|
=
Q
o
3]
g
o)
O
©
0
@
ol
@
ol
o
©
=
)
°
C
@
ci
R
=
5|
=
O
d]
g
5|
T
5|
g
5]
=

Provided by NASA Technical Reports Server

TECH LIBRARY KAFRB, NM

4

$

e N
e0 ... boe27ed
m,
m

o

@ %,
1

bR
o3

73

2

N74-3379

FOR

™

ic

CLUT

ISYHMSTIRIC

5 AX

ircratt
CL 2

kL

3

w4

CS



https://core.ac.uk/display/42892425?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

TECH LIBRARY KAFB, NM

e ey | [TTTH I

00L2779
TABLE OF CONTENTS
Page
smmmzl
I. INTRODUCTION . & 4 ¢ o o & s o o s o o o % o o o o o s o o « » 2
II. EQUATIONS AND METHOD OF SOiUTION .« e e e ; e e & s e o » s s s 3
A. Formation of the Elements . « . « .+ . ; e b e e e s e e . 3
B. <¢Calculation of the Influence Coefficient Matrices , , , . : 4
C. Matrix ASSETHLY « « o v o o v v s s o e s e e 5
D. Solution of the Matrix Equations . . « ¢ ¢ o s o o« ¢ o o & 8
E. Calculation of the Surface Velocities . . + « ¢ ¢« ¢ « ¢« « «» 8
ITT. INPUT INSTRUCTIONS . + « o o o o o s s o o v o v n oo v oo 10
A. Card Colummn Parameter Locations . . . . . . . S e e e e 10
B. Discussion of the Input Parameters . . « o o« « o « o« = « o 12
IV. OUTPUT FORMATS o 2 & o o o 2 « o o o o o s o s o o o o o o« I
Ve TEST CASE + o » » o o o o o s o o o s s o v o v o o o s oo+ 18
VI. REFERENCES « 4 o o o o o o 2 o s 8 2 o o ¢ ¢ s o o & s & & ... 25
APPENDIX + o o o o o « o o o o o o o s s s s s s o s o oo o oooea 26
RRECEDEVq -
AGE BLAJ\’}'{ o
NOT -
ST Sy



SUMMARY

This portion of the report explains the use of the computer program that
is described in Part 1 of the report. Certain detailed calculation procedures
are documented, However, the formulas of Part 1 are not duplicated here. The
main purpose is to explain the input to the program so that the reader is pre-
pared to use it for his application. '
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I. INTRODUCTION

An exact general method of solving the Neumann (or Second Boundary
Value) problem has been applied to the calculation c¢f low speed flows about
or within bodies of axially symmetric shape. Solid body, irle:, and purely
internal flow problems can be solved. The method is capable <f dealing with
several bodies at once in the presence of one another, and consequently,
interference problems can te treated with ease. Boundaries need not be
solid, that is, flows involving area suction can be calculated. Velocities
can be computed not only for points on the body but for the entire flowfield.

A surface source distribution is used as the basis for solution. This
leads to a Fredholm Integral Equation of the second kind, which is solved
as a set of linear algebralc equations. The source distribution can be taken
as constant, linearly varying, or quadratically varying across each of the
elements which form the body. The elements themselves can be flat or curved
(parabolas).

At the presént time, it is possible to obtain the solution for the flow
about any body that has the previously mentioned characteristics and whose
profile can be defined by no more than 500 coordinate points.

This method is a gemeralizationm of a previous program [1-6}. in
particular the analysis of part 1 of this report is imcorporated into the
progran of [5].
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II. EQUATIONS AND METHOD OF SOLUTION

A, Formation of the Elements

Each body i1s described to the presemt program by the input of an ordered
sequence of points distributed along that body's surface., By convention, the
flowfield of interest is assumed to be “overhead" to an observer who is
"walking" along the body surface in the order of the input point sequence.
This conventilon is necessary in order to establish the direction of the "out-
ward" normal vector.

Surface elements are constructed by connecting consecutive points in the
sequence by either straight lines or parabolas. (Recall that since the body
is assumed to be axisymmetric, and if we take the x-~axis to be the axis of
symmetry, these lines or arcs should be thought of as "conoids" formed by
their rotation about the x-axis). In the case of straight (hereafter "flat'')
elements, each element is simply determined by straight lines constructed
between consecutive points. However, for the case of parabolic arc (hereafter
"curved") elements, the curvatures may either be imput by the user or deter-
mined automatically by the program in the following way: the curvature of
each element (except for the first and the last =lements of each body) is the
geometric mean of the curvatures of the two circles defined by the two end-
points of each interval and the next sequential point on either side of that
interval. TFor the first and last elements, the curvatures are simply those
of the circles defined by the first three and last three points of the body,
respectively. The curvature, of each of these circles, is calculated from the
formulas of Appendix A of Part 1 of this report.

K =d/r .

where,

d = A[(xx ) (v,7y,) = (%,=x ) (y,-y )]
and

r = \szd-dh)z + (y,d-d4,)2
where,

4 = 2[r12(y3-—y2) + rzz(Xfya) + r32(y2-y1)]
and

= 2 (s - 2 €y — +r 2¢(x =
= 2[r1 (xz x3) + r, (x3 xl? r3p(xl x2)]

o
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where,
2 = 2 2
ntoE RSty
2 = 2 2
Y z X +
2 2 Y2
2 - 2 2
r = X +
3 3 Y3

Once the correct geometric means of these curvatures are calculated to
determine the local element curvatures, the control point.locations of each
element are obtained by approximating the circular arc with a parabola having
that curvature at its vertex (this is correct through third order in As),

B, Calculation of the Influence Coefficient Matrices

The velocity induced by an element at a control poiat is computed by
integrating the basic ring source (or vortex) formulas over the element as
described in Part 1. For j # 1 the integrals of equation (9) of Part 1
are evaluated by Simpson’s rule in the following manner.

The integrand is evaluated at an odd number NI of points equally
spaced i s over the element, where

NI = Integer Part of [2(8 EAE—-+ 0.9)+ 1] (1)
min .

where As i1s the total arc length of the element and dpj, is the distance
between the point where velocity is being evaluatoed and the centroid or one
of the endpcints of the elements, whichever is closest., (If NI turns out !
. to be less than 3, it is set equal to 3; and if NI turns out tg be greater
than 129, <t is set equal to 129.} -Once these NI values of V have been
determined, the Simpson rule integration formula is applied:

> As 1> > - -+ > . .
= = 7
V ds 3 [V1+4Vz+2V3+4\q+2VSA+ ees-t
ASi
. > > <>
7
A A VNI] 2)

where

<}
1

V2[R 7 vy, atsyn]
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and where §6s sj/(NI—l).

The second integral in egquation (9) of Part 1 is now easily determined
by multiplying each of the (Vm, m = 1, NI} wvalues by the local value of s,
and then apply the Simpson rule formula to the result:

f ’\73 ds = %i[(‘\?l)(-s Y+ 4 {62) (-si'+és) + ...]

]
Asj

This procedure is repeated to evaluate the third integral in equation (9).

It should be pointed out that equation (9) of Part 1 encounteres diffi-
culty when the parameter:

Yy
< g :
— —b.\z + .2 -~ %9 . (4)

where € = 0,01, When this happens (termed "small y"), expansions of these
equations (in this parameter) are used. Their expansions are in reference 3.

For j = i, use is made of the singulay subelement expansions of
Appendix B of Part 1.

C. Matrix Assembly

The assumption is made that the surface source strength, o, varies
parabolically between three successive values of o. The derivatives, Q(l)
and o , may then be expressed in terms of the local source strength values
at the control points of the elements on both sides and then may be replaced
in equation (10) of Part 1 as follows:

T @ © 5.0 0
Vi3 [AlleM—l + A2y +A13jOM+l()

2 0,
+vij( )[Az leM—l() * Azzy 0+ 4, °M+1(0)] : (5)

(¥, )
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first element of each "body"

j+1 for
j - 1 for the last element of each body
j for the other element of each body
Aj for the first element of each body
J3 for the last element of each body
Dj for the other elements of each body
Bj for the first element of each body
Kj for the last element of each body
Ej for the other elements of each body
Cj for the first element of each body
Lj for the last element of each body
Fj for the other elements of each body
( Gq for the first element of each body
GN-Z for the last element of each body
l Gj for the other elements of each body
H, for the first element of each body
Hy., for the last element of each body
Hj for the other elements of each body
1, for the first element of each body
Iy for the last element of each body
I} for the other elements of each body
+
sj+l + sj + 1/2(3j+1 Sj+2)

- (Sj+1+sj)tsj+1+1/2(sj+sj+2f]

. sj+1 + 1/2(8j+sjjﬁg

T(55%5541) (554170 542)

8

h|

t s

_;]:.
2 Fyeryen) [t oyt

-1

s _+s

3 75+l

Zl§j+l/2(sj—l+sj+ly] sj+sj__1

by

(6)

{7)
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Ej = 2t$j+li2(sj_’l+sj+v]ﬂ sj-*-sj_1 . /
. . 1 ' sj+sj 1

I e O LR,

c - 1

3 l-sj+1/Za -17® )(sj+sj 1)}

I -1

3 (s +sj 1?(sj+sj+l‘)
. L

3 Z[Sj‘{'lf.(.\sj ,F S 1)](5 +SJ+1)
; - 1 ®3-=1%5

3 2 (sj_z%sj_l)]sj_l+l/2(sj_2+sjn .-

j 1+1/2( i~ 2-+-s )

R O )313)

L s s+l/2( ) | -
k| j 1+s ;é_ j _oF )] |

The above A,, ..., L, are functions only of the geometry, and are
calculated prior %o ipitiating the actual Vij matrix formulation. The pro=-
cedure for handling the Vi4 matrix to produce the normal- and tangential~flow
matrices is identical to that exployed in the original program (see reference 5).
The vector velocity is dotted imto the local element normal (uy) and tangen-
tial (uT) directions -

b
t

> -*
Aij = Vij - ONj = vij»’ (-sin ay 8, + cos cxj"uy)
. (8)
Tij = Vij . C\TJ = Vij v {cos “j o, + sin oy ﬁy)

The normal velocity matrix is then used to calculate the source strength values
for each onset flow as:

N

- - o ®
pILS Yoy

j:
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where V., d1s the onset normal flow at the i-th control point. For the axisym-
metric on8et flow:
- - (10)
V‘,,,i = sin oy

and ?i is determined as described in Section B.l. For the crossflow case as
explained in reference 2, the normal onset flow truly varies as the cosine of
the circumferential angle; but the source density, which is truly cosinusoidal
may be obtained by applying the zero normal flow requirement at & = 0. For
this case, the right-hand side of equation (9) is found from:

V_, = cos a (11)

e 3 i’

Note that the Ayj matrix for the crossflow case is different from that of the
axisymmetrlc case, ‘

D. Solution of the Matrix Equations

The solution of equation (9) for the axisymmetric onset flow and for the
crogsflow cases 1s obtained by inversion of the "A;; matrix, ss explained in
detall in reference 6. This procedure allows multiple "right-hand sides" to
be computed with very little increase in pregr.m run time (beyond that of a
single right-hand side).

It should be realized that the constant surface vorticity option auto-
matically generates a number of non~uniform axisymmetric onset flows equal to

the number of "bodies" that have brea-input.
T ———

E. Calculation of the Surface Velocities

Once the source strengths have been determined, the net surface veloci-
ties are calculated as follows:

N
V. = E v +V
i = ijoj g (12)
For axisymmetric flows, the velocity is presented in tangential component
form. For the crossflow case, however, as discussed in reference 2, the

velocity is presented in terms of the "fundamental velocity components, T
and T3,' where :

E j ¢ (13)
T2 = cos oy @i)i j] + sin a ay)ijon + sin ai

i=1

2
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132 ' .
'I.‘:‘l = Zi[('; 'é%)ijoj] + 1. , A (14)
i= .

Thus, the velocity tangent to a meridian curve (at any 6 value) is T, cos 6.
The "crossflow" velocity (i.e., the velocity component tangent to the c%rcular
cross~section) is --T3 sin 0.
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ITII. INPUT INSTRUCTIONS

Card Calumn Parameter Leccations

Card 1

ccl-60
cc63-68

Card 2 ~ Controi

ccl
ce2
cc3
cch
ces
ccb
cc7
cc8-10
ccll
ccl2
cclsd

cecl5
cclé
ccl?
ccl8

ccl9

cc20
cec2l
cc2Z
ce23
ce28
cc29,30
cec3l
cc32
cc33
cc34

ccl-10
ccll~20

cc21~80

Header
Case

NB
NND
TAXI
ICR@SS
I¢FF
IPNLY
1FLPSE
(blank)
IPRTREB
IP@TNL*
IPTANV

IV@RT

I@MITA
IOMITC
ISURFV

IPRSCV

IALLV
IEYCRS*
IGENBC
IRNGW
IPNCH
IUNIT
IViJ
ICPEF
IPRINT
IRAKF

Card 3 -~ Chord/Mach

CH@RD
¥MACH

(blank)

- Header Card.

Any alphanumeric run descriptien.
Case number,

Flag Card

Number of bodies (1 <NB<L9).

Number of non-uniform flows (0 <NNUZS5).
Axisymmetric flow flag.

Crossflow flag. "

Off~body point input flag.
Basic~data-only flag. .

Ellipse generator flag {(see also Card 5).

Perturbation velocities only.

Solva potemtial matrix.

Prescribed tangential velocity (for the last
IPTANV bodies).

Strip—ring vortjicity flag.

Omit axisymmetric uniform flow solution.

Omit crossflow uniform flow solution.

Surface vorticity (instead of sources) for the final.
ISURFV bodies.

Prescribed values of the surface vortex strengths
for the final ISVIRFV bodies will be input.

All bodies are surface vorticity bodies.

Extra crossflow.

Generated boundary conditions.

Ring wing option.

Punched output.

Unit number for input coordinates (default = 05).

Matrix print flag.

Matrix-assembly coefficient print flag.

Very detailed matrix comstruction print flag.

Automatilc rake generation flag (see also Cards 8 & 9)

number card.
Reference chord length (default = 1.0).

Mach number for Goethert correction (0.0 implies
incompressible). o

* Available if and only if N@NEWF = 1, ISIGF = 1 and IGEQMF = 1.

10



Card 4 - Body Control Card 1 of 2.

ccl IGE@MF 0 = curved elements; 1 = flat elements,

cc2 ISIGF 0 = parabolic oj 1 = linear o; 2 = constant o
(on each element).

cc3 ICURVN 0 = internally calculated element curvatures;
1 = input curvature ¢see card 7).

cch NONEWF 0 = use the newest formulae; 1 = use the old formulae
(irplies flat elements and constant o).

ceS IFGRMT Input format flag (see Card Set 6)

cc6-10 NN Number of defining endpoiuts for this body.

ccll-20 XMULT x-multiplier value (default = 1.0).

cc21-30  YMULT y-multiplier value (default = 1.0).

cc31-40  THETA Coordinate rotation value (degrees, measured about
- Z-axis).

cc4l1-50 ADDX x~-increment (to be applied to all the input coordinate
for this body).

cc51-60  ADDY y~increment (to be applied to all the input coordinates

for this body).

Card 5 - Body Control Card 2 of 2

ccl-10 IBDN "Body" number (sequential for bodies, zerc for
off-body points).

ccll~-20  ISUBKS Subcase flag.

cc21~-30 NLF Non-1lifting flag (for combination cases, only)

cc3l-40 A Semi-major axis for ellipse cases

cc4l-50 B Semi-minor axis for ellipse cases If IELPSE=O.

Caxrd (Set) 6 ~ Body Definition Cards

IF IFPRM=0: X-coordinates (6F10.5), then
Y-coordinates (6F10.5)
IF IF@RMI=1: X, Y coordinates (2F10.5) (i.e., one "point~set"
per card)
IF IF@RMT=2: X, Y coordinates (F10.5,;10X,F10.5)(i.e., one "point-

set" per.card).
Card (Set) 7 - Input curvature values (needed only if ICURVN # 0).

(€F10.5) CURV(I),I=1,NN~1 The curvature values for the NN-1 elements
which comstitute this body.

e T i e i

! Repeat Cards 4-7 a totul of (NB+I¢FF) times ' ,

s bttt e bt etetto s arre e amatineamens  w———

Card 8 ~ Rake Number Card (needed only 1f IRAKF # C)

ccl-~10 NRAKES The number of “automatically" generated mass-flow
rakes.

11



Card 9 -~ Rake Definition Card (needed only if IRAKF # ()

ccl-10

ccli-20
cc2l1-36
cc31-40
cchl=-45

s ot prem— r— t—

ccl-10
ccll-20

x1!
y1i
x2!
y2!
N

Coordinates of "start" of the rake.

Coordinates of the "end" of the rake,

Numiber of intervals to be used in the rake (note,
4 XN <200, and N must be an even Integer).

. cxmtage -
s e e e nmaemes v i

e e et o e — — —— ——— s e e e}
Card 10 - Non-Uniform Flew Control Card (needed only if NNU # 0)
NUN Flow identification number.
MSF 0 = axisymmetric onset flow; 1 = crossflow onset flow,

cc21-30

cc31-40

2 = both 0 and 1.

TYPE +1.0 = velocity will be input in X,y component

FG

form; 0 = velocities will be input in normal,
tangential form; -1 = automatic generation of
flow due to rotation about the Z-axis (for
crossflow, only).

Flow generator coustant.

Card (Set) 11 ~ Non-Uniferm Flow Velocities (meeded only if NNU # 0)

{(6F10.5)
{(6F10.5)

VX(I) or VN{I), I = 1, total number of control points.
VY(I) or VI(I), I = 1, total number of control points.

1]

e " e i e oot pto—as o m——" i St

Repeat Cards 10 and 11 a total of NNU times. I

— ——— a— ———— — m—— o Aot

Card (Set) 12 - Specified Tangential Flow Velocities (needed only if

IPTANV # ©
(6F10.5) TG(I), I = 1, total number of control points on the last
IPTANV bodies
B. Discussion of Parameters

in all casls, the integer values (indicated by the standard F@RTRAN IV
naming convention) must be right adjusted within the specified input fields.
For floating-point type input, the input decimal point will override the gquoted
F@RMAT specifications.

Card 1. Self-explanatory.



Card 2.

NB
NNU

IAXI
ICROSS
IOFF

IONLY
IELPSE

IPRTRB’

IP@TNL

IPTANV

IV@RT

IGMITA

I@MITC

ISURFV

Although most of these flags are unchanged from the original program,
a brief description of each one will be given here for completeness.

The total number of separate 'bodies" (1 < NB = 8).

The total number of (user specified) input non-uniform flows
(0 < NNU-= 5).

Axisymmctric flow flag (0: no axisymmetric flow, 1: axisymmetric flow)
Crossflow flag (0: no crossflow, 1l: crossflow)

Off-body point input flag (0: no off-body points will be input, 1l: off
body points will be input)

Basic-data-only flag (0: full execution, 1: basic data only)

Ellipse generator flag (see also card 5)(0: standard body defining
coordinates will be input, 1: coordinates for the ellipse whose proper-
ties are specified on card 5 are to be created automatically by the
program).

Perturbation velocities only (0: standard total net velocities includ-
ing the onset flow w1ll be printed, 1: perturbation velocities only will be
printed).

Sclve the potential matrix (0: standard soliution for the surface
velocities, 1l: solution for the surface velocity potential). Since

the velocity potential problem for the higher erder elements has not
been coded in the present version, the solution for the potential is
avallable only for the case of flat elements and, ir particular,
through the usage of the "old" velocity formulae. These "old" formulac
have been retained as a subsection of this new, higher order program
and may be "‘reached” by setting the following quantities (on card 4):
IGEYMF = 1, ISIGF = 2, and N@NEWF = l; in such a case, the seluticn
for the potential is still available.

Prescribed tangential velocity flag (0: standard zero normal velocity
solution is to be obtaired, 1: 2 user defined set of prescribed tangen-
tial velocities will be input on the last IPTANV bodies; obviously,
IPTANV < NB.) See the Appendix for further details on the use of

this flag.

Strip ring vorticity omset flows for each of the bodies (0: no strip
ring vorticity, 1: automatic generation of the strip ring vorticity
onsct flows).

Omit the uniform axisymmetric flow sclution (0:calculate the standard
uniform axisymmetric flow solution if IAXI # 0, 1: omit this uniform
axisywmetric flow solution even if TAXI # 0).

Omit the uniform crossflow solution (0: calculate the uniform crossflow
solution if ICR@SS # 0, 1: omit the unlform crossflow solution even if
ICRPSS # 0) , .

Surface vorticity for axisymmetric flow (in place of surface sources)
flag (0: use the standard source distribution on zil elements, # O:

13



IPRSCV

IALLY

IEXCRS

IGENBC

IRNGW

IPNCH

Card 3.

Card 4.

14

use vorticity ins.ead of a source distribution as the singularity on
the elements of the last ISURFV bodies). Note that if ISURFV # 0, then
both IVERT ancd IPTANV must be # 0, and then in particular, IPTANV must
= ISURFV). 1f we assume that IPTANV = ISURFV = k, and that M is the
total number of elements on the last k bodies, then the surface vor-
ticity option causes the source induced .velocity formulae to be used
on the first N-M elements of each matrix row, and the vortex fermulae
to be used on the remaining M elements of each matrix row. The solu-
tion for the unknown strengths then proceeds as it would have if only
IPTANV was nonzero. ;

Prescribed vorticity flag for axisymmetric flow (0: prescribed vorticity
values will not be input, 1: prescribed vorticity values (Wj) for the
last IPRSCV bodies will be input; note that if IPRSCV is # 0, then both
IVPRT and IPTANV must # 0, and then, in particular, IPTANV must = IFRSCV).
If JPRSCV is # 0, the. the vortex strengths of the affected elements are
taken to be Wj/4m.

Total vorticity flag for axisymmetric flow (0: all elements are assumed
to be source type elements [unless ISURFV # 0], 1: all elements are
assumed to be vortex type elements). Note that if IALLV is # 0, the
use of IPTANV is optional, but not mandatory.

Extra crossflow rlag (0: no "extra" crossflow, 1l: generate an “extra"

crossflow [i.e., having a potential which varies.as the cosine of twice
the circumferential angle]). Note that if IEXCRS # 0, then N@NEWF = 1,
ISIGF =2, and IGEOMF must =1, since the higher order formulae for this
kind of velocity potential have nct been included in this program.

Generated boundary condition flag (0: do not generate any additional
boundary conditions for the crossflow case; 1l: geaerate the onset cross-
flow due to reotation about an axis normal to the axis of symmetry [see
also the notes for Card 10]).

Ring wing option (0: no ring wing option, 1: use the ring wing option
[see MDC Report J0741/01, April 1970 for further details]).

Punched card output flag (0: no punched card output, 1l: punched card
output).

This card is usually left blank, which results in a default chord
length of unity, and no Mach number corrections (i.e., incompressible
resuits). If a non-zero value of the Mach number is input, the
program usés-the Goethert correaction to account for compressibility.

Usage of the IGEOMF and ISIGF flags permit the user to "turn-off" any
or all of the higher order element curvature and/or varying source
density terms. The default values are curved elements with paraboli-
cally varying source density. If IGEQPMF = 0, the program will auto-
matically calculate the local element curvature values by the procedure
described in Section 1I.A, unless ICURVN is non-zero, in which case

the user must supply these curvature values (see Card 7). The value
for the N@NEWF flag is ordinarily left blank (or zero), even if a flat



Card 5.

Card 6.

Card 7.
Card 8.

Card 9.

element, constant source density solution is required. However, since
certain of the original Douglas-Neumann Axisymmetric Potential Flow
Program capabilities have not been made available in the higher order
program (e.g., calculation of the potential [hence the added mass, etc.)
the original formulae have been preserved within this version (see
description of the IPPTNL and IEXCRS flags). The original capabili-
ties can be obtained by setting IGE@MF = 1, ISIGF = 2, and N@NEWF = 1
for each of the input bodies, in which case the input instructions of
reference 5 apply.

The other parameters on Card &4 are self-explanatory,wiﬂmtheunderstanding
that the order of coordinate transformations are as listed on the input.

The "bodies" are normally loaded prior to any off-body points
(although the latter require the usage of body control Cards 1 and
2, also). For this reason, the value of IBDN should be sequentially
increasing beginning with unity. A non-zero value for ISUBKS means
that the body definition cards for this body (Card Set 6), (say this
is the ith body input under this header card) will not be included,
but that the program is to use the ith set of points that were input
under the previous header card. Obviously, this capability is useful
only with "stacked" input cases.

The three input formats that are available are as shown. The value
of IFPRMT determines which format is used. The default format is
the "o0ld" format: x-ccordinates, followed by the y-coordinates.

These values are to be input only if ICURVN # 0.
This card is needed only if IRAKF # 0. Note that 1 = NRAKES = 20.

These are the rake definition cards, which define the "start" and
"end" of each mass flow rake. The sign convention that is employed

is as follows: a positive mass flux means that the flow is from

left to right to an observer traversing the rake from point (X1, Y1)
to point (X2, Y2). For example, for an inlet sithout a bullet, point
1 is typically at y = 0.0, and point 2 would have a y-coordinate
located on the inlet wall. Note that the x-coordinates need not be
the same, i.e., a tilted rake may be used, if desired. Note also

that one rake may "overlap” another if so desired, since they are
each treated independentiy. It should be pointed out that a Simpson
Rule integration is performed over the "N" intervals (and therefore

N must be an even integer), with the program automatically generating
N-1 "intermediate" points as "off-body points'" for each input rake
({program limit is 500 total off-body points). The velocity values

at the first and last rake points are obtained by linear extrapolation
of the two nearest values. In this way, the difficulty associated
with calculating induced velocities at off-body points which lie very
near to, or on, the surface is avoided. Typically, values of N between
10 and 20 appear to be satisfactory for most cases.
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Card 10.

Card 11.

16

Self-explanatory, except that FG, if entered is used in the following
way to generate the rotation onset flow:

V = Yi
VN = VXi sin o4- VYi cos oy

V., = Vg

T 5 cos oy + Vyi =in aj.

Self-explanatory.



IV. OUTPUT FORMATS

The main output of the program, which consists of calculated surface
velocities and/or pressures has not been changed, Its format is that of
[5]. The surface coordinates with which the calculated velocities are
associated are the transformed coordinates, i.e., the original input coordi-
nates altered by .y specified translations, multiplications, or rotationms.
Similarly, the format of the calculated velocities at off-body points is
similar to that of [5]. The only change is that output at rake points
(q.v.) is included. ,

i

The initial output, which details the surface geometry, has been
changed considerably. The header identifies what kind of solution has been
computed: (1) curved or flat elements; (2) constant, linear, or parabolic
source density element curvatures. The header also specifies whether "new"
or "01d" velocity formulae have been used, the latter of which apply only -
to the flat-element constant—source case, In the body of the output, the
first two colums are the untransformed (input) coordinates, and the third
and fourth columns are the transformed coordinates, which are the endpoints
of the surface elements. The fifth and sixth columns are the coordinutes
of the control points of the elements. Element arc lengths are given in
colum 7 and a running tctal of arc length is displayed in column 8,

Column 9 lists the differences between average slopes of successive elements,
i.e., the differences in the slopes of the two straight lines, through the
respective element endpoints. The actual slope discontinuity at an endpoint
between two parabolic elements is normally much smaller than the difference
between the average slopes of the two elements. Moreover, this discontinuity
approaches zero if the body contour approaches a parabola. The final (tenth)
column lists elements curvatures.

A new output is entitled Automatic Rake Calculation. For each rake
the two input points that bound the rake and the input identification are
output together with three calculated quantities. The first is the surface
area of the cone frustum defined by the two input rake points. The third is
the total flux of fluid that crosses this area per unit time. The second
quantity, average velocity, is the ratio of the third and the first quantities,
There is a rake output for all axisymmetric flows, both uniform and
non-uniform, but there is no rake output for cross—flow, because its cir-
cumferential variation guarantees zero flux.

With regard to surface vorticity solutions, there are only two possi-
bilities., Either there are no vorticity solutions or there is one solution
for each body, which corresponds to a unit vorticity strength on that body
and zerv vorticity strength on all other bodies. The order of these solutions
is the same as the order im which the bodjes are input. Thus, in particular,
an inlet with centerbody has two vorticity solutions - one with vorticity on
the inlet and one with vorticity on the centerbody, The second of these is
not meaningful and should be discarded. (It may, of course, occur {irst on
the output). '
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V. TEST CASE

To help the user verify that the program is performing correctly
with bis equipment, a test case 1s included. The geometry is a sphere
defined by 13 points. Axisymmetric, vortex, and crossflow solutions

are computed using the curved element, parabolic source density, and inter-
nally-computed curvature optiens. The input data and the computer output
for this case follows.
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DOUGLAS AIRCRAFT COMPANY
LONG BEACH DIVISION

PROGRAM EODF == PARABOLIC AXISYMMETRIC AND CROSSFLOW
sawsd CASE CONTROL QATA @sesk

12 ELEMENT SPMERE.

BODIES = 1
NNY = 0
CHORD = 1. 0000000
YACH NUex 040

TCNST = 0.0

PSF NOy =

SURFACE OF REVOLUTION
CROSSFELOW

MATRIX SOLUTICN BY TRIANGULAR1ZATION tsoLvim?
STRIP VORTEX

INPUT TAPE NJs FOR COORDINATES AND NON~-UNIFCRM FLCW

CASE NC.
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DOUGLAS AIRCRAFT COMPANY
LONG BEACH OIVISION

12 ELEMENT SPHERE.

NN = 13 MX = 0.0 MY = 0.0
THETA = 00 ADDX = 0.0 ADDY = 0.0
XE = 0.0 YE = 00
CURVED ELEMENTSLIGECMF20) PIECEWISE=-PARABOLIC SOURCE DENSITIES(ISIGF=0)

NEN VELOCITY FCRMULAE ARE USED.
ON-BOODY COORDINATES
#AUNTRANSFCRMED=®9  wws TRANSFORMED %4
X Y X Y

x CCPQ
1  ~1.00000 00000 ~1,00000 0. 00CUQ
=~0e99141
4 ~0s 96593 00235882 “0.96593 0.25882
: . ~0e92385
3 ~04B806028 0. 50000 ~0s 86602 050000
=0.79332
4 -0s70711 Q. 70711 -0s7T07L1 0. 70711
=Ce 60874
5  ~0s50000 Q0. 86602 «0450000 0.86602 B
=Qe38207
b ~0e25882 0.90593 =0,25882 0.96593
~0s13052
7 0.0 100000 Ce0 100000
| Q.12052
8 0.25882 0e 96593 0.25882 0.96593
’ 0438267
9 0450000 Ua 86603 Qe 50000 0.86603
. Qe 60874
10 0.70711 Qe707112 0.70711 Q. 70711
e 79332
1l O+ 806602 0459000 0.860602 0.50000
0.92385
12 Qs96593 Ce298R2 e 96493 0.25882
0a99141

13 1400000~ 0.0 1400000 0.0

Y CaPa

Oe 13052
Ce 38267
0. 60874
Qe 79332
0.92385%
Ce 99141
e 95141
0. 92385
Oe 79332
0. 60874
0. 38207

0s 13052

DELTA S

0.26179
026179
026179
0426179
0. 26179
0426179

0e20179

026179
0s 26179
0.26179
0426179
0s26179

SUMDS

0.26179
0e 52359
0.785%8
1. 04717
1. 30896
1.57076
1483255
2409434
2+35614
2461793
2.85972
3.14152

D ALPHA

0.0
~1%.00024
~14,99982
~14499993
-14.9998%
=15.00015
~14.99993
=»15.00003
=14499991
-15.00006
~1449999%

«15.00008

INTERNALLY~COMPUTED ELEMENT CURVATURESEICURVNSQ)

CURVATURE

~1.00001
1400000
~1.00000
-1« 00000
1400000
=1+00000
=1 00000
-1.00000
~1.00000
« 1400000
«1.00000
-1.00000

Y004 SI dHVd TVNIDINO
AHL JO ALVIIEIONA0YdEd
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CN=BOUY UNLIFORM AXISY{METRIC FLOW

L T T

w

10
11
12
13

0OUGLAS AIRCRAFT COMPANY
LONG BEACH ODIVISION

12 ELEMENT SPHERE.

TRANSFCRMED CCURDINATES

X

=1.v000000
~0e9%] 4084
=0 9699260
~0es4238%51
-0 5660250
~0e 1932235
-0y 7071003
«Qs6087 3585
~0e 50200C0
=04 3820054
-0e 2583140
-Us 1305214
0.0
0.1305214
0ulb88100
Je 20200688
Ve®999990
Qe EUbT386
veTuTlved
Ua7933233
Ue HLUZ DY
Oe238492
Vey659260
JeWulauyl
1.0000000

Y

0«€000010
0s1305223
0a4584230
042826699
G 5COUTV0
2.6G37399
Ue 12710069
Ue 933439
Jenbb0250
0,9233452
09659260
05914332
[P LINEL
0e5914082
UeG02720)
Je¥23845%

0,1 569260

0.793324>

Ve 7071007

Ue0087395

05200010

U 3826099
Usd 56819y

CeLdunzle
0.0

ADDEC MASS = [ 18]

T

Qe 1956868
045737243
"Qe 9128000
+ 161896343
*143853798
+ 14867077
Le4 867067
1.3853798
1e1896353

0e9128108

Je5737217

0.19506850

VOLUME =

ce

0,9617067
Ce 5708405
0a 1667787

“Ga4152298

-0. 9192762

~1.2102995

~1.2102966

-0.9192762

~0.4152317

" 01607765
C. 6708434

Ce 301 T0TS

4o 1762981

CASE NOe
SIN A cos A
0.99145  0.13053
0.92388  0.38269
0.79335  0.60876
e 60876 0.79335
0.38269  0.92388
€.13C53  0.95145
“Ca13053  0.99145
~0.38268 092368
-C.6U876 0479335
-0.79335  0.60876
-0.92388  0,38268
-0.99145 0413053

SUM (TI(DELTA S} =

PSE =

SIGMA

~0.1183583
~0.1102%906
=0+ 0947085
~0.0726728
;0-0¥56865
~0.0155819
0.0155820
Qe 04506843
0.0726725
040547084
Uell02907

0.1183582

2.9989319

=-0+0000031
=0.0000015
-G+ 0000004

=-0.0000004

-0« 000000

~0.0000005

0.0

=0.0000002

- 040000002

-0.0000001
040000015
040000015

0.0
0.0
Qa0
G.0
0.0
0.0
Ce @
0.0
040
0.0
G0

0eC

PHI
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OOUGLAS AIRCRAFT COMPANY
LONG BEACH DIVISION

12 ELEMENT SPHERE.

ON-BCDY STRIP IRTEX FLOW
TRANSFCRM L COURDINATES

-

w o~

v @ ~ o wn &

i0
11
12
13

X

~1+0000000
~049914083
~0.s9659260
~0.9238451
~0e0ab60250
~J.793323%
~Uas 7071060
-0e 6087382
-Ue HU00QL0
~Je 38260694
~Je 583190
-0. 1305214
(L Y]
Qe 1305214
0.2583190
e 38c00HS
Qe 49995990
D.t37306
Ue TUT ] U009
Ve /9332139
Qe 8606025V
Detr238452
0.9659260
Ve9914382
L.Uou0ua9

Y

040000010
Wy 1305223
02568200
Ge 3826649
Ce5CCUL00
Ue 6CBTS9Q
0. 1071069
Qe 1933239
Oeb06U25d
Ce3248452
0e965v260
Je$914082
1003030
0es9914382
0e9659200
Ja 3238450
Qe 8060260
Ue 7933245
Ua 7071063
Oes03 1394

Ue50uvOLD

Qe 3826659
02588190
041305214
0.0

ADDELC MASS = 0e0

T

143254311
«0s2542801
~0.0182657
~0,0054169
~00023832
=0.0013103
“JeU0L3151
-0000238351
~040054121
=0.Q182716
002542858

143353949

VOLUME =

cp

-=~0s 7833757

Qe 9353417
0e 9996664
049999707
0e 9999943
€. 9999983
Ce 9999983
0e4999943
009999707
0e 9996662
093523387

-0, 783275%

4e1762981

CASE

SIN A

0e99145
0. 52388
0.79335
0.60876
0. 38269
0.13053
=0e13053
~0.38268
~-0.60876
=Ce 79335
~0s92388

=Co 99145

SUM (TH(DELTA 5) =

NOe

C0s A

0413053
0.38269
0.60876
0479335
0.92388
0.99145
0a99145
0.92388
0479335
0460876
0.38208
0413053

PSF =

S1GHMA

242962484
1.2829266
0.8337094
045359750
043025500
0,098n312
~0,0980305
«0, 3025491
=0.53597137
-0.8337085
~142829294

=262962656

0.5501668

00000916
0.0000048
0.0000057
0.0000038
0.0000048
0.0000039
0.0000006
~0.0000010
-0.0000010
-040000029
~0.0000010
~040000763

Q.0
C.0
0.0
0.0
0.0
0.0
Qa0
0.0
0.0
0s0
0.0
0.0
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DOUGLAS

14 ELEMENT SPHERE.

CN~8UDY UNLIFCRM CRCSS FLCW
TRANSFORMED COORDINATES

oW e e

w»

10
11
12
13

X

~1.0003000
~0.9914083
»0.9024%200
~0e¥238a5)
=0¢d600250
~0.7933235
-0s 7071060
~0s6097365
~0a 50000
~0ulBlbuvs
~JelOBELIV
~Uel3useln
LRV}
Ue 1 309414
QedBButyy
OsddlboBY
Qe 4999990
V. 6UB13de
Qa 7071069
0e7933239
Yo BLOLAL O
0s9238452
Ve%05%269

Qe99i4042 -~

le UOJIUOLD

ADDEC 'MASS =

AJRCRAFT COMPANY
LONG BEACH OIVISION

Y T2
Ue.0000010
Qe 1305223 1.4870138
LedHUB220
0,3826699 1438262175
Uax5J00000
0.6087590 1e 1867304
Vel0T1069
07935239 09115025
Ve 8660259
Qew2iense 0a5741063
Ua90G5 32060
0e9914282 Cel961133
Leuyuvouus
Ue 9414042 “Q0el961144
UetbS 200
Ux9238456 ~0.5741040
Ue LLUZ26D
Qa7933245 ~0.9115077
Qe 707 1009
0.538734y -1:1867332
Ce5000010
Ue 38200699 ~1.3820275%
Ue 580190
Ve l3052L4 ~1.40870119
0.0

2. 0856047 VCLUME =

144993650
1049912064
1o 4989996
le 4991226
le49939%2
124996233
Le4 096233
1446934962
14991217
le 4989356
1e4991226

1e 4593696

41762981

CASE NOa
Sik A CoS A
Qe 991435 0+13053
0.92388 038269
0. 79335 0.60876
Ce 60876 0.79335
Ce 38269 0.92388
Ce 13053 0.99145
~0¢13053 099145
~0s 382068 0.92384
~C. 40876 Qa79335
-0 79335 C.060876
=0s92388 Ce38268
~0.99145 0413053

PSF =

SIGMA

0.0155821
0.,0456054
0.0724524
000944496
041101502
041183575
0a1183576
0.1101502
040944493
040724517
040456047

040155822

040000004
0. 6000003
0.£000006
040000003
~0.0000091
0.0
049000001
0.0C€00001
040000002
0.0000003
0.0
040000002

040651784
0. 1510008
0.3037606
043959667
0.4613678
044553313
04953312
044613683
043959657
043037609
041509994
0.0651785
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APPENDIX:

USAGE OF THE IPTANV FLAG

Usage of the IPTANV flag permits tangential velocity to be specified
‘over part of the surface of the body or bodies about which flow is being com
puted, On the remainder of the surface the normal velocity is made zero in
the usual way. At locations where tangential velocity is specified the normal
velocity will not in general be zero. This feature can be used only for axi-
symmetric flows with a wmiform free stream,

If the flow about several bodies is to be calculated, these bodies are
considered in sequence as determined by the order in which they are input,
This feature uses a flag to legislate that normal velocity conditions will
be applied on the first several bodies of this sequence and tangential ve-
locity conditions will be applied on the remaining bodies, All bodies on
which normal velocities are specified must be input before any of the bodies
on which tangential velocities are specified. For example, suppose it is de-
sired to specify tangential velocity over the region near the middle of a
body, while the usual nnrmal velocity conditions is applied over the forward
and aft regions. This body mus* be input as three bodies, the first two
cf which are the forward and aft regions and the third of whlch is the middle
region.

The desired tangential velocities are input as a set of numbers. The
first number in the set is the tangential velocity on the first element of
the first body on which tangential velocity is specified., The subsequeat
numbers of the set give tangential velocitites on the remaining elements in
the order that they were input. The order of the input of the tangential
velocities is used to associate them with elements, and it is the responsi-
bility of the user to insure that this order is correct and that the number
of input tangential velocities equals the number of elements ca the bodies -
on which tangential velocities are specified. The tangential velocities
should be input as total tangential veloc1t1es, including the contribution
of the uniform free stream.

If the desired tangential velocity is a constant over the body or bodies
on which tangential velocity is specified, only this single constant need be
input. The constant should represent a total tangential veloeity. It is not
possible to input a separate constant for each body on which tangential
velocity is specified.

It is possible to specify tamgential velocity over the entire surface
of the body or bodies that are input, so that no normal velocity condition is
applied.

. The final output is similar to that of the usual case. On the bodies
where tangential velocities were specified the printed values of T should be

the same as those input. The normal velocities will not in general be zero,

but their magnitude is a measure of how near the input shape is to an impervious
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body having the same tangential velocity distribution. The printed values of
N are outward normal velocities. A plus sign denotes flow out of the body,
and a minus sign denotes flow intec the body.

The option of specifying tangential velocity is excercised by punching
some non-zero integer into C.C. 14 of the control flags card (IPTANV).
This value indicates the number of bodies on which tangentiat velocity is
being specified and therefore must be less than or equal to the total number
of bodies being input. In particular, if a three body case is being run
and tangential velocity is to be specified on two of the bodies, then those
two bodies must be input last in the input sequence, and IPTANV must have a
value of 2. The use of IPTANV affects the matrix solution portion of the
program as follows:

Whereas the usual equations to be solved for a for uwniform axi-symmetric
flow are

N

E = si for i =1, 2, «.., N
. Aijaj sin ai ( y Ly ey )

j+1

Where N is the total number of elements on all the bodies, use of
IPTANV directs the program to solve for a in the following ways:

I. If IPTANV is equal to the total number of bodies input, the
equations to be solved for a become

N

E : Bjjay = TG = cosa, (For i = 1, 2, ..y N)
j+1

where Bjj is the usual axi-symmetric Bij matrix and TG; is an
array of N numbers consisting of either (i) the same constont
nurber (this number to be specified by the user in the TCNST
field of input card mo. 3), or (ii) N values input from cards
(see card set 12).

II. If IPTANV is less than the total number of bodies {say, IPTANV
= k), then tangential velocities are to be specified on the last
k bodies input. That is, if M is the total number of elements on
the last k bodies, then N-M is the number of elements on the first
NB-k bodies (where NB is the total number of bodies input), and
the equations to be solved for a become

27



Aijaj sin aj (for i =1, 2, ..., N-M)

L
i
o

B

[

15 3 TGy ~ cosa, (for i = N-M+1, ..., N)

™

If all values of the TG array are input by cards, the user must
take care, to input precisely M values. _

{
Note that his special matrix formation finally affects only the
values of a for axi-symmetric cases (crossflow matrix formation
and solution remains unchanged); all remaining calculations are
performed as usual.

Restrictions exist in the use of IPTANV. In particular, IPTANV
cannot be used in conjuction with any non-uniform flow solution,
whether axi-symmetric or crossflow. Neither can IPTANV be used
if the total number of body elements exceeds 275, Nor can the
strip vortex option (IVORT) be used,
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