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SECTION 1
INTRODUCTION

This manual describes the'eomputer pregram written .
in support of the problem to determine Aerodynamic
.Influence,Coefficients (AIC's) on parallel interfering wings.
(See Ref. 1.) ' A ' '

‘ The information presented here is _geared to the
- programmer. Tt is sufflclent to fully describe the
program loglc and the required per1phera1 storage
Figure 1 gives an overvliew of the entire program, and
- is the basis for the control program. All element gen-
erated*ihformation is stored externally to reduce coreﬁ
storage. A’separate section 1s devoted to the deVelbp—
ment of these external files so. that I/0 time may be
,optimized through eff101ent ‘buffer descriptlon ’In—
dividual subroutine wrlte -ups are presented along W¢th
-the complete Fortran source listing Program.alterations
(data storage) are also discussed. ’
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~ SECTION 2 5
EXTERNAL FILE STRUCTURE

This program utilizes_eight”(d)_fiies during the COufSe:of ‘
operation. The delivery version of the AIC / INT program comes
Wwith the following'variable names and real unit‘designatiOns, any’

or all of which the programmer_may'alter:

Unit Name Unit ID Type 7 Usage
NTAPE 1 (S,P) . Velocity Potentials
LTAPE | ' 2 (S,P) Pressure Arrays
MTAPE - .3 ~ (5,P) Downnaathotentials
KTA?E- b (S): Seratch = .
SYSIN. 5 (s) ~ Standard Card. Input (80 Col Card)
. 8YSOUT, .OUT 6 'd(S): | Standard Line Prlnter (132 Char/Line)
MREST 8 (S) _‘Restart Only, Store ‘MTAPE ~
TYSIN, TYSOUT 9 (S) .~ Store Card Images from SYSIN;

also Store Title Cards

where S =.Scratch, P = Pérmanent.

If the restartlfeaturé'is desifed then units sbldeaignated kP)Vmust~
be ﬁermanent'files; | A. “1. | ..
" (NOTE: As units 5 and 6 are standard input and output they will -
not be cons1dered in the follow1ng dlscussion ) |
Unit TYSIN TYSOUT has a logical record 1ength (LRECL) of 20 words_

(@ 4-1iteral/word).



Unit NTAPE uses LRECL = 14 words only.
Unit LTAPE, KTAPE uses LRECL = variable

Unit MTAPE uses both of above.

All complete, complex, matrices are stored on tape by Subroutlne
TINOUT. These arrays are stored column—w1se. 'Each is preceded by
a header, whose first word is "—10"'and a trailer, whose. first ~word
is "-20". Element type information (LRECL = 14) has only the end
of 1nformation defined by a. trailer, whose first word is " 20"
Flgure 2J.g1ves an oyerv1eW'of the information stored on speoific

units.
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SECTION 3

SUBROUTINE WRITE-UPS

The AIC /'INprrogram encompasses 25 subprograms, each with
a unique sequence number. Columns 73, 74, 75 contain the, } |
"DECK" number and columns 76 thru 80 contain the card sequence
number for that subprogram. -The first>card is always —-400010
with successive increments of 10.

Included with each description 1s a statement declaring the
size of the program. This number is intended as'a guide only,
as it reflects the storage requlrement of. an IBM/360/65, FORTRAN IV
G level 19 compiler. '

In this manual the subroutlne wrlteups are: presented in
alphabetical order. These are cross-— referenced by deck number e

on the following page



DECK NO. -

014
012
1013
000
021
022
020
024
023
003
005
016
008
025
002
009
001
006 -
010 -
015
011
004
018
019
017
000
007

' SUBROUTINE WRITE-UPS

NAME

ASSY ..

BASIC

DIAPH3
DISPLA
“DWASHY
ENDJOB
INPUT
FAKTOR
MAIN .
 MASTER
ORIENT
OUTPUT

PSI

TRINT

oooooooooooo

e s 0000 00 e e
oooooooooooo
oooooooooooooo
o8 00008000
o;-;ooo'-ooo
L L LI B A )



Subroutine Name:. ASSDWN

Purpose:

Assemble downwash contribution. to the potentials, condense and
compute the final velocity potential distribution across the
wing surface.g

. Equations and Procedures

Downwash influence coefflcients at nodes of w1ng 1 due to the
presence of - wing 2 are written as -

VAR AV vzd)

where the subscripts w and d denote the source strength situated
on the wing and diaphragm respectively. Similarly, for wing 2
due to w1ng 1 S S »

W]l = W

P

w

The solution for the'source strengths on thefupper surface.of
wing 1 (67, ) and the lower surface of:wing 2 (ogz ) 1s computed
from - ' S o

A

a9
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The array |'  1s computed in subroutine ASSPOT and p2/pt
is the input downwash computed in subroutine master. '
The- total source strengths across the'wihg“are given by:
2 a0, = 4< 07&._‘ <Tﬂf)

QAG;_ =(G;u. -0—;5)

. _ I)z’

dju = 'ii?.b
p2
Oiw. * P

Input Arguments:

INDWN. = input downwash array

NP1 = . total no. nodes (wing only), wing 1
'NP2' " = total no. nodes (wing only); wing 2 -
“ND1 = total no.:nodes (diaphragnm bnly) wing 1
'ND2 = total no. nodes (diaphragm only) wing 2

NP = total no. nodes = NP1 + NP2

~10-



10.

11.

12.

13.

14,

KTAPE

Input Arguments: (cont'd)

ND - = ,-total_no;'
NP2ND2 = total no.
NP1ND1 = total no.
NMOD =

MTAPE = =

Output Arguments:

All-input, unmodified

Error Returns:

Cailing Sequence'

CALL ASSDWN. (W12, wel,

Storage Required
»5&74 bytes (1369 words) -

'

.Subroutine Required

CMATPR TINOUT .STORE,

'.Remarks

nodes = ND1 + ND2

nodes : wing 2 .= NP2 + ND2
nodes  wing 2 = NP1_+ ND1

no. mode shapes
unit defining downwash potentials
unit definlng velocity potentials

None

A, WT, WORK, T, INDWN, NP, NP1, NP2,

'_ 'ND1, ‘ND2, ND - MTAPE, KTAPE, -NMOD,'NP2ND2, NP1ND1,
Input Tapestt
MTAPE = down wash potentials
"KTAPE -~ = condensed veloclty potentials
Output Tapes: “None
Seratch Tapes: vNone_

”Subroutine User: -MAIN

CMPRD CMINV

Wlz, wW2l, A, WT, WORK T. C

’are all complex arrays, used as work space in subroutine

;11-»



Subroutine Name: ASSPOT

. _Iggut Tapes: . UNIT

Purpose:

Assemble from element 1nformat10n the condensed ve1001ty

potential array-.

EquationS'ahd Echedures:A |
(=] = [ow)” [0]
[ §condensed-] df '[A¢WW_J'v;d [ ¢WD1] [ i ]

Input Arguments:

work space’

PHI =.

- PHIXX = _ work space.
PHI22 = work space
NP1~ = Nbr grid points, wing 1
NP2 = Nbr grid points, wing 2
ND1 = Nbr grid points diaphragm 1
ND2 o= Nbr grid points diaphragm 2
NTAPE = tape 1oglca1 unit nbr

. KTAPE = " o ll o

. MTAPE = " . .on ", !'

Error Returns: None

Calllng Sequence:

Call ASSPOT (PHI PHIXX PHI22 T NPl NP2 ,ND1,ND2 NTAPE KTAPE MTAPE)

= NTAPE
Output Tapes: UNIT = KTAPE
-' UNIT = MTAPE

Storage Required:

2750.bytes KGBSVWOrds)



10.

11.

12.

Subroutine User:

MAIN

Subroutine Required:

ASSY, CORED, TINPUT, CMINV, CMATPR, CRASH, CMPRD

Remarks:

None

-13-

ASSPOT
Page 2



10.

11.

‘NSET

Subroutine Name: ASSY

Purpose:

Assemble a large matrlx from individual element information
stored on. tape :

Equations and Procedures:

Records.on input are exactly'lM.WOrds long.

Word (1) =  row position _

Word (2) = col position for word ( 9)
Word (3) = col position for word (11)
Word (4) = col position for word (13)

input ArgumentS'

PHI = Array to be assembled, prev1ously ‘cleared
N = Row dimension of PHI
NP1 = Nbr grid points, wing 1
NP2 = Nbr grid points, wing 2
ND1 . = Nbr diaphragm p01nts, w1ng 1
" NTAPE = Unit (tape)
= Assembly branch (1 2, 3, or 4)

Output Arguments:

PHI = Assembled array. Because of\pfogram'logic and/or
problem influence, array may be.partially -empty.

Error Returns:

End-Of-File condition stops program with a value "7".

Calling Sequence:

-Call ASSY (PHI,N,NP1,NP2,ND1,NTAPE,NSET)

Input Tapes: UNIT = NTAPE

Storage Required: 2822 bytes (705 words)

Subroutine User: ASSPOT

Subroutine Requiréd{ None

~14-



NAME COMMON: /BASIC/

This common statement appears in all subroutines. It
contains all the basic control data required. for operaﬁiohvahd
coﬁtrol of'the total program. 1 _ -

| The total'length of this common is 100 words. Words 1
through 15 apply only to W1ng 1; words 16 through 30 apply’ only
‘to Wing 2. The array is. deflned as follows:

Word ~ JNariable. S " Meaning

| 1,16 NEL - - Total # elements on planform
2,17 - CAPPA : Frequency (pure imaginary - stored as real)
3,18 MLINE - - # grid points on mach line
4,19 NMOD . # mode shapes -

- 5,20 NP - # grid points (wing only)

6,21 - . NELW : # elements (wing only) ‘
7;22 ) NGP ‘ Total # grid points on planform
8,23 ND - ' if # grid 'points diaphragm.

9,24 'NFLD _ # elements in diaphragm

10,25 SYMC . Symmetry factor L

11,26  NDIV . # divisions diaphragnm
12,27 'REF ' Reference length
| 13,28 B NLND # 1eadihg'edge grid points

14,29 THETA  Wing angle

115,30 - N/A

30-45 - . N/A
46 PI  PI = 3.1415 etc
47 NP . . NP1 + NP2

48 - NP1 + ND1
49 IR NP2 + ND2
50 ND ND1 + ND2
51 - - NP ¥ NP
52 - ND * ND
53 NPND NP * ND
54 " KTAPE ~~ Tape, Unit = 4
55 - LTAPE" ~ Tape, Unit =

56 MTAPE - Tape, Unit

-15-



Word

57
58
59
60
61
62

63

64
65
66
67
68
69

70

71
72
73
74
75

76

77
78
79

80

81

84
85
86

Variable

NTAPE
SYSOUT
SYSIN

TYSIN

KPRINT
KPRINT
KPRINT
KPRINT
KBRINT
KPRINT
KPRINT
KPRINT

'KPRINT

KPRINT
KPRINT -

. KPRINT

IWING
KWING

- L
M

IN
SWITCH

ISW

IPUN
EPS

RESTART -

Meaning

Tape, Unit = 1

Line printer 6

MAIN

’Card'readér-S

" Temporary card feader»9

INPUT, DATA, DIAPH3

MASTER,
TRINTX
PSI

DWASHY

ASSPOT,

~ ASSDWN

CMINV

ORIENT

ASSY

TAPES (22)

CMPRD
N/A
N/A

,Master;

Master,
Master,
Master,
Master,
Master,
Master,
N/A

" STORE, TINOUT

receiving element is on
influencing element is on
recelving element |
influencing’

node point #

branch control

_branch’control

Punch option (yes#0) - .

Piinch Unit = 7

eps.

NO = 0,



Word

87
88
89
90 .
91
92
93
94
95
96.
97
o8
99
100

"Vériable

‘MACH

VEETA
NTITLE
ISOLAT
NEWPTS

.MU

D

- DEPS

NERR

~ RUN

" Meaning

Maéh number -

B = N MACH?-1

# title cards

Extrapolation; Yes =1, No = 0

# new'grid points for extrapolation

Mach angle
Stagger distance
N/A

N/A

N/A

Convergence criteria, PSI (sum).

N/A
Errors generated
Yes = 1, No = 0

,—17-:.



10.

11.
12.
13.

14,

Subroutine Name: CMATPR

Purgose:

To display a complex array.of ordervN;M in a formal fashion.

Equations and Procedures:

Total number.of columns to be. printed-ls broken into integral
groups of 4 and dlsplayed as rows 1 to N, columns I to J,
when (J - I+ 1)=4

Input Argpments

A = Complex array, order N¥M exactly

N = Number of rows in "A"

M = Number of columns .in "A" -

NAME = Litera; data, U4 characters long

Output Arguments: - - _ None

Error Retdrns; '~ None

Calling Sequence: Call CMATPR'(A,N,M,ﬁHNAME)
Input Tapes:l | | | ‘None

Qutgut Tapes:.>. o None
.Scratoh Tapes: None

StoragelRequired: tm'. li96vbytee (é99 Q@fds5
SubrodtinelUser:- - DISPLA,-OU&PUT; AssoWN,dASSPOTe
Subroutine Reqdired:: None

RemarRS‘

The literal data stored in NAME is a control for. header infor—
mation to be displayed from this subroutine. If NAME = MHNONE,
no header information is displayed. Otherwise, NAME ,N,M are
displayed at top of the array. : IR

~18-



10.

11.

. A )
N

Subroutine Name: CMINV

Purpose: Invert a matrix

_Eguations_and-Procedures:

' The standard Gauss-Jordan method is used.

The determinaht

is also calculated. A determinant of zero indicates that

the matrix is singular. .

Input Arguments:

= input matrix; complex-
= order of "A" ' i

Output Arguments:

A = inverse of input matrix;complex:

Error Returns: None

‘Calling Sequence: .
CALL CMINV (A, N)

Stérage‘Reqyired: 3484 bytes (871 words)

Subroutine User:  ASSDWN, ASSPOT

Subroutiné Required: None

1Remarks:

.~ a. Input array must be stored as a general matrix

b. A singulaf array terminates program with a méssage

“1s-




10.

11.

Subroutine Name: - CMPRD

Purpose:

Special purpose complex matrix multiplication.

"R(N,L) = A(N,M) * B(M,L)

Equations and ProcedureS'

o
r(10) =k ali,k) * blk,d) |
All arrays are treated as singularly: subscripted _stored

column wise and fully packed This is a row into column
product. ‘ : : '

Input Arguments

= pre-multiplier array,‘order (N,M): complex

‘= post-multiplier array, order (M,L). complex

A

B

N = row dimension of "A"

M = column dimension of "A"}
L

=. column dimension of "B"

»Output Arguments

R = resultant array, order (N,L): complex

Error Returns: ' None

Calling'Sequence:

~ CALL CMATPR (A,B,R,N,M,L) -

Storage Required: 728 bytes (182 words)

Subroutine User:

OUTPUT
ASSDWN
ASSPOT

Subroutlne Requlred " None

Remarks:. All three arrays must occupy separate locatlons

o =20-



10.

11.’

SubrOutine Name:

‘Purpose°

Purpose is to force a CORE DUMP of main storage as an. ald to

CORED_

locatlng the reason for calling this" routine

Equations and Procedures :-

Input Arguments:

Output Arguments:

Error Returns:

Calling Sequence:

,Storage Required{

Subroutine User:

Subroutine Required:

Remarks:

routine is to CALL EXIT

_Self-explauatory '
.None

None

Nonef

CALL CORED

308 bytes (77 words)

"CMINV, ASSPOT, DIAPH3

None

®*%¥NOTE*#* This subroutine must be modified to fit the machlne
on which it is used. The minimum requlrement of this sub-

-21-



Qo ~N o v =W

Subroutine Name: - CRASH

Purpose:

To display a full page message, "ERROR HALT", indicating
that job has terminated abnormally.- :

Equations and Procedures: Self-explanatory

Calling Sequence: CALL CRASH

Storage Required: 884 bytes (221 words)

Subroutine User: CMINV, ASSPQT; DIAPH3, DATA, INPUT

Subroutine Required: None

Remarks: None

-22-



10,
11.
12.

13.

14.

XYZ

Subroutine Name:  DATA

Purpose:

Read, sort and store all input data.. Perform tests where
possible and track input errors. Display input-data.

Equations and Procedures: Self-explanatory

Input Arguments

W = kode (1 or 2) to 1dentify call number

Output Arguments:

“grid point coordinate data

IBLN . = element Boolean

XMOD. = mode shape data

LND- = leading edge grid points

TITLE = work space for storing title cards
Error Returns: :KONTRL(99) > 0 means stop

CalliggﬁSequence

Call DATA (XYZ IBLN XMOD,LND, TITLE IW)

Input Tapés{ _TYSIN‘(temporary card images) '

Qutput Tapes: None

' Scratch Tapes: None

Storage"Reqﬁired: 3462-bytésf(866 words): .

Subroutine User: - INPUT .
. Subroutine Required:  CRASH, EXIT
Remarks:  None

_23_>



of J.

Subroutine Name: _DIAPH3:

Purgose :

Génerate grid point coordinates and element Boolean for the

diaphragm region.

Equations and Procedures:

Each new grid point is
generated from a pair of
corresponding points

along the leading edge.
Since the angle 8 and u
are known, the length IJ-
can be computed. It is
then a simple matter to
compute the X,Y coordlnates

Input Arguments:

Xy = X Y coordinates array
IBLN = 'ex1st1ng Boolean (element)
LND = leading edge grid point numbers
IAR = work space . '
NLND. = number of LND ,
NEL = number of elements on wing
NGP. = number of grid points on
NDIV = number of divisions along mach line
MACH = mach number
MU = mach angle
ouT = SYSOUT value.
= PI :

PI

Output Argumenﬁs

error condition

N

Error Returns:

NERR > 0 implies negative grid points generated
has falled or input data in error. ,

_‘24_

LDNW = mach line grid p01nts (excluding lead p01nt)
NLDNW = number of LDNW ‘
- NEL = total number of elements:

NGP = total number of grid points

"NERR =

either logic



- 10.

11.

Calling Sequence:

Call DIAPH3 (XY,IBLN,LND,LDNW,IAR,NLND,NLDNW,NEL,NGP,

NELD1,NDIV,MACH,MU,OUT,PI,NERR)

Storage Required:

3462 bytes (866 words)

Subroutine User:

- INPUT

Subroutine Required:

CRASH, CORED

Remarks:

None

=25-



Subroutine Name: DISPLA

AInput ArgumentS:

Purpose:
Display a portion of fixed length complex array.

Equations and Procedures

That portlon of the array to be displayed is transferred to
a fixed length array and then the standard complex matrlx
printout is called. , o

complex array, (100, 6), to be dieplayed

* INDWN = _
WORK = complex array, (NP,NMOD) work space
NP1 - = not used ' ’
NP2 = not used _ '
NP = NP1 + NP2 = number of rows of INDWN to be dlsplayed
NMOD = nbr. of columns of INDWN to be dlsplayed
Output Arguments: .~ None
Error Returns: v . None

Calling Sequence:

CALL DISPLA (INDWN WORK NPl NP2 NP, NMOD)

' Storage Requlred: _ i 690 bytes (173 words)
Subrontine User: : - MAIN® .
Subroutine Required: | CMATPR.

Remarks: -  None

~26=



Subroutine Name: DWASHY
Purpose: To .evaluate the following inteéral across a
: : triangular element using Gaussian quadrature
technique.» : S

g8 ‘lf@un)
(Xr ?“)

o ...é-.ek(xr ?4. \}/(;L)h)]dn

CX |

7

Equations and Procedures:

THe-eQuatiOns'and prooedures'required to'compute the above
integral are the same as those used in Subroutine TRINTX.

'The only difference here is that this is a single integral

' Input Arguments

’Yl, Y2, Y3 = ordered set of Y-coord values of tne triangle
, | (smallest to- 1argest) ' :
.“Z -:s ‘= ZZcoord of triangle’(Zl¥Z2+Z3)/3

Al,iAég A3 l= slopesrof sides of triangle

Bl, B2, B3 = Y-intercept of slopes o
FCaSe = (1 or 2) relative location of the base of

triangle , : ,
Output Arguments . None :
Error Returns: _Nonev

. CallingvSequencef

CALL DWASHY (Y1, Y2, Y3, Al2, Al3, A23, B12, Bl3, B23, CASE,

| L2 | |
Storage Required: . . 2970 bytes (743 words) -
Subroutine User: _' MASTERi‘ | |

=2T-



10. Subroutine Reguired: PSI

11. Remarks:

A typical element is shown here to indicate what pointé
_are chosen for integration. -

-28-



10.

11.

Subroutine Name:

Purpose:

ENDJOB

Display a full page t1t1e stating that program has terml—

nated normally.

Equations and Procedures:

Input Arguments:

Output Arguments:

Error Returns:

Calling Sequence:

Storage'Required:

.Subroutine Usef:

Subroutine Required:

Remarks:

- Self-explanatory

None

None

ANone

call ENDJOB
‘82o”bytesﬂ(265’n0fds)
MATN

None

Page centerlng is accompllshed by adjustment of the preflx

N in line 1 of the format -
e.g.e (oo N(lH /) )

statement 1132

29~



10.

11.

12.

Subroutine Name:  INPUT

Purpose:

Read input stream and store on temporary- data set. Display
card images as read. Control reading and storing (Sub DATA)
of data and dlaphragm generation (Sub.DIAPH3).

Equations and Procedures: Self-explanatory_

Input Arguments:_ None'

output Arguments:

grid point coordinate data

XYZ =

IBLN = element Boolean

XMOD = mode shape data . ‘
LND = leading edge grid point numbers
MLINE = mach line grid p01nt numbers
TITLE = work space

Error Returns:  None -

Calling Sequence

Call INPUT (XYZ IBLN, XMOD,LND,MLINE TITLE)

Scratch Tapes: TYSIN = TYSOUT

Storage Required: 4020 bytes (1005 werds)

Subroutine User: MAIN -

Subroutine Requifed:

CRASH
DATA

DIAPH3

Remarks: None

-30-



11.

12.

13.

14,

Subroutine Name: FAKTOR .
Purpose: To compute the total number of elements hav1ng'a
: - common node point (wing only) and return this value as
a weighing factor for each node p01nt
Equatlons and Procedures | . _ ‘ _
Each'element contains three node points stored in an sequential
array. It thus requires only the comparison of a given node
point number, say i, to all node points in the l1list. The
number of appearances is counted and the reciprocal of this
value is the welght factor.'
Input Arguments _
IBLN = Boolean array of node p01nts vrs element no.
'NEL. = Total number of elements (wing only)
NGP = Total numberlof grid points (wing only)
Output Arguments _ |
- FAC = Welght factor per node point
Error Returns: None
Calllng Sequence
CALL FAKTOR (FAC IBLN NFL NGP)
Input Tapes: None
Qutput Tapes: - None
Scratch Tapes: None
'Storage Required: ,
552 bytes - (138 words)
Subroutine User: MASTER
Subroutine Required: Noner
Remarks: None
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Subroutine Name: '-MASTER

Purpose: = This routlne is the master logic control program
for generatlon of element to element 1nteractlon data.

Egugtions and Procedures:

The logical flow of this foutine is shown in the'accompanying
flow chart. 1In addition to this flow.chart, pressure matrices
and input downwash matrices are computed as follows:

Pressure-matricés fOr.the»basic elemehts.are:A .
[4] [/T]-wxf’él G
[A] c

L1}

oy
TE
?

- 2 1
[BJ . l2al S

2 bob 2
24 = det |V o Y

- A0, e, ()]

. ,._. rb.
N )
. ‘)

Input downwash at each node

@[
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10.
11.

12.
13.

14.

Input Arguments:

XMOD = mode shape data

XYZ = coordinate data

MLINE = mach line hOde points
IBLN = .element‘boolean array
LND - = leading edge node points

Qutput Arguments:

INDWN =  input downwash array

. Error Returns: ‘None

Calling Seguence:

CALL MASTER (INDWN, XMOD, XYZ, MLINE, IBLN, PM, PTUSED, LND)

Input Tapeszl  None

Oﬁtput Tapes: '

(Unit=1) , velocity potentials

NTAPE =
MTAFE - = (Unit=3) , downwash potentials
LTAPE =  (Unit=2) , pressure matrices

~Scratch Tapes: -

~Sﬁor§gngéquif§g:

7428 bytes, (]857 wbrds)_

Subroutine User: 'MAIN

Subroutine Required:

FAKTOR , DWASHY , TRINTX.
ORIENT , TRINOUT |

Remarks: None
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ENTRY

DO 1:

IWING =1,2

!

DO 1000:

L=1, NEL

!

b0 2000:

‘IN ='1, 3

!

DO -3:

KWING=1,2

!

DO 3000: | ‘.

M=1, NEL

!

Select wing for
receiving elements

Select receiving

- element from IWING

-Selecf;l nbde point
- from receiving element

Select wing for. _
influencing element

‘Select influencing

element on KWING

Computé velodityrpotehtials
Compute. Downwas . '
Store all:

- RETURN
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10,

Subroutine Name  ORIENT

Purpose:

To determine the orlentatlon of a 2- dlmen51ona11tr1angle in
space and compute the slopes and intercepts of all 3 sides.

Equatlons and Procedures

a) arbltrarlly choose an order for starting

'b) through a loglcal comparison determlne the new order

¢c) so ordered, the-slopes and intercepts.are computed by
.y =mx +b - - ‘ |

Input Arguments

X

~array of. 3 -X coordlnates

Y array of 3 -y coordinates

Output Arguments:

in; X2, X3 S o= ordered X—values, low tolhigh'
Y1, Y2, Y3 = corresponding y values o
A12,A13,A23 = slopes of lines

B12,B13,B23 = intercepts of .lines

CASE = normally 1 but set = 2 if base of triangle
is parallel to y-axis = : .

Error Returns:' None

Calllng Sequence

CALL ORIENT ( X, Y, Al2, A13, B12, Bl3, CASE,

X1, x2» x3, A23, B23, Y1, Y2, ¥3)

Subroutine’User: Master

Subroutine Required:  None

Remarks: None

-35-



Subroutine Name: - OUTPUT- -
" Purpose:

Display the major results of the total program. Some final
calculations are performed prior to display. :

Egquations and Procedures:

[PRESSURES] = [PRESSURES INPUT] * [VELOCITY POTENTIALS]

10.
11.

12.
13.
14,

[CEN. FORCES] = [MODESHAPES] * [PRESSURES]

Input Arguments:

PHT = velocity potentlals (NP * NMOD)

PM =  work space (pressure matrix storage)
XMOD = "~ mode shapes (50 ¥ 6 # 2)

PRES = work space (final pressures)

GENF - = work space (generalized forces)

NP = order of wing for display

NMOD = Nbr. mode shapes used

LTAPE = = Unit definition for pressures

HEY = '(1 or 2) describes wing for display
Output Arguments None_

Error Returns: None

Calllng Sequence:

CALL OUTPUT (PHI, PM XMOD, PRES GENF NP NMOD LTAPE, KEY)

Input Tapes:

UNIT = LTAPE
UNIT = TYSIN
Output Tapes: - None
Scratch Tapes: None

Storage Required:

Subroutine Usef:

Subroutine Required:

Remarks:

2090 bytes (525 words)

 MAIN

TINOUT, CMPRD, CMATPR

COMMON/BASIC/KON(100)
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S XJ

Subroutine Name: PSI
Purpose: - - Evaluate the functidnidescribed'below{_'

Equations and Procedures:

WO«,v) ()M') S ( )
ST 0055

where the J are Bessel functlons of 1nteger order.

Sufficient terms are taken to insure error 1n the sum-
—O 0005 '

Input Arguments:

'y-¢oordinate

YJ = Y~coordinate
4 =

Z-coordinate

. Output Arguments

PSI = computed value (u,v)

Error Returns:

125   Meaning .

1 max terms in sum (N) was > 40

2 max terms in sum (N) was > 100'u

3 argument ‘of Bessel function was. negative
4 ': convergence crlteria on sum was not met.

: All;messages_non-fatal.b_Flnal results should_be_suspect.

' Calling Sequence:

Call PSI (XJ,YJ,3,SEI)

Storage Required:

3736 bytes (94l wcrds)
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Subroutine Name: SIZE

Purpose: To compute a) the starting locations of all variable
length arrays used during analysis, b) test for
maximum work space exceeding that alloted to program.

- If b is true, message is returned to calling program.

Equatlons and Procedures:

Using input data concerning the current problem, all work space
for each subroutine to be called is computed by successive
additions of each array length to a grand total. Any array
being shared by more than one subroutine 1s located near the top
of the work space. When all space computed grand totals are
compared to the alloted maximums. . :

Input Arguments: KON = COMMON/BASIC/KONTRL, |
‘ ' ' IS = contains maximum array sizes and
_ ‘ maximum lengths of work space
KEY = 1 or 2 for branching
Output Arguments: IS = contalns starting locations of all

work: space arrays

Error Returns: If maximum size(s) exceeded KON(lOO) =:0 is

returned as an. error flag

Calling Sequence: CALL SIZE (KON, IS, KEY)

Storage Required: 1598 bytes (400 words)-

Subroutine User: MAIN

Subroutine Requlred None
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10.

11,

Subroutine Name:  STORE

Purpose:
To insert a submatrix into a master array -

Equatlons and Procedures

Program is capable of - 1nsert1ng elements as. follows

(a = master array)

b(k, 1);

a. a(i,J) =
b. a(i,j) = -b(k,1) E
c. a(i,j) = a(l,J) - b(k 1)

Each method is selected by a control varlable "KODE"

(see input argument llsf)

Input Arguments:

WT = master array, complex

W = submatrix, complex _

NP = row dimension of "WT" -

NN = -row dimension of "W" o
M1 = starting subscript (rows) in "WT"
L1l = ‘starting subscript (cols) in "WT"
M2 = stopping subscript (rows) in "WT".
L2 ~ = 'stopping subscript (cols) in "wT"

KODE = select mode of storage -

1 = type a labOve7'

2 = type b above

3 = type c__above
Odtput~Arguments;7‘ None -

Error Returns: None

Calling Seguence

Call STORE (WT, W, NP, NN Ml Ll M2, L2 KODE)

.‘Storage Reguired: 1390 bytes (3“7 words)

Subroutine User:  ASSDWN _

lSubroutihe Required: None:

Remarks: _ o
It is assumed that before KODE . = 3 is used that

'Icontalns valid data

MWE' array”



10.
11.
12.
13.
14,

Subroutine Name: TAPES

|

i

Purpose:

Special purpose subroutine to display 3 (threee) tapes used

in the AIC/INT program. These tapes store all element related
information so generated, and are the basis of the RESTART
phase of the program.

Eguations and Procedures: Self-explanatory.

Ingut Arggments

C = array of complex storage, 2500 words will handle the
.max1mum case generated. : '

Ougput'Arguments:" None

Error Returns: None

Calling Sequence:
CALL TAPES(C)

'Input Tapes:

UNIT =1

UNIT =3

UNIT =2

Outggt Tapes:vb : None

Scratch Tapes: | , None

Storage Required: _— 984 bytes (246 words)
Subroutine User: o o MAIN . ‘ , |
Subroutine Required: CMATPR, TINOUT
Remarks | | |

_Thls subroutlne was de81gned spe01flcally for "DEBUG"'purposes
¥¥WARNING*#* placement of call to this subroutlne is crltlcal

as all tapes are left "REWOUND". This is an abnormal s1tuation

‘at any point in program except the end

~0-



- 10.
11.

12.

L

Subroutine Name: TINOUT:

Purpose:

Read/write a complex array of order (L,M) from/to tape.

Equations and Procedures:

Each array 1is placed on tape as follows:

- a. Identification header is written first;
b. Array follows, stored by columns;
c. Identification trailer is written last;

HEADER: | )
Wora 1 2 3 4. 5 6 7 8 thru 14
-10 L M N A M E 0

TRAILER: Word 1 = -20,

Remainder record the same as header

Input Arguments:

X = array, complex, to be written to tape
= row dimension of X
M = column dimension of X
NAME = U literal characters describlng the name or- array X
10 = control for action taken
KTAPE =

unit where 1nformation will be read/wrltten

Qutput Arguments.

X = array, complex, read from tape

Error Returns: None

Calling Sequence

'CALL TINOUT (X L, M NAME 10, KTAPE)

Input Tapes: 3 UNIT = KTAPE_(IOfE)
Output.TapeerT -~ UNIT = KTAPE (I0=1)

Storage Required: 1722 bytes (431 words)
Subroutine User: - MASTER ASSPOT ASSDWN OUTPUT

Subrbutine Required: CORED

41



13.

Remarks:

Four error conditions may arise because of failure in other
parts of the program (AIC/INT). These errors will cause
termination of the program thru the call to CORED. All
four errors involve failure to match input information
(thru argument) with that read from the tape.

ERROR_NBR ' MEANING

First record not a header

Name of array requested does not match that
found in header

3 Order of array requested disagrees w1th ‘that
: found in header

4 -~ Last record read was not‘a trailer

Any of these messages indiéate the pfogram'logic has failed.

4o



NAME COMMON: /TRINT/

The total. length of this common block is 56 words. It appears
only four subroutines: MASTER, TRINTX, DWASHY, and PSI. The
variables in the block (in order of appearance) are defined as
follows: . ‘

in

Variable - Type "Dimension"“"""’ '"'Definition‘:""
FPOT c 3 Velocity potentials
DWN c 3 Downwash potentials, X;integrétion
DWNI c 3 Downwash potentials, Y-integration
[920] R 5 Pivot points, Gaussian integration
CC R‘ 5 Weight Factors, Gaussianfintégration
XI }' R 3 X-coord, influencing element
YI "R 3 Y-coord, influeﬁcing element
71 R 3,‘ Z-codfd,'influencing.elément
T . R 9: Transfofmatioh, influencing element
XR R . 1 ‘X-cbord,vreceiving‘element
YR | R. 1 Y-coord, receiviné élement
ZR R 1 choofd, recei?ing elemeﬁt
XK R 1 o Frequencj
_ZMACH. R 1 Mach number
BEETA R 1 ~ beta
PIE R 1 Pi
XKOM R_‘ 1 Ffequency / mach no.
USQRD R 1 beta * beta -
R 1 1/ (pi * beta)

C10PIV
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1. Subroutine Name: TRINTX

2. Purpose: To evaluate the following integrals across a
triangular element using Gaussian quadrature
technique.

Xq N
T, = | e * % a@n)Yen) - a6rYEn)

X

. yu.
—-Q_-nf Y/(g,h) dn dg
RS2 1

,

o " . : : /,u.'):"(xr'g)
_LL : “5 e .)(()(r 6.) ﬂ; (Y(g);zl_)—yfé)??a)) + W

(_n_ (e;,m )YC; ") - C )Y(t?,?%))j d 7’

_. | ~k(Xr‘§) /+,ok(><r £)
‘fo(m)" c(x ) o )"(g

where % is the X-coord variable, 2 the Y-coord variable
and Xr 1s the X-coord reference point (called the rece1v1ng
point in formulatlon)

3. Equations and Procedures:

In the above equations, .xLls a vector and is wrltten (in
rectangular coordinates) as

LY =[x, 1,11 [T
where the area matrix T is given by

' -1
X, X, X, |

1 %2 %3
T= |y Y2 ¥,
1 1 1
The X;, Y, relate to the node points of the triangle in

question. If the determinant of T is 1E-06, no calculations

by



are made, and the value of zero is returned for the integral.
A 5-point Gaussian integration technique is then applied as

a numerical procedure. Checks are made during each step on
the upper and lower limits to ascertain that the total strip
area remains within the mach cone area (i.e. it may be a
partial element configuration). Since £l is a 1%¥3 array,

the potentials returned are stored in a 1#*#3 array (complex).
When possible, calculations are made in real numbers to
computation time. A branch is provided to bypass calculation
of integral b (above) when necessary.

4. Input Arguments:

' ordered-set of X-coord values of the
triangle (smallest to largest)

7 = Z-coord of triangle (Z1+Z2+%Z3/3)
A12, Al3, A23"
B12, Bl3, B23

X1, X2, X3

“slopes of sides of triangle

it

X-intercept of slopes

CASE = (1 or 2) relative location of the
. _ base of trlangle '
5. Output Arguments: ~ None
6. Error Returns:  None

7; Calling Sequence:

CALL TRINTX (X1, X2, X3, Al2, Al3, A23, Bl2, Bl3, CASE, Z)

8. Storage Required: 3956 bytes (989 words)

9. - Subroutine Usef: MASTERv

10. Subroutine‘Required: PSI

11. Remarks:

A typical element
‘is shown here to
indicate what points
are chosen for -
integration purposes
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APPENDIX A.

As a debuggilng aid, jntended_for the programmer only, the
input package will accept an LABEL déta section not previousiy
‘described in the users manual. Thié'secfioﬁ is called "PRINT"
and requires 2 (two) cérds; Card 2 tells the program which areas
aré to provide printout.‘ Any or all of card 2 may be blank or

zero. (A blank/zero inplies print off.)

12314 ? | |
Card 1: |PIRIIIN|T Format : Type 2

‘Card 2 . | , - | ' Formathype 3
MAIN . _ | | 1
INPUT,DATA, DIAPH3 _ -1
MASTER, ORIENT —_ o 1
TRINTX . R 2
PSI - ' 1
DWASHY | . 2
ASSPOT, ASSY _ 1
ASSDWN . - 1
CMINV _ - . 1
TAPES . - ' '_ .3'

" STORE, TINOUT S - - o

SIZE ' — — 1

This section is optional. It maylappear'anywhere before the

. (first) end card. (A:logical position is between TITLE and SYSTEM)
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¥¥ NOTE ##

Judicious use of this option is suggested, as horrendous amounts
of print can be generated. The potentiél of this option to the
programmer can be shown by exercising the full print on the very

small test case supplied with the users manual (Ref. 2.).
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APPENDIX B.

PROBLEM SIZE ALTERATIONS

This program utilizes both fixed and variable 1length arrays.
If a change in program size (data) is required, only the fixed
length arrays need be changed. Table B.1l will be the basis for

further discussion.

If data storage must be altered, the user must first determine
his upper limits and then alter the arrays according to the following

definitions, -~ " v

—

1. XYZ (i, j, k) (grid point coordinates)

1 = coordinate value (x, y, or z)
j = grid point number (1 -- N)
k = planform ( 1 or 2)

2. IBLN (i, j, k) (element boolean)

i = grid point number
j = element number
k =

planform (1 or 2)
3. XMOD (i, j, k) (mode shapes)

mode shape for grid point

3=
j = mode shape set |
k = planform (1 or 2) ‘
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4. LND (i, j)  (leading edge grid point #)

grid point number (increasing order)

i

b planform (1 or 2)

5., MLINE (i, j) (mach line grid point #)

i grid point number (increasing Qrder)

j planform (1 or 2)

6. TITLE (i, j) (work storage)

i = b-literal characters
J = card number

7. INDWN (i, J) (input downwash - calculated)
i = related grid point wvalue (planform:lland 2)
j = related mode shape setb | -

Note: planform 1 data is stored in "i" col, position 1 through
NP1l; planform 2 data is stored in "i" col.

(NP1 + 1) through NP = (NP1 + NP2).

Once the new problem size is determined, progfam alteration_takés
place in the following manner: ' a | '
Step 1. Subroutine SIZE - alter data ‘stament (card no. 00400050).
' as‘required. ' ' o
Step 2. Main program - changé cards as required{

dimension of WORC (card no. 00100010),

dimension of WORK (card no. 00100040), v
set new maximums on cards no. 00100500 through 00100580
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Step 3. Check Table B.1 for array/subroutine and alter dimension
statements as required. -

Step 4. Exercise new problem data (no run card) with PRINT option
on for sub SIZE. Compare with hand calculations.

- _ g
Subroutine i
Ap o Delivery - . ;
ray | SYPe I sigze Input |Data | DIAPH3 | Master | Output | DISPLA
XYz | R (3,80,2) Y. |y | v Y - -
IBLN T (3,100,2) Y Y Y Y = : -
XMOL |- R (50,10,2) | Y Y - Y y -
' i . . ‘ »
| E | | - S B B
LND I § (20,2) Y Y ‘| Yy : Y | - -
MLINE | T | (20,2) | v | - Yy Y - -
TITLE | R | (20,20) | Y .l ¥ - 3 - - -
INDWN -\ ¢ i (100,10) | - | - SN R S T S
Table B.1
Legend: -
Y = array present in subroutine
R. - T Real |
I = Integer
C = Complex

105-



APPENDIX C

SAMPLE PROBLEM/DATA/RESULTS

The. purpose of this SectiOn is to demonstrate graphically
how the user describes a planform,nthe actual data required, and
the results generated by the compu%er. Figure C.1 shows a simple
DELTA-WING planform consisting of U4-gridpoints and‘2—e1ementsr The
broken line elements and gridpoints are generated interally, bdt '
the user should always have aniidea:of what this "DIAPHRAGM" region
looks like befcre data preparation begins. The arigle € (< 2,1,06)
is computed thru SINE 6=1/ (MACH'NBR). Gridpoints are indicated
by numbers. Elements are the circled numbers. Note that the-
cocordinate system is a normal right-handed system if this page is
turned 90- degrees The CHORD of this planform lies on the X-axis,
_with gridpoint ‘1l at the orlgln

Should que=tlons arise during the study of this e/ampTe,

re-read the LABEL oect;on covering the question.

Figure C.1 Sample Planform Showing Basic Structure
and Program Generated Elements
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