A T F O  T U R R O F A N  F k t G I N F  FLOW WDFL 
1 e L 1 7  7 e ' h  0.0 0.0 0.0 0.0 0.0 
7,97 7094 0.0 0.0 0.0 0.0 0.0 
1 a 9 0  1.0 0.15 

0 0 1 -1 
0 o 7116.2 519.0 0.602377 1.4 

29791, 1 1 5 9 ,  5.18 1.43 1.12 1 e 35 2.45 

(d) Input f o r  computing turbofan engine flow 
model from known engine c h a r a c t e r i s t i c s .  

Figure 4 .- Concluded. 
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IhCUCCC VELCCITY CCHPONENTS I h  YlYG REFERENCE SYSTEM 

N X *  VY Z Y  U l V  V I V  Y I V  

OI: 
0" 
00 



Planfqrm View 

'Y X Root Chord - - - 

\ \  
\ "  
\ \ e f t  Side View 

\ 
\ 
\ 

f /' 

Figure 6,- Typical l i f t  fan  conf igura t ion .  



Figure  7.- L i f t  f a n  wake i n  a crossflow. 



I t e m  No. 1: F o r m a t  ( 2 0 A 4 )  , any alphabetic or numeric i n f o r m a t i o n  
(1 c a r d )  

Column N o ,  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  No .  2: F o r m a t  ( 9 F 8 . 4 ) ,  d e c i m a l  po in t  required 
( 1  c a r d )  

C o l u m n  No .  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  No.  3: F o r m a t  ( 4 1 5 ,  5 F 1 0 . 5 ) ,  d e c i m a l  po in t  required for l a s t  f ive  variables 
( 1  c a r d )  

C o l u m n  No. 

P r o g r a m  V a r i a b l e  

D a t a  

8 

WJ 

I t e m  No .  4: F o r m a t  ( 3 F 1 0 . 5 ) ,  d e c i m a l  point required 
(NP c a r d s )  

C o l u m n  No. 

P r o g r a m  V a r i a b l e  

D a t a  

16  

D E L T J  

5 

N P  

( a )  N o r m a l  input ,  NPATH = 1 or 2 .  

Figure 8.- Input f o r m  for l i f t  fan induced velocities program. 
L 

2 4 

D 

1 0  

NPATH 

3 2  

XQ 

1'5 

NFAN 

40 

YQ 

20 

NPRNT 

48 

ZQ 

3' 0 

DZD 

56 

x Q 2  

40 

DS 

64 

YQ2 

50 

DSV 

7 2 

ZQ2  

60 

ENDS 

80 

7 0 

CYL 

80 



N o t e :  N P S  = 1 NPATH 1 2 40 

I t e m  N o .  5: F o r m a t  ( 8 F 1 0 . 5 )  , d e c i m a l  point  requi red  
( 1  t o  5 c a r d s )  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  N o .  6: F o r m a t  ( 8 F 1 0 . 5 )  , d e c i m a l  po in t  required 
( 1  t o  5 c a r d s )  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  No .  7: F o r m a t  ( 8 F 1 0 . 5 ) ,  d e c i m a l  po in t  required 
( 1  t o  5 c a r d s )  

C o l u m n  No .  

P r o g r a m  V a r i a b l e  

D a t a  

I t e m  N o .  8: F o r m a t  ( 8 F 1 0 . 5 )  , d e c i m a l  point  required 
( 1  t o  5 c a r d s )  

C o l u m n  N o .  

P r o g r a m  V a r i a b l e  

D a t a  

(b) Opti~naf input, NPATH ( 0 ,  

~igure 8, -  Concluded. 



CASE 1 - L I F T  FAN INDUCED VELOCITlES 
9 0 0  3.0 6 0 6 6  -5.32 0.42 
7 1 1 005  . l o  a20 50.0 

-0.450 0.C) 
-0.450 0.0 
-0 450  0.0 
-0.450 0.0 
-8.550 0.0 
-8.550 0.0 
-8.550 0.0 
-8.550 0.0 
-17.665 0.0 
-17.665 0.0 
- 174665  0.0 
-17.665 0.0 

( a )  Input f o r  normal run. 

5f iuPt -F C A S F  ? - L I F T  FAN WAKF CENTERLINE PATTI CALCULATION 
n * 9  A0.0 3.0 ' ) a 0  0.0 0.0 

C 1 1  0 - 0 5  010 .?0 0 .  0 I 

(b) Input f o r  computing j e t  c en t e r l i ne  path only.  

SAMPLF CASF 3 - INPUT JET CENTERLINE PATH 
0 s 4  0 0 .  7.0 6.66 -5.32 0.42 

1 9  -17 2 0 0 1 0  0 a 1 0  0.20 
- 7 , 7 4 0  -0.450 0.0 
- 4 o " l  R -0 ,450  0.0 
-6 r 8 9 6  -0.450 0.0 
-a  ,772 -0 . 450  0.0 
--7,0°(+ -8.550 0.0 
-0,699 -8.550 0.0 
- 7  7-77'? -8.550 0.0 
- 1  7 e R 4 1  - R e 5 5 0  0.0 
-9 k . 5 8 1  -17.665 0.0 
-1 G r ' ? "  -17.665 0.0 
-4 6.097 -17.665 0.0 
- i  & , P 5 5  - 1 7 ~ 6 6 5  0.0 
0, a 5  1.0 1.5 2.0 
7 Dm0 12.0 14.0 16.0 20.0 
5 Ci 6 0 
0 ,  e00836 e0471  1 2 8 6  a259 
a , i r i 6  8.010 9.909 11.81 l G a 6 6  
(Js; , ; i2  

O c e4999  09983  1 a491 1 .974  
7,073 7 ,795  8.479 9.096 10.18 
9 G r 5 5  

0 a 2.395 6.730 12 .16  18.16 
65,Ciq 68.78 71 .10  72 .88  7 5  . 42  
87.1 6 

( c )  Input f o r  computing v e l o c i t y  f i e l d  induced by 
two l i f t  fans with spec i f i ed  j e t  path.  

Figure 9.- Sample input  t o  l i f t  fan program. 
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SAMPLE CASE 1 - L I F T  FAN IhDUCED VELOCITIES PAGE .4 

VELOCITY INDUCED M Y  CURVCE VORTEX CYLINDER - FAN 1 COORDINATE SYSTEM 

SAMPLE CASE 1 - L I F T  FAN INDUCED VELOCITIES 

TCTAL iNaUCED VELCCITY FAN 1 - WING COORGINATE SYSTEM 

D(  S/D)=O.100 
SINKS + DOUBLET 

U/ v v /v  
3.9490E-02 -9.5777E-02 
4 -3790E-02 -6.8693E-02 
4.1320E-02 -5.0630E-02 
3.6918E-02 -3.8532E-02 
4 -7069E-02 3.2631E-02 
4 -2110E-02 2.687YE-02 
3.7666E-02 2.25i2E-02 
3.3757E-02 1.9162E-02 
1 -0743E-02 3.6580E-02 
1.0846E-02 3.5111E-02 
1 .OB%E--82 3 . 3 7 2 3 E 0 2  
1.0902E-02 302413E-02 

(S INKS + 001 
U/ v 

6.4160E-02 
6.1405E-02 
5.4303E-02 
4.6807E-02 
5.94RlE-02 
5.2341E-02 
4.6236E-02 
4.1041E-02 
1.4935E-02 
1.4865E-02 
1 e4T49E-02 
l r 4 5 9 8 E - 0 2  

PAGE 5 

D(S/D)=0.200 
JBLETS + VORTEX CYLINDER) 

v / v  W/V 
-10094LE-01 1.4391E-01 
-706327E-02 Lw160BE-01 
-5.5248E-02 9.5265E-02 
-4.1509E-02 7.9994E-02 

3.5339E-02 9.6499E-02 
2.8880E-02 8.4984E-02 
2.4040E-02 7.5819E-02 
2.0340E-02 6o8424E-02 
3.8908E-02 3ob490E-02 
3.7260E-02 3.5824E-02 
305709E-02 3.5182E-02 
304251E-02 3.4561E-02 

Figure 10.- Concluded. 



Tail chordal plane I 

2 
Planform plane 

(a) Coordinate systems for wing-pylon-tail 
and horseshoe vortices. 

Figure 11.- Wing-pylon-tail nomenclature. 



r Mean s u r f a c e  a t  some spanwise s.tatiesn 

/. /--Mean s u r f a c e  t a n g e n t  a t  :P 

Wing r o o t  chord 

Wing Mean S u r f a c e  D e t a i l  

X 

i n g  T.E. 

y l o n  spanwise s t a t i o n  

Pylon r o o t  
chord 

v - Mean s u r f a c e  t a n g e n t  

- 

Pylon Mean S u r f a c e  D e t a i l  

/- 
Mean s u r f a c e  a t  some 

spanwise s t a t i o n  

Mean s u r f a c e  
t a n g e n t  a t  P 

T a l l  r o o t  ch 

"7 H o r i z o n t a l  T a i l  Mean S u r f a c e  D e t a i l  

(b) Angles of  i n c i d e n c e  and mean s u r f a c e  a n g l e s .  

F i g u r e  11.- Concluded. 
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Item No, 4: F'ormat (8FLO-5) , decimal. point required 
(1 card) 

Column No, 

Program Varizble 

Data 

Item No. 5: Format (15,  5F5.1). decimal po in t  required i n  l a s t  f i v e  v a r i a b l e s  
(1 card)  

Column No. 

Program Variable 

Data 

Note: See l i s t i n g  of program'var iables  f o r  d e f i n i t i o n  of op t ion  v a r i a b l e s .  

Item No. 6: Format (8F10.5). decimal ~ o i n t  r eau i red  . . 
(2 1 card)  

Column No. 

Program Variable  

Data 

Column No. 

Program Variable  

Data 

Note: Y (Iwing tip) = SSPAN i d e n t i c a l l y  

Y (Ipylon ) = FRAC*SSPAN i d e n t i c a l l y  

Item No, 7 (opt ion)  : Format ( 8 ~ 1 0 . 5 )  , decimal p o i n t  required 
(2 1 card)  

Column No. 

Program Variable 

Data 

Note: Z(Kpylon tip) = H i d e n t i c a l l y .  These q u a n t i t i e s  a r e  read i n  when MSP jC 0 ( s e e  Item 2 ) ;  

i f  MSP = 0, omit Item 7. 

Figure 13.- Continued. 



I t e m  No.  8 ( o p t i o n ) :  F o r m a t  ( 8 F 1 0 . 5 ) ,  d e c i m a l  poin t  r e q u i r e c t  
( 1  c a r d )  

C o l u m n  No.  

P r o g r a m  V a r i a b l e  

D a t a  

N o t e :  T h e s e  q u a n t i t i e s  are r e a d  i n  w h e n  NCT # 0  ( s e e  I t e m  2 ) ;  i f  NCT = 0 ,  o m i t  I t e m  8 

I t e m  No.  9 ( o p t i o n ) . :  F o r m a t  ( 8 F 1 0 . 5 )  , d e c i m a l  po in t  r e q u i r e d  - . 
(2 1 c a r d )  

C o l u m n  No.  

P r o g r a m  V a r i a b l e  

D a t a  

C o l u m n  NO. 

P r o g r a m  V a r i a b l e  

D a t a  

N o t e :  T h e s e  q u a n t i t i e s  are read i n  w h e n  NCT # 0 ( s e e  I t e m  2 ) ;  i f  NCT = 0,  o m i t  I t e m  9. 
YT(ITt ip)  = TSSPAN ident ica l ly .  

I t e m  No.  10 ( o p t i o n ) :  F o r m a t  ( 8 F 1 0 . 5 ) ,  d e c i m a l  point  required 
(MSW c a r d s )  

C o l u m n  No.  

P r o g r a m  V a r i a b l e  

D a t a  

N o t e :  T h e s e  q u a n t i t i e s  are read i n  w h e n  ALPHLC = 1 . 0  ( s e e  I t e m  5 ) ;  i f  ALPHLC = 0.0, o m i t  I t e m  10. 
N u m b e r  of d a t a  b i ts  per card = n u m b e r  of c h o r d w i s e  w i n g  vortices = NCW. 

C o l u m n  NO. 

P r o q r a m  %-sriz&l e 

D a t a  

Column NO. 

Program Variable 

Data 

Figure 13.- Con t inued ,  



i t em No. I1 ( o p h o n ) :  Format (15, 3312.4), decimal p o i n t  r equ i red  i n  l a s t  t h r e e  v a r i a b l e s  
(M cards )  (1) 

Column No. 

Program Var iab le  

Data 

TFbese q u a n t i t i e s  a r e  read i n  when EI  = 1.0 ( s e e  Item 5) ; i f  EI  = 0.0, omit I tem 11. 

(2)  

Column NO., 

Program Var iab le  

C o l ~  NO. I 
Program Var iab le  

Data 

Item No, 12 ( o p t i o n ) :  Format (15, 3E12.4), decimal p o i n t  required i n  l a s t  two v a r i a b l e s  
(M cards )  

Colum No. 

Program Var iab le  

Data 

Note: 'mlese q u a n t i t i e s  a r e  read i n  when EI = 1.0 ( s e e  Item 5) ; i f  EI  = 0.0, o m i t  I tem 12. 

Column No. 

Program Var lab le  

Data 

Column Nc. 

Program Var iab le  

Data 

F igure  13.- Continued. 



Item No. 13 (opt ion)  : Format (15, 3E12.4), decimal poin t  required i n  l a s t  two v a r ~ a b l e s  
(MP cards)  (1) 

Column No. 

Program Variable 

Data 

Note: These q u a n t i t i e s  a r e  read i n  when EI = 1.0 ( s ee  Item 5 ) ;  i f  E I  = 0.0, omit item 13. 

(MP) 

column NO. I 5 1 
Program Variable 

Item K O .  14 (op t ion ) :  Format (15, 3E12.4), decimal poin t  required i n  second va r i ab l e  
[MP cards)  

Coluren KO. 

Program Variable 

Data 1 M i 1  i I 1 
Xote: These q u a n t i t i e s  a r e  read i n  when E I  = 1.0 ( s ee  Item 5)  and MSP # 0 (see) Itcr;  2); 

i f  E I  = 0.0, omit Item 14. 

Column No. 

Program Variablr? 

Data 

Item No. 1 5  top t lor~)  : Format ( I S ,  3312.4) , decimal poin t  required i n  l a s t  t h r ee  var iab les  
(MT cards)  ! 1) 

Column No. 

Program Variable 

Data 

Note: These q u a n t i t i e s  a r e  read i n  when E I  = 1.0 ( s ee  Item 5) and NCT # 0 ( see  Item 2 )  ; 
i f  E I  = 0.0, omit Item 15. 

Column No. 

Program Variable 

Data 

Figure 13.- Continued. 



Item No. 16 ( o p t i o n ) :  Format (15, 3E12.4), decimal p o i n t  required i n  l a s t  two v a r i a b l e s  
(MT cards)  (1) 

Column No. 

Program Variable  

Data 

Note: These q u a n t i t i e s  a r e  read i n  when EI = 1.0 ( s e e  Item 5) and NCT # 0 ( s e e  Item 2 ) ;  
i f  EI = 0.0, omit Item 16. 

Column No. 

Program Var iab le  

Data 

Item No. 17 (op t ion)  : Format (8F10.5), decimal p o i n t  required 
(MSP ca rds )  (1) 

Column No. 

Program Variable  

Data 

Note: These q u a n t i t i e s  a r e  read i n  when PINCLC = 1.0 ( s e e  Item 5 ) ;  i f  PINCLC = 0.0, omit I tem 17. 

Column No. 

Program Variable  

Data 

Figure 13.- Continued. 





Item 
NO. - 

( a )  No e x t e r n a l  i n t e r f e r e n c e .  

Figure 14.- Sample input  decks f o r  wing-pylon-tail  program. 



SAh'PLf CA5F  7, WING-PYLON-TAIL C O h F I G J I ? Z T I D L ,  EXTERNAL  I N T E R F E R E N C E  INCLUDED 
4 4 2 0  7 7 2 1 3  

77.10 14.05 31.183 74,9675 -3.50 2.57 2.50 0.70 
-77.50 -72.75 70.051 2.946 -90.0 0.5679 1.0 

77.10 14.3' 10.194 25.0 1.0 0.5 
-7.74 0.7 0.0 

2 3  1.0 0.u 0.0 1.0 1.0 
4.573 0.573 124573 16.573 20.573 24.573 28.573 32.573 

16.573 39.573 42.573 45.573 48.573 52.573 56.573 60.573 
64.573 68.573 72.573 74.Y6i5 

7.06 2.946 
-95.') 0.0 -10.0 

7 - 5 0  5.00 7.50 10.03 12.50 15.00 17.50 20100 
77.50 75.bG 
-1,00755 0.02315 Oe01815 0.00915 
-n.O1133 0.01967 0.01467 0.00567 
-0.01517 0.01588 0.OlOPR Ge0018R 
-0.017P7 0.01318 0.00818 -0,OOC92 \ 

-0.07737 O . O O O ? ~  0.00543 - 0 . o o ~ 0 7  
-0.07771 0600669 0.00269 -3.00511 
-0.03754 0.00295 0.00045 -0.00755 
-0.93879 -0.00079 -0.0007Y -0.00779 
-C.04699 -0.00509 -0.00309 -0.0070Q 
-n.05196 -0.00896 -0.00396 -0,00596 
-6.05741 -0.01741 -0.005nl -5.00641 
-0.06786 -0.01536 -0.00686 -C.O0286 
- 0 . C b Q l l  -1.01831 -0.0n931 -7.00231 
-n.07117 - 0 . ~ 7 1 6 7  -0.01217 -0.ncz67 
-n.o7445 -0.02545 -0.01545 -0.00565 

Item 
NO. 
v 

(b) With external interference. 

Figure 14.- Continued. 



(b) Continued. 

Figure 14.- Continued. 



(b) Concluded. 

Figure 14.- Concluded. 
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r '". 'P' IL C'"IHT T r . l K ' l I * l b T f S  PNU < I l l P r $  c r T F P N O l I Y  IN l lUCEO V E L O C I T I F S  

4N SURFACF 
SLOPF 

I L L P H I * C  

l l l V  V I V  

~ ~ D I T I O N A L , ~ L D C ~ F  O . P C ' ~ I  

V I V  U I V  J I 

WIYC CCNTRPL 

P O I N T S  

(a) continued. 

~ ~ g u r c  15.- continued 



H0RCESY0I VnOTFX CHARACTFP I S 1  lC5 

n n l t ~ l > l  FG L I I O P ~ I Y T  V ? R l F X  STRENGTHSp6LlWblV 
TCPROINATFI  

.I X V 2 5WCFP(OEGI SFYIWI"1M 
YINC V 0 R l l r C <  

ALPHA-c  n n n l T t ' l v b L . a I P I ' I r  r . r 4 % 6  

PYLON IMAGF VOPTICES 
"q - 1 1 . 5 2 0 0  - 4 2 . 5 7 4 0  
1 0  - 1 7 . 1 7 1 4  - 4 2 . 5 7 4 1  
" 1  - 2 3 . 2 2 2 9  - 4 2 . 5 7 4 1  
4 7  - 2 9 . 0 7 4 3  - 4 2 . 5 7 4 1  

[a )  Continued. 

Figure 15.- Continued. 



AFRQDYNAMIC LOADING RESULTS 

T O T A L  L I F T  COFFF IC IFNT  T O T 4 1  MCMENT C O F F F I C  l F N l  

DEFEQFNCE Q U A N T I T I F S  

W I N 6  CPANWR WINS PLANFORM AQFA.SRFF U l Y O  AVF.CH0RD.CAVF 
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(a) Concluded. 

Figure 15.- Continued. 



c..> 
L

 
C
 
0
 

N
*

.
 

C
 0

 

LLJ 
J
 8
 

0
 L

' 
2
 4

 
C
 
5
 



1 ALPHA-@ I I AOnlTI7blAl .ALP14-'nr ' e .Q ' 'C I  
UrAv  SIIRFACE 

J LI Y I CLODF U / V  V I V  WIV  V I V  L . /W 

VI'IG CrNTRPL DCINTS 

1 5  -44.1061 -10.5710 
76 -48.0486 -70.5130 
77 -19.0P06 -73.7107 
78 -42.9530 -73.77r7 
70 -45.9274 -73.7102 
10 - 4 8 . 0 0 1 n  -73.77C2 

P V l l h  CCY19CL POINTS 

R I  -21.1770 -47.5740 
92 -2h.6121 -42.5741 
9 3  -31.9476 -42.5741 
Re -11.2829 -42.5740 
85 -14.9P10 -42.5740 
8 6  -20.7994 -42.5740 
0 7  -7h .hnq l  -42.5740 
88 -32.4707 -42.5740 

~ I W N T P ~ L  POINTS 

89 -QO.414' -1.2500 
9 0  -104.4484 -1.2500 
9 1  -1Ofl.44qD -3.7500 
9 2  -105.1557 -3.1501 
9 3  -10l .4817 -0.7600 
94 -1n5.8631 -6.2570 
95 -107.5114 -8.7500 
9h  -106. 570G -8.7503 
97 -103.5516 -1l.ZL00 
98 -107.277" -11.750n 
q n  -1n4.5851 -13.1500 

1°C -107.9852 -13.7500 

(b) Continued. 

F i g u r e  15.- Continued. 
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(b) Concluded. 

Figure 15.- concluded. ' 
I 









0.04 

0.02 Inboard s i d e  

w 0 
v 

Outboard s i d e  

-0.02 
L ~ n b o a r d  s i d e  

Outboard s i d e  

-0.04 

Figure 18.- Predicted a x i a l  v a r i a t i o n  of t h e  wing- 
py lon- ta i l  induced downwash a t  t h r e e  l o c a t i o n s  

r e l a t i v e  t o  t he  tu rbofan  engine. 




