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SUMMARY 

This portion of the  repor t  explains t h e  use of t h e  computer program tha t  
is described i n  P a r t  1 of the  report .  Certain detail.ed calcula t ion procedures 
a r e  documented. Eowever, the  formulas of Par t  1 a r e  not duplicated here. The 
main purpose is  t o  explain the input t o  t h e  program so  t h a t  tliz reader is pre- 
pared t o  use it f o r  h i s  application.  



I. INTRODUCTION 

An exac t  genera l  method of so lv ing  t h e  N e w a n  (or  Secontl Boundary 
Value) problem has been appl ied  t o  t he  c a l c u l a t i o n  c f  low speed flows about 
o r  wi th in  bodies of a x i a l l y  synrmetric shape. So l id  body, i r l e t ,  and purely 
i n t e r n a l  flow problems can be solved.  The method is capable r ,E  deal ing  wi th  
s e v e r a l  bodies a t  once i n  the  presence of one another ,  and consequently, 
i n t e r f e rence  problems can be t r e a t e d  with ease. Boundaries need n o t  be 
s o l i d ,  t h a t  is, flows involving a r e a  suc t ion  can be ca lcula ted .  Ve loc i t i e s  
can be computed no t  only f o r  po in t s  on the body bu t  f o r  t h e  e n t i r e  f lowfield.  

A s u r f a c e  source d i s t r i b u t i o n  is used a s  t h e  b a s i s  f o r  so lu t ion .  This  
lezds  t o  a Fredholm I n t e g r a l  Equation of t h e  second kind,  which i s  solved 
as a set of  l i n e a r  a l g e b r a i c  equations.  The source d i s t r i b u t i o n  can'be- taken 
as constant ,  l i n e a r l y  varying,  o r  quadra t i ca l ly  vary ing  across  each of t h e  
elements which form the  body. The elements themselves can be f l a t  o r  curved 
(parabolas).  

A t  t he  present  ti=, i t  is poss ib l e  t o  ob ta in  the  s o l u t i o n  f o r  the flow 
about any body t h a t  has  t he  previously mentioned c h a r a c t e r f a t i c s  and whose 
p r o f i l e  can be defined by no more than 500 coordina te  poines. 

This  mezhod is a gene ra l i za t ion  of a previous program 11-61, i n  
p a r t i c u l a r  t h e  ana lys i s  of p a r t  1 of t h i s  r e p o r t  i s  Zhcorporated i n t o  the  
program of [ 5  1. 



11. EQUATIONS lNl LYETHOD OF SOLiiTIOEi 

A. Formation of the  Elements 

Each body is described t o  the  present  program by the  input of an ordered 
sequence of points  d i s t r ibu ted  along t h a t  body's surface. By convention, t h e  
f lowfie ld  of i n t e r e s t  i s  assmed  t o  be "overheadr' t o  an observer who is 
"walking" along the  body surface  i n  t h e  order of the  input point  sequence. 
This convention is necessary i n  order t o  e s t a b l i s h  t h e  d i rec t ion  of the  "out- 
ward" normal vector. 

Surface elements a r e  constructed by connecting consecutive points  i n  t h e  
sequence by e i t h e r  s t r a i g h t  l i n e s  o r  parabolas. (Recall t h a t  s ince  the body 
is assumed t o  be  axisymmetric, and 4f we take the  x-axis t o  be  the axis of 
symmetry, these Lines o r  a r c s  should be thought of a s  "conoids" formed by 
t h e i r  r o t a t i o n  about the  x-axis). I n  t h e  case of s t r a i g h t  (hereaf ter  "flat") 
elements, each element is  simply determioed by s t r a i g h t  l i a e s  constructed 
between consecutive points.  However, f o r  the  case of parabolic a r c  (he rea f t e r  
"curved") elements, the  curvatures may e i t h e r  be i n p u t  by t h e  user o r  deter- 
mined automatically by the  program i n  t h e  following way: the  curvature of 
each element (except f o r  the  f i r s t  and t h e  l a s t  elements of each body) is t h e  
geometric mean of the  curvatures of the  t xo  c i r c l e s  defined by the two end- 
points  of each i n t e r v a l  and the next sequen t i a l  point  on e i t h e r  s i d e  of t h a t  
in te rva l .  For the  f i r s t  and l a s t  elements, the  curvatures a r e  simply those 
of the c i r c l e s  defined by t h e  f i r s t  t h r e e  aild l a s t  th ree  po in t s  of t h e  body, 
respectively.  The curvature, of each o f  these  c i r c l e s ,  is calcula ted  from t h e  
formulas of Appendix A of Par t  1 of t h i s  report .  

where, 

and 

where, 

and 



where, 

Once the cor rec t  geometric means of these curvatures a r e  calculated t o  
determine the l o c a l  element curvatures, the  control  point  locations of each 
element a r e  obtained by approximating the  c i r c u l a r  a r c  with a parabola having 
t h a t  curvature a t  i t s  vertex ( t h i s  is correct  through th i rd  order i n  As). 

B, Calculation of the  In£ luence Coeff ici.ent Matrices 

The veloci ty  induced by an element a t  a control  point is computed by 
in tegrat ing t h e  bas ic  r ing  source (or  vortex) formulas over the  element as 
described i n  P a r t  1. For j f 1 the  in tegra l s  of equation (9) of P a r t  1 
a r e  evaluated by Simpson's r u l e  i n  t h e  following nanner. 

The  integrand is evaluated a t  an odd number NI of points  equally 
spaced L 2  s over the  element, where 

N I  = Integer Par t  of [2(8 + 0.9 
min 

where A s  is t h e  t o t a l  arc length of the  element and dmfn is the  distance 
between the  point  where veloci ty  is being e v a l u a t ~ d  and the  centroid o r  one 
of the  endpcints of the  elements, whichever is closest .  (If N I  turns  out 

. t o  be l e s s  than 3, i t  is  s e t  equal t o  3; and i f  XI turns  out t3 be g rea te r  
than 129, - L t  is set equal t o  129.) -@me these NI values of V have been 
detemined, t h e  Shpson r u l e  in tegra t ion  formula is  applied: 



etc.  

and where 6s 2 s / (NI-1). 
j 

The second i n t e g r a l  i n  equation (9) of P a r t  1 is  now e a s i l y  determined 
by multiplying each of the  (V,, m = 1, NI) values by the  l o c a l  value of s, 
and then apply the Simpson r u l e  formula t o  t h e  resu l t :  

This procedure is repeated t o  evaluate the  t h i r d  i n t e g r a l  i n  equation (9). 

It should be pointed out t h a t  equation (9) of P a r t  1 encounteres d i f f i -  
cu l ty  when the  paraneter:  

where E : 0.01. When t h i s  happens (termed "small y"), expansions of  these  
equations ( i n  t h i s  parameter) a r e  used. Their  expansions a r e  i n  reference 3. 

For j = i, use is made of the  s i n g u l a  -subelement expansions of 
Appendix B of P a r t  1. 

C. Matrix Assembly 

The assumption i s  made t h a t  the  surface  source s t rength ,  a, v a r i e s  
parabo i c a l l y  between th ree  successive values of a. The der ivat ives ,  ~ ( l )  t 2) and o , may then be expressed i n  terms of  $he l o c a l  source s t rength  values 
ac  t h e  control  points  of the  elements on both s ides  and then may be replaced 
i n  equation (10) of P a r t  1 a s  follows: 



where, 

j + 1 f o r  t h e  f i r s t  element of e3ch "body" 
M = j - 1 f o r  t h e  l a s t  element of each body 

f o r  t h e  o the r  element of each body 

Aj 
f o r  t h e  f i r s t  clement of each ,body 

Jj 
f o r  t h e  l a s t  element of each  body 

Dj f o r  che o the r  elements of each body 

Bj 
f o r  t h e  f i r s t  element of each boly 

A = 
12j Kj f o r  t h e  l a s t  element of each body 

f o r  t h e  o the r  elements of each body 

Cj f o r  t h e  f i r s t  element of each body 

A = { Lj f o r  t h e  l a s t  element of each body 

Fj f o r  t h e  o the r  elements of each body 

f o r  t h e  f i r s t  element of each body 

A2 1j f o r  t h e  l a s t  element of each body 

\ Gj f o r  t h e  o the r  e1emer.t~ of each body 

H2 f o r  th= f i r s t  element of each body 
*22 j f o r  t h e  l a s t  element crf eac?l body 

H3 f o r  t h e  o ther  elements of each body 

= 2 f o r  t h e  f i r s t  element of each body 
A 
23j 

f o r  t he  l a s t  element of each body Is-' 
f o r  t h e  o the r  elements of each body 

'j 

where. 



The above A., .... L a r e  functions only of t h e  geometry, and a r e  
ca lcula ted  p r i o r  go i n i f i a J i n g  t h e  ac tua l  V~-J matrix formulation. The pro- 
cedure for handling t h e  V i j  marrix t o  produce t h e  normal- and tangential-flow 
matrices is iden t i ca l  ro t h a t  ezployed i n  the  o r i g i n a l  programA(see reference 5). 
The vector ve loc i ty  is dotted into the  l o c a l  element normal (UN) and tangen- 
t i a l  ($1 di rec t ions  

R.e normal ve loc i ty  matrix is then used t o  ca lcu la te  the  source s t rength  values 
f o r  each onset  flow as: 



where Qmi is the  onset normal flow a t  the  i- th control  point. For the  axisym- 
metr ic  onset  flow: 

VWi = s i n  a 
i 

3 
and Vij i s  determined as  described i n  Section B.1. For the  crossflow case a s  
explained i n  reference 2, the  normal onset flow t r u l y  va r i es  as  t h e  cosine of 
the c i rcumferent ia l  angle; but  the source density,  which is t r u l y  cosinusoidal  
may be  obtained by applying the zero normal flow requ i remat  a t  8 = 0. For 
t h i s  case,  the  right-hand s i d e  of equation (9) is found from: 

Note t h a t  the A i j  matrix f o r  the  crossflow case is d i f fe ren t  from tha t  of the 
a x i s p e t r i c  case. 

D. Solution of the  Matrix Equations 

The so lu t ion  of equation (9) f o r  the axisymmetric onset flow and f o r  the 
crossflow cases is obtained by inversion of the Afj matrix, as explained i n  
d e t a l l  i n  reference 6. This procedure allows mul t ip le  "right-hand sides" t o  
be computed with very l i t t l e  increase  i n  p r o g r . ~  run time (beyond t h a t  of a 
s i n g l e  right-hand s ide ) .  

It should be rea l i zed  t h a t  the  constant  surface  v o r t i c i t y  option auto- 
mat ica l ly  generates a number-of non-uniform axisymnetric onset flows equal t o  
the  number of "bodies" t h a t  ha 

E. Calcula t ion of the  Surface Veloci t ies  

Once t h e  source s t r eng ths  have been determined, the  n e t  surface  veloci- 
t i e s  a r e  ca lcula ted  as follows: 

Far axisyimetr ic  flows, the veloci ty  is presented i n  tangent ia l  component 
f o r m .  For the  crossflow case, however, a s  discussed i n  reference 2, the  
v e l o c i t y  is  presented i n  t e rns  of the,"fundamcntal veloci ty  components, 
and T ~ , "  where T2 



Thus, the velocity tangent to a meridian curve (at any 8 value) is  T cos 8. 
The "crossflov" velocity ( i .  the velocity component tangent to the c$rcular 
cross-section) is -T sin 8 .  3 



111. INPUT INSTRUCTIONS 

A. Card Column Parameter Lccat ions 

Card 1 - Header Card. 

ccl-60 Header Any alphanumeric run descr ip t ion .  
cc63-68 Case Case number. 

Card 2 - Contro l  Flag Card 

c c l  
cc2 
c c 3  
cc4 
cc5  
cc6 
cc7  
CC~-10 
c e l l  
cc12 
cc14 

N3 
NMJ 
IAXI 
ICRgSS 
I@FF 
IgNLY 
IELPSE 
(blank) 
IPRTRB 
IPQTNL* 
IPTAVV 

1v8m 
IQMXTA 
IOMITC 
ISURFV 

IALLV 
IEXCRS* 
IGENBC 
IRNGW 
IPNCH 
IUNIT 
I V I  J 
ICdEF 
IPRINT 
IRAKF 

Number of bodies  ( 1  < NB 5 9) .  
Number of non-unif orm flows (0 5 NNU _< 5). 
Wsymmet r i c  flow f l ag .  
Crossf low f l ag .  
Off-body p o i n t  input  f l a g .  
Basic-data-only f l ag .  
E l l i p s e  genera tor  f l a g  (see a l s o  Card 5). 

Pe r tu rba t ion  v e l o c i t i e s  only. 
Solvs  p o t e n t i a l  matr ix.  
Prescr ibed  t a n g e n t i a l  v e l o c i t y  ( fo r  the  l a s t  

IPTANV bodies) .  
S t r i p - r i n g  v o r t i c i t y  f l a g .  
O m i t  axisymmetric uniform £10~7 so lu t ion .  
O m i t  c ross f low uniform flow so lu t ion .  
Sur face  v o r t i c i t y  ( i n s t ead  of sources)  f o r  tFie f i n a l .  

ISURPV bodies .  
Prescr ibed  va lues  of t h e  s u r f a c e  vo r t ex  s t r e n g f h s  

f o r  t h e  f i -na l  ISTlRJ?V bodies w i l l  be input .  
All bodies a r e  su r f ace  v o r t i c i t y  bodies .  
Ext ra  crossf low. 
Generated boundary condi t ions .  
Ring wing opt ion .  
Punched output .  
Unit number f o r  input  coo rd i~ l a t e s  (de fau l t  = 05). 
Matr ix p r i n t  f l ag .  
Matrix-assembly c o e f f i c i e n t  p r i n t  f lag .  
Very d e t a i l e d  mat r ix  cons t ruc t ion  p r i n t  f l a g .  
Automatic rake genera t ion  f l a g  ( see  a l s o  Cards 8 & 9 )  

Card 3 - ChordlMach number card.  

ccl-10 CH@W Reference c h ~ r d  length  (de fau l t  = 1.0) .  
ccl l -20 1"slACH Mach number f o r  Goethert co r r ec t ion  (0.0 implips 

incompressible) .  
cc21-80 (blank) 

* Avai lab le  i f  and only  i f  NONEWF = 1, ISIGF = 1 and IGE~MF = 1. 



Card 4 - Body Control  Card 1 of 2. -- 
IGEgM? 
ISIGF 

ICURVN 

I F @ W  
NN 
XMULT 
YPIULT 
THETA 

ADDY 

0 = curved elements; I = f l a t  elements. 
0 = pa rabo l i c  a ;  1 = l i n e a r  a ;  2 = constant  u 

(on each element).  
0 = i n t e r n a l l y  ca l cu l a t ed  element curva tures ;  

1 = i npu t  curva ture  (see card  7). 
0 = use the  newest forrculae; 1 = use t h e  o ld  formulae 

(ireplies f l a t  elements and constpnt  a ) .  
Input  fo rna t  f l a g  ( see  Card Se t  6 )  
Number of d e f i n i n r  endpoints  f o r  t h i s  body. 
x-mult ipl ier  value (de fau l t  = 1.0).  
y -mul t ip l ie r  va lue  (de fau l t  = 1.0). 
Coordinate r o t a t i o n  va lue  (degrees,  measured about - Z-axis). 
x-increment ( to  be app l i ed  t o  a l l  t he  input  coordinate 

f o r  t h i s  body). 
y-increment ( t o  be appl ied  t o  a l l  t h e  input  coordinates  

f o r  t h i s  body). 

Card 5 - Body Control  Card 2 of 2 

ccl-10 IBDN "Body" number ( s equen t i a l  f o r  bodies ,  z e rc  f o r  
off-body po in t s ) .  

ccl l -20 ISUBKS Subcase f l ag .  
cc21-30 NLF Non-l i f t ing f l a g  ( for  com1,ination 
cc31-40 A Semi-major axis f o r  e l l i p s e  ca se s  
cc41-50 B Semi-minor a x i s  f o r  e l l i p s e  ca se s  I f  1ELPSE;tO 

Card (Set) 6 - Body Def in i t i on  Cards 

I F  IF@w~'=O: X-coordinates (6Fl0.5), then 
Y-coordinates (6F10.5) 

I F  IF@R?IT=~: X, Y c o o r d i n a e s  (2F10.5) (i .e. ,  one "point-set" 
p e r  card)  

I F  IFQ)RMT=2: X, Y coord ina tes  (F10.5,10X,F10.5) ( i . e . ,  one " ~ o i n t -  
s e t "  per card). 

Card (Set) 7 - Input  curva ture  va lues  (needed only i f  ICURVN # 0). 

(OF10.5) CUKV(1) , I = l , N N - 1  The curva ture  va lues  f o r  the  NN-1 elements 
which c o n s t i t u t e  t h i s  body, 

- - - - - - - -  
I , Repeat Cards 4-7 a t o t a l  of (NB+IP\FF) times I 

I - - - - - - - - - - - - - - - - - -  
Card 8 - Rake Nuo3er Card (needed only i f  IRAKF # 6) 

ccl-10 N W S  The number of "automatically" generated mass-flow 
rakes. 



Card 9 - Rake Def in i t i on  Card (needed only i f  IIWKF # 0)  

ccl-10 ~ 1 1  Coordinates  of " s t a r t "  of t he  rake. 
ccl l -20 ~ 1 1  

Coordinates  of t h e  ''end" of t h e  rake. 

cc41-45 N Yurhber of i n t e r v a l s  to  be used i n  t he  rake (note,  
4 <N 5200,  and N must be an even in t ege r ) .  

-. "..W" -------------- 
l - ~ e ~ e a t  Card 9 a t o t a l  of N R m S  times, -1 
I - -  2 

Card 1P - Non-Uniform Flew Control  Card (needed only i f  NNU # 0) 

ccl-10 NUN Flou i d e n t i f i c a t i o n  number. 
ccll-20 EISF 0 = axisymmetric onse t  flow; 1 = crossf low onse t  flow, 

2 = both 0 and 1. 
cc21-30 TYPE +1.8 = v e l o c i t y  w i l l  be  i n p ~ t  i n  x,y component 

form; 0 = v e l o c i t i e s  w i l l  be input  i n  normal, 
t a n g e n t i a l  form; -1 = automatic genera t ion  of 
f law due t o  r o t a t i o n  about t he  Z-axis ( f o r  
c ros s  flow, only) .  

cc31-40 FG . Flow genera tor  cons tan t .  

Card (Set)  11 - Non-Uniform Flow V e l o c i t i e s  (needed only i f  NNU # 0) 

(6F10.5) VX(1) o r  VN(I) ,  I = 1, t o t a l  number of c o n t r o l  points .  
(6F10.5) W( I )  o r  VT(I), I = 1, t o t a l  number oz c o n t r o l  po in ts .  

------------- 
' F R e p e a r  Cards 10  and 11 a t o t a l  of NNU times. -I 

I --------------- 
Card (Set)  12 - Speci f ied  Tangen t i a l  Flow V e l o c i t i e s  (needed only i f  

IPTANV # 0 

'(6F10.5) TG( l ) ,  I = I, t o t a l  number of c o n t r o l  po in t s  on t h e  last 
IPTANV bcd ie s  

B. Discussion of Parnmeters. 

i n  a l l  c;--Ls, t h c  i n t e g e r  va lues  ( i nd i ca t ed  by the  s tandard  F @ R T W  IV 
naming convent!on) must be r i g h t  ad jus t ed  wichin t h e  s p e c i f i e d  i npu t  f i e l d s .  
Fur f loa t ing-poin t  type input ,  t h e  input  decimal  po in t  w i l l  ove r r ide  t h e  quoted 
F 0 W T  s p e c i f i c a t i o n s .  

Card 1. Sel f  -explanatory. 



Card 2. Although most of t he se  f l a g s  a r e  unchanged from t h e  o r i g i n a l  program, 
a  b r i e f  d e s c r i p t i o n  of each one w i l l  be given h e r e  f o r  completeness. 

N 9  The t o t a l  number of s e p a r a t e  "bodies" ( 1  5 NB 5 8 ) .  

NNU The t o t a l  number of (user  s p e c i f i e d )  i n p u t  non-uniform flows 
(0  5 N N U S  5). 

I A X I  k i s y m m e t r i c  flow f l a g  (0: no a x i s m e t r i c  flow, 1: axisymmetric flow) 

ICROSS Crossflow f l a g  (0: no  crossf low, 1: crossf low)  

IOFF Off-body po in t  input  f l a g  (0: no off-body p o i n t s  w i l l  be i n p u t ,  I: off  
body p o i n t s  w i l l  be inp&) 

IONLY Basic-data-only f l a g  (0: f u l l  execut ion ,  1: b a s i c  d a t a  only)  

IELPSE E l l i p s e  genera tor  f l a g  ( see  a l s o  ca rd  5)(0:  s tandard  body de f in ing  
coord ina tes  w i l l  be i npu t ,  1: coord ina t e s  f o r  t h e  e l l i p s e  whose proper- 
t i e s  a r e  s p e c i f i e d  on card  5 art.  t o  be c r ea t ed  au tomat ica l ly  by the 
program). 

IPRTRB Pe r tu rba t ion  v e l o c i t i e s  on ly  (0: s t anda rd  t o t a l  n e t  v e l o c i t i e s  includ-  
i ng  tile onse t  flow w i l l  be p r i n t e d ,  1: pe r tu rba t ion  veloci t ies  only w i l l  be 
pr in t ed ) .  

IPQTNL Solve the p o t e n t i a l  mat r ix  (0: s t anda rd  sol .ut ion f a r  the  s u r f a c e  
v e l o c i t i e s ,  1: s o l u t i o n  f o r  t h e  s u r f a c e  v e l o c i t y  ~ o t e q t i a l ) .  Since 
t h e  v e l o c i t y  p o t e n t i a l  problem f o r  t h e  h ighe r  o rde r  elements has n o t  
been coded i n  t h e  p re sen t  ve r s ion ,  t h e  s o l u t i o n  f o r  t h e  p o t e n t i a l  is 
a v a i l a b l e  only  f o r  t h e  case of f l a t  e lements  and, iv p a r t i c u l a r ,  
through t h e  usage of t t ir? "old" v e l o c i t y  formulae. These "old" formulae 
have been r e t a i n e d  as a sl ibsect ion of t h i s  new, h igher  o r d e r  program 
and may be "reacked" by s e t t i n g  t h e  fo l lowing  q u a n t i t i e s  (on card  4 ) :  
I G E ~ H F  = 1, ISIGF = 2 ,  and N~NEIJF  = 1; i n  such a c a s e ,  t he  s o l u t i o n  
f o r  t h e  p o t e n t i a l  is s t i l l  a v a i l a b l e .  

IPTANV Prescr ibed  t a n g e n t i a l  v e l o c i t y  f l a g  (0: s tacdard  z e r o  normal v e l o c i t y  
s o l u t i o n  i s  t o  be obta iced ,  1: e u s e r  def ined  s e t  of prescr ibed  tangen- 
t ia l  v e l o c i t i e s  w i l l  be  i npu t  on t h e  last  IPTAXV bodies ;  obviously,  
IPTAIYV 5 NB.) See t h e  Appendix f o r  f u r t h e r  d e t a i l s  on the  use  of 
t h i s  f l a g .  

ZVgRT S t r i p  r i n g  v o r t i c i t y  onse t  flows for each of t he  badies  (0: no s t r i p  
r i n g  v o r t i c i t y ,  1: automatic  genera t ion  of t h e  s t r f p  r i n g  v o r t i c i t y  
onsct  f lows).  

IGMITA O m i t  t he  uniform axisynnrtetric flow s o l u t i o n  (0:calculate  t h e  s tandard  
uiliform axisymmetric flow s o l u t i o n  i f  IAXI # 0, I: omit t h i s  uniform 
axisj-httactric flow s o l u t i o n  even i f  &\[I # 0 ) .  

I$i.lITC O m i t  t h e  uniform crossf low s o l u t i o n  (0: c a l c u l a t e  t h e  uuiform crossf low 
s o l u t i o n  if IcR@SS $ 0, 1: omit t h e  uniform crossf low s o l u t i o n  even i f  
rcRgss # 0) 

ISURFV Surface  v o r t i c i t y  f o r  nxisymmetric flow ( i n  p lace  of su r f ace  sources)  
f l a g  (0: u se  t he  s tandard source  d i s t r i bu tTon  on a l l  elements, # 0: 



use  v o r t i c i t y  ins-ead of a  source  d i s t r i b u t i o n  a s  t h e  s i n g u l a r i t y  on 
t h e  elements of t he  l a s t  ISUKFV bodies).  Note t h a t  i f  ISURW f 0 ,  then 
both IVqRT an? IPTANV must be # 0, and then i n  p a r t i c u l a r ,  IPTANV must 
= ISURFV). ;f we assume t h a t  IPTANV = ISURFV = k,  and t h a t  M is  t h e  
t o t a l  nurnbcr of elements on t h e  l a s t  k  bodies ,  then t h e  su r f ace  vor- 
t i c i t y  opt-ion causes t he  source  induced .ve loc i ty  formulae t o  be used 
on t h e  f  l r s t  N-M elements of each mat r ix  row, a n l  t h e  vor tex  f c rn~u lae  
t o  be w e d  on t h e  remaining M elements of eacn ma t r ix  row. The so lu-  
t i o n  f o r  t h e  unknow~ s t r e n g t h s  then proceeds a s  i t  would have i f  on ly  
IPTANV was nonzero. 

IPRSCV Presc-ribed v o r t i c i t y  f l a g  f o r  axisymmetric flow (0: prescr ibed  v o r t i c i t y ,  
value; w i l l  no t  be i npu t ,  1: prescr ibed  v o r t i c i t y  va lues  (Wi) f o r  t he  
last IPRSCV bodies w i l l  be input ;  n o t e  t h a t  i f  IPRSCV is # 0, then both 
I V ~ R T  and IPT.Wr n u s t  # 0, and then,  i n  p a r t i c u l a r ,  TPTANV must = IFRSCV) . 
I f  TPRSCV is $ 0,  the^ the  vo r t ex  s t r e n g t h s  of t he  a f f e c t e d  elements a r e  
taken  t o  be wi/4n. 

I A U V  T o t a l  v o r t i c i t y  f l a g  f o r  axisymmetric f low (0: a l l  elements a r e  assumed 
to  be source  type  elements [un l e s s  ISURW # 01,  1: a l l  elements a r e  
assumed t o  be vo r t ex  type elements).  Note t h a t  ii' IALLV is  # 9, t h e  
use  of IPTANV is o p t i o n a l ,  bu t  no t  mandatory. 

IESCRS Ex t r a  c rossf  low r ' l rg (0: nn "extra" c rossf low,  1: genera te  an "extra1' 
c ross f low [ i . e . ,  having a p o t e n t i a l  wlhich v a r i e s  a s  t h e  cos ine  of twice 
the  c i r cumfe ren t i a l  ang le ] ) .  Note t h a t  i f  IESCRS # 0, then N ~ N E W F  = 1, 
ISIGF =L, and IGEOPlF must = 1 , s i n c e  t h e  h ighe r  o rde r  formulae f o r  t h i s  
kind of v e l o c i t y  p o t e n t i a l  have n o t  been included i n  t h i s  program. 

IGENBC Generated boundary condi t ion  f l a g  (0: do n o t  genera te  any a d d i t i o n a l  
boundary cond i t i ons  f o r  t h e  c rossf low case;  1: genera te  t he  onse t  c ross -  
flow due t o  r o t a t i o n  about  an a x i s  normal t o  t h e  a x i s  of sytnmetrp [ s e e  
a l s o  t h e  no t e s  f o r  Card 101). 

IRNGW Ring wing op t ion  (0 : .  na r i n g  wing op t ion ,  1: use t h e  r i n g  wing opt ion 
[see MDC Repor t~O741 /01 ,Apr i l  1970 f o r  f u r t h e r  de t aZ l s ] ) .  

IPNCH Punched card  output  f l a g  (0: no punched card  output ,  1: punched card  
output ) .  

Card 3. Th i s  card  is usua l ly  l e f t  blank, which r e s u l t s  i n  a d e f a u l t  chord 
l eng th  of u n i t y ,  and no Mach number c o r r e c t i o n s  ( i . e . ,  incompressible 
r e s u i t s )  . I f  a non-zero va lue  of t he  Mach number is inpu t ,  t h e  
program uses t h e  Goethert c o r i e c t i o n  t o  account f o r  compress ib i l i ty .  

Card 4. Usage of t h e  IGEOMF and ISIGF f l a g s  permit  t h e  user  t o  "turn-off" 'my 
o r  a l l  of t he  higher  order  element ctzrvature and/or  varying source 
dens i ty  terms. The d e f a u l t  va lues  a r e  curved clcnlents with parabol i -  
c a l l y  vary ing  source  dens i ty .  I f  IGEOMF = 0 ,  t he  program w i l l  nuto- 
ma t i ca l l y  c a l c u l a t e  t h e  l o c a l  element cu rva tu re  va lues  by t he  procedure 
descr ibed  i n  Sec t ion  1 1 - A ,  un less  ICLlRVN is non-zero, i n  which case  
t h e  u s e r  must supply t hese  curva ture  va lues  (see Card 7 ) .  The va lue  
f o r  t h e  NONEWF f l a g  is  o r d i n a r i l y  l e f t  blank (or  ze ro ) ,  even i f  a f l a t  



element, cons tant  source dens i ty  s o l u t i o n  is required.  However, s ince  
c e r t a i n  of t he  o r i g l n a l  Douglas-Neumann Axisymme t r i c  P o t e n t i a l  Flow 
Program c a p a b i l i t i e s  have not  been made a v a i l a b l e  i n  t he  higher order  
program (e.g., c a l c u i a t i o n  of t h e  p o t e n t i a l  [hence t h e  added mass, e t c . )  
t h e  o r i g i n a l  fo tn~u lae  have been preserved wi th in  t h i s  vers ion  (see 
desc r ip t ion  of the  IP$TNL and IEXCKS f l a g s )  . The o r i g l n a l  capab i l i -  
ties can be-obta ined  by s e t t i n g  IGEGMF = 1, ISIGF = 2 ,  and NgNEWF = 1 
f o r  each of t h e  input  bodies,  i n  which case  t h e  input  i n s t r u c t i o n s  of 
re ference  5 apply.  

The o ther  parameters on Card 4 are s e l f  -explanatory, with the . ~ n d e r s t a n t f i ~ ~  
t h a t  the order  of coordina te  t r a n s  fo rva t ions  are  as l i s t ed  on the input. 

Card 5. The "bodies" a r e  normally loaded p r i o r  t o  any off-body po in t s  
(although t h e  l a t t e r  r e q u i r e  t h e  usage of body c o n t r o l  Cards 1 and 
2, a l s o ) .  For t h i s  reason,  t h e  value o f  IBDN should be sequen t i a l ly  
i nc reas ing  beginning wi th  un i ty .  A non-zero value f o r  ISUBKS means 
t h a t  the  body d e f i n i t i o n  cards  f o r  t h i s  body (Card S e t  6 ) ,  (say t h i s  
is the  i t h  body input  under t h i s  header card) w i l l  n o t  be included,  
but  t h a t  t h e  program is t o  use  t h e  i t h  s e t  of po in t s  t h a t  were input  
under t h e  previous header card. Obviously, t h i s  c a p a b i l i t y  is use fu l  
only with "stacked" inpu t  cases .  

Card 6 .  The t h r e e  input  formats t h a t  a r e  a v a i l a b l e  a r e  a s  shown. The va lue  
of IFQRMT determines which format is  used. The d e f a u l t  format is 
t h e  "old" format: x-coordinates, followed by t h e  y-coordinates. 

Card 7. These va lues  are t o  be input  only  i f  ICURVN $ 0. 

Card 8. This  card is  needed only  i f  I W  # 0. Note t h a t  1 S NRAICESS 20. 

Card 9. These a r e  -t?.he rake d e f i n i t i o n  cards ,  which de f ine  t h e  " s t a r t "  and 
"ecd" of each mass flow rake. The s i g n  convention t h a t  is employed 
is as fo l lows : a p o s i t i v e  mass f l u x  means t h a t  t h e  flow is from 
l e f t  t o  r i g h t  t o  an observer  t r a v e r s i n g  t h e  rake from poin t  (XI, Y1) 
t o  po in t  (X2, Y 2 ) .  For example, f o r  an i n l e t  a i t hou t  a b u l l e t ,  po in t  
1 is t y p i c a l l y  a t  y = 0.0, and po in t  2 would have a y-coordinate 
loca ted  on t h e  i n l e t  wa l l .  Note t h a t  t h e  x-coordinates need no t  be 
t h e  same, i.e., a t i l t e d  rake may be used, i f  des i red .  Note a l s o  
t h a t  one rake may "overlap" another  i f  s o  des i r ed ,  s i n c e  they a r e  
each t r e a t e d  independentiy. It should be pointed out  t h a t  a Simpson 
Rule i n t e g r a t i o n  is performed over t h e  "N" i n t e r v a l s  (and the re fo re  
N must be an even i n t e g e r ) ,  wi th  t h e  program automat ica l ly  genera t ing  
N-1 "intermediate" p o i ~ t s  a s  "off-body poin ts"  f o r  each input  rake 
(program l i m i t  is 500 t o t a l  off-body po in t s ) .  The ve loc i ty  va lues  
a t  the  f i r s t  and l a s t  rake  p o i n t s  a r e  obtained by l i n e a r  ex t r apo la t ion  
of t he  two n e a r e s t  va lues .  I n  t h i s  way, t h e  d i f f i c u l t y  assoc ia ted  
with c a l c u l a t l n g  induced v e l o c i t i e s  a t  off-body p o i n t s  which l i e  very 
near  t o ,  o r  on, t h e  su r f ace  is  avoided. Typica l ly ,  values of N between 
10 and 20 appear t o  be s a t i s f a c t o r y  f o r  most cases.  



I Card 10. Self-explanatory, except that FG, i f  entered i s  used i n  the following 
way to generate the rotation onset flow.; 

VN = V,:i s in  cri- Vyi cos ai 

VT = Vxi cos ai + Vyi s in  ai. 

Card 11. Self -expLanat ory . 



IV. OUTPUT FORMATS 

The w i n  output  of the  program, which c o n s i s t s  of ca l cu l a t ed  su r f ace  
v e l o c i t i e s  and/or  pressures  has  no t  been changed. Its format is t h a t  of 
[5]. The su r f ace  coord ina tes  w i th  which t h e  ca l cu l a t ed  v e l o c i t i e s  are 
a s soc i a t ed  a r e  t h e  transformed coord ina tes ,  i .e. ,  t h e  o r i g i n a l  input  coordi- 
n a t e s  a l t e r e d  by ,ny s p e c i f i e d  t r a n s l a t i o n s ,  m u l t i p l i c a t i o n s ,  o r  r o t a t i o n s .  
S i u d l a r l y ,  the  format of t he  c a l c u l a t e d  v e l o c i t i e s  a t  off-body p o i n t s  is 
similar t o  t h a t  of 151. The only  change i s  t h a t  ou tput  at rake po in t s  
(q.v.) is  included. 

I 

The i n i t i a l  ou tput ,  which d e t a i l s  tlte s u r f a c e  geometry, has  been 
changed considerably.  The header  i d e n t i f i e s  what kind of s o l u t i o n  has  been 
computed: (1) curved o r  f l a t  e lements;  (2j  cons t an t ,  l i n e a r ,  o r  pa rabo l i c  
source  dens i ty  element curva tures .  The header  a l s o  s p e c i f i e s  whether "new1' 
o r  "old" v e l o c i t y  formulae have been used, t h e  l a t t e r  of which apply only 
t o  t h e  f lat-element  constant-source case.  I n  t h e  body of t h e  output ,  t h e  
f i r s t  two c o l u m s  a r e  t he  untransformed ( input )  coord ina tes ,  and t h e  thirc! 
and f o u r t h  columns a r e  t he  transformed coord ina tes ,  which a r e  t he  endpoints  
of t h e  su r f ace  elements. The f i f t h  and s i x t h  columns a r e  t he  coord ina tes  
of t h e  c o n t r o l  p o i n t s  of t he  elements. Element a r c  l eng ths  a r e  given i n  
column 7 and a running t c t a l  of a r c  length  is  d isp layed  i n  column 8. 
Column I) lists t h e  d i f f e r e n c e s  between average s lopes  of success ive  elements ,  
i.e., t h e  d i f f e r ences  i n  t h e  s lopes  of t he  two s t r a i g h t  l i n e s ,  through the  
r e spec t ive  element endpoints .  The a c t u a l  s l o p e  d i scon t inu i ty  a t  an endpoint  
between two pa rabo l i c  elements i s  normally much sma l l e r  than the  d i f f e r e n c e  
between the  average s l o p e s  of t he  two elements. Moreover, t h i s  d i s c o n t i n u i t y  
approaches zero i f  t h e  body contour approaches a parabola. The f i n a l  ( t en th )  
column lists elemcnts curvatures.  

A new output  is e n t i t l e d  Automatic Rake Calcula t ion .  For each rake 
the  two inpu t  p o i n t s  t h a t  bound t h e  rake  and t h e  i n p u t  i d e n t i f i c a t i o n  a r e  
output  toge ther  wi th  t h r ee  c a l c u l a t e d  q u a n t i t i e s .  The f i r s t  is t h e  su r f ace  
a r ea  of the  cone frustum def ined  by t h e  two input  rake  poin ts .  The t h i r d  is  
t h e  t o t a l  f l u x  of f l u i d  t h a t  c ros se s  t h i s  a r e a  pe r  u n i t  time. The second 
quan t i t y ,  average v e l o c i t y ,  i s  t h e  r a t i o  of t h e  t h i r d  and t h e  f i r s t  q u a n t i t i e s .  
There is a rake output  f o r  a l l  axisymnetr ic  flows, both .miform and 
non-uniform, but  t h e r e  is no rake  output  f o r  cross-flow, because i t s  c i r -  
cumferent ia l  v a r i a t i o n  guarantees zero  f lux .  

With regard t o  su r f ace  v o r t i c i t y  s o l u t i o n s ,  t h e r e  a r e  only two pcss i -  
b i l i t i e s .  Elither t h e r e  a r e  no v o r t i c i t y  s o l u t i o n s  o r  t h e r e  is one s o l u t i o n  
f o r  each body, which corresponds t o  a  un i t  v o r t i c i t y  s t r e n g t h  on t h a t  body 
and ze ro  v o r t i c i t y  s t r e n g t h  on a l l  o t h e r  bodies .  The order  of these  s o l u t i o n s  
is t h e  same a s  the  o rde r  i n  which t h e  bodies  a r e  input .  T t~us ,  i n  p a r t i c u l a r ,  
an i n l e t  kit11 centerbody has two v o r t i c i t y  s o l u t i o n s  - one with v o r t i c i t y  on 
the i n l e t  and one wi th  v o r t i c i t y  on the  centerbody. The second of these  is 
not  meaningful and should b e  discarded.  ( I t  may, of course,  occur f i r s t  on 
the  output ) .  



V. TEST CASE 

To he lp  t h e  u se r  v e r i f y  t h a t  t h e  program is performing c o r r e c t l y  
wi th  hi_& equipment, a test case  i s  included. The geometry is a sphere  
der ined  by 13 poin ts .  A x i s y m t r i c ,  vor tex ,  and crossf low s o l u t i o n s  
a r e  computed using t h e  curved element, pa rabo l i c  source  dens i ty ,  and i n t e r -  
nally-computed curva ture  opt ions.  The i npu t  d a t a  and the  computer ou tput  
f o r  t h i s  case follows. 
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P R O t R A n  EOOF -- P A R A B O L I C  A X I S Y H M F T R I C  AND CROSSFLDf( 

*ar** C I S €  CONTROL OATA ***** 

12 ELEHENT SPHERE. CASE NO. 

BOOlES = I 
NNU a 0 
CHORD - 1 . 0 0 0 0 0 0 0  
VACI i  NO.. 0 . 0  
T i N S T  0.0 
PSF NO. = 

SURFACE O F  R E V O L U T I O N  
CRJSSFLOH 
H I T R l  X SOLUT1CN RI T R I A N G U L A R 1 2 A T I O N  1 S O L V I T I  
S T R I P  VORTEX 
IKPUT T ~ P E ' Y J .  FOR COORDINATES ANO NGN-UNIFGRR FLCW ONLY - s 



DOUGLAS AIRCRAFT CONPANY 
LONG BEACH O l V I S l J N  

12 ELEUENT SPHERE. 

N N W  13 Y X  - 0.0 nr 0.0 
T H t T A  = 0.0  ADOX * 0 . 0  AUOY I 0.0  

XE = 0 . 0  YE * 0.0 

CuRVeO E L E H E N T S I I O E C M F = O I  P I E C E W I S E - P A R A B O L I C  SOURCE D E N S I T I E S ( l S I G ' F = O I  INTERNICLV-COrtPUTED ELEHENT CURVATUR€S~ICURVY*CI 
N E N  V E L O C I T Y  F C R Y U L I E  ARE USED. 

u**UNTRAHSFCHHEO=** *I* TRANSFORflEO **a 
x Y x Y x C.P. Y C.P. OECTA s SUMOS D ALPHA CUPVATURE 
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APPENDIX: 

USAGE OF THE I P T - W  FLBG 

Usage of the  IPTANV f l a g  pennits  t angen t i s l  ve loci ty  t o  be  spec i f i ed  
over p a r t  of t h e  surface  of the body o r  bodies about which flow i s  being c o w  
putrd. On the  reminder  of t h e  surface  the  normal ve loc i ty  is made zero i n  
the usual  way. A t  locat ions  where t angen t i a l  veloci ty  is speci f ied  the  normal 
ve loc i ty  w i l l  not  i n  general  be zero. This f ea tu re  can be used only f o r  axi- 
symnetric flows v i t h  a uniform f r e e  stream. 

I f  the flow about scV-era1 bodies is t o  be ca lcula ted ,  these bodies a r e  
considered i n  sequence a s  determined by the order i n  which they a r e  input. 
This f ea tu re  uses a f l a g  t o  l e g i s l a t e  t h a t  normal veloci ty  conditions w i l l  
be applied on the  f i r s t  severa l  bodies of t h i s  sequence and tangent ia l  ve- 
l o c i t y  conditions w i l l  be applied on the remaining bodies. A l l  bodies on 
which normal v e l o c i t i e s  a r e  speci f ied  must be input  before any of the  bodies 
on which t angen t i a lve loc i t i e s  a r e  specified.  For example, suppose it is de- 
s i r e d  t o  specify t angen t i a l  velocity over the region =ear the  middle of a 
body, while the  usual  normal veloci ty  condit ions is  applied over the  forward 
and a f t  regions. This body must be input a s  th ree  bodies,  the  f i r s t  two 
cf which a r e  the forward and a f t  regions and the  t h i r d  of which is  the iniddle 
region. 

The desired tangent ia l  v e l o c i t i e s  a r e  input as  a set of numbers. The 
f i r s t  number 'in the s e t  is the tangent ia l  veloci ty  on the f i r s t  element of 
the  f i r s t  body on which tangent ia l  veloci ty  is speci f ied .  The subsequeilt 
ntmbers of the  s e t  give t angen t i a l  v e l o c i t i t e s  on the remaining elements i n  
the  order tha t  they ware input. The order of the  ingut  of the  t angen t i a l  
v e l o c i t i e s  i s  used t o  associa te  them with elements, and i t  is the  responsi- 
b i l i t y  of the user t o  insure  t h a t  t h i s  order is correct  and t h a t  the number 
of input  t angen t i a l  v e l o c i t i e s  equals the rider of elements cz the bodies 
on which tangent ia l  ve loc i t i e s  a r e  specified.  The t angen t i a l  v e l o c i t i e s  
should be input a s  t o t a l  tangent ia l  ve loc i t i e s ,  including the  contr ibut ion 
of the  uniform f r e e  stream. 

I f  the des i red  t angen t i a l  veloci ty  i s  a constant over the  body o r  bodies 
on which t a g e n t i a l  veloci ty  is speci f ied ,  ~ n l y  t h i s  s ing le  constant need be 
input. The constant should represent  a t o t a l  t angen t i a l  velocity.  It  is not 
poss ible  t o  input a separa te  constant f o r  each body on which tangent ia l  
veloci ty  is speci f ied .  

It is poss ible  t o  specify t angen t i a l  veloci ty  over the e n t i r e  surface  
of the  body o r  bodies t h a t  a re  input,  s o  t h a t  no norm1 veloci ty  condition is 
applied. 

The f i n a l  output is s imi la r  t o  t h a t  of the usual case. On the bodies 
where tangent ia l  v e l o c i t i e s  were speci f ied  the pr in ted values of T should be 
the  same a s  those input. The normal v e l o c i t i e s  w i l l  not  i n  general  be zero, 
but  t h e i r  magnitude is a measure of how near the  input shape is t o  an impervious 



body having t h e  same t a n g e n t i a l  v e l o c i t y  d i s t r i b u t i o n .  The p r i n t e d  va lues  of 
N a r e  outward normal v e l o c i t i e s ,  A p lus  sign denotes flow ou t  of t h e  body, 
and a  minus s i g n  denotes flow i n t o  t he  body. 

The op t ion  of spec i fy ing  t a n g e n t i a l  v e l o c i t y  is excerc ised  by punching 
some non-zero i n t e g e r  i n t o  C.C. 14  of t h e  c o n t r o l  f l a g s  card  (IPTANV). 
This  va lue  i n d i c a t e s  t h e  number of  bodies  on which t a n g e n t i a l  v e l o c i t y  is 
being s p e c i f i e d  and t h e r e f o r e  must be  less than  o r  equa l  t o  t h e  t o t a l  number 
of  bodies being input .  I n  p a r t i c u l a r ,  i f  a  t h r e e  body case  is be ing  run 
and t a n g e n t i a l  v e l o c i t y  is t o  b e  s p e c i f i e d  on two of  t h e  bodies ,  then those  
two bodies  must b e  i npu t  l a s t  i n  t h e  i n p u t  sequence, and IPTANV must have a  
va lue  of 2. The use of  IPTANV a f f e c t s  t h e  matrix s o l u t i o n  p o r t i o n  of t h e  
program as follows: 

Whereas t h e  usua l  equat ions  t o  be  so lved  f o r  a f o r  uniform a ~ - s y m m e t r i c  
flow a r e  

A..a = s i n  a  
1 , j  i 

( f o r  i = I,. 2, ..., N) 
j +I 
m e r e  N is t h e  t o t a l  number of elements on a l l  t h e  bodies ,  use of  

IPTANV d i r e c t s  t h e  program t o  s o l v e  f o r  a i n  t h e  fo l lowing  ways: 

I. I f  IPTANV is equal  t o  t h e  t o t a l  number of  bodies  i npu t ,  t h e  
equat ions  t o  b e  so lved  f o r  a become 

where Bij is t h e  usual axi-symmetric B i j  mat r ix  and TGi is an 
a r r a y  of N numbers c o n s i s t i n g  of  e i t h e r  (2) t h e  same c o n s t m t  
number ( t h i s  number t o  be  s p e c i f i e d  by t h e  u s e r  i n  t h e  TCNST 
f i e l d  of i npu t  card no. 3) ,  o r  (ii) N va lues  i npu t  from cards  
(see card  set 12).  

11. I f  IPTANV is l e s s  than the  t o t a l  n u d e r  of bodies  (say, IPTANV 
= k), then t a n g e n t i a l  v e l o c i t i e s  are t o  be  s p e c i f i e d  on t h e  l a s t  
k bodies  input .  That i s ,  i f  M is  the t o t a l  number o f  elements on 
the  l a s t  k bodies,  then N-M is the  number of elements on t h e  f i r s t  
NB-k bodies (where h'S i s  the  t o t a l  number of  bodies  i n p u t ) ,  and. 
t h e  equat ions  t o  be  so lved  f o r  a  become 



( fo r  i = 1, 2, . . . , N-M) 

C B i j  a j  = TGi - c o s a  i ( fo r  i = N-N+l, ..., N) 

I f  aJ.1 values of the TG array a r e  input by cards,  the  user must 
take c a r e - t o  input precise ly  M values. 

I 

Note t h a t  h i s  spec ia l  matrix formation f i n a l l y  a f f e c t s  only the 
values of a f o r  axi-syuncetric cases (crossflow matrix formation 
and so lu t ion  remains unchanged); a l l  remaining calcula t ions  a r e  
performed a s  usual. 

Rest r ic t ions  e x i s t  i n  the  use of IPTANV. I n  pa r t i cu la r ,  IPTANV 
cannot be used i n  conjuction with any non-uniform flow solut ion,  
whether axi-symmetric o r  crossflow. Neither can 1PT.W b2 used 
i f  the t o t a l  number of body elements exceeds 275. Nor can the  
s t r i p  vortex option (IVORT) be used. 




