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COMPUTER PROGRAMS TO PREDICT INDUCED EFFECTS
OF JETS EXHAUSTING INTO A CROSSFLOW

by

Stanley C. Perkins, Jr. and Michael R. Mendenhall

SUMMARY

This document is a user's manual for two computer programs
developed to predict the induced effects of jets exhausting into
a crossflow. Program JETPLT predicts pressures induced on an
infinite flat plate by a jet exhausting at angles to the plate
and Program JETBOD, in conjunction with a panel code, predicts
pressures induced on a body of revolution by a jet exhausting
normal to the surface. Both codes use a potential model of the
jet and adjacent surface with empirical corrections for tihe vis-
cous or nonpotential effects. This program manual contairs a
description of the wuse of both programs, instructions for
preparation of input, descriptions of the output, limitations of
the codes, and sample cases., In addition, procedures to extend
both codes to include additional empirical correlations are
described.

INTRODUCTION

During transition of a jet V/STOL aircraft from hover to
forward flight, a complicated interaction between the jet exhaust
and the crossflow results in induced pressure 1loadings on the
aircraft in the vicinity of the jets. The integrated effect of
these jet-induced pressure loadings can be a 1lift reduction
and/or increase in positive pitching moment.



Investigations of the effects of a jet on the pressure dis-
tribution on an infinite flat plate and a body of revolution have
been carried out by Nielsen Engineering and Research, Inc. (NEAR)
(references 1 and 2) in an effort to understand the more compli-
cated jet/wing and jet/fuselage interference problem. An analyt-
ical method which models the blockage and entrainment properties
of the jet and corrects for the viscous effects behind the jet
using empirical correlations has been developed by NEAR. The
method predicts pressures induced on an infinite plate by jets
exhausting at angles to the plate and on a body of revolution by
jets exhausting normal to the body surface. Two separate com-~
puter codes were developed to implement the methods; Program
JETPLT for the flat plate and Program JETBOD for the body of
revolution. Details of the potential flow models used to
describe the jet and of the empirical method used to model vis-
cous effects are presented in references 1 and 2.

This document is the program user's manual for both JETPLT
and JETBOD. The following sections of this manual provide a
detailed description of the programs including the calculation
procedure, individual subroutine descriptions, and limitations of
the codes. General input to the codes and typical output are
described, and specific sample cases designed to exercise the
programs capabilities are presented. The procedure to extend
both codes to include additional empirical correlations is also

described.
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SYMBOLS

area of segment of c¢ircular flat plate, see
figure 7

total area of circular flat plate, "r%ax

pitching~-moment coefficient,
n
- ___l____ z C A.

X
Y N . N
maxAmax i=] pz 1 m1

, see figure 7

normal-force coefficient,

1 n
- } C_A.,, see figure 7

’
Pmax i=1 Pi?
pressure coefficient, (p - p,)/qu

pressure coefficient at area centroid of segment
of circular flat plate

jet diameter at the exit plane
static pressure

dynamic pressure i V2
Yy P u ’Zpaw

radial distance along the plate from the center
of the jet to any field point on the )Hlate

radius of the c¢ircular plate (used in normal
force and pitching moment calculations), see
figure 7

jet radius at the exit plane
curve length of the jet axis
local jet radius

velocity components in the x, y, and 2z direc-
tions, respectively

jet velocity at the exit plane

constant free-stream velocity



(8Cp)yiscous
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Subscripts
3

max

plate or body coordinate system, see figures 1
and 19

jet coordinate system fixed at center of jet
exit plane, positive X § is downstream

local moment arm of area A;, see figure 7

polar angle, measured clockwise from the posi-
tive x-axis in the plate x-y plane, see figure 1

correlation increment of pressure coefficient

initial inclination angle of jet centerline,
measured from the positive x:;-axis in the X§-25
plane, Gj = 90° - §; see figu%e 1

initial inclination angle of jet centerline,
measured from the positive z. axis in the X3=2
plane, 6 = 0° for a jet iséhing normal to-thd
free stream, see figure 1l; or circumferential
angle used in laying out out panels to model
body of revolution

density

circumferential angle, measured from top of body
of revolution, see figure 19

jet quantity
maximum value

free-stream quantity

;
b




PROGRAM JETPLT

GENERAL DESCRIPTION

The computer code, JE1PLT, described in this section has
application as an engineering prediction method for subsonic jets
exhausting from an infinite plate into a subsonic free stream
(figure 1). The methods incorpcrated in this code are described
in detail in references 1 and 2. The code provides a means to
predict jet-induced pressures on a plate in the vicinity of the
jet, as well as a means to calculate jet-induced normal-force and
pitching-moment coefficients on finite plates.

The code consists of a main program, JETPLT, and 22 sub-
routines, The subroutine calling sequence for the program is
shown in figqure 2 where the general relationship between the
subroutines and external references is illustrated. The main
program, JETPLT, acts as an executive routine and directs the
flow of the computation between the various program components.
A cross referei.ce table for the calling relationship between the
program subroutines and the external references is shown in
figure 3, and a similar table for the common blocks is shown in
figure 4,

The program is written in standard FORTRAN language for use
on a VAX 11/780 computer. Operation requires the usual input and
output logical units. Execution time on the same computer can
vary from two to six minutes. Execution time depends on many
factors such as the number of plate field points, the number of
points describing the jet centerline, and the number of panels
used for the jet blockage model.



SUBROUTINE DESCRIPTIONS

The main program and the subroutines are briefly described
in this section to provide a 1list of the contents of Program
JETPLT.

JETPLT Executive program for calculating the pressure dis-
tribution induced on a flat plate by a jet exhausting
from the plate.

CLPT Subroutine to set up jet centerline quantities and
their derivatives.

CNRPT Executive routine for determining coordinates of
corner points of quadrilateral panels.,

DELCP BLOCK DATA routine which contains the viscous corre-
lation factors for a jet exhausting from a flat
plate. The factors are contained in data statements
for a range of jet initial inclination angles and
jet-exit to free-stream velocity ratios, and are pre-
sented as a function of radial distance from the jet
center (r/D = 0.75, 1.0, 1.5, 2.0, 3.0, 5.0) and
polar angle (8 = 0, 30, 60, 90, 120, 150, 180
degrees).

ENTRAN Subroutine for calculating entrainment model induced
velocities at the plate field points using the empir-
ical method of Yeh (European Space Research Organiza-
tion TT-159, May 1975).

FIX Subroutine for obtaining the viscous correlation
factors by interpolating in the tables presented in
BLOCK DATA subroutine DELCP.

FORCE Subroutine for calculating the normal-force and
pitching-moment <coefficients on a finite radius
plate.

GAMSLV Subroutine for setting up linear equations in unknown
vortex strengths for the blockage model quadrilateral
panels,

INRAD Subroutine to determine radius of curvature and cen-

ter of curvature of jet centerline,
INVER2 Subroutine to solve simultaneous equations,

JET Subroutine to input and print out jet parameters, jet
centerline coordinates, and radius distribution.

-6-



JETBLK

JETVIN

JGEOM

PDIST

OCPON

ove

SADIF

SIMP1

SINTGX

SINTGY

TMXSR

UINF

Executive routine to input jet blockage model infor-
mation and set up jet blockage model Jjeometry.

Subroutine for calculating blockage model induced
velocities at a plate field point.

Subroutine which organizes calls to various subrou-
tines to obtain the jet blockage model, including the
quadrilateral panel vortex strengths.

Subroutine for computing vector RP from point X1, Xx2,
X3 to each corner point of each quadrilateral panel.

Subrcutine for determining coordinates of control
points on each quadrilateral panel and direction
cosines of unit normal to each panel.

Subroutine for computing influence matrix, OV, for
the blockage model quadrilateral panels,

Subroutine for determining the XCLR and 2ZCLR center-
line coordinates corresponding to centerline distance
S0 by interpolating in the jet centerline coordinate
table,

Simpson Rule integration routine.

Function used in conjunction with a Simpson Rule
integration routine to calculate the x-component of
velocity induced at the plate field points by the jet
entrainment model.

Function used in conjunction with a Simpson Rule
integration routine to calculate the y-component of
velocity induced at the plate field points by the jet
entrainment model.

Subroutine for determining coordinates of corner
points of each quadrilateral panel,

Subroutine for setting up external velocity field,
which is a uniform free stream in -x direction (plate
coordinate system).



INPUT DESCRIPTION

The purpose of this section is to describe the input to
Program JETPLT. The input formats are shown in figure 5, and the
definitions of the individual variables are provided in following
paragraphs, The order follows that shown in figure 5 where the
input format for each item and the location of each variable on
each card is presented., Data input in I-format are right justi-
fied in the fields and data input in F-format may be placed any-
where in the field and must include a decimal point. Note that
many length parameters in the input list are dimensional varia-
bles; therefore, special care must be taken that all lengths and
areas are input in a consistent set of units.

Provided at the end of this section are instructions for
setting up input for the jet centerline shape, spreading rate,
and blockage model. These instructions coupled with the sample
cases in a later section should make it relatively easy for the
user to set up the input for any typical jet in a crossflow case.

Item 1 is a single card containing .wo integers, each right
justified in a five~column field.

Item variable Description
1 NHEAD number of header cards to be input in
Item 2
NCYL number of entries in jet centerline
table describing the jet in Item 4
(NCYL > 3)

Item 2 is a series of NHEAD cards containing hollerith in-
formation identifying the run., The information is reproduced in
the output just as it is input,

Item Variable Description
2 TITLE NHEAD 1lines of information ¢to Dbe
printed at the top of the first page
of output

[

.



Items 3 and 4 contain jet geometry information., 1Item 3 is a

single card and Item 4 is a set of NCYL cardis. The plate and jet
coordinate systems are shown in figure 6 and information regard-

ing jet centerline shape and jet spreading rate is given follow-
ing this section.

Item
3
4
Item
options.
Item
5

variable

GAMVJN

X0,Y0,20

THETA(1)

XCLR(N),
YCLR(N),
ZCLR(N)

AJET(N)

Description

ratio of jet-exit velocity to free-
stream velocity

coordinates of the origin of the jet
in the plate coordinate system,
figure 6

inclination angle of jet at exit
plane, degrees; measured in the plane
of free-stream flow and egual to 0°
for a jet issuing normal to plate,
figure 6

coordinates of the jet centerline
in the jet coordinate systenm,
figure 6

dimensional radius of jet along the
centerline

is a single card containing output and calculation

variable

NVEL

NOUTA

NOUTB

Description

Velocity calculation options:
=0, total velocity calculation
=], entrainment model velocity cal-
culation only
=2, blockage model velocity calcu-
lation only

=], output quadrilateral panel cor-
ner points
=0, above quantities not output

=], output quadrilateral panel con-
trol points
=0, above quantities not output



Item variable Description

5 NOUTC =], output individual blockage model
induced velocities
=0, above guantities not output

NOUTD =1, output individual entrainment
model induced velocities
=0, above quantities not output

NFORC =], total normal-force and pitching-
moment coefficients are calcu-
lated

=0, above quantities not calculated

Items 6 and 7 contain input for calculating normal-force and

pitching-moment coefficients on a finite circular plate. To
compute the loads on the plate, pressures are calculated at area
element centroids of a circular plate and then integrated over
the plate, The area elements are formed by radial positions
input by the user (R(1) through R(NR)) and angular divisions
determined in the program. The angular divisions are determined
from BETAl, such that B8(1l) = BETAl/2 and AR = BETAl. The points
at which pressures are calculated are the area element centroids
along the B8 = constant lines. A typical layout for a force and
moment calculation and the positive sense of the force and moment
are shown in figure 7.

Omit Items 6 and 7 if NFORC = 0 in Item 5.

Item Variable Description
6 BETA1 polar angle increment, degrees

(360/BETA1l must be an integer)

NR number of radial positions to be
input in Item 7

7 R(J) r/r, positions along which circular

plage is divided to form the area
elements, figure 7

-10-



Items 8, 9, and 10 contain information for a typical run to

calculate pressures at field points on the plate. Field points
are determined at the intersection of B8 = constant and r = con-
stant lines. The range of values for the polar angle, B8, is 0°
to 180°, and the range of values for the nondimensional radial
distance, r/ro, is 1.5 to ». The first "N" field point coordi-
nates are determined in the program along 8 = BETATH(1l) for ry/ro
to ry/r,. Therefore, XP(1), YP(1l) correspond to r)/rg,
8 = BETATH(1) and XP(N)}, YP(N) correspond to ry/Tor
B = BETATH(1l). The next set of coordinates starts with XP(N+l),
YP(N+1) which correspond to r,/r, for B = BETATH(2). For a
typical field point layout, such as that illustrated in figure 8,
BETATH (1) = 0°, BETATH(NBETA) = 180°, and the BETATH values are
equally spaced; however, these are not requirements for the field
point input. The only requirement for the polar angle input is
that all values of BETATH(I) lie between 0° and 180°.

Omit Items 8, 9, and 10 if NFORCE = 1 in Item 5.

Item YVariable Description
8 NBETA number of polar angles to be read in
Item 9
NR number of radial positions to be read
in Item 10
9 BETATH(1I) polar angles along which field points

are specified, degrees; figure 8

10 R(J) radial positions, nondimensionalized
by initial jet radius, at which field
points are specified, figure 8

Items 11 and 12 contain information to define the jet block-

age model. The jet is divided along its axis into NDS major
sections, each of which is divided into NDSI segments (see figure
9(a)). The blockage model panels each subtend an angle of
360/NPHI degrees and the orientation of the front panel with respect
to the free-stream direction is given by PHIO (figure 9(b)).

-11-



It is recommended that PHIO be set equal to 180/NPHI degrees.
The dimensional panel 1length (along the jet axis) for each
segment within a given section is given by DSI. It is recom-
mended that NDS, NDSI, and DSI be such that the length of the
blockage model 1is about the same as the length of the jet as
given by the jet centerline input (Item 4). It is also recom-
mended that DSI be equal to r
jet exit and greater than r

o Or less for sections close to the

o for sections farther from the jet

exit., A maximum of 200 blockage model panels is allowed.

Item variable Description
11 NPHI number of circumferential segments
into which jet <cross-section is
divided
NDS number of major sections along jet

centerline into which the jet s
divided (1 < NDS < 5)

NDSI (NK) number of segments along jet center-
line into which each of the NDS sec-
tions are divided; NK = 1, NDS

12 PHIO orientation angle of front panel,
180/NPHI recommended

DSI(NK) panel 1length (longitudinal) of the
segments within each section;
NK = 1, NDS

INPUT PREPARATION

In this section, the individual flow models of the jet model
are described briefly and instructions on correctly specifying
input for each of the models are given. The previous section on
the input description must be used to understand the individual
variables which go into JETPLT, and this section will permit the
user to select the appropriate input to achieve maximum success
with the code.

-12-



Jet Centerline Model

The jet centerline, at initial inclination angle Bj to the
plate, is shown in figure 1. The path of the jet centerline is
specified using the following empirical relation developed by
Margason (reference 3)

2 3

SRR AA N (3 !
D = ——\v ) + D cot Gj (1)
4sin sj J

where D is the jet diameter at the plate. Figure 10 shows the
jet centerline shapes given by equation (1) for a range of veloc-
ity ratios with é; = 90° and 60°. Note that the relation between

]

Gj and 6 is given by

§: = 20° - 6 (2)

Jet Blockage Model

A jet exhausting from an infinite plate into a subsonic free
stream has been observed to exhibit a displacement effect as
though the jet boundary were behaving as a solid surface, parti-
cularly near *the surfac. of the plate (references 4 and 5). The
effect of the solid jet boundary is obtained by representing the
specified wake surface with a series of vortex quadrilateral
panels on which a boundary condition of flow tangency is
enforced. The vortex quadrilateral panel blockage model in Pro-
gram JETPLT is based on a method developed by Maskcw# (reference
6).

The boundary of the jet wake, specified by the centerline
path and the wake radius distribution along the centerline, is
divided into length segments as illustrated in figure 9. Each

-13-



length segment is further divided into a number of circumferen-
tial segments. The number of axial and circumferential divisions
and length of each segment are input by the user in Items 11 and
12, As with all finite panel methods, the representation of the
flow around a solid body is better the further the point of
interest is from the body. For practical problems of interest in
this work; that is, flow around circular cross section jets with
small diameters compared to their length, a good rule of thumb is
that the point of interest should not be nearer to the surface
than one pan2l width. It is also recommended for jets exhausting
normal to the plate (8 = 0°) that the panel lengths be equal to

r. or less for sections close to the jet exit and greater than r

o
for sections farther from the jet exit,

(o]

As a jet is inclined from the normal to the plate, the shape
of the jet exit at the plate becomes elliptical. In order to
model this shape, modification of the panel layout in the region
near the plate is necessary. Figure 11 shows a side view of the
panel leyout of a jet in the region near the plate for
Vj/Vw = 12.0, & = 45°, The "transition" disc between the
elliptical disc at the plate and the first circular disc is
required to maintain panels of reasonable aspect ratio
(height/width) in the front part of the jet., A disc, as indi-
cated in the figure, is a slice through the jet cross-section at
the end of a row of panels. The third disc and all remaining
discs are circular.

Program JETPLT internally modifies the panel layout in the
fashion just described; that is, an elliptical disc at the plate
followed by a "transition® disc, and then a series of circular
discs. To obtain accurate results, it is recommended for jets
exhausting at an angle to the plate (6 > 0°) that the first sec-
tion into which the jet is divided (Items 11 and 12) contain two
(2) segments (i.e.,, NDSI(1l) = 2), each having a length equal to
ro/2 or less. Sections following the first section should have

-14-



length segments of the order r, or larger. For example, correla-
tion factors for all inclined jet cases were obtained using three
(3) sections for the blockage model; section 1 consists of two
segments, each of length «dr,, section 2 consists of one segment
of length r,, and section 3 consists of seven segments, each of
length 2.25r,.

Jet Entrainment Model

A jet exhausting from an infinite plate into a subsonic free
stream will entrain air from the free stream and accelerate it in
the direction of the jet. These effects are modeled in Program
JETPLT using a modified version of an empirical method developed
by Yeh (reference 4) in which the induced flow external to the
jet boundary can be represented by sinks distributed along the
jet axis.

The integral equations which define the velocities induced
by the entrainment model do not have analytical solutions and
must be solved numerically. This requires that a practical jet
length be chosen to produce an accurate solution., Studies of the
effect of jet 1length on the entrainment results showed a jet
length of 20 initial jet radii to produce consistent results.
Consequently, 20 initial jet radii is the upper integration limit
for all predicted results and is the recommended centerline
length for the jet.

Note that the entrainment model 1is applicable only for
vj/v, > 2.35., At lower jet velocity ratios, empirically deter-
mined coefficients used in the model produce a singularity in the
sink strength equation. This requires that NVEL = 2 in Item 5
for Vj/V°° < 2,35, which indicates that the blockage model only is
required for this velocity ratio range.

-15~



Jet Spreading Rate
As a circular jet exhausts from an infinite plate into a

subsonic crossflow velocity, the jet interaction with the free-
stream velocity causes the boundary to expand or spread with
increasing distance along the jet. Some knowledge of the extent
of the jet boundary is important in predicting the displacement
or blockage effect of the jet. The spreading rates used to
obtain predicted pressures were obtained using a method which
utilizes the empirical method of reference 7 and data from re-
ference 8., This method assumes an axisymmetric jet with a poten-
tial core length of three jet diameters.

Figure 12 presents a series of expansion rate curves which
show nondimensional jet radius (t/D) versus nondimensional dis-
tance along the jet centerline (S,/R). These curves are used to
represent the expansion of the circular cross section of the jet
for specified values of Vj/Vu and 6.

Figure 13 presents plots of (t/D) a4 Vversus Vj/va where
(t/d)pax
cussed, this value of jet centerline length (S,/R) is used as the

is the value of t/D at S,/R = 20. As previously dis-

upper integration limit for the jet entrainment model and repre-
sents the total length of the jet. To obtain a spreading rate
for arbitrary Vj/vw, the corresponding value of (t/D)max is ob-
tained from figure 13 and is used to interpolate or extrapolate
the curves shown in figure 12. Note that the expansion curves
for Vj/V“ = 10.0 are used for Vj/vu = 12.0. Aiso note that in-
clined jets should not be allowad to expand ahead of the position
on the centerline where the normal to the centerline intersects
the edge of the jet. This position is indicated in figures
12(b), (¢), (d), and (e) on the t/D = 1.0 line. This prevents
the blockage model from intersecting the plate and causing undue
influence on plate field points near the jet.

-16-



SAMPLE CASES

In this section, several sample cases are presented to
illustrate the preparation of input decks for various types of
desired calculations. Samples Cases 1, 2, and 3 represent three
basic types of calculations: i.e., (1) calculation of pressures
due to the potential model only (correlation factors not in~
cluded); (2) calculation of pressures, including correlation
factors, at field points on the plate; and (3) calculation of
normal-force and pitching-moment coefficients on a finite cir-
cular plate. All computation times given are for a VAX/VMS
11/780 machine,

The input deck for Sample Case 1, including corresponding
item numbers, is shown in figure l14(a). This case is for a jet
exhausting at an angle of © = 60° with an initial jet-exit to
free-stream velocity ratio of 8.0. Correlation factors are
presently not available in Program JETPLT for these conditions;
therefore, this calculation would be the first step in
determining correlation factors for Vj/Vw = 8.0, 6 = 60° if data
were to become available. The jet centerline, given by
equation‘(l) with Gj = 30°, is described using 22 points,
and the jet spreading rate is obtained from figure 12(e). The
blockage model is made up of three (3) major sections; section 1
with two segments of length .40 each, section 2 with one segment
of length 1.0, and section 3 with seven segments of length 2.25
each. The jet cross-section is divided into 20 circumferential
segments. Options are chosen to print out the quadrilateral
panel corner and control points and the induced velocities from
the blockage and entrainment models, Velocities and pressures
are to be calculated at 133 field points, which are determined
using seven (7) g values and nineteen (19) r/r, values. Sample
Case 1 requires approximately 200 seconds to execute.

The input deck for Sample Case 2 is shown in figure 14(b).
This case is for a jet exhausting at 6 = 15° with an initial
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Vj/V, = 3.9. This represents a typical case in which pressures,
including the correlation factors, are calculated at plate field
points. The jet centerline, given by eqguation (1) with sj = 75°¢,
is described using 20 points, and the jet spreading rate is ob-
tained from figure 12(b). The remainder of the input is identi-
cal to that described above for Sample Case 1. Sample Case 2
requires approximately 230 seconds to execute.

cample Case 3, shown in figure 14(c), is included to illu-
strate a run to calculate the normal-force and pitching-moment
coefficients on a finite circular plate. This case is for a jet
exhausting normal to the plate (6 = 0°) with an initial Vj/v, of
8.0. The centerline is given by equation (1) with Gj = 90° and
is described using 20 points. The spreading rate is obtained
from figure 12(a). The field point layout is determined using a
polar angle increment of 30° and five (5) radial positions. The
finite plate has a radius of llry. The blockage model for this
case consists of two major sections; section 1 with two segments
of length 1.0 each and section 2 with eight segments of length
2.0 each. Options are specified to print a minimum quantity of
output. Sample Case 3 requires approximately 150 seconds to

execute.

OUTPUT DESCRIPTIONS

Typical sets of output from Program JETPLT are described in
this section. 1In general, the output quantities are labeled and
each page is headed with appropriate descriptive information.
The actual output obtained is determined by the output options
selected by the user. For purposes of this description, repre-
sentative pages from Sample Cases 1, 2, and 3, described in a
previous section, are presented in figures 15, 16, and 17.

The total output from Sample Case 1 is contained on 17
pages, including pages which are continuations of another page.
The first page, shown in Figure 15(a), is headed by the title
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cards input as Item 2, This is followed by jet input data and
some calculated jet quantities, which include the effective
vj/v., given by (Vj/V,)'cose, the jet circumference (P), dis-
tance along the jet centerline (SCL) and the local centerline
inclination angle (THETA). The middle of this page contains the
output and calculation options. The remainder of this page con-
tains the entrainment model induced velocities at the first 23
plate field points. This output, which is obtained by setting
NOUTD = 1 in Item 5, shows the coordinates of the field point
(XB, YB, 2ZB), the components of velocity induced by the entrain-
ment model (U/V0O, U/V0, W/V0), and the total velocity (VT/VO =
Y(u/vo)2 + (v/v0)2 +( wW/v0)2)., ©Pages 2 and 3, not shown in this
figure, contain the entrainment induced velocities at the

remainder of the plate field points (points 24 through 133).

The top of page 4, shown in figure 15(b), contains the
blockage model input., This is followed by the coordinates of the
quadrilateral panel corner points in the plate coordinate
system. This output is obtained by setting NOUTA = 1 in
Item 5. Pages 5 and 6, not shown in this figure, contain the
coordinates of corner points 55 through 186. The top part of
page 7, shown in figure 15(c), contains the coordinates of corner
points 187 through 220. The bottom part of this page contains
coordinates of the quadrilateral panel control points and the
corresponding panel strengths. Pages 8, 9, and 10, not shown in
this figure, contain the remainder of the list of control points
and strengths. This output is obtained by setting NOUTB = 1 in
Item 5.

The output contained on pages 11, 12, and the top part of
13, shown in figures 15(¢), (e), and (f), is obtained by setting
NOUTC = 1 in Item 5. These pages contain the velocity components
induced by the blockage model (u/v0, Vv/v0, W/V0) at the plate
field points (XCP, YCP, ICP). The velocities and field points
are in the plate coordinate system. The remainder of page 13 and
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the following two pages shown in figures 15(g) and (h) contain
the total jet induced velocities and the resulting pressure coef-
ficients at the plate field points. Each 1line of the output
contains the plate field point coordinate (XB, ¥YB, ZB), the com-
ponents of velocity due to the jet model and the free-stream
velocity (v/v0, Vv/v0, W/V0), the total velocity (vr/v0), the
pressure coefficient (CP), and the nondimensional radial position
of the field point (R/D).

The final page of output, page 17 shown in figure 15(i),
contains a message indicating that a correlation table does not
exist for the combination of Vj/v. and 6 selected. 1Instructions
for obtaining and setting up a correlation table using these
predicted results are given in the section entitied CORRELATION
FACTOR TABLES.,

The total output from Sample Case 2 is contained on 19
pages, Page 1, which contains the title, jet geometry informa-
tion, output and calculation options, and the first part of the
list of entrainment model induced velocities, is shown in figure
16(a). Pages 2 through 15 contain output which is identical in
format to that just described for Sample Case 1; therefore, this
output is not shown in figure 16.

Pages 16, 17, and 18 shown in figqures 16(b), (c), and (4d)
contain the predicted pressure coefficients, including corre-
lation factors, at each plate field point. Following the title
on page 16 is information identifying the initial jet-exit to
free-stream velocity ratio and the initial inclination angle.
Each of the columns below this information is labeled, but a
brief explanation of the printed items follows. The first five
columns, BETA, R/D, XB, YB, 2B, locate the field point in the
plate coordinate system. The column CP,THEORETICAL is the pres-
sure coefficient due to the jet model, DELTA CP is the correla-
tion factor, and CP,CORRELATION is the resulting pressure coef-
ficient and is egual to CP,THEORETICAL + DELTA CP.
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The total output from Sample Case 3 is contained in four
pages, shown in figure 17. The upper part of page 1, figure
17(a), contains the usual title and jet geometry information.
This is followed by input data for the force and moment calcula-
tion, program-determined values of the r/D positions for these
calculations, and output indicating the radius of the finite
circular plate. The output and calculation options are printed
at the bottom of page 1. Page 2, shown in figure 17(b), contains
input data for the jet blockage model and the jet induced veloc-
ities and pressures at the plate field points. The field point
layout for this case is shown in figure 18. The calculated pres-
sure coefficients, including correlation factors, are shown on
page 3, figure 17(c). The final page of output, page 4, is shown
in figure 17(d) and contains the calculated force and moment
information. Following the title on this page is information
identifying the initial jet-exit to free-stream velocity ratio
and the initial) inclination angle. This information is followed
by the plate area and the reference length. The final items on
this page are (1) the normal-force coefficient, which is norma-
lized by g, and the plate area, and (2) the pitching-moment coef-
ficient, which is normalized by q_,, the plate area, and the indi-
cated reference length. The positive senses of normal force and
pitching moment are shown in figure 7(b).

PROGRAM LIMITATIONS

Program JETPLT is applicable to subsonic jets exhausting
from a flat plate into a subsonic free strear., For jets exhaust-
ing normal to the plate, a large quantity of data are available,
and the method is applicable to a wide range of jet velocity
ratios. The method is not so complete for inclined jets due to
the limited amount of available data for such cases. The major
limitation of the program, therefore, is that correlation factors
are not available for a wide range of jet velocity ratios for
each jet inclination angle, Table I is provided to show the
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combination of jet inclination angle and jet velocity ratio for
which correlation tables presently exist, Another program
limitation is that correlation factors are not always available
for all combinations of r/D and g within a given table. This is
due to a lack of data at various plate positions for certain com-
binations of 6 and vj/v.. In such cases, the correlation factor
is given the value 99.0 in the table. 7These factors are used in
the calculation of (Acp)viscous’ therefore, the user should
ignore any predicted values of Cp greater than 1.0. The range
of applicability of the program may be extended if additional

data for inclined jets become avajilable,

ERROR MESSAGES AND STOPS

The program code has internal error messages and several
execution terminations at numbered STOP locations within the
program, These are described in this section.

Most of the error messages in Program JETPLT are associated
with the correlation tables. The first message is

VELOCITY RATIO IS OUTSIDE OF RANGE USED IN THE CORRELATION
FOR THETA = XXX.X DEGREES

This message, along with the value of 6, is printed when the jet
velocity ratio of interest is outside the range available for the
indicated inclina‘*ion angle. This causes execution to terminate
at STOP 11.

The second message is

INCLINATION ANGLE IS OUTSIDE OF RANGE USED IN THE CORRELA-
TION
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This message is printed when the inclination angle 6 is greater
than 60°, the maximum value of @ for which correlation tables
exist. The causes execution to terminate at STOP 5,

The third message is

R(J) = X.XXXXX IS SMALLER THAN THE MINIMUM ALLOWED VALUE OF
R/D = ,75

This message, along with the value of R(J), is printed wher the
r/D position of a field point is less than .75. This causes
execution to terminate at STOP 59.

The final message is:
#*a¥* MATRIX IS SINGULAR

This message is printed when the matrix used in the calculation
of the center of curvature of the jet centerline is singular.
This causes execution to terminate at STOP 16.

A summary of the program messages and their descriptions are
given in the following table.

Termination
Message Description

STOP Normal program stop

STOP 5 The 1initial inclination angle of interest is
greater than 60%, which is the maximum value of @
for which correlation tables presently exist.

STOP 11 The jet-exit to free-stream velocity ratio is out
of the range for the inclination angle of
interest. This indicates that correlation
factors cannot be obtained in the program for
this case. Consult Table [ to determine the

range of jet velocity ratios for which corre-
lation tables are available for each inclination
angle, 6.
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Termination

Message Description
STOP 16 The matrix used ip the determiration of the jet

centerline center of curvature is singular. Check
input description of jet centerline in Item 4.

STOP 59 The field point of interest has a r/D value less
than .75. The range of r/D values for which
correlation factors exist is .75 < r/D < 5.0,
For values of r/D 1less than .75, the program
terminates at STOP 59. For values of r/D greater
than 5.0, the correlation factors are set equal
to 0.0:

CORRELATION FACTOR TABLES

In the event that new pressure data become available, the
present correlation factor tables may need to be updated and/or
new correlation tables may need to be created. 1In order to make
the necessary modifications to Program JETPLT, an understanding
of how the correlation factors are stored and defined is re-
quired. This section is devoted to describing the correlation
method, the present arrangement of the correlation factor tables
and the procedure required to modify these tables or create new
tables using new pressure data.

General Method

The purpose of the correlation is to isolate the viscous or
nonpotential effects of the jet on the plate. Assuming that the
measured pressure distribution can be represented by a potential
part and a viscous part, the viscous part can be determined by a
differencing technique,

AC = C -C (3)
Plviscous P experiment P potential
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The potential portion of equation (3) 1is calculated using the
Bernoulli equation in the following form:

C

= 1.0 - 4
5 1.0 (4)

potential v 2

Correlating the quantity ACp’ . as a function of jet veloc-
viscous

ity ratio and position on 'the plate, the predicted pressure
induced by a jet exhausting from the plate into a crossflow is

given by

+ AC (5)

p p Plviscous

potential

In Program JETPLT, the initial jet inclination angle, 6, has been
included, along with the jet velocity ratio, as a dominant para-
meter in determining pressures on the plate. This results in a

data base which consists of a (ACp) array as a function of

viscous
g and r/D for each jet wvelocity ratio and jet inclination
angle. Linear interpolation is used to determine correlation
values at any Vj/VQ, 6, B, and r/D values for which correlation

values have not been determined.

Table Arrangement

The viscous correlation factors in Program JETPLT are
defined in data statements in BLOCK DATA subroutine DELCP and are
stored in two-dimensional arrays. These arrays are divided into
groups, each of which corresponds to an initial jet inclination
angle, as shown below,
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Arrays THETA, degrees

CPFIXAl through CPFXAll 0
CPFIXB1 through CPFIXB9 15
CPFIXCl1l through CPFIXC9 30
CPFIXD1 through DPFIXD6 45
CPFIXE1 60

Within a given group, each separate array corresponds to a
jet-exit to free-stream velocity ratio. The number of Vj/V°°
values and their actual values is different for each inclination
angle, 6., For example, the corresponding Vj/Vw values for each
of the arrays in the 6 = 45° group are shown below. The VJ-/Vw
values for each inclination angle are given in DATA statement
VvJvo.

 Array Vj/vw
CPFIXD1 (I1,J) 4.0
CPFIXD2 (I,J) 5.1
CPFIXD3 (I,J) 6.32
CPFIXD4 (I,J) 8.17
CPFIXDS5 (I1,J) 10.63
CPFIXD6 (I,J) 12,

The indices 1I,J associated with each array correspond to the
polar angle, B, and the radial distance from the center of the
jet, r/D, respectively. Program JETPLT is presently set up for
seven (7) values of g (0°, 30°, 60°, 90°, 120°, 150°, 180°), six
(6) values of r/D (.75, 1.0, 1.5, 2.0, 3.0, 5.0) and a maximum of
eleven (11) values of Vy/V, (1.0 < V5/Vy < 12.0).

Each two-dimensional array contains the ccrrection factors
as a function of g and r/D for a given combination of jet
inclination angle and jet exit velocity ratio. These arrays are
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defined

in data statements and are arranged

in the following

form:

t/DB 0° 30° 60° 90° 120° 150° 180°
0.75 c(l,1)|c(2,1) | C(3,1)|C(4,1)|C(5,1){C(6,1) Cc(7,1)
1.0 c(1,2)|C(2,2) | C(3,2)|C(4,2)|C(5,2)|C(6,2) Cc(7,2)
1.5 c(1,3)|c(2,3) | c(3,3)|C(4,3)|C(5,3)|C(6,3) c(7,3)
2.0 C(1,4)|C(2,4) | C(3,4)|C(4,4)|C(5,4)|C(6,4) C(7,4)
3.0 c(1,5){c(2,5) | €(3,5)|C(4,5)|C(5,5)|C(6,5) C(7,5)
5.0 c(1,6)|C(2,6) | C(3,6)|C(4,6)|C(5,6)[C(6,6) C(7,6)

The jet inclination angle and jet-exit to free-stream veloc-
to each two-dimensional array are indi-
in BLOCK DATA DELCP. the
Vj/v°° = 5.0, 8 = 0° are found in BLOCK
DATA DELCP under the main heading THETA 0 DEGREES and the sub-

heading VJ/VO

ity ratio corresponding
cated by comment cards For example,

correlation factors for

5.0 and are contained in the array CPFIXA6.

DATA CPFIXA6/
-.146, -.034, -.256, -.918, -944, -2.038, -2.516
-.043, -.,005, -.172, -.728, -1.082, -1.378, -1.705
-.020, .027 -.118, -.328, -.682, -.775, =952
.004, .050, -.072, -224 -.477, -.449, -.622
.015, .048, -.030, -.120, -.252, -.220, -.400
.012, .026 -.004, -.047, -.094, -.112, -.211/

N U W N

0° through 180°
1.0 are given in line

The values of (Acp)viscous for r/D = .75 and B8

are given in line 1, the values for r/D

2, and so on.
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To simplify the procedure for obtaining viscous correlation
factors in subroutine FIX, three-dimensional arrays are equiva-
lenced to the two-dimensional arrays in BLOCK DATA subroutine
DELCP with each three-dimensional array corresponding to an ini-
tial jet inclination angle, as shown below.

Array THETA, degrees
A (1,J,K) 0
B (I,J,K) 15
¢ (1,J3,K) 30
D (1,J,K) 45
E (1,J3,K) 60

The indices I, J, K associated with each array correspond to
B, r/D, and the jet-exit to free-stream velocity ratio, Vj/V,,
respectively. The EQUIVALENCE statements for the arrays asso-
ciated with 6 = 0° are shown below

EQUIVALENCE (A(1,1,1),CPFIXAl1(1,1)),(A(1,1,2),CPFIXA2(1,1)),
(A(1,1,3),CPFIXA3(1,1)),(A(1,1,4),CPFIXA4(1,1)),
(A(1,1,35),CPFIXAS(1,1)),(A(1,1,6),CPFIXA6(1,1)),
(A(1,1,7),CPFIXA7(1,1)),(A(1,1,8),CPFIXA8(1,1)),
(AC1,1,9),CPFIXA9(1,1)),(A(1,1,10), CPFXA10(1,1)),
(A(1,1,11), CPFXAll1(1,1)),

Adbwp e

For each value of K, the three-dimensional array is equivalenced
to a corresponding two-dimensional array containing the correla-
tion factors for a particular value of Vj/V,. For example, the
A(1,J3,1) array is equivalenced to the CPFIXA1l(I,J) array, which
contains correlation factors for 8 = 0°, vj/v, = 1.0; the
A(I,J,2) array is equivalenced to the CPFIXA2(I,J) array which
contains factors for © = 0¢, VJ-/V°° = 1,667; and so on. A table
of corresponding three-dimensional and two-dimensional arrays is
shown below.
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lati

3-D Arrays 2-D Arrays THETA, degrees

A(I,J,1) CPFIXAl(I1,J) 0
to to

A(I1,J3,11) CPFXAl1l(I,J)

B(I,J,1) CPFIXB1(I,J) 15
to to

B(I,J,9) CPFIXB9(I,J)

c(1,J3,1) CPFIXC1l(I1,J) 30
to to

c(1,3,9) CPFIXC9(I,J)

D(1,J3,1) CPFIXD1(I,J) 45
to to

D(I,J,6) CPFIXD6(1,J)

E(1,J,1) CPFIXE1l(I,J) 60

DATA statements NSETS, which indicates the number of corre-

on tables (i.e., the number of Vj/V°° values) which exist for

each 6 angle, and VJVO, which includes the Vj/v°° values for which

these correlation tables exist, are shown below.

AdbwNh+

DATA VJIVO/
l1.0,1.667,2.2,3.333,3.9,%5.0,6.1,7.0,8.0,10.,12.,
3.33,3.9,5.0,6.14,6.67,6.94,8.0,10.0,12.,99.,99.,
3.33,4.0,5.1,6.36,6.67,8.15,10.0,10.87,12.,99.,99.,
4.0,5.1,6.32,8.17,10.,63,12.,99.,99.,99.,99.,99.,
12.,99.,99.,99.,99.,99.,99.,99.,99,,99.,99./

DATA NSETS/11,9,9,6,1/
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NSETS indicates that there are eleven (11) Vj/vu values (i.e.,
correlation tables) for 8 = 0°, nine (9) for & = 15° and 30°, six
(6) for 8 = 45°, and one (1) for 6 = 60°. The values of the jet-
exit to free-stream velocity ratios are shown in lines 1 through
5 in DATA statement VJVO for e = 0°¢, 15°, 30°, 45°, and 60°,
respectively. Note that the number "99." in DATA statement VJVO
is simply used to fill the VJVO array; these values are not used
in the determination of correlation factors.,

Modification Procedures

To modify a correlation table or to create a new one, it is
first necessary to obtain theoretical pressures from the poten-
tial flow model. This requires modeling the jet for the condi-
tions of interest (initial inclination angle, jet-exit to free-
stream velocity ratio) as outlined in the INPUT DESCRIPTION and
INPUT PREPARATION sections. The manner in which the correlation
factors are defined, 1.e., at specific g and r/D values, requires
that theoretical pressures be calculated at plate field points
corresponding to the g8 and r/D values given in BLOCK DATA
DELCP. The theoretical and experimental pressures are used in

. ) ) ) Plviscous | :
point. For the case in which a correlation factor table is being

conjunction with equation (3) to obtain AC L for each
modified, the new ACp values must be averaged with the original
Acp values to obtain the updated table. Such a modification does
not require other changes in the program. For the case in which
a new correlation table is being created, a variety of program-
ming changes are required, and these are outlined below.

As an example, assume a new set of pressure data for
Vj/V, = 3.0, 8 = 60° has been acquired. Only a single set of
correlation factors presently exist for 6 = 60°; namely, those
stored in array CPFIXEl for VJ-/Vn = 12.0. To add a new
correlation factor table, all associated DATA, EQUIVALENCE, and
DIMENSION statements and COMMON BLOCKS must be modified. First,
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the last line of DATA statement VJVO, which includes the Vj/vw
values for which correlation tables exist for ¢ = 60°, and the
last value in DATA statement NSETS, which indicates the number of
correlation tables which exist for & = 60°, are modified as shown
below,

Original:

DATA VJVO/
1 1.0, 1.667, 2.2, 3.333, 3.9, 5.0, 6.1, 7.0, 8.0, 10., 12.,
2 3,33, 3,9, 5.0, 6.14, 6.67, 6.94, 8.0, 10.0, 12., 99., 99.,
3 3.33, 4.0, 5.1, 6.36, 6.67, 8.15, 10.0, 10.87, 12., 99.,
99.,
4,0, 5.1, 6.32, 8,17, 10.63, 12., 99., 99., 99., 99., 99.,
12., 99., 99., 99., 99., 99., 99., 99., 99., 99., 99./

DATA NSETS/11,9,9,6,1/
Modified:

DATA VJVO/
1 1.0, 1.667, 2.2, 3.333, 3.9, 5.0, 6.1, 7.0, 8.0, 10., 12.,
2 3,33, 3.9, 5.0, 6.14, 6.67, 6.94, 8.0, 10.0, 12., 99., 99.,
3 3.33, 4.0, 5.1, 6.36, 6.67,8.15, 10.0, 10.87, 12., 99.,
99.,
4,0, 5.1, 6.32, 8.17, 10.63, 12., 99., 99., 99., 99., 99.,
8., 12., 99., 99., 99., 99., 99., 99., 99., 99., 99./

DATA NSETS/11,9,9,6,2/
These changes indicate that two (2) correlation factor tables now

exist for the 6 = 60° case; one for Vj/V, = 8,0 and the other for
Vj/V,, = 1260.
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Adding a new correlation table also requires the addition of
new two- and three-dimensional arrays in which the correlation
factors are stored. The arrays CPFIXEl(I,J) and E(I,J,l) are
presently used for 6 = 60°., Each three-dimensional array, i.e.,
E(I,J,K), is arranged such that Vj/V, is monotonically increasing
as the index K increases. 1In this manner, the K = 1 array con-
tains correlation factors for the smallest VJ-/V,,° value, the K = 2
array for the next largest Vj/V, value, and so on. In addition,
the two-dimensional arrays are named such that the last two
letters of each name indicate the corresponding three-dimensional
array and its 'K' value. For example, CPFIXAl(I,J) corresponds
to A(1,J,1), CPFIXB2(I,J) corresponds to B(I,J,2), etc. To main-
tain this consistency in naming arrays, the following modifica-
tions are made.

First, the array E(7,6,1) becomes E(7,6,2) in COMMON BLOCK
FIXIT to allow storage of the new set of correlation factors for
8 = 60°, vj/v, = 8.0, Next, the <c¢orrelation factors for
VJ/V“ = 8.0 and VJ-/V°° = 12,0 are stored in arrays CPFIXEl and
CPFIXE2, respectively. This requires changing the name of DATA
statement CPFIXEl to CPFIXE2 and adding a new DATA statement
CPFIXEl which contains the correlation factors for 8 = 60°,
Vj/V, = 8,0, The array CPFIXE2(7,6) is added to the DIMENSION
statements, and an additional EQUIVALENCE statement; namely,
EQUIVALENCE (E(1,1,2), CPFIXE2(1,1)] 1is required. In this
manner, arrays CPFIXE1l(I,J) and E(I,J,1) contain the correlation
factors for o = 60°, Vj/V°° = 8,0, and arrays CPFIXE2(1,J) and
E(I,J,2) contain those for © 60°, vj/v, = 12.0. Note that the
modification to COMMON BLOCK FIXIT must also be made in subrou-
tine FIX.
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PROGRAM JETBOD

GENERAL DESCRIPTION

The computer code, JETBOD, described in this section has
application as an engineering prediction method for subsonic jets
exhausting normally from the surface of a body at zero degrees
angle of attack into a subsonic free stream (figure 19). This
code, in conjunction with a panel code, provides a means to pre-
dict jet-induced pressures on a body in the vicinity of the
jet. The methods incorporated in these codes are described in
detail in reference 2,

The code consists of a main program, JETBOD, and 17 subrou-
tines, The subroutine calling sequence for program JETBOD is
shown in figure 20 where the general relationship between the
subroutines and external references is 1illustrated. The main
program, JETBOD, acts as an executive routine and directs the
flow of the computation between the various program components.
A cross reference table for the calling relationship between the
program subroutines and the external references is shown in
figure 21, and a similar table for the common blocks is shown in
figure 22,

A modified version of the XYZ Potential Flow Program is used
to model to the body geometry. This version is comprised of five
separate programs; GENBOD, PFP1, PF2, PFP3, and PFP4. Details of
the makeup and use of these programs is given in references 9 and
10.

The programs are written in standard FORTRAN language for
use on a VAX 11/780 computer. Operation requires ten (10) logi-
cal units in addition to the wusual input and output units.
Execution time on the same computer for a typical case is of the
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order of twenty (20) to thirty (30) minutes. Execution time
depends on mary factors such as the number of body panels, the
number of points describing the jet centerline, and the number of
panels used for the jet blockage model.

SUBROUTINE DESCRIPTIONS

The main program and the subroutines are briefly described
in this section to provide a 1list of the contents of Program
JETBOD.

JETBOD Executive program for calculating (in conjunction with
a panel code) the pressure distribution on a body of
revolution induced by a jet exhausting from the body.

CLPT Subroutine for setting up jet centerline quantities and
their derivatives.

CNRPT Executive routine for determining coordinates of corner
points of quadrilateral panels.

DELCP BLOCK DATA subroutine which contains the viscous corre-
lation factors for a jet exhausting from a body of
revolution. The factors are contained in data state~-
ments for jet-exit to free-stream velocity ratios 1.96
and 3.43 and are presented as a function of the axial
distance from the jet center (x/D = -7.0, -5.9, =5.1,
-4|2' -3.0' "2-0’ -105, -100' 1.0' 1.5' 200, 3o0’ 402'
5.1, 5.9, 7.0) and circumferential angle (FHI = O,
l.25, 2.5, 3.75, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5,
20,0, 22.5, 25.0 degrees).

ENTRAN Subroutine to <calculate entrainment model induced
velocities at the body control points using the
empirical method of Yeh (European Space Research
Organization TT-159, May 1975).

FIX Subroutine for obtaining the viscous correlation fac-
tors by interpolating in the tables presented in BLOCK
DATA subroutine DELCP.

INRAD Subroutine for determining radius of c¢urvature and
center of curvature of jet centerline.

INVER2 Subroutine to solve simultaneous equations.
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JET Subroutine to input and print out jet parameters, jet
centerline coordinates, s3d radius distribution.

JETBLK Executive routine to input jet blockage model informa-
tion and set up jet blockage model gaometry.

JGEOM Su..routine which organizes calls to various subroutines
to obtain the jet blockage model geometry.

OCPON Subroutine for determining coordinates of control
points on each quadrilateral panel.

SADIF Subroutine for determining XCLR and 2ZCLR centerline
coordinates correspending to centerline distance S0 by
interpolating in the jet centerline coordinate table,

SIMP] Simpson Rule integration routine,

SINTGX Function used in conjunction with a Simpson Rule inte-
gration routine to calculate the x-component of
velocity induced at the body control points by the jet
entrainment model,

SINTGY Function used in conjunction with a Simpson Rule inte-
gration routine to caluclate the y-component of veloc-
ity induced at the body control points by the jet
entrainment model.

SINTGZ Function used in conjunction with a Simpson Rule inte-
gration routine to caiculate the z-component of veloc-
ity induced at the body control points by the jet
entrainment model.

TMXSR Subroutine for determining coordinates of corner points
of each guadrilateral panel.

INPUT DESCRIPTION

The purpose of this section is to describe the input to
program JETBOC and to the various programs comprising the panel
code, The input formats for program JETBOD are shown in
figure 23. The input descriptions for the five programs making
up the panel code follow that for Program JETBOD and are shown in
figures 24 through 26. The definitions of the individual varia-
bles are provided in the following paragraphs. The order follows
that shown in figures 23 through 26 where the input format for
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each item and the location of each variable on each card is pre-
sented, Data input in I-format are right justified in the fields
and data input in F-format may be placed anywhere in the field
and must include a decimal point. Note that many length parame-
ters in the input 1list are dimensional variables; therefore,
special care must be taken that all lengths and areas are input
in a consistent set of units,

Provided at the end of this section are instructions for
setting up input for the jet centerline shape, spreading rate,
and blockage model. Also included are instructions for modeling
the body from which the jet is exhausting. These instructions
coupled with a sample case in a later gection make it simple for
the user to set up the input for a typical case of a jet exhaust-
ing from a body into a crossflow.

Program JETBOD

Item 1 is a single card containing three integers, each
right justified in a five-column field.

Item Variable Description
1 NHEAD number of header cards to be input in
Item 2
NJET number of jets (NJET=1)
NFIX =], field point coordinates and associated

pressure coefficients (calculated in
panel code) are input via unit 25, and
(aC.) correlation factors are
addgdvtgcggg pressure coefficients

=0, calculate jet entrainment model
induced velocities at body control
points (NVEL = 1 in Item 5) or deter-
mine jet blockage model geometry
(NVEL = 2 in Item 5)



Item 2 is a series of NHEAD cards containing hollerith
information identifying the run., The information is reproduced
in the output just as it is input,

Item Variable Description
2 TITLE NHEAD lines of information to be printed

at the top of the first page of output

Items 3 and 4 contain jet geometry information. 1Item 3 is a
single card and Item 4 is a set of NCYL(J! cards. The body and
jet coordinate systems are shown in figure 19 and information

regarding jet centerline shape and jet spreading rate is given
following this section.

Omit Items 3 and 4 if NFIX = 1

Item variable Description
3 GAM (J) ratio of jet-exit to free-stream veloc-
ity
X0(J), YO(J), coordinates of the origin of the jet in
20(J) the body coordinate system, figure 19
THETA(J,1) inclination angle of ij»:t at exit plane,

measured in the plane of free-stream
flow, deg; THETA(J,l1) = 0.0

NCYL(J) number of entries in centerline table
describing the jet in Item 4

4 XCLR(J,N), coordinates of the jet centerline in
YCLR(J,N), jet ~oordinate system
2ZCLR(J,N)
AJET(J,N) dimensional radius of jet along the
centerline

Item 5 is a single card containing the jet exit radius, and
is included only if NFIX = 1. Omit Item 5 if NFIX = 0.
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Item

Vvariable

AJET(J,1)

Description

jet exit radius, dimensiomnal

Items 6 is a single card containing the number of body con-

trol points and input, output, and calculation options.

Item

6

variable

NP

NVEL

NSAVE

NOUTA

NOUTB

NOUTD

NFPTS

NCPBOD

Description

number of body control points at which
jet entrainment model induced velocities
or viscous correlation factors are to be
calculated

velocity calculation options:

=1,

entrainment model velocity calcula-
tion only
blockage model corner points stored
on unit 1

jet entrainment model induced
velocities stored on unit 10
above quantities not saved

output quadrilateral panel corner
points
above quantities not output

output quadrilateral panel control
points
above quantities not output

output individual entrainment model
induced velocities
above quantities not output

field point input option:

input control point coordinates via
unit 5
input control point coordinates via
unit 3

all jet-induced velocities calcu-
lated by prediction method
velocities at "N" blockage model
control points are set equal to
zero
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Item 7 is a set of NP cards, each of which contains the
coordinates of a body control point in the body coordinate sys-
tem., In the version of the panel c¢ode used here, these
coordinates are calculated in the panel code, written to unit 3,
and are input to program JETBOD via unit 3 (NFPTS = 1 in Item 5).

Omit Item 7 if NFIX = 1 or NP = 0.

Item variable Description
7 XP(J), YP(J), body control points at which jet
ZP(J) entrainment model induced velocities are

to be calculated

Jtem 8 contains the body control points and the correspond-
ing pressure coefficients calculated in the panel code. This
information in written to unit 25 in the panel code and is input
to program JETBOD wvia this same unit., Item 8 is included only
when NFIX = 1 in Item 1.

Omit Itemt 8 if NFIX = 0 or NP = O,

Item variable Description
8 XP(J), YP(J), body control points and corresponding
ZP(J), CP(J) pressure coefficients calculated in

panel code

Item 9 is a single card containing the number of the first
and last blockage model control points. The entrainment model
induced velocities (NVEL = 1) are set equal to 0.0 at these
points.

Omit Item 9 if NCPBOD = 0 or NVEL = 2,

Item Variable Description
9 NFRST first and last blockage model control
NLAST points at which jet entrainment model

induced velocities are to be specified
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Items 10 and 11 contain input for the jet blockage model,

The jet is divided along its axis into NDS major sections, each
of which is divided into NDSI segments (see figure 9). The
blockage model panels each subtend an angle of 360/NPHI degrees
and the orientation of the front panel with respect to the free-
stream direction is given by PHIO. It is recommended that PHIO
be set equal to 0°., The dimensional panel length (along the jet
axis) for each segment within a given section is given by DSI.
It is recommended that NDS, NDSI, and DSI be such that the length
of blockage model is about the same as the length of the jet as
given by the jet centerline input (Item 4). It is also recom-
mended that DSI be equal to r, (jet exit radius) or less for
sections close to the jet exit and greater than r, for sections
farther from the jet exit.

Omit Items 10 and 11 if NVEL = 1 or NFIX = 1.

Item Variable Description

10 NPHI(NJ) number of circumferential segments into
which jet cross-section is divided

NDS (NJ) number of major sections along Jjet
centerline into which the jet is divided
(1 < NDS < 5)

NDSI(NJ,NK) number of segments along jet centerline
into which each section 1is divided;
NK = 1, NDS(NJ)

11 PHIO(NJ) orientation angle of front panel,
0° recommended

DSI(NJ,NK) panel length (longitudinal) of the seg-
ments within each section;
NK = 1, NDS(NJ)

Program_GENBOD

Item 1 is a single card containing one integer right justi-
fied in a five-column field.
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Item variable Descriptionn

1 NHEAD number of header cards to be input in
Item 2

Item 2 is a series of NHEAD cards containing hollerith
information identifying the run. This information is reproduced
in the output just as it is input.

Item Variable Description
2 TITLE NHEAD lires of information to be printed

at the top of the first page of output

Items 3 through 1] contain infcrmation for determining body

panels which are used to model the body shape. Refer to refer-
ence 9 and to the section entitled INPUT PREPARATION for instruc-
tions on laying out panels ko avdel the body. Item 3 is a single
card containing two integers, each right justified in a five
column field.

Item variable Description
3 " NSECTS number of body sections on the body of
revolution, information to be input via
unit 5
NSECT] =1, Jjet blockage model c¢orner points

are input via unit 1

Items 4 through 9 are repeated for each body section (i.e.,
NSECT5 number of times).

Item Variable Description
4 NXSTAT number of axial stations in the given
section
NEXTRA number of extra corner points input via
unit 5
VN normal component of velocity at the body

surface, VN = 0.0
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Items 5 though 8 are repeated NXSTAT times.

Item Variable Description

5 NEWTH =0, 0 distribution for this axial sta-
tion is the same as that for the
previous axial station

=1, new © distribution to be input in
Items 6, 7, and 8

NI axial station index
XN, RN x coordinate (in body coordinate system,

see figure 19) and body radius at given
axial statior

Items 6, 7, and 8 contain information for specifying the

circumferential angle (o) distribution for the given body sec-
tion. The angle o is equal to 0° along the positive z-axis with
a positive rotation in the negative y-axis direction.

Omit Items 6, 7, and 8 if NEWTH = 0.

Item Variable Description

6 NTHET =0, input © (circumferential angle)
information in Item 7
=1, number of © values input in Item 8

MSTART starting M-index for corners calculated
from this © distribution

Omit Item 7 if NTHET > O.

Item variable Description
7 THFRST starting value of 0, degrees
THLAST final value of ©, degrees
DELTH © increment, degrees
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Omit Item 8 if NTHET = 0.

Item Variable Description
8 THET(1I) specified values for o, degrees

(I = 1, NTHET)

Item 9 is a set of NEXTRA cards. Omit Item 9 if NEXTRA = 0.

Item Variable Description
9 NI, MI axial and circumferential corner indices
X,Y,2 panel corner coordinates in body coordi-

nate system

Items 10 and 11 are repeated NSECT1 times and are input via

unit 1, This input contains jet blockage model corner point

information as determined in Program JETBOD.

Omit Items 10 and 11 if NSECT1 = 0

Item Variable Description
10 " NPTS number of points to be input in Item 11
11 X(J3),Y(J), jet blockage model corner coordinates
2(J3) in body coordinate system
NI, MI axial and circumferential panel indices

for the given corner coordinate

Item 12 cintains flow condition information. Program JETBOD

will presently handle zero angle of attack only.

Item Variable Description
12 VX1, VYI, components of the first onset flow in
VZ1 the body coordinate system (u/Ve,,v/Vgr

w/V,); VXI = -1.0, VI = 0.0, VZI = 0.0
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Program PFP]

Item 1 is a single card containing holierith information
identifying the run.

Item Variable Description
1 TITLE single line of information to be printed

at the top of the first page of output

Item 2 contains parameters pertaining to the body geometry
and flow conditions, and input and output options.

Item Variable Description
2 NOE number of quadrilateral elements to be

specified by the point cards. The maxi-
mum value permitted for NOE is 650,

NSE number of sections used

MIX maximum number of iterations to be per-
formed for the x flow. A smaller number
of iterations will be performed if the
convergence test is passed

MIY maximum number of iterations for the y
flow
MIZ maximum number of iterations for the =z
flow
ISM number of planes of symmetry
=0, indicates there are no planes of
symmetry
=1, 1indicates that y=0 is a plane of
symmetry

=2, 1indicates that y=0 and =2z=0 are
planes of symmetry

=3, 1indicates that y=0, 2=0, and x=0
are planes of symmetry

EPS convergence criteria used in testing the
convergence of the iterations. (EPS =
.0001)
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Item variable Description
IUCT centroid indicator. If IUCT > O, the
centroid is used in place of the null
point. If IUCT = 0, the null point is
used.
IPS not used in this version of the
IPF program. Set IPS = 0, IPF = 0, and
ISP IsP = 0
IEDITI1 print option for Program PFPl
=0, information for all quadilateral
corner points is output
=1, above output is suppressed
=2, above output is printed only for
quadilaterals with associated warn-
ing messages
IEDIT3 print option for Program PFP3
=0, output convergence information for
each interation
=1, output convergence information for
last iteration only
IEDIT4 print option for Program PFP4
=0, output for the three basic flows is
printed
=1, above output is suppressed, output
for extra flows is printed.
ITAPE corner point input option
=0, panel <corner point information
(Item 3) and additional flows are
input via unit 5
=1, panel corner point information and
first additional flow input via
unit 50
XCENTR reference point (in body coordinate
YCENTR system) from which solid angle is
ZCENTR calculated
Item 3 is a set of NQE cards, each containing information
for corner point the body (and jet blockage model)
surface, This information is input via unit 50 if ITAPE = 1,

Note that all point cards for one section must be together, but
within the section they may be input in any order.
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Item vVariable Description

3 XI,YI,21I Xx-, y-, and z-coordinate of the corner
point in the body coordinate system
NI N index of the point. NI < 71
M1 M index of the point. MI < 41
NS Section identification number, Any

positive integer from 1 to 9999 may be
used. In general each section should
have a unique section number. However,
two sections can have the same number if
they are separated by another section,

NE Change incdicator for the direction of
the normal vector, When NE on the first
card of a section is not blank or zero,
NI and MI are interchanged for that
section to change the direction of the
normal vector. on other cards NE is
ignored.

VN Normal component of the velocity at the
body surface, VN = 0,0 for the problem
of interest. The value of VN from the
first card in a section is used for the
entire section.

Item 4 contains up to 18 additional flows, each given by the
components of the free-stream velocity. Item 4 is replaced with
a blank card in this version of PFPl.

Item variable Description
4 VXI,VYI,YZ21 components of free-stream flow (u/v_,

v/Vg,, W/V_,), to be replaced with a blank
card in this version of PFP1l

Program PF2

There is no required user-supplied input to Program PF2.
Geometry information (determined in PFPl) is read from units 3
and 4 and is used to calculate the influence coefficient matrix
for the body panels.
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Program_ PFP3

Item 1 is a single card containing two integers, each right

justified

Item

1

in a four column field.
variable Description
IJET =1, jet entrainment model induced

velocities at body control points
are input via unit 10

IEDIT3 print option
=0, output convergence information for
each iteration
=1, output convergence information for
last iteration only

Program PFP4

Item 1 contains input, output, and calculation options.

Item

1

Omit Item

Item

variable Description
IJET =1, Jjet entrainment model induced

velocities are input via unit 10

IEDIT4 print option
=0, output for the three basic flows is
printed

=], above output is suppressed, output
for extra flows is printed

IFLOW >0, calculate velocities and pressures
for additional flows to be input in
Item 2

=0, velocities and pressures are calcu-
lated for the three basic flows

IFORCE not used in this version of Program
PFP4, set IFCORCE = 0

2 if IFLOW = O,

variable Description

u(n),v(rny, components of free-~-stream velocity for
W(TI) each additional onset flow

-47-



INPUT PREPARATION

In this section, the individual flow models of the jet model
are described briefly and instructions on correctly specifying
input for each of the models are given. The previous section on
the input description must be used to understand the individual
variables which go into JETBOD, and this section will permit the
user to select the appropriate input to achieve maximum success
with the code. Also included are some notes on modeling the body
of revolution.

Jet Centerline Model

The path of the jet centerline is specified using an empiri-
cal relation developed by Viehweger (reference 11). This rela-
tion, obtained by correlating results for a low pressure jet with
a short potential core exhausting from a body of revolution, is
written as

5

xj/D = 1.727(zj/D /qw/qj)z'6 (6)

For practical purposes, the assumption is made that /q,/qj is
approximately equal to V,/Vj. Figure 27 shows centerline shapes

for velocity ratios 1.96 and 3.43 as given by equation (6).

Jet Blockage Model

Blockage effects of the jet were obtained by modeling the
jet surface as an integral part of the body of revolution
model. In this manner, the mutual interference effects between
the jet surface and the body are accounted for simultaneously.
With respect to the panel layout in the region of the body/jet
intersection, the edges of the body panels are matched to the
edges of the jet surface panels, thereby providing a smooth
transition from the cvlinder surface to the jet surface.
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Jet Entrainment Model

Jet entrainment effects are modeled using the empirical
method of Yeh, which is described in detail in reference 4.
Although this method was developed for a jet exhausting from a
flat plate, lack of an available entrainment model for a jet
exhaustinc from a body of revolution necessitated the use of a
flat plate model. The entrainment-induced velocities are
included with the jet blockage model induced velocities in the
boundary condition on the body surface. The entrainment induced
velocities are not included in the boundary conditions on the jet
surface. Refer to the discussion of the entrainment model for
the flat plate case for details concerning input preparation.

Jet Spreading Rate

The spreading rate for a jet exhausting from a body of revo-
lution is calculated using the same method used for the flat
plate (see previous discussion for flat plate model). Once
again, lack of spreading rate data or theory for a jet exhausting
from a body of revolution necessitated the use of a flat plate
method.

A series of expansion rate curves corresponding to a poten-
tial core length of 1.5 jet diameters is shown in figure 28. The
vj/v. = 1,96 and 3.43 curves were obtained by extrapolating the
Vj/V_ = 4, 6, and 8 expansion curves using information from
figure 29. This figures present (t/D),., versus Vj/V_ where
(t/D)max is the value of t/D at Sa/R = 20. This curve is uti-
lized in the same fashion as outlined in the section on jets

exhausting from a flat plate.

Body of Revolution Model

The panel code used to model the body of revolution geometry
(reference 9 and 10) approximates the surface of the body by a
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set cf plane quadrilaterals. Certain restrictions which apply to
the manner in which these quadrilaterals are arranged on the body
are noted in this section,

The quadrilaterals are organized in groups of four about a
common corner point as shown in figure 30; therefore, there must
be an even number of quadrilaterals in both the N and M direc-
tions in each of the sections of the body. Corner point number-
ing for quadrilaterals 1, 2, 3, and 4 is also shown in figure 30.

The sides between quadrilaterals are used to define the
quadrilateral coordinate systems and serve as the axis of rota-
tion when the surface is flattened to facilitate the numerical
differentiation of the velocity. Thus, the common corner point
of a group of four quadrilaterals must not coincide with any
other corner point. A third restriction is that each set of four
quadrilaterals must have at least seven disti..ct corner points to
allow a curved surface to be fitted to the points; therefore,
only two of the four quadrilaterals may degenerate into triangles
by having two of their corner points coincide.

The last restriction also is a result of the way the curved
surface is fitted to the points. The angie between the normal
vectors of two quadrilaterals in a group of four must be less
than 90° and preferably less than 45°, If a sharp edge is
required the input should be arranged so that the edge is along
the boundary of the groups of four and not through the center.

CALCULATION PROCEDURE

The pressure distribution induced on a body of revolution by
a jet issuing normally from the surface of the body is obtained
using Program JETBOD in conjunction with a mcdified version of
the XYZ Potential Flow Code. Program JETBOD is used to obtain
the jet blockage model corner points and the jet entrainment
model induced velocities, and to add the viscous correlation
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factors to pressure coefficients calculated by the potential flow
code. The XYZ Potential Flow Code is used to generate the body
of revolution geometry, to combine the body and jet geometries,
and to calculate potential pressure coefficients at the body
control points. Program JETBOD and the various programs making
up the potential flow code are run in sequence with information
passed from one program to another via logical units. The basic
calculation procedure is shown in figure 31 and is described in
detail below.

The first step in the calculation procedure is the calcula-
tion of the jet blockage model corner points in Program JETBOD.
For this calculation, the user sets NVEL = 2 in order for the
corner points to be written to unit 1 and NP = 0 to bypass the
field point input. The usual centerline and blockage model input
are included for this calculation. Next, Program GENBOD is used
to generate the body of revolution geometry and to combine the
body geometry with the jet blockage model geometry. The blockage
model corner points are input via unit 1 by setting NSECT1 = 1 in
Item 3 of the GENBOD input. The panel corner points of the
entire configuration are written to unit 50. These points are
read from unit 50 in Program PFPl by setting ITAPE = 1 in Item
2. In this program, the configuration control points are calcu-
lated and written to unit 3,

Program JETBOD is used next to calculate jet entrainment
model induced velocities at the configuration control points,
which are read from unit 3 by setting NFPTS = 1 in Item 6. For
this calculation, NFRST and NLAST, input in Item 9, are required
so that induced velocities are not calculated at blockage model
control points. Also, NSAVE = 1 (Item 6) is required to write
the jet-induced velocities to unit 10, Next, geometry informa-
tion determined in Program PFPl is read from units 3 and 4 in
Program PF2 and is used to obtain the influence coefficient
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matrix for the configuration panels. There is no required user-
supplied input for Program PF2,.

The source distribution over the entire configuration |is
obtained in Program PFP3 using control point information read
from unit 3 and jet entrainment model induced velocities read
from unit 10. The source distribution information and jet-
induced velocities are passed to Program PFP4 and are used to
obtain velocities and pressure coefficients at all body control
points. The user is required to set IJET = 1 in both Program
PFP3 and PFP4 to input velocities via unit 10. The control
points and the associated pressure coefficients are written to
unit 25. This information is read in Program JETBOD from this
same unit by setting NFIX = 1 in Item 1, and the viscous corre-
lation factors are added to the predicted pressures to obtain the
corrected pressure coefficients. The centerline description
input (Item 4) and the blockage model input (Items 10 and 11) are
not required for this calculation.

A special note is made here with respect to the jet entrain-
ment model. Due to a singularity in the entrainment model equa-
tion for Vj/v°° < 2.35 (see Jet Entrainment Model section for the
flat plate), entrainment model induced velocities at body control
points are not calculated for this velocity ratio range. In such
cases Program JETBOD is not run following Program PFPl, and the
user must set IJET = 0 in Program PFP3 and PFP4., Program JETBOD
is then run after Program PFP4 in the same manner as described

above.,

SAMPLE CASE

In this section, a sample case is presented to illustrate
the preparation of input decks for Program JETBOD and the various
programs making up the potential flow code. The sample case is
for a jet with Vj/Vnn = 3,43 exhausting from the cone-cylinder
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configuration of reference 112, shown in figure 32. The
configuration is modeled using a symmetry option of the potential
flow code, which necessitated modeling only one-half of the
jet/body combination., A total of 632 panels are used to model
the configuration; 532 panels on the body and 100 panels on the
jet surface. The jet is divided into 20 circumferential segments
(10 segments per half plane) with panels near the body having an
aspect ratio (height/width) of 3.18. A fine grid on the body is
utilized in the region of the jet in order to get better resolu-
tion of the pressures in that region.

The input decks for the sample case are shown in figure
33. The input deck for the first step in the calculation proce-
dure, i.e., the calculation of the jet blockage model corner
points in Program JETBOD, is shown in figure 33(a). The jet
centerline, given by equation (6) with v’qj/qm = 3.43, is
described using 24 points, and the jet spreading rate is obtained
from figure 28. The blockage model 1is made up of two major
sections; section 1 with two segments of length .32 each, and
section 2 with eight segments of length .64 each. Options to
print out the blockage model corner points and to write these
points to unit 1 are chosen.

The input deck for Program GENBOD is shown in figures 33(b)
and (c). The body is divided into four (4) major sections; the
cone nose, the cylinder ahead of the jet, the cylinder in the
region of the jet, and the cylinder aft of the jet (see figure
32). Information for laying out panels on the body is input via
unit 5 and the option to read the jet blockage model corner
points from unit 1 is chosen.

The input deck for Program PFPl, shown in figure 33(d),
indicates that the total configuration is modeled in five (5)
sections using €32 panels., A maximum of 150 iterations are to be
performed in the determination of the panel source strengths in
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Program PFP3. Options to use the symmetry option of the poten-
tial flow code and to input the configuration panel corner points
via unit 50 are chosen, The option to print corner point
information for all quadrilaterals is chosen also.

Figure 33(e) contains the input deck for calculating the jet
entrainment model induced velocities in Program JETBOD. The jet
centerline description is identical to that shown in
figure 33(a). Options are chosen to input configuration control
points via unit 3, to print out the jet entrainment model induced
velocities and to write these velocitites to unit 10, and to set
these velocities to zero at the jet blockage model control
points. Jet blockage model information is not input for this
run,

Figures 33(f) and (g), each consisting of a single card,
contain the input decks for Programs PFP3 and PFP4, respec-
tively. 1In both decks, IJET = 1 indicates that the jet entrain-
ment model induced velocities are input via unit 10. Figure
33(h) contains the final set of input for Program JETBOD. The
option to read the body control points and their associated pres-
sure coefficients from unit 25 and to add the viscous correlation
factors to these pressure coefficients is chosen. The jet
centerline description and the blockage model information are not
required for this run; however, the initial jet radius is input
in Item 5. Note that the number of control points indicated is
for the body only.

OUTPUT DESCRIPTION

A typical set of output for the case of a jet exhausting
from a body of revolution is described in this section. In gen-
eral, the output quantities are labeled and each is headed with
appropriate descriptive information. The actual output obtained
is determined by the output options selected by the user. The
total output from the sample case, described in a previous sec-
tion, is contained in eight separate sets of output; three sets
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from Program JETBOD, and one set each from Programs GENBOD, PFP1,
PF2, PFP3, and PFP4., For purposes of this description, represen-
tative pages from each of these sets of output are presented in
figures 34 through 41.

The total output from the calculation of the jet blockage
model corner points in Program JETBOD is contained on five pages,
including pages which are continuations of another page. The
first page, shown in figure 34(a), is headed by the title cards
input as Item 2. This is followed by jet input data and some
calculated jet quantities, which include the jet circumference
(P), distance along the jet centerline (SCL), and the 1local
centerline inclination angle (THETA). The middle of this page
contains the output, input, and calculation options. The top of
page 2, shown in ftigure 34(b), contains the blockage model
input. This is followed by the coordinates of the gquadrilateral
panel corner points i, the body coordinate system. This output,
shown in figures 34(p) through (e), 1is obtained by setting
NOUTA = 1 in Item 6.

The cutput from Program GENBOD is contained on 13 pages. At
the top of the first page of output, shown in figure 35(a), are
the title cards input as Item 2. The remainder of this page and
most of the following page [figure 35(b)] contain the body geom-
etry information for Section 1. Information for each section
includes the axial location, body radius, circumferential angles,
and index data as input by the user, and the calculated coordi-
nates for each point. The bottom part of figure 35(b) contains
the first part of the geometry information for Section 2. Pages
3 through 6, not shown in this figure, contain the remainder of
body geometry information for Section 2 and for most of Section
3. The top and middle of page 7, shown in figure 35(c), contain
the last part of the typical geometry information for Section 3
and the additional points input as Item 9., This output is fol-
lowed at the bottom of page 7 by the first part of the geometry
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output for Section 4. The last part of the output for Section 4
is on page 11, figure 35(d), and is followed at the bottom of
this page and on pages 12 and 13 [figures 35(e) and (f)] by the
input data for Section 5.

The output from Program PFPl is contained on 58 pages. The
first page, shown in figure 36(a), is headed by identification
from the program and the title card input by the user as Item
1. The remainder of this page contains input data. Page 2,
figure 36(b), contains geometry information for the quadrilater-
als containing control points 1 through 10. Column 1 contains
the indices and point number identifying the quadrilateral.
Columns 2 through 5 locate the corner points of the quadrilateral
in the body coordinate system, and column 6 indicates the coordi-
nates of the quadrilateral centroid. The variables in the
remaining c¢olumns, which are of 1little interest here, are
described in reference 9 and 10. Geometry information for all
quadrilaterals is printed by setting IEDIT]1 = 0 in Item 2, Note
that the warning message 'LONG THIN QUAD' can result from a point
that is out of position but is in the plane of the quadrilat-
eral. In this case, the quadrilaterals on the cone nose meet the
criteria for this message to be printed even though the points
describing the nose are not in error; therefore, this message
should be ignored here.

The last page containing quadrilateral information, page 57,
is shown in figure 36(c), and contains information for quadri-
laterals representing the jet surface, The message 'INWARD
NORMAL' is printed if a normal vector points toward the origin.
For a point on the body surface, this message could indicate a
quadrilateral that has been defined incorrectly; however, for a
point on the jet surface, this message should be ignored since
the normals for many quadrilaterals on this surface are indeed
pointing toward the origin., The last page of output for Program
PFPl, page 58, is shown in figure 36(d) and contains the flow
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vector input as Item 12 in Program GENBOD. The value of the

solid angle shown on this page should be approximately eqgual to
47,

The total output from the calculation of jet entrainment
model induced velocities in Progrm JETBOD is contained on 12
pages. The first page, shown 1in figure 37(a), contains
information identical to that described above for the blockage
model calculation. The bottom of page 1, all of page 2, and
the top of page 3 contain the configuration control points at
which the jet induced velocities are set to zero. These points
are input by the user in Item 9 and represent the quadrilaterals
which model the jet surface. The remainder of page 3, shown in
figure 37(c), contains the entrainment model induced velocities
at body control points. This output shows the coordinates of the
control points (XB,YB,ZB), the components of velocity induced by
the entrainment model (U/VO,V/VO,W/VO), the total velocity
(VT/VO = /(U/vo) ¢ + (V/VO)z + (W/VO)Z) , and the axial position
(X/D) and circumferential location (PHI, in degrees) of the

control points., Pages 4 through 12 of the output, not shown in
figure 37, contain similar output for the remaining configuration
control points.,

The output from Program PF2 consists of a single page, shown
in figure 38, and contains program identification and the title
card input as Item 1 in Program PFPl.

The total output from Program PFP3 is contained on 12
pages. Page 1, shown in figure 39(a), contains program identifi-
cation, the title card input as Item 1 in Program PFPl, and the
input and print options. Page 2, figure 39(b), shows a partial
list of the jet induced velocities at configuration control
points which are input via unit 10 from Program JETBOD. The end
of this 1list is shown at the top of page 11, figure 39(c). The
remainder of page 11 and all of page 12, shown in figure 39(d),
contain information about the convergence of the iterations for
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computing the source density. A description of this output can
be found in reference 9 and 10.

The total output from Program PFP4 1is contained on 53
pages. Page 1, shown in figure 40(a), contains program identifi-
cation, the title card input as Item 1 in Program PFPl, and the
input, print, and calculation options. Page 2, figure 40(b), is
the first page of output for the X-flow, and contains the coordi-
nates of the control point, the components of velocity and total
velocity at that point, the resulting pressure coefficient, and
the panel source strength and normal velocity at the control
point. The remainder of the output for the X-flow and similar
output for the Y- and Z-flows, not shown in figure 40, are con-
tained on pages 3 through 40. Ths output is obtained by setting
IEDIT4 = 0 in Item 1. Similar output for the additional flow
input as Item 12 in Program PFPl is contained on pages 41 through
53. Page 41 is shown in figure 40(c). Although the option to
print output for all of the flows was chosen for this case, it is
recommended that output for the additional flow only be obtained
by setting IEDIT4 = 1 in Item 1.

The final set of output for the sample case is from Program
JETBOD and is contained on 10 pages. Page 1, shown in figure
41(a), contains run identification input as Item 2, input, out-
put, and calculation options, and jet parameters. The jet cen-
terline description and blockage model information are not
required input for this run and are therefore not printed here.
Page 2, shown in figure 41(b), contains the predicted pressure
coefficients, including viscous correlation factors, at body
control points., Following the title on page 2 is information
identifying the jet-exit to free-stream velocity ratio. Each of
the columns below this information is 1labeled, but a brief
explanation of the printed items follows. The first six columns,
J, X, ¥, 2, X/D, PHI locate the control point in the body coordi-
nate system, The column CP,THEORETICAL is the pressure
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coefficient calculated in the potential flow code, DELTA CP is
the correlation factor obtained in Program JETBOD, and
CP,CORRELATION is the resulting pressure coefficient and is equal
to CP,THEORETICAL + DELTA CP. Pages 3 through 10, not shown in
figure 41, contain the same information for the remaining body
control points.

PROGRAM LIMITATIONS

Program JETBOD was developed (reference 2) using pressure
data from reference 12, which was at that time the only available
source of pressure data for a jet exhausting froma body of revo-
lution. Due to the lack of available data, the present method is
limited to jet velocity ratios less than 4.0 and jet-to-body
diameter ratios less than 0.1. The method is also limited to
jets exhausting normal from the body surface, Additional data
are needed to extend the method to higher jet velocity ratios and
to larger jet-to-body diameter ratios typical of full-scale fan-
in-fuselage configurations.

ERROR MESSAGES AND STOPS

The JETBOD code has internal error messages and two execu-
tion terminations at numbered STOP locations within the pro-
gram, These are described in this section.

The most common message in Program JETBOD is:
VELOCITY RATIO IS OUTSIDE OF RANGE USED IN THE CORRELATION
This message is printed when the jet-exit to free-stream velocity

ratio is less than 1.96 or greater than 3.43. This causes execu-
tion to terminate at STOP 11.
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The other message in the program is:

*k#*% MATRIX IS SINGULAR

This message is printed when the matrix used in the calculation
of the center of curvature of the jet centerline is singular.
This cause execution to terminate at STOP 16,

A summary of the program messages and their descriptions are
given in the following table:

Termination
Message Description

STOP 1 Normal program stop for calculation of jet
blockage model corner points

STOP 2 Normal program stop for calculation of jet
entrainment model induced velocities

STOP 3 Normal program stop for determination of vis-
cous correlation factors

STOP 11 The jet-exit to free-stream velocity ratio is
less than 1.96 or greater than 3.43, Correla-
tion tables are not availabtle for velocity
ratios outside of this range.

STOP 16 The matrix used in the determination of the jet

centerline center of curvature 1is singular,
Check input description of jet centerline in
Item 4.

CORRELATION FACTOR TARLES

In order to make the necessary modifications to Program
JETBOD to include new correlation factor tables, an understanding
of how the correlation factors are stored and defined |is
required. This section is devoted to describing the present
arrangement of the correlation factor tables and the procedure
required to modify these tables or create new ones using new
pressure data.
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General Method

The purpose of the correlation for the body of revolution
case is the same as that for the flat plate case; that is, to
isolate the viscous or nonpotential effects of the jet on the
body. Equations (3) and (5), which apply to the flat plate cor-
relaton, are also applicable to the body of revolution corre-
lation.

In a manner similar to that done for the flat plate case,
(Acp)viscous values are obtained by comparing theoretical pres-
sure coefficients from the potential flow code with experimental
data at chosen ¢ and x/D stations for each Vj/V,. A data base is

set up which consists of a (aC array for each jet veloc-

p)viscous
ity ratio. Linear interpolation is used to determine the corre-
lation factor at any vj/v,, ¢, and x/D values for which correla-

tion curves have not been determined.

Table Arrangement

The viscous correlation factors in Program JETBOD are
defined in data statements in BLOCK DATA subroutine DELCP and are
stored in two-dimensional arrays. These arrays are divided into
groups, each of which corresponds to a jet-exit to free-stream
velocity ratio. Within each group, each separate array contains
correlation factors for a specific range of circumferential
angles. The various arrays and the corresponding jet-exit to
free-stream velocity ratio and range of the circumferential
angle, ¢, are shown below.

Array V;(V“ ¢ _range, degrees
CPFIX1A(I,J) 1.96 0 to 7.5
CPFIX1B(I,J) 1.96 10 to 25
CPFIX2A(I1,J) 3.43 0 to 7.5
CPFIX2B(I,J) 3.43 10 to 25
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The indices I,J associated with each array correspond to the
axial distance from the center of the jet, x/D, and the circum-
ferential angle, ¢, respectively. Program JETBOD is presently
set up for sixteen (16) values of x/D (%7, £5.9, #5.1, % 4.2, 13,
£2, #1.5, #%1), thirteen (13) values of ¢ (0, 1.25, 2.5, 3.75,
5.0, 7.5, 10., 12.5, 15.,0, 17.5, 20., 22.5, 25. degrees), and
two velocity ratios (1.96, 3.43). Each two-dimensional array
contains the correlation factors as a function of x/D and ¢.
These arrays are defined in data statements and are arranged as
shown in Table II., The jet-exit to free-stream velocity ratio
and the ¢ range corresponding to each two-dimensional array are
indicated by comment cards in BLOCK DATA DELCP. For example, the
correlation factors for vj/v, = 1.96 for the range ¢ = 10° to 25°
are found in BLOCK DATA DELCP under the heading

vJ/vo = 1.96, PHI = 10., 12.5,, 15., 17.5, 20., 22.5, 25.

and are contained in the array CPFIX1B, shown below.

Y/V0 = 1,96 , PHI = 10.,12.5,15.,17.5,20.,22.%,25.

DATA CPFIX1B/
1-.008,0.,-.011,-.037,-.122,~.232,~-.25,~.136, .023,.015,.003,-.003,
2.019,.030,.033,.010,
3-.004,.003,-.007,-,027,-.091,-.135,~.13,-.06,.035,.02,.012,.00¢,
4.023,.020,.035,.010,
$-.003,.005,-.605,-.024,-.068,-.087,-.083,-.027,.032,.019,.007,
6.013,.021,.026,.034,.011,
7-.005,0.,-.005,-,015,-.045,-.05,~-.055,-.01,.03,.025,.017,.02,.025,
8.03,.035,.01,
0.,.005,.005,-.018,-.035,-.02,-.035,0.,.02,.03,.025,.023,.025,.03,
1.03%,.008,
20.,.00S,.005,-.013,-.02%,-.015,-.018,.006,.02,.035,.022, .025,
3.02¢,.033,.035,.008,
40.,.005,.008,~.01,-.015,-.01,0.,.012,.015,.035,.02,.028,.03,
5.035,.635,.01/

-62-




The values of (Acp)viscous for ¢ = 10° and x/D = =7.0 to +7.0 are
given in lines 1 and 2, the values for ¢ = 12,5° are given in
lines 3 and 4, and so on.

In a manner similar to that done for the flat plate case, a
three-dimensional array is equivalenced to the two-dimensional
arrays in BLOCK DATA DELCP to simplify the procedure for obtain-
ing viscous correlation factors. The three-dimensional array and
the corresponding vj/v. values are shown below.

Array v;/v.
A(I’J'l) 1.96
A(1,J3,2) 3.43

The indices 1,J,K associated with this array correspond to x/D,
¢, and the Vj/v. value. Due to the manner in which the two-
dimensional arrays are arranged, the A array for J = 1 to 6
(¢ = 0° to 7.5°) is equivalenced to the first two-dimensional
array in each group, and the A array for J = 7 to 13 (¢ = 10° to
25°) is equivalenced to the second, as shown below.

EQUIVALENCE (A(1,1,1),CPFIX1A(1,1)),(A(1,1,2),CPFIX2A(]1,13",
1 (AC1,7,1),CPFIX1B(1,1)),(A(1,7,83,CPFIX2B(1,1))

Modification Procedures

To modify a correlation table or to create a new one, it is
first necessary to obtain theoretical pressures from the poten-~
tial flow model. This requires modeling the jet for the jet-exit
to free-stream velocity ratio of interest as outlined in the
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INPUT DESCRIPTION and INPUT PREPARATION sections, The manner in
which the correlation factors are defined, i.e., at specific x/D
and ¢ values, requires that theoretical pressures be calculated
at plate field points corresponding to the ¢ and x/D values given
in BLOCK DATA DELCP. The theoretical and experimental pressures
are used in conjunction with equation (3) to obtain ACp viscous
for each point, For the case in which a correlation factor table
is being modified; the new aC, values must be averaged with the

P
original ACp values to obtain the updated table. Such a modifi-
cation does not require other changes in the program. For the
case in which a new correlation table is being created, several

programming changes are required, and these are outlined below.

As an example, assume a new set of pressure data for
vj/v, = 2.5 has been acquired. Correlation factor tables
presently do not exist for this jet velocity ratio; therefore,
new correlation tables must be created. As mentioned for the
flat plate case, addition of a correlation factor table requirer
modification of all associated DATA, EQUIVALENCE, and DIMENSION
statements and COMMON [ “CKS, First, the last value in DATA
statement NSETS, which ir .cates the number of correlation tables
(i.e., vj/v_ values), is changed from 2 to 3. 17The new Vi/Va
value is then added to DATA stateme.t VJIJVO such that the vj/v_
values are arranged in a monotonically increasing order. The
original and modified statements are shown below.

Original:

DATA VJVO/1.96,3.43/
DATA NSETS/16,13,2/

Modified:

DATA VJV0/1.96,2.5,3.43/
DATA NSETS/16,13,3/
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These changes indicate that correlation factor tables now exist

for three (3! jet velocity ratios; namely vj/v. = 1.96, 2.5, and
3.43.

Addition of new correlation tables in Program JETBOD also
requires the addition of new two-dimensional arrays and modifica-
tion of the three-dimensional array in which the correlation
factors are stored. The arrays CPFIX3A(1,J) and CPIX3B(I1,J) are
logical choices for new arrays in this case, since CFFIX1A and
CPFIX1B are presently used for Vj/v_ = 1.96 and CPFIX2A and
CPFIX2B are used for Vj/v. = 3,45, The three-dimensional array
A(1,J3,K) is arranged such that the K = 1 array contains correla-
tion factors for the smallest vj/v. value, the K = 2 array for
the next largest vj/v,, and so on. In addition, the two-
dimensional arrays are named such that the number associated with
the array correeponds to the "K" value of the A(I,J,K) array.
For example, CPFIX1A and CPFIX1B correspond to the A(I,J,1)
array. To maintain this consistency in naming arrays, the fol-
lowing modifications are made.

First, the array A(16,13,2) becomes A(16,13,3) in COMMON
BLOCK FIXIT to allow storage of the new set of correlation
factors for Vj/v_ = 2,50, Next, the correlation factors for
Vj/V. = 2,50 are stored in arrays CPFIX2A and CPFIX2B and those
for Vj/v_ = 3.43 are stored in arrays CPFIX3A and CPFIX3B. This
requires changing the names of DATA statements CPFIX2A and
CPFIX2B to CPFIX3A and CPFIX3B, respectively, and adding new DATA
statements CPFIX2A and CPFIX2B which contain the correlation
factors for Vj/v. = 2.50. The arrays CPFIX3A(16,6) and
CPFIX3B(16,7) are added to the DIMENSION statements and
additional FQUIVALFNCE statements, namely,

EOUIVALENCE (A(1,1,3), CPFIX3A(1l,1)), (A(1,7,3), CPFIX3B(1,1))

are required. Note that the modification to COMMON BLOCK FIXIT
must also be made in subroutine FIX.
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Table 1I.

CORRELATION FACTOR TABLE INFORMATION

FOR PROGRAM JETPLT

Initial Jet-Exit of Free-Stream
Inclination Velocity Ratio .
Angle, Deg.
0° 1.0, 1.667, 2.2, 3.33, 3.8,
5.0, 6.1, 7.0, 8,0, 10.0, 12.0
15¢ 3.33, 3.9, 5.0, 6.14, 6.67,
6.94, 8.0, 10.1, 12.0
30° 3-33' 4.0' 501' 6036' 6.67'
8.15, 10.0, 10.87, 12.0
45° 4.0, 5.1, 6.32, 8.17, 10.63, 12.10
60° 12.0
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PROGR#M
JETFLT

l-_JET

| --FORCE

| ==ENTRAN =—===SINTGX ----SaDIF
| | ==SINTGY ----8ADIF
! f~=-SIMF1 —==-=FUN

| --JETBLK ——==UINF

| | ~=JGEQOM -—-—-=CLFT

| | ~=INRAD —~—=TNVEFRZ
| | ==CMNRFT —-——=TMX SR
! | ~=QCFQM

! | --FDIZT

} | ==QwC

| | ——-GaMsLY

| | ==INVERZ

==JETVIN  —-=-=PDIST

| | ——QC

| ==F1x

FROGR&A
EMND

Figure 2.- Subroutine calling sequence for Program JETPLT.
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for Program JETPLT.
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ORIGINAL P/
OF POOR QUALITY

f

]
JT
NDSI(2) = 8 \

DSI(2) = 2.0

X

NDSI(1l) = 2 % ///} DEI(1) = 1.0
< 1
2 1

(a) Side view of the
lower part

Figure 9.- Panel layout for a typical blockage
model panel layout; NDS = 2, NDSI(l) = 2,
NDSI(2) = 8, NPH1 = 20, PHIO = 9°,.
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(b)

Top view of exit plane

Figure 9.- Concluded.
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(a) 6j = 90°, 8 = 0°

Figure 10.- Calculated centerline shapes for a jet exhausting

from a flat plate.
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(b) 6. = 60°, € = 30°

Figure 10.- Concluded.
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Figure 12.- Jet expansion
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(/D) max

0 2.0 4.0 6.0 8.0 10.0

Figure 13.- Maximum jet radius variation with jet
velocity ratio for a jet exhausting from
a flat plate, Sa/R = 20.
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Figure 13.- Continued.
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Figure 13.- Concluded.
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Item

1 2 2
2 WAD = 8.0, THETA = 60 DEG. (DELTAJ = 30 DEG.)
CALCULATION TO OBTAIN NEW CORRELATION FACTORS
3 8.0 0.0 0.0 0.0 60.
4 0.0 0.0 0.0 1.0
346 0.0 200 1.0
.8665 0.0 300 1.0
1.475 0.0 850 1.0
1.736 0.0 1.00 1.05
2173 0.0 1.8 1.13
2.611 0.0 1.5 1.18
3.495 0.0 2.0 1.3
4,39 0.0 2.3 1.43
4.844 0.0 2.7 1.50
3.302 0.0 3.00 1.61
6.230 0.0 3.50 1.78
7.178 0.0 4.00 1.%
8.130 0.0 4.50 2.14
9.149 0.c 3.00 2.3
11.236 0.0 6.00 2.67
12.331 0.0 6.30 2.8
13.464 0.0 7.00 2.%
14,678 0.0 7.0 3.10
13.8% 0.0 8.00 3.3
1712 0.0 8.50 3.35
18.436 0.0 9.00 3.46
5 o1 1 1 1 0
8 7 19
9 0.0 9. 60. 90. 120. 150, 180.
10 1.5 1.6 1.8 2.0 2.4 2.8 3.2 3
4.0 LB 3.0 3.3 6.0 6.9 7.0 7.
8.0 9.0 10.0
11 2 3 2 1 7
12 9.0 A 1.0 .25

(a) Sample case 1

Figure 14.- Sample input decks for Program JETPLT.
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Item

1 I

2 WA = 3.9, THETA = 15 DEG. (DELTAJ = 75 DEG.)
CALCULATION TO OBTAIN PRESSURES (INCLUDING CORRELATION
FACTORS) AT PLATE FIELD POINTS

3 3.9 0.0 0.0 0.0 13.
4 0.000 0.0 0.0 1.0
0.054 0.0 .20 1.0
0.134 0.0 30 1.042
0.272 0.0 1.0 1.113
0.416 0.0 1.3 1.184
0.569 0.0 2.0 1.254
0.917 0.0 3.0 1.3%4
1.340 0.0 4.0 1.534
1.863 0.0 3.0 1.674
2.170 0.0 3.9 1.744
2,512 0.0 6.0 1.846
3.312 0.0 7.0 2.051
4.287 0.0 8.0 2.25%
3.464 0.0 9.0 2.455
6.866 0.0 10, 2.642
8.520 0.0 11, 2.816
9.449 0.0 1.5 2.889
10.450 0.0 12. 2.9%
12.682 0.0 13, 3.079
13.918 0.0 13.5 3.129
5 o 1 1 1 1 0
8 7 19
9 0.0 2. 60, 0. 120. 130.
10 1.5 1.6 1.8 2.0 2.4 2.8
4.0 4.5 3.0 9.9 6.0 6.5
8.0 9.0 10.0
1 o 3 2 1 7
12 9.0 A0 1.0 2,25

(b) Sample case 2

Figure 14.- Continued.
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LS N

W

—
NSO,

2
WA = 8.0, THETA = 0 DEG. (DELTAJ = 90 DEG.)
FORCE AND MOMENT CALCULATION

8.0 0.0 0.0 0.0 2
0.0 0.0 0.0 1.0
001 0.0 1.0 1.16
.008 0.0 2.0 1.3
026 0.0 3.0 1.47
063 0.0 4.0 1.63
J2 0.0 3.9 1.79
21 0.0 6.0 1.95
335 0.0 7.0 2.10
300 0.0 8.0 2.26
J2 0.0 9.0 c.48
977 0.0 10.0 2.0
1.300 0.0 11.0 2.9
1.688 0.0 12.0 3.14
2.146 0.0 13.0 3.39
2.680 0.0 14.0 3.61
3.29% 0.0 15.0 3.86
4.000 0.0 16.0 4.10
4.798 0.0 17.0 L B4
3.695 0.0 18.0 4.99
6.698 0.0 19.0 4.87
o 0 0 0 0 1
0.0 3
3.0 3.0 7.0 9.0 1.0
2 2 2 8
9.0 1.0 2.0

(c) Sample case 3

Figure 14.- Concluded.
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WAD = 8.0, THETA = 60 DEG.

(DELTA) = 30 DEG.)

CALCULATION TO OBTAIN N CORRELATION FACTORS

JET PARAMETERS

XCL
0.00000
0.34600
0.8665¢
1.47500
1.73600
2.17300
2.61100
,48%00
4,29100
4.84400
$.30200
6.23000
7.17800
8.15000
9.14%0

11.23600
12.33100
15.46400
14.63800
15,8560
17.12100
16.43600

OPTIONS...

YCL
0.00r")
0.00 )
0.09000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0000¢
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
£.00000
0.00000
£.00000

0L
0.00000
0.20000
0.50000
0.83000
1.00000
1.25000
1.30000
2.00000
€.50000
2.73000
3.00000
3.50000
4.00000
4.30000
$5.00000
6.00000
6.50000
7.00000
7.50000
8.00000
8.50000
9.00000

EFFECTIVE
VIETAVIN VIETVINF X

4.0000  0.0000
A P
1.00000 6.283
1.00000 6.283
1.00000 6.283
1.00000 6.283
1.05000 6.3
1.13000 7.100
1.18000 7.414
1.31000 8.231
1.43000 8.985
1.50000 9.425
1.61000  10.116

1.78000 11.164
1.96000 12.315

2.14000  13.446
2,31000  14.514
2.67000 16.77%6
2.81000 17.6%
2.96000  18.598
3.10000  19.478
3,200 20.295
3.35000 2.049
3.46000  21.740

NP NVEL NOUTA NOUTB NOUTC NOUTD NFORC

133

0 1

1

1 0

Y 0 NYL
0.0000 0.0000 22
St THETA

0.000  60.000
0.400  60.006
1.000  60.068
1702 60.103
2003 60.IN
2.507  60.25%
3.011  60.3%5
4.027  60.672
5.058  60.972
.57  61.239
6.09%2 61.528
7,146  61.938
8.28  62.485
9.311  63.095
10,428  63.%05
12.742  64.928
13,94 &.6823
15.185  66.5%9
16.461  67.%06
1.7 68.0%7
19.137  68.808
.54 69.182

ENTRAINMENT MODEL INDUCED VELOCITY FIELD IN PLATE COORDINATE SYSTEM

N X8
1 1.50000
2 1.60000
3 1.80000
& 2.00000
5 2.40000
6 2.80000
7 3,20000
8 3.60000
9 4.00000
10 4.50000
11 5.00000
12 5.50000
13 6.00000
14 6.50000
15 7.00000
16 7.50000
17 8.00000
18 9.00000
19 10.00000
P L.zeae
a 1.3
2 1.5%88
P
Figure

Y8 ] ww
0.00000 9,000 0.10326
0.00000  0.00000 0.09716
0.00000 0.00000 -0.00632
0.00000  0.00000 -0.07863
0.00000  0.00000 -0.06602
0.00006  6.00000 -0.05685
0.00000  0.00000 -0.04%5
0.00000  0.00000 0.00433
0.00000  0.00000 0.03985
0.00000  0.00000 0.03531
0.00000  0.00000 -0.03163
0.00000  0.00000 0.028%9
0.00000 0,060 0.02603
0.00000  0.00000 0.02384
0.00000  0.00000 <.021%
0.00000  0.00000 <0.02031
0.00000  0.90000 -0.01087
0.00000  0.00000 0.01645
0.00600  0.00000 -0.014%0
0.7500f  0.00000 -0.10277
0.80000  0.00000 -0.09673
0.90000  0.00000 0.086%4
1.00000  0.00000 -0.07832

(a) Page 1

15.- Output for Sample case 1.
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VAR
0.00900
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-0.0280/
-0.02647
-0.02380
-0.02163

L]
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.80000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

vim
0.10326
0.09716
0.08692
0.07863
0.06602
0.05685
0.04%3
0.04433
0.039%83
0.03331
0.03163
0.028%9
0.02603
0.02384
0.021%
0.02031
0.01887
0.01645
0.01450
0.10654
0.10028
0.0897¢
0.08126

Py



ORIGINAL PACC i o
OF POOR QUALITY BLOCKAGE

(1) JET PARETERS NPHI NS NDS NDS1

20 20 3 2 1 4
PHI(0) 051
9.00 0.40 1.00 2.2

QUADRILATERAL CORNER POINTS
X Y b4
1.9733% 0.15643  0.00000
1.76201  0.45399  0.00000
14421 0.70m1 0.00000
0.907% 0.89101 0.00000
0.31287 0.%8769 0.00000
<0.31287 0.98769  0.00000
<0.907% 0.89101  0.00000
-1.41421  0.70711  0.00000
<1.78201  0.45399 0.00000
10 -1.97538 0.15643 0.00000
1D -1.9793 -0.15644  0.0000C
12 -1.78201 -0.45399 0.00000
13 -1.4421 -0.70711  0.00000
14 -0.%07% -0.89101 0.00000
15 -0.31287 -0.%6769 0.00000
16 0.31287 -0.96769 0.00000 |
17 0.%79% -0.89101  0.00000 q
18 1.41422 -0.70711  0.00000 . |
19 1.78201 -0.453%9  0.00000
20 1.97538 -0.15643  0.00000
2 0.29819 0.15801 -0.96833

WO NS WN

2 047753 0.458% -0.92635
23 -0.05197 0.71423 -0.846%0 :
24 -0.3%787 0.89998 -0.7366! . ‘
35 -0.73928  0.997%64 -0.60746 1
2% -1.12988  0.99764 -0.47170
27 -1.50154  0.899%8 -0.34269 ;
2 -1.81803 0.71423 -0.23315 :
29 -2.048%9 0.438% -0.1339) |
30 -2.17042  0.15801 -0.1126 '
3 -2.17042 -0.15801 -0.1126) .
32 -2.048%9 -0.43856 -0.15391 'i
33 -1.81803 -0.71423 -0.23315 |
M -1.50154 -0.8999% -0.34269
3 -1.1298 -0.99764 -0.4770
3% -0.73928 -0.99764 -0.60746
T -0.36787 -0.8999%8 -0.73662
38 -0.05197 -0.71423 -0.B46%0
39 0.17753 -0.4385 -0.92635
4 0.29%19 -0.15801 -0.5%833
A4 -1.34289  0.16811 -1,997%
Q  -1,3453  0,48786 -1,%0774
3 -1.4%75  0.75%86 -1,73%626
M -1.62794  0.95748 -1.50024
45 -1,78687 1,06138 -1.22277
4  -1,9539 1.06138 -0.93103
211291 0.95748 -0.65357
4 -2.24810 0.75996 -0.41754
09 -2.34632  0.48786 -0.24606
S0 -2.397% 0.16811 -0.15%9
S1 0 -2.397% -0.16811 -0.15%91
S -2.34632 -0.48786 -0.24606
53 -2.24810 -0,79986 -0.41754 |
RO -z.01200 -l ®gE 0.6 i
5
(b) Page 4 |

Figure 15. Continued. ?
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ORIGINAL PAC:

AL
"o

0 -
197 1549528 279187 .31420 F POOR QUALITY VELOCITY COMPONENTS INDUCED BY BLOCKAGE MODEL
188 -15.79980 2.20%4 -3,58146

189 -16.01933 1.42253 -5.04910

10 1613526  0.4%017 ~4.7%6822 N OXP YR 2P UM VA RW
191 16,1352 -0.4%017 -4.76322 1 150 0.0 0.00 0.3835 0.0000 0.0000
192 -16.01932 -1.42253 -5.04920 2 1.60 0.00 0.00 0.347 0.0000 0.0000
193 -17 79880 -2.21%3 -5.58147 3180 0.00 0.00 0.3326 0.0000 0.0000
194 -15.49528 -2.79188 -6.31420 4 200 0.0 0.00 0.247% 0.0000 0.0000
195 -15.13847 -3.0MB2 -7.173%9 S 240 0.00 0.00 0.1254 0.0000 0,000
19 -14.76330 -2.0M482 -8.08130 € 280 0.0 0.00 0.089 0.0000 0.0000
197 -14.40649 -2.79187 -3.M269 7 320 0.00 0.00 0,065 0.0000 0.0000
198 -14.1029% -2.2%4 -9.67542 8 3.60 0.0 0.00 0,057 0.0000 0.0000
199 -13.08244 -1.42253 -10.20779 9 4.00 0.0 0.00 0.0478 (.0000 0.0000
200 -13.76651 -0.4%017 -10.48766 10 4.5 0.0 0.00 0.0398 0.0000 0.0000
201 -15.90121 0.52370 -11.57%2" 11 500 0.0 0.00 0.033 0.0000 0.0000
02 -16.01829 1.51988 -11.271% 12 550 0.00 0.00 0.0204 0.0000 0.0000
03 -16.2009  2.36722 -10.69734 12 6.00 0.00 0.00 0.0259 0.0000 0,000
20 1654751 2.98287 -9.%07%% 14 650 0.0 0.0 0.02% 0.0000 0.0000
05 -16.9785  3.30633 -8.97887 15 7.00 0.00 0.00 0.0207 0.0000 0.0000
06 -17.28673  3.30653 -8.00239 1€ 7.5 .00 0.00 0.0187 0.0000 0.000¢
07 176706 2.98267 -7.073% © 800 0.00 0,00 0.017C 0.0000 0.0060
A8 179535 2.3%722 -6.28371 16 9.00 0.0 0.00 0.0142 0.0000 0.000¢
209 -18.17%628 1.519%5 -5.7097% 19 10.00 0.00 0.00 0.0321 0.0000 0.0000
20 -18.293% 0.52370 -5.40800 2 1,30 0.7 0.00 -0.2152 -1.005 0.0000
A1 -16.293% -0.5237 -5.40800 20 1.3 0.80 0.00 -0.1347 -0.0745 0.0000
22 -18.17628 -1.51%85 -5.7097 2 1.5 0.5 0.00 0.054 0.090 0.0000
23 41795358 -2.%722 -6.283M 22 173 1.00 0.00 0.0758 0.0806 0.0000
A4 -17,64706 -2.98287 -7.07370 4 2.08 1.20 0.00 0.073¢ 0.0588 0.0000
A5 1722673 -3.3653 -8.002%9 25 242 1.40 0,00 0.0629 0.0433 0,000
26 -16.90785 -3.30653 -6.37¢0" % 2.7 1.60 0.00 0.0533 0.0335 0.0000
A7 1654781 -2.98287 -9.%07%6 302 180 0.0 0.0457 0.0270 0.0000
28 -16.20099 -2.36721 -10.6975% 2 346 200 0.00 0,037 0.0225 0.0000
29 -16.01829 -1.51984 -11.27151 2 3% 2.2 0.00 0.0339 0.018 0.0000
20 -15.90121 -0.52370 -11.57325 M 433 250 0.00 0.0293 0.0157 0.0000
A 4% 2.7 0.00 0.025¢ 0.0136 0,000
2 520 3.00 0.00 0.0229 0.0120 0.0000
OUADRILATERAL CONTROL POINTS 33 5.63 3.25 0.00 0.0204 0.0107 0.0000
NoX Y 2 G Pl 3% 6.06 3.50 0.00 0.0184 0.009 0.0000
1 1,028 0.30675 -0.4737 -1,49465 * 650 375 0.00 0.0167 9.0087 0.0000
2 0.83045  0.56347 -0.4432 -1.47935 % 693 4.00 0.00 0.0152 0.0080 0.0000
3 0.4755% 0.80%08 -0.39570 -1,45434 ¥ 779 4.5 0.00 0.0128 0.0068 0.0000
4 0.02842 0.94408 -0.33602 -1.42061 3 8.66 S5.00 0.00 0.0109 0,005 0.0000
S -0.46729 0.99266 -0.26979 -1,38035 ¥ 075 1.3 0.00 -0.0158 0.0298 0.,0000
6 -0.96307 0.M408 -0.20360 -1,3%32 @ 0.80 1.3 0.00 -0.0006 0.0564 0.0000
7 <1410 0.80308 -0.143% -1,28%1 4 0.9 1.5 0.00 0.0166 0.6746 0.0000
8 176571 0.58347 -0.0976 -1.20127 @ 1.00 1.73 0.00 0.0243 2.758 0.0000
9 -1.9%10  0.30675 -0.06663 -1.1%328 120 2.08 0.00 ;.08 0.0665 0.0000
10 -2.072% 0.00000 -0.05630 -1.17540 @ 1,40 2+ 0.00 0.0284 0.0559 0.0000
11 -1.9%410 -0.30675 -0.06663 -1.1938 1% 277 0.00 0.0266 0.0473 0.0000
12 L7657 -0.58347 -0.0%7% 120127 4 180 3.2 0.00 0.0245 0.0406 0.0000
12 -1,41044 -0.80200 -0.143% -1,28981 €7 2.00 3.46 0.00 0.025 0.0354 0.0000
14 0.9 -0.94408 -0.20360 -1, 3% € .25 3.% 0.00 0.0202 0.0304 0.0000
1S -0.46729 -0.95266 -0.26979 -1.30035 9 2.5 4.3 0.00 0.0181 0.0266 0.0000
16 0.02843 -0.94408 -0.33602 -1.42061 S0 275 4% 0.00 0.0163 0.023 0.0000
17 0.47559 -0.80%08 -0.39578 -1.45434 St 3.00 520 0.00 0.0147 0.5212 0.0000
18 0.8304% -0.56347 -0.4432 -1.47935 S2 3.25 S5.63 0.00 0.0134 0.0192 0.0000
19 105828 -0.30675 -0.47%7 -1,49465 53 350 6.06 0.00 0.0121 0.0175 0,000
2 1A% 0.00000 -0.48416 -1,49980 375 65 0.00 0.0111 0.0161 0.0000
2 -0.56542 031814 -1.45008 -1.41840 S5 4.00 693 0.00 0.0101 0.0148 0.0000
2 -0.6%043 0.60513 -1.342 -1.40478 % 4.50 779 0.00 0.0085 0.0128 0.0000
72 -0.88513 0.83289 -1.204% 1,332 $ 5.00 .66 0.00 0.0071 0.0111 0.0000
4 -1.13049  0.97912 -1.01677 1,359 S 0.00 1.5 0.00 -0.0385 0.0056 0.0000
2% -1.40250 1.02950 -0.80824 -1.32%07 % 0.00 1.60 0.00 -0.0506 9.0302 0.0000
G -LETeSE 0,979 -0.5997 -1.28913 £ 000 1.8C 0.00 -0.038 0.051€ 0.00%
O -1921%  0.83289 -0.41174 -1.25195 60 0,00 2.00 0.00 -0.036¢ 0.0575 0,000
2 -2.115  0.60512 -0.2626€ -1.2159
(c) Page 7 (d) Page 11

Figure 15.- Continued.
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128
129

13
132
133

.5
=2.00
-7.50
-8.00
-9.00
=10.00

0.0055 0.0000 0.0000
=0.0048 0.0000 0.0000

-0.0185 0.0000

=0.0235 0.0000 0.0000
=0.0272 0.0000 0.0000
=0.0306 0.0000 9.0000

TOTAL JET INDUCED VELOCITY FICLD IN PLATE COORDINATE SYSTEM

WO NN W -

27

SBLYRBVEY2BIYI

-~
~ -

43

X8
1.50000
1.60000
1,80000
2.00000
2.40000
2.80000
2.20000
3.60000
4.00000
4.500600
$5.00000
$5.50000
6.00000
6.50000
7.00000
7.30000
6.00000
9.00000

10.00000
1.29904
1.38564
1.55885
1.73205
2.07846
2.42487
2.1M28
3.11769
3.46410
3.89711
43313
4.76314
3.1%15
5.62917
6.06218
6.49519
6.92820
7.79423
8.66025
0.75000
0.80000
0.50000
1.00000
1.20000
1.40000
1.60000
1.80000
2.00000
2.23000
2.50400
2.73000
3.00000
3.25000
3.50000
3.75000
4.00000

0.00000
0.00000
0.00060
0.73000
0.80000
0.50000
1.00000
1.20000
1.40000
1.60000
1.80000
2.00000
2.25000
2.30000
2.75000
3.00000
3.23000
3.30900
3.7%0
4.00000
4.50000
3.00000
1.29904
1.38564
1.55685
1.7340%
2.07046
2,247
2.2
3.11769
3.46410
3.8971
433012
4.76314
5.1%15
5.62917
6.062i¢8
6.4%%19
6.92820

i)
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
9.00000
0.00000
0.00060
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

ww A
-0.7190 0.00000
-0,73246  0.00000
-0.743% 0.00000
-0.0%0% 0.00000
-0.94056  0.00000
-0.%775  0.00000
-0.98051 £.00000
-0.98768  0.00000
-0.99210  0.00000
-0.9955  0.00000
-0.99773  0.00000
-0.99916  0.00000
-1.00013  0.00000
-1.00081  0.00000
-1.00129  0.00000
-1.00164  0.00000
-1.00190  0.00000
-1.00222  0.00000
-1.00238  0.00000
-1.31794  -1,03366
-1.20143  0.10092
-1.03111  0.06619
-1.00252  0.05895
-0.99237  0.003
-0.93%0 0,079
-0.9%38  0.01925
-0.9%50  0.01418
-1.00004  0.01082
-1.00134 0.00801
-1.00217  0.00613
-1.00269  0.00482
-1.00304  0.00386
-1.00326  0.00313
-1.00340 0.00257
-1.0048  0.00213
-1.0049  0.00178
-1.00351  0.00125
-1,0045  0.00088
.67 0.02972
-1.09%1 0.00027
-1.06833  0.02407
-1.05282 0.02%82
-1.0%04  0.027%1
-1.02752  0.02166
-1.0247 001679
-1.01913  0.01308
<1.01674  0.01030
-1.00145%  0.00787
-1.01295 0.00%97
-1.01169  0.00464
-1.01069  0.003%65
-1.0097  0.00288
1,006 0.00:28
-1.00060  0.00180
-1.00810  0.00140

(f) Page 13
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W
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0.00000
0.00000
0.00000
0.0000C
0.00000
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0.00000
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0.00000
0.00000
0.0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.60000
0.00600
0.00000
0.00000
0.00000
0.00000
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0.08000
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Figure 15.- Continued.
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AN
0.719%0
0.73246
0.7543
0.83105
0.94058
0.%77%
0.98051
0.98768
0.99210
0.995%
0.99773
0.99916
1.00013
1.00081
1.00129
1.00164
1.001%
1.00222
1.00238
1,674
1.29536
1.03323
1.00425
0.99319
0.9%418
0.99%657
0.99860
1.00009
1.00137
1.00219
1.00270
1.00305
1.00326
1.00341
1.00348
1.00349
1.00351
1.00345
111712
1.09%61
1.06880
1.0532%
1.03640
102173
1.02261
1.01921
1.01679
1.01460
1.0129%
100170
1.01070
1.0098”
1.0091¢
1.00861
1.00C

cP
0.48188
0.463%
0.43104
0.3093%
0.11532
0.06346
0.03860
0.02442
0.01574
0.0088¢
0.00453
0.00168
=0.00027
=0.00162
-0.00239
=0.0032%
-0.00380
=0.00444
=0.00477
-1.80542
-0.67797
=0.06757
-0.00851
0.01358
0.01161
0.00686
0.00280
=0.00019
=0.00274
-0.00438
-0.00542
=0.00611
-0.00654
-0.00682
<0.00697
-0.00699
=0.00704
=0.006%2
-0.2479%
-0.20035
=0.14234
-0.10933
-0.07413
-0.05628
-0.04572
-0.03879
<0.03387
-0.02540
-0.02610
-0.02354
=0.0a3%1
=0.01984
-0.0184¢
=0.01728
-0.01627

M

0.75000
0.80900
0.90000
1.00000
1.20000
1.40000
1.60000
1.80000
2.00000
2.25000
2.30000
2.75000
3.00000
3.25000
3.50000
3.75000
4.00000
4.50000
$5.00000
0.75000
0.80000
.99000
100000
1.20000
1.40000
1.60000
1.80000
2.00000
2.25000
2,50000
2.73000
3.00000
3.23000
3.50000
3.7500¢
4.00000
4.30000
$.00000
0.75000
0.80000
0.50000
1.00000
1.20000
1.40000
1.60000
1.80000
2.00000
2.25000
2.30000
2.75000
3.00000
3.23000
3.5000¢
3.7%000
4.00000



ORIGINAL PACE IS
OF POOR QUALITY

%  4.50000 779423 0.00000 -1.00728  0.00079  0.00000  1.00728  -0.01461  4,50000
5  5.00000  6.66025  0.00000 <1.00663  0.00034  0.00000  1.00663 -0.01330 5,000
S8 0.00000  1.50000  0.00000 15426 -0.09%9  0.00000  1.15802  -0.34100  0.,73000
89 0.00000  1.60000  0.00000 <07 006321 0.00000  1.34245  -0.%0516 0,800
60 0.00000  1.80000  0.00000 L1950 .05  0.00000  1.12006 -0.24%4  0.%0000
61 0.00000 200000  0.00000 S.00M4 .01  0.00000  1.00%1 -0.217%  1.00000
62 0.00000  2,60000  ©.00000 “1.00023 <0008  0.00000  1.08028  -0.16700  1.20000
63 0.00000  2,80000  0.00000 S1.0645%  <0.00731  0.00000  1.064%  -0.13333  1.40000
6 0.00000  3,20000  A,00000 -1.0543  -0.00647  0.00000  1.0545  -0.10875 1,600
65 0.00000  3.60000  0.00000 “1.04522 000609  0.00000  1.04523  -0.08251  1.80000
6  0.00000  4,00000  0.00000 -1.03897  -0.00383  0.00000  1.03899  -0.07M9 2,000
67 0.00000 4,500  0.00000 <1.0306 000551  0.00000  1.03308 -0.06725  2.25000
68 0.00000  5,00000  0.60000 <1.02862  -0.00518  0.00000  1.02863 -0.05809 250006
69 0.00000  5.50000  0.06000 -1.02520  -0.00487  0.00000  1.02521  -0.05105 275000
70 0.00000  6.00000  0.00000 -1.02251  -0.004%9  0.00000  1.02252 -0.04554  3.00000
7 0.00000 650000  0.00000 -1.02035 000435  0.00000  1.020% -0.04113 3,250
72 0.00000 200000  0.00000 -1.01858  -0.00415  0.00000  1.016%9  -0.03753 3,000
72 0.00000  7,50000  0.00000 <.01712  -0.0000  0.00000  1.01713  -0.0M%4  3.75000
24 0.00000  6.00000  0.00%00 -1.0158  -0.00388  0.00000  1.01589  -0.0303  4.00000
75 0.00000  9.00000  0.00000 4.00402  0.00373  0.00000  1.01403  -0.02826  4.50000
7 0.00000  10.00000  0.00000 -1.0123%  -0.0037  0.00000  1.01237 -0.024%  5.0000
T-0.7%000  1.2996¢ 0.00000 4.22125  -0.33%5  0.00000  1.2674  -0.60641  0.75000
7% -0.80000 1,384  0.00000 -1.22006  -0.26446  0.00000  1.24849  -0.55672  0.80000
79 -0.%000  1.5585  0.00000 -.2497 0193 0.00000  1.22040  -0.48837  0.%0000
8  -1.00000  1.73205  0.00000 -1.08426  -0.16004  0.00000  1.19503 -0.42809  1.00000
81 -1.20000 207846  0.00000 SL.4733 002273 0.00000  1.15387  -0.33143  1.20000
82 -1.40000  2.42487  0.00000 -1.01994  -0.00020  0.00000  1.12641  -0.26431  1.40000
8 -1.60000  2.77128  0.00000 -1.09922  -0.08473  0.00000 110268 -0.21%46  1.60000
B -1.80000  3.117%69  0.00000 -1.08327  -0.0700  0.00000  1.08573 -0.17880  1.80000
85 -2.00000  3.46410 000000 -1.079%  -0.06351  0.00000  1.07284 -0.150%  2.00000
8  -2.23000  3.89711  0.00000 -1.05944  -0.05381  0.00000  1.06080 -0.12531  2.25000
87 -2.50000  4.33013 000000 -1.05108  -0.09602  0.00000  1.05208  -0.10686  2.50000
8  -2.75000  4.7%314  0,00000 -1.0M% 003979 0.00000  1.04566 -0.09%1  2,75000
89 -3.00000  5.1915  0.00000 -1.0M023  -0.0384  0.00060  1.04081  -0.0832¢  3.00000
% -3.25000  5.62917 0,600 -1.0%658  -0.030%  0..0000  1.0374  -0.07%46  3.25000
91 -3.50000  6.06228  0.00000 -1.03%65  <0.0277%  0.00000  1.03403 -0.06%2  3.50000
%2 375000 6,499  0.00000 -1.03124 002524  0.00000  1,03155  -0.06409  3.75000
o -4.00000  6.92820  0.00000 -1.02919  -0.023  0.00000  1,02045  0.05977 4,000
9 -4.50000  7.79423  0.00000 -1.02586  -0.020'1  0.00000  1.02806  -0.05279 4,500
% -5.00000  6.66025  0.00000 -1.02317  <.019%20  0.00000  1,02334 -0.04721  5.00000
% -1.29904 075000  0.00000 -0.51325  -0.5)356  0.00000  0.71%04  0.46298  0.75000
9 -1.38564 080000  0.00000 -1.00220 <0553  0.00000  1.14529 -0.32086  0.80000
% -1.55685  0.%000  0.00000 -1.2%000  -0.7:384  0.00000  1.48412 -1.20263  0.90000
9 -1.73205  1.00000  0.00000 41.28403  -0.6AM3  0.00000  1.43895 -1.070%  1.00000
100 -2.0784  1.20000  0.00000 -1.20200 05302  0.00000  1.32400  -0.75297  1.20000
101 -2.42487  1,40000  0.00000 11549 -0.43%4  0.00000  1.23599 -0.52668  1.40000
W2 -27M2  1.60000  0,00000 102082 -0.35842  0.00000 117204  -0.38542  1.60000
103 -3.017%69  1.80000  0.00000 -1.0955  -.3671  0.00000  1.137%4 -0.2M%1  1.80000
104 -3,46410  2,00000  0.00000 -1.07282  -0.2640  0.00000  1.304%2 -0.22085  2.00000
105 -3.89711  2.25000  0.00000 .00 0271 0.00000  1.07677 00634 2.25000
106 -4.3308 250000 0,000 -1.08233  -0.179%  0.00000  1.067%60  -0.13977  2,50000
107 47314 2,75000  0.00000 05175 .17 0.00000  1.06293 -0.12%2  2.73000
108 -5,19%15  3.00000  0.00000 -1.0508°  -0.13529  0.00000  1.099%  -0.1267  3.00000
199 -5.62917  3.23000  0.00000 L0447 912122 0.00000  1.0%44  -0.11607  3.25000
10 -6.06218 350000  0.00000 -1.04008  -0.109%5  0.00000  1.05383 -0.1105%  3.30000
11 6.49519 3,750 0.00000 -1.04683  -0.10084  0.00000  1.05168 -0.10603  3.75000
112 -6.92820  4.00000  0,00000 -1.04557  -0.093%0  0.00000  1.04574  -0.10195  4.00000
13 -7.7%423 4,300  0.00000 -1.04263  0.08242  0.00000  1.04%88 -0.09387  4.50000
14 -8.66025 500000  0.00000 -1.03934  -0.07439  0.00000  1.04200 -0.0857%  5.00000
15 -1.50000  0.00000  0,00000 <0.08041  0.00000  0.00000  0.08041  0.99353  0.75000
16 -1.60000  0.00000  0.00000 -0.0722  0.00000  0.90000  0.07122  0.94%3  0.80000
17 -1.80000  0.00000  3.00000 <0.0429 000000  0.00000  0.0442  0.9904  0.%0000
116 -2.00000  0.00000  0.00000 0.02986  0.00000  0.00000  0.02986  0.9%%11  1.00000
119 -2.40000  0.00000  0,00000 -0.770% 000000  0.00000  0.770%  0.405!  1.20000
i A 2. BL%0 0.0000¢ 0.00000 -(.5800¢ -0.0000) 0.00000 0.9800¢ 0.662%% 1.4000
iz -3.20000 0.0000¢ 0.0000C ~0.84e4) (.00000 0.00000 0.84641 0.2825¢ 1,60000
(g) Page 14

Figure 15.- Continued.
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12
13
124
13
126
127
128
129
1%
131
1%
133

VELOCITY RATIO 1S OUTSIDE OF RANGE USED IN THE CORRELATION FOR THETA = 60.0 DEGREES

=3.60000
=4.00000
=4,50000
~3.00000
=5.%0000
=6.00000
=6.50000
=2.00000
=7.50000
-8.00000
=9.00000

=10,00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000
0.00000
0.00900
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0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Figure 15.- Concluded.
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WAD = 3.9, THETA = 15 DEG. (DELTAV = 75 DEG.)
CALCULATION TO OBTAIN PRESSURES (INCLUDING CORRELATION
FACTORS) AT PLATE FIELD POINTS

EFFECTIVE
JET PRAMETERS  WETVIN VIETAVIN - X0 AL ] NCYL
3.%000 3.7671  0.0000  0.0000  0.0000 2

XL Yo {8 A P SCL THETA
0.00000 0.00000 ©0.00000 1.00000  6.263  0.000 15.000
0.05400 0.00000 0.20000 1.00000 6.283 0.27 15.02
0.13400 0.00000 0.500,0 1.04200  6.547 0518 1517
0.27200  0.00000 1.00000 1.1130

1
1
1

0 6993 1.03% 15.7
0.41600 0.00000 1.50000 1.18400 7.439  1.557  16.540
0.56%00 0.00000 2.00000 1.25400  7.679  2.080 18.101
0.91700  0.00000 3.00000 1.3%400  6.759  3.138  21.0%8

1.34000 0.00000 4.00000 1.53400  9.638 4.2
1.86300  0.00000 5.00000 3.67430 10518 5,353
2,17000  0.00000 35.50000 1.74400 10.958  5.939
2,51200 0.00000 6.00000 1.84600 11.599  6.45
3.31200 0.00000 7.00000 2.05100 12.%8"  7.826
4.28700 0.00000 6.00000 2.25600 14.175 9.2
5.46400  0.00000 9.00000 2.45500 15.425  10.76?
6.86600  0.00000 10.00000 2.64200 16.600  12.489
8.52000 0.00000 11.00000 2.81600 17.693  14.422
9.44%0 0.00000 11.50000 2.88%00 18.152 15.477
10.45000 0.00000 12.00000 2.95600 18.573  16.3%
12,6800 0.00000 13.00000 3.07%00  19.346  19.041
13.91800  0.00000 13.30000 3.12900 19.660 20.375

ARTTBABE2RBIY
SSBEIISEELRER

OPTIONS. ..
NP NVEL NOUTA NOUTB NOUTC NOUTD NFOKC
13 00 1 1 1 1 0

ENTRAINMENT MODEL INDUCED VELOCITY FIELD IN PLATE COORDINATE SYSTEM

N X8 Y8 B wo A ) VAR
1 1.50000  0.00000  0.00000 -0.10867  0.00000  0.00000  0.10867
2 1.60000  0.00000  0.00000 <0.10312 000000  0.00000  0.10312
31,8000  0.00000  0.00000 -0.09370  0.00000  0.00000  0.0837%
& 2.00000  0.00000  0.00000 <.08%98  0.00000  0.00000  0.085%
S 240000  0.00000  0.90000 <0.07399  0.00000  0.00000  0.073%9
€  2.80000  0.00000  0.00000 <0.06%02  0.00000  0.00000  0.06%2
7 3.20000  0.00000  0.00000 -0.0%01  0.00000  0.00000  0.0580!
&  3.60000  0.00000  ©.00000 <0.0523%  0.00000  0.00000  0.052%
9 4.00000  0.00000  0.00000 .00765 000000  0.00000  0.04765

10 45000  0.00000  0.00000 .00277  0.00000  0.00000  0.04277
11 500000  0.00000  0.00000 -0.03871  0.00000  0.00000  0.037

12 5.50000  0.00000  0.00000 <0.02529  0.00000  0.00000 00352
13 6.00000  0.00000  ©.00000 -0.032% 000000  0.00000  0.032%

14 650000  0.00000  0.00000 -0.02982  0.00000  0.00000  0.02962
15 2.00000  0.00000 000000 <0.027%9  0.00000  0.00000  0.02739

16 7.50000  0.00000  ©.00000 <.0262  0.00000  0.00000  0.0232
17 8.00000  0.00000 000000 -0.0288  0.00000  0.00000  0.02388

18 9.00000  0.00000  0.00000 .0209  0.00000  0.00000  0.02%
19 10.00000  0.00000  ©.00000 <0.01M48 000000  0.00000  0.01048

2 1L.29%4  0.7%00  0.00000 ©.10157 003833 0.00000  0.108%
2 1,854 0.80000  0.00000 -0.09%44  -0.03M9  0.00000  0.102%
22 1.5588%  0.%000C  0.0000C -0.08772  -0.0374  0.0000C  0.093%%
23 1L.7320%  1.00000  0.00000 -0.000%  -0.030%  0.00000  0.08632
24 2.07846  1.20000  0.00000 0.06%46  -0.02667  0.00000  0.0744)

(a) Page 1

Figure 16.- Output from Sample case 2.
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ORIGINAL PAGE 1S

OF POOR QUALITY
PREDICTED PRESSURE COEFFICIENTS INDUCED ON A
FLAT PLATE BY A JET ISSUING FROM THE PLATE

WETAVIN = 3.%0
THETA = 15,000 DES
M PLATE COORDINATES P, DELTA CP P,
X8 ] i) THEORETI1CAL CORRELATION

0.750  1.50000  0.00000  0.00000 0.52048 -0.0799% 0.44049
0.800  1.60000  0.00000  0.00000 0.43805 =0.06019 0.39786
0.%0  1.80000  0.00000  0.00000 0.35%05 -0.020% 0.33846
1.000  2.00000  0.00000  0.00000 0.283% 0.01%1 0.30491
1,200  2.40000  0.00000  0.00000 0.168% 002221 0.2119
1,400  2.%2000  0.00000  0.00000 0137 0.02541 0.15¢11
1.600  3.20000  0.00000  0.00000 0.0%3%2 0.0821 0.11%3
1.800  3.60000  0.00000  0.00000 0.06883 0.0246: 0.09344
2.000  4.00000  ©0.00000  0.00000 0.05169 0.02001 0.07470
2.230  4,50000  0.M0000  0.00000 0.03693 0.02276 0.03%3
2,500  5.00000 0.00000  0.00000 9.02683 0.02251 0.049>"
2.7%  5.50000  0.00000 0.00000 0.01967 0.0222¢ 0.04192
3.000  6.00000 0.00000  0.00000 0.01447 0.02201 0.03647
3.250  6.50000  0.00000  0.00600 0.010%9 0.02176 0.0323%
3.50  .00000  0.00000  0.00000 0.00764 0.01151 0.02915
3.7 7.50000 0.00000  0.00000 0.00537 0.02125 0.02662
4.000  8.00000  0.00000  0.00000 0.00238 0.02100 0.02436
4.500  9.00000  0.00000  0.00000 0.00103 0.020%0 0.02153
9.900  10.00000  0.00000 0.00000 =0.00064 0.02000 0.0193%
0.750  1.29%4  0.7300  0.00600 0.13303 -0.01099 0.12404
0.800  1.38%4  0.8000C 9.00000 129 0.00341 0.12638
0.%0  1.55%85  0.%0000 0.00000 0.09687 0.03221 0.12%08
1.000  1.73205  1.00000  0.00000 0.07422 0.06101 0.13523
1.200 2.07846  1.20000  0.00000 0.04162 0.05420 0.09582
1,000 2.42487  1.40000  0.00000 0.02161 0.04740 0.06901
1.600 2.7128  1.60000 0.00000 0.00926 0.04280 0.05206
1.800  3.11769  1.80000  0.00000 0.001%9 0.04040 0.04192
2,000 3.46410 2.00000 0.00000 -0.00326 0.03800 0.03474
.2%  3.89M 2.2%00  0.0000¢ =0.00633 0.0362% 0.02932
2.500  4.33013  2.50000 0.00000 -0.00%00 0.03430 0.02550
2.7 476314 2.75000  0.00000 -0.01015 0.0%27% 0.02260
3.000  5.19%15  3.00000  0.00000 -.01073 0.03100 0.02027
3. 2%  5.62%17  3.25000  0.00000 =0.010% 0.03037 0.01540
3.%0  6.06218  3.50000  0.00000 =0.01101 0.02975 0.01874
3750 6.49%19  3.73000  0.00000 =0.0109 0.02%12 0.01821
4.000  6.92820  4.00060  0.00000 -0.01074 0.02850 0.01776
4,500  7.79423  4.50000  0.00000 -0.01028 0.02725 0.01697
5.000  6.66025  5.00600  0.00000 -0.00978 0.02600 0.01622
0.7%  0.73000 1.29%4  0.00000 -0.76207 0.02701 -0.73506
0.800  0.80000 1.3834  0.00000 -0.66480 0.0331 -0.63179
0.%0  0.%0000 1.55685  0.00000 =0.52543 0.04501 =0.48042
1.060  1.00000 1.73805  0.00000 -0.430%8 0.05701 -0.37397
1,200 3.20000 2.07846  0.00000 -0.312% 0.05380 -0.258%2
1,400  1.40000  2.42467  0.00000 -0.2013 0.03060 -0.1%7%
1.600  1.60000 2.77128  0.00000 -0.19442 0.04280 -0.15162
1,800  1.80000 3.11765  0.00000 <.16122 0.0%040 -0.1%082
2,000  2.00000  3.46410  0.00000 -0.13639 0.01800 -0.11839
2.2%  2.25000 3.89Mm1 0.00000 -0.113%% 0.0i730 -0.09609
2,500  2.50000  4.33013  0.00000 -0.09%3 0.01700 -0.0793%
2.7 2.7300 476314 0.00000 -0.u8301 0.0163%0 -0.06631
3.000  3.00000 5.1%15  0.0000) -0.07242 0.01600 -0.0%42
3.230  3.2500  5.62%17  0.00000 -0.06389 0.01473 -0.0494
3.500  3.50000  6.0618  0.00000 -0.05685 0.013%0 -0.04335
.70 373000 649519  0.00000 -0.050% 0.00223 -0.0%873
4,000 4.00000 6.92820 0.00000 -0.04603 £.01100 -0.0%%07
4,500  4.50000 7.79425  0.00000 -0.03818 0.00850 -0.02%¢
2.000  $.00000 8.66025  0.00000 -0.029%2 0.00600 -0.02382

(b) Page 16

Figure 16.- Continued.
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0.7%
0.800
0.%00
1.000
‘.m
1.400
1.600
1.000
2,000
2.2%
2.300
2.7%
3.000
3.0
3.500
3-”
4,000

5.000
0.7%0
0.80C
0.%0
1,000
1.7
1,400
1.600
1.800
2,000
2.2
2.500
7%
3.000
3.2%
3.500
3.7%
4,000
4.500
3.000
0.7%0
0.800
0.%00
1.000
1.200
1.400
1.600
1.800
2.000
2,250
2.500
2.7%
3.000
3.2%
3.50
3.7%
4,000
4,50
$.000
0.7%
0.800
0.%00
1.000
1.200
1.400
1.800
2.000

ORlG‘n\él‘tL E'll \L.:. n‘}‘
OF POOR QUALITY

S
28
£

=2.73%00
=3.00000
=3.23000
+3.50000
=3.73000
-4.00000
=4.50000
=5.00000
-1.29%04
-1.38%A
~1.5%88%
-1.7320%
=2.0704¢
2. 4497
2.2
=3.11769
=3.46410
-3.8971
-4.3%013
-4.76314
-5.1%15
-5.62917
-.06218
-6.48319
-. 52820
=7.7942%
-8.6602%
=1.50000
=1.60000
=1.80000
~2.00000
=2.40000
=2.80000
=3.20L00
-3.60000
-4.00000

Figure 16.- Continued.
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7.00000
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8.00000
9.
10.00000
1.29%04
1.38564
1.55689
1.73205
2.07846
2,407
2.z
3.11762
3.46410
3.071
43013
4.76314
S.1%15
$.62917
6.06218
6.49319
6.52820
7.79423
8.6602%
0.75000
0.80000
0.50000
1.00000
1.20000
1.40000
1.60000
1.80000
2.00000
2.25%00
2.50000
2.7°9%0
3.00000
3.2%000
3.50000
3.73000
4.00000
4.50000
3.00000
0.00000
0.00000
0.00060
0.00000
0.60000
0.9000"
0.0000(
0.0000¢
0.00000

(c)
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S8=288
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0.0000¢

-1.36328
1. 3697
-1.0820%
<.mn
-0.62667
.4y
0. 374%
-0. 351
«0.25529
=0.20%03
.174%
-0.14897
-0.12861
.12
-0.09%9%
-0.087%
<0.0772
=0.06412
-0.05322
=1.497%)
-1,2957
-1.00347
-0.00515
=0.53%80
<0.41001
-0.327%
-0.26635
-0.22227
-0.182%
=0.15%7
-0.13081
-0.1133%
-0.09%29
-0.08773
-0.07807
=0.06%8?
-0.05673
-0.04665
-0.18248
-0.12046
=0.044%4
-0.00589
0.02372
0.03111
0.03189
0.02783
0.02436
0.02047
0.01745
0.01526
0.01374
0.91274
0.01207
0.611%2
0.011%
0.0m2%7
0.01369
0.82063
0.77%9
0.67526
0.58712
04273
0.36063
0.2845¢
0.243%
0.20850
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180.00
160.00
180.00
180.00
180.00
180.00
180.00
180.00
180.00
160.0¢

2.2%
2,500
270
3.000
3.2%
3.500
3.7%
4.000
4.500
9.000

~4,50000
=5.00000
=5.30000
=6.00000
-6.50000
=7.00000
=7.500
=8.00900
=9.00000
~10.00000

Figure 16.- Concluded.

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

ORIGINAL PAGE (5
OF PCOR QUALITY

0.00000 0.1740%
0.00000 0.1408)
0.00000 0.129%
0.00000 0.113%
0.00000 0.13434
0.00000 0.0%5%1
0.00000 0.00874
0.00000 0.08332
0.00000 0.97%62
0.00000 0.07087

(d) Page 18
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0.29435
<.24%2
<0.10658
0.1253%
-0.12266
“0.11739
<0.11026
=0.10168
<0.08136
-0.0%81:2



ORIGINX). |
VA0 = 8.0, THETA = 0 DEG. (DELTAJ = 90 DEG.) . o
FORCE M0 MOENT CALOLATION OF POGR QUALITY

EFFECTIVE
JO PAAETERS  WETNVIN VIETAVIN - X0 Y0 0 NOYL
8.0000  6.0000 0.0000 0.0000 0.P300 20

XL \[° 0 A 4 SCL THTA
0.00000 0.00000 ©0.00000 1.00000  6.203  0.000 0.000
0.0010C  0.00000 1.0000C 1.16000 7.8 1,000 0.229
0.00800  0.00000 2.00000 1.32000 8.2%4 2.000 0.7¢
0.0260C  0.00000 3.00000 1.47000  9.2%  3.000 1.575
0.06300 0.00000 4.00000 1.63000 10.242  4.001 2.748
0.12200  0.00000 5.00000 1.7%000 11.247  5.003 4.2%1
0.21100 0.00000 6.00000 1.95000 12.2%2  6.007  6.477
0.335¢C  0.00000 7.00000 2.10000 13.1%5  7.004  B.219
0.5000C  0.00000 ©.00000 2.26000  14.200 0.028  10.689
0.7:200  0.00000 9.00000 2.48000 15.962  9.0%0  13.4c6
0.97700  0.00000 10.0500C 2.70000  16.%5  10.084  16.37
1.30500  0.00000 11.00000 2.%1000 18.284 11,135 19.5%
Lol 0.00000 12.00000 :.14000 18720 12,206  22.%07
2.04600  0.50000 13.00000 3.3%00 21.300 13.%8
2.60000 0.00000 14.3C000 3.61000 22.682 14.442
3.29%00  0.00000 15.00000 = #8000  24.253  15.616
4.90000  0.00000 16.00000 4.10000 25.761  16.839
479800 0.00000 17.00000 4.32000 27.143  18.118
S.69500  0.0000¢ 16.00000 4.5%00 28.040  1°.462
6.69800  0.00000 19.00000 4.8700C 30.5%9 20.87%

as2RBUR
FS2BEEY

FORCE ANC MOMENT CALCLATION INPUT
BETAL = 30.00 DEGRESC

RO = 3.000 S.000 7.000 5.000 1:.000

PRESSURES ARE CALCULATED AT THE FOLLOWING R/D POSITIONS TO
O0BTAIN THE PREDICTED NORMAL-FORCE AND FITCHING-MOMENT
COEFFICIENTS:

1.0000¢  2.00000 3.00000 4.00000 5.00000

PLATE RALIGE = 5,500 JET DIAMETERS

PTG,
NP NVEL NOUTA NOUTE NOUTC NOUTD NFORC
3 0 0 0 0 0 1

(a) Page 1

Figure 17.- Output for Sample case 3.
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BLOCKAGE MODEL
(1) JET PARAMETERS NPHI
2
PHI(0)
9.00

NS NDS
200 2

NDSI

2 8
D!
1.00 2.00

TOTAL JET INDUCED VELOCITY FIELD IN PLATE COORDINATE SYSTEM

PAD GO N O A e N e

X8
1.9318¢
3.86370
5.7955¢
7.7074)
9.65926
1441
2.62843
4,.24264
S.65685
70710
0.51764
1.0352¢
1.55291
2.0705%
2.56819

=0.51764
-1.03528
-1.55291
=2.07055
-2.98€12
-1.41421
-2.8284:
-4.24284
=5.6568%
=7.07107
-1.9318%
-3.86370
-5.79%%¢
-7.72741
-9.6592¢

(]
0.51764
103528
1.55291
2.0703%
2.56819
1.41421
2.82843
4.24264
S.65685
2.0707
1.93185
3.86370
35.795%
7.72741
9.65926
1.93189
3.86370
3.79556
7.7274)
9.65926
1.4421
2.8284%
4.24264
9.65685
7.07107
0.51764
1.03528
1.55231
2.07055
2.98819

28
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0000¢
0.0000¢
0.0000¢
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

ORIGINAL PAGE
OF POOR QUALITY

WA Ao
09707  0.12080
-1.05%9 00617
-1.04376 0.00968
-1.03321 0.00440
-1.02552 0.00216
-1.25069  0.20094
-1.12402  0,030%1
-1.0745  0.00457
10543 -0.00211
-1.03980  ~0.00410
146719 -0.03314
14703 -0.0575
10200 0.047%
-1.06789  -0.03873
-1.04856  -0.03164
-1.36143  -0,39191
142332 -0.175%9
-1.066%2  -0.11481
100243 -0,08499
-1.02887  -0.06658
£.95719  -0.51668
0.97293  ~0.20604
0.9%82  -0.129%85
-0.9727  -0.09554
0.9792¢ .07
-0.56992  -0.23804
08023  -0.09223
-0.8%688  -0.05784
©.92010  ~0.04282
-0.92306  -0.03406

(b) Page 2

WA
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0000¢
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0000¢
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.0000"
0.00000
0.00000
0.00000

Figure 17.- Continued.
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P
<0.00873
<0.110%
<0.089%4
<0.06734
-0.05169
=0.60460
-0.26524
-0.16307
<0.11163
-0.0812¢
=1.153%
-0.38870
-0.21662
=0.141%
=0.10048
~1.00709
-0.29269
=0.15149
-0.09389
=0.06301
-0.18316

0.0109%
0.02897
0.03386
0.03543
0.59533
0.28551
0.1%22%
0.151%7
0.12824

R0

1.00000
2.00000
3.00000
4.00000
$.00000
1.00000
2.00000
3.00000
4.0000¢
9.0000°
1.0000¢
2.00000
3.00000
4.00000
$5.00000
1.00000
2.00000
3.00000
4.00000
$.00000
1.00000
2.00000
3.00000
4.00000
S.J0000
1.00000
2.00000
3.0000¢
4.00000
3.00000



ORIGINAL T

OF i:;u..,'x\‘ \¢
PREDICTED PRESSURE COEFFICIENTS INDUCED ON A
FLAT PLATE BY A JET ISSUING FROM THE PLATE
VIETAIN = 8,000
THETA = 0.000 DEG

BETA. WD PLATE COORDINATES (P, DELTA CP cP,
DEGREE X8 L) B THEORETICAL CORRELATION
15.00  1.000  1.93185  0.517%64  0.00000 <0.00873 <0.035%0 -0.04423
15.00 2.000  3.86370  1.0352¢  0.00000 <0.11095 =0.05200 -0.162%5
15.00 3.000  5.793%  1.55291 0.00000 <0.0895¢ =0.04050 -0.13004
15.00 4,000  7.72741 2.07055  0.00000 -0.0674 -0.025%0 <0.09304

15.00  S5.000  9.659%26  2.56819  0.00000 -0.05169 <0.01050 -0.06219
45.00  1.000 1.441 1.41421 0.00000 <0.60460 -0.11800 ~0.72260
45.00  2.000 2.82843  2.82842  0.00000 -0.26524 -0.11600 -0.36124

45,00 3.000 4.24264 4.24264 0.00000 =0.16307 =0.078%0 ~0.24157
45.00 4,000 5.656e5 5.65685 0.0000¢ -0.11162 -0.06125 ~0.1728¢8
45.00  5.000 7.0107 7.07107 0.00000 -0.08120 =0.04400 -0.12520
75.00  1.000 0.51764 1.93185 0.00000 -1.1537%6 =0.301%0 -1.45526

75,00 2.000 1.03528  3.86370  0.00000 =-0.38870 -0.23800 -0.62670
75.00  3.000 1.95291  5.79%%  0.00000 -0.21669 =0.175%0 -0.3929

75.00 4000  2.0755  7.72741  0.00000 <0.14% 0.1%25 -0.27815
700 5000  2.58819  9.659%6  0.00000 -0.10048 -0.08700 0.19748
105.00  1.000 -0.517%4  1.93185  0.00000 -1.00709 -0.43250 -1.439%9
105.00 2.000 -1.03526  3.86370  0.00000 .29269 ~.33900 0.63169
105.00  3.000 -1.55291  5.795%  0.00000 -0.15148 -0.25300 -0.40849
105.00  4.000 -2.07055  7.72741  0.00000 .09389 0.19975 -0.29%64
105.00  5.000 -2.58819  9.63926  0.00000 -0.06301 -0.146%0 -0.20951
13500 1.000  -1.4421  1.4042  0.00000 0.18316 -0.757%0 5. M06¢
135.00 2,000  -2.82843  2.82843  0.00000 0.010% -0.40600 -0.39504
135.00  3.000 -4.24264  4.24264  0.00000 0.02897 -0.26200 -.23303
135,00  4.000  -5.65685  5.6585  0.00000 0.03386 -0.205%0 “0.17m64
135,00 5.000 -7.07007  7.0707  0.00000 0.03543 -0.14900 -0.11357
165.00  1.000 -1.93185  0.517%64  0.00000 0.59533 -1.19500 -0.59967
165.00 2.000 -3.86370  1.03528  0.00000 0.28551 0.481% 019599
165.00  3.000 -5.7955  1.53291  0.00000 0.19225 -0.29850 <0.10625
165.00 4000 -7.72741  2.07055  0.00000 0.15157 -0.22550 <0739
165.01  5.000 -9.63926  2.58819  0.00000 0.12824 -0.152%0 -0.02426
(c) Page 3

PREDICTED LOADS INDUCED ON A FINITE CIRCULAR
PLATE BY A JET ISSUING FRX* THE PLATE

VWETAVIN = 8.000
THETA = 0.000 DEG

PLATE AREA = 380.133
REF LENGTH = 11.000

NORMAL-FORCE COEFFICIENT = 0.24800
PITCHING-MOMENT COEFFICIENT =  0.00133

(d) page 4

Figure 17.- Concluded.
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Figure 19.- Coordinate systems for a jet exhausting from the
top of a body of revoluticn into a subsonic crossflow.
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PRUGRAM

JETEOQD
j -=JET
| ==ENTRAN ====SINTGX =----SADIF
| | -=-SINTGY ----SADIF
| | ==SINTGZ ----SADIF
| | --SIMP1  —=-=FUN
| --JETBLK ----JGEOM  =--=--CLPT
| | ==INRAD  ==---INVERZ
I | ==CNRPT -===TMXSK
[ | -—QCPON
| ==F1X
PROGRAM
END

Figure 20.- Subroutine calling sequence for Program JETBOD.
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EXTERNAL -
REFERENCES -

et e B R e B e B R e e B R e R e R R P
ADIF
SIMP1

SUBROUT INE
NAME
CLPT

CNRFT
ENTRAN
FIX
FUN
INRAD
INVERZ
JET
JETELK
QCran
SINTGX
SINTGY

o
-t

|
|
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X
for Program JETBOD.

e D e e

Figure 21.- Subroutine cross reference table
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FORC
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Figure 22.- Common block cross reference
table for Program JETBOD.
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V4V, =3.43

— Reference 11

Figure 27.- Centerline shapes for a jet exhausiing
normal to the surface of a body of revolution,
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Figure 29,- Maximum jet thickness variation with jet
velocity ratio for a jet exhausting normal to
the surface of a body of revolution, S /R = 20.
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QUAD 10 QUAD 12

QUAD 11 QUAD 13 QUAD 15

Figure 30.- Ordering of quadrilaterals for
modeling the body surface.
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Jet centerline and
blockage model
descriptions

+

Program JETBOD

'

*Jet blockage model
corner points
(unit 1)

e3ody of revolution
description

'

Program GENBOD

:

Configuration
(body of
revolution and
jet) corner noints
(unit 5C)

#

Program PFPl

Figure 31.- General flow diagram showing interaction
between Program JETBOD and the
potential flow programs.

-124-



eConfiguration
control points
(unit 3)

Jet centerline
description

'

Program JETBOD e

+

Jet entrainment
model induced
velocities at bodyv
control points
(unit 10)

Program PF2

}

Influence
coefficient matrix

'

Program PFP3 i

Source
Gistribution N

#

Program PFP4

®

Figure 31.- Continued
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Velocities and
pressures at body
control points
(unit 25)

Program JETBOD

Corrected pressure
coefficients

Cc_=C +AC
( P ppotential pviscous)

at body control points

Figure 31.- Concluded.
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10.2 cm
Pressure

Figure 32.- Cone-cylinder model of reference 12 with jet
exhausting from top of body.
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Item

: & ' 0
2 JET EXHAUSTING FROM CONE-CYLINDER, WVJ/VO = 3.43
CALCULATION OF JET BLOCKAGE MODEL CORNER POINTS

3 2.42 0.0 0.0 -5.08 0.0 24

4 0.000 0.0 c.o 32
007 n.o . 32 27
020 c.0 .4 + 3995
04z 0.0 .64 .419
076 0.0 .80 .442
o123 0.0 .96 .4E4
186 0.0 1:12 486
265 0.0 1.28 o<l
362 0.0 1.44 529
478 0.0 1.60 Dol
€15 .0 1.7e S73
B g 0.0 1:92 LEe05
. 956 .0 2.0¢8 639
1.1€¢ 0.0 2.29 LE7E
1.400 0.0 2.40 o
1.6¢61 . 2.56 .74z
1,95 a.c 2.72 776
2.270 0.0 2.88 .811
2.619 0.0 3.049 242
Z.001 c.o . 20 . 870
2.41% 0.0 3.36 824
2.8€3 .0 .82 217
4.34¢ .o 3.68 935
4.86% o.0 .24 .354

6 0 2 U] 1 o (] 1] 4]
10 20 = z &
11 v.0 3z .64

(a) Program JETBOD, calculation of jet
blockage model corner points

Figure 33.- Sample input decks for Program JETBOD and
programs making up the potential flow code.
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Item

1 4

2 NASA CR-2089 CONE-CYLINDER MODEL WITH JET
100 PANELS ON JET, 532 PANELS ON BODY
ORIGIN OF COORDINATE SYSTEM AT CENTER OF JET ON BODY AXIS
WITH X FORWARD, Z DOWN, AND Y TC RIGHT WHEN VIEWED FROM REAR

3 § 1
4 7 0 0.0
5 t1 390 0.057
6 [
7 0.0 180.0 15.0
- 0 2 3.0 0.711
0 3 30.0 1.528
0 4 25.0 2,345
0 5 20.0 3.162
0 6 15.0 3,979
0 7 5.25 5.080
4 10 0.0
5 ! 1 8.2 5.08
6 15 1
8 0.0 30.0 és.0 60.0 75.0 90,0 105.0 120.0
135,0 150.0 1625 1678 1725 1775 180.0
5 0 2 5.0 5.0¢
T2 40 5,08
Y T 5.02
b5 3.0 £.08
T 6 2.4 5.08
07 .44 £.08
0 8 1.2 5,08
b9 0.8 5.08
¢ 10 0.4 5,08
6 11 0,320  S.08
4 3 9 0,0
5 f 1 0,320 5.08
6 12 !
8 0.0 20.0 40.0 80.0 gO.0  100.0  120.0 130,0
1400 150,60 160.0  170.0

(b) Program GENBOD

Figure 33.- Continued.
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Item

- 0 < 0,299 S.08
¢ 2 o0.i68 .08
0 4 0,090 5.08
¢ S 0.0 S5.08
0 € -0.099 5.08
¢t 7 -0.188 5.08
0 & -0.2%9 5.08
0 9 -0.320 S.08
9 1 13 0.320 0.0 =5.080
2 13 0.259 -0.188 5,077
3 13 0.188  -0.2% =5.073
4 12 0.099 -0.304 -5.071
5 13 0.0 0,320 -5.070
€ 13 -0.099 0,304 -5.071
7 12 -0.188 -0.2539 5,073
8 13 -0.259 -0.188 -5.077
9 13 -0.320 0.0 =3.080
4 7 0 0.0
5 1 1 -0.320 .08
5 15 1
8 0.0 30.0 45.0 60.0 75.0 90.0 105.0 120.0
135.0 15¢.0 162.° 167.F 1725 172.5 18C.0
5 0 2 -0.48 S.08
¢ 2 -0.80 .08
0 4 -1.12 S.08
05 -1.48 S.08
0 & -2.40 5.08
e 7 -3.0 S.08
0 8 -3.%0 3.08
7 9 -4.0 S.08
¢ 10 -5.0 5.08
0 11 -6 5.08
0 12 -8.0 S.08
0 13 -10.0 S.08
0 14 -15.0 5.08
0 15-20.0 .08
0 16 -25.0 5.08
0 17 -30.75 5.08
12 1.0 0.0 0.0

(c) Program GENBOD, concluded

Figure 33.- Continued.

=130~



ORIGINAL P
OF POOR QUALITY

Item

1 CONE~C.LINDER MODEL WITH JET- €32 PANELS
2 €32 S 1%0 1S5S0 150 1 .0001 C 0 0 0 0 0

-{d) Program PFPl

1 o i X

2 JET E:HAUSTING FROM CONE-CYLINDER, UJ/UO = 2.4%
CALCULATION OF JET ENTRAINMENT MODEL INDUCED VELQOCITIE!

3 .43 05 G 0.0 G.0 24

-5.03 G . 0
d 0,000 0. 0.0 .32
LGOT a0 .32 . B
02¢ ¢.G -t il
04z 0.0 €4 413
ATE 0.0 L0 .44z
123 0.0 L9 L4643
L1E¢ 0.c §.42 LAEE
LIS 0.0 1.2¢ 508
C2ED 0.0 1,44 529
.47z 0.c 1,67 581
615 C.c 1.7€ 572
7T .0 L.52 LE0S
L9535 0.C Z2.08 28
1,166 a0 2.24 JETE
1,400 0.0 z.40 712
1,651 o.0 z2.56 .742
1,95 0.0 2.72 s ETE
2.270 a.0 z.&8 811
Z,E1D ¢.0 2,04 842
3,001 0.0 z.20 LETO
2.415% g.0 cIcTS LE94
o, 883 0.0 3.52 317
a,z4¢ 0.0 .68 .ozs
4,565 0.0 .24 A5
6 c:z 4 ? 0 0 0 1 100
9 =:3 g3z

(e) Program JETBOD, calculation of jet entrainment
model induced velocities

Figure 33.- Continued.
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1324

aunw N =

(£) Program PFP3

(g) Program PFP4

e 1 1
JET EXHAUSTING FROM A CONE-CYLINDER, WVJI/V0 = 3,43
VISCOUS CORRELATION FACTORS ADDED TO CP(POTENTIAL)
3.483 0.0 0.0 -5.08 0.0 29
. 32

Sze 0 0 0 U 0 & 0

(h) Program JETBOD, determination of
corrected pressure coefficients

Figure 33.- Concluded.
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APMMSINIAD
Ll;ﬂ.. R

OF POOR QUALITY.

JET DOWUSTING FROM CONE-CYLINDER, WA = 3,43
CALCULATION OF JET BLOCKAGE MODEL COMMER POINTS

NET WX
1 0

(1) JIT WETERS  WETAIN - XQ \(} 0 NOYL

3.400  0.0000 0.0000 -3.0800 AU

XCL o o A 4 s THETA
0.00000 0.00000 0.0000¢ 0.32000 2.011 0.000  0.000
0.00700 0.00000 0.32000 0.37000 .35 0.0 2.4¢
0.02000 0.00000 0.48000 0.39500 2,482 0.1 (W <N
0.04200 0.00000 0.64000 0.41%0 2,633  0.642 .M
0.07600  9.00000 0.80000 0.44200 2.7 0.M6 141
0.12300  0.00000 0.56000 0.46400 2915 0 1891
0.10600  0.00000 1.12000 0.48600 .04 104 2.8
0.26500 0.00000 1.20060 0.50800 R 12 A
0.36200 0.00000 1.44000 0.529%00 3240 1510 3.5M
0.47800  0.00000 1.60000 0.55100 .42 1.8 0.2
0.61500 0.00000 1.76000 0.57300 3.600 1910 4.7%
0.77500  0.00000 1.52000 0.60%° 3.001 M 6.8
0.95000 0.00000 2.0800C 0.6 9 4005 2388 .M
1.16600 0.00000 2.24050 ¢ 00 L7 28 MM
1.40000 0.00000 2.40000 0 "I 00 L4 2933 57.04
1.66100  0.00000 2.56000 €,74200 .62 320 M2
1.9%100 0.00000 2.72000 (.77600 87 LS Rm
2.27000  0.00000 2.88000 0.62100 S.0% 38 .7
2.61%0  0.00000 3.04000 0.84200 5. 2% a2 6.2
3.00100 0.00000 3.20000 0.87000 66 4% W
3.41300 0.00000 3.36000 0.89400  5.617  S5.170  69.608
3.06300 0.00000 3.52000 0.91700 @ 5.762  5.645 7.009
4.34600  0.00C00 3.68000 0.93500  5.875 6154 72,269
4.86300 0.0000) 3.24000 0.95400 5.9  6.697 T2.066

Figure 34.- Output from Program JETBOD for the sample case,
calculation of jet blockage model corner points.
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Figure 34.- Continued.

JET PAWETERS NI

----------------------------------------------

Wllﬂm CORNER PCINTS
W
04
23009

10009
09889
00000
09989

18809
23009
0434
32000
04U
25089

10009
09689
00000
09089

10809
M
3!592
F. 1))
2004

10631
00%2

12404
m»n

nm

%39
»
m

31094

m
”

10631
204
o)l

s
%

2
m

m

18736

.‘5

29T

ASTM

-0,477%)
-0.45724
-0.29754 -C

"&-‘"5‘7-’"

AN AN NN N R ARRNRICERSRNRANNIRRERESTIIICISIR A2

Page 2

(b)



121
12

124
125
1%
127
128
v,
1%
13
1%
133
14
135
1%
137
138
139
L
14
142
14
i
145
146
147
148
149
150
15

153

-1.76%5  0.060000
L7808 0.24572
-1.637%4  0.46738
-1 91640 06430
20154 0.7%24
-2.125%5  0.79%6
2256 0.75624
-2.349  0.643%
2.41%65 0.47%
24642 0.24572
-2.48164  0.00000
2.46422 .4572
2.41%5 .47
2,349 -0.643%
2,296 -0.73624
212565 -0.79%16
-2.01%4 -0.7%624
-1.91640 -0.5430
189764 -0.46736
-1.7678 -0.24572
-2.4162¢  0.00000
-2.432%  0.26316
~2.47999  0.500%
-2.55384  0.688%
-2.6469  0.00993
-2.75005  0.85161
285220 0.80993
29626 0.688%
-3.0011  0.90%
-2.06782 026316
-3.08386  0.00000
-3.06782 -0.26316
-3.02011 -0.50056
-2.M626 -0.688%
2,850 0.80993
-2.75005 -0.85161
-2.646%0 -0.80992
-2.55384 ~0.6889%
2.47999 -0.500%
243258 -0.26316
-3.06599  0.00000
-3.083  0.27%!
312572 0.52424
3191 0.72%
-3.28209  0.04824
-3.37873  0.691%
347837 0.04824
-3.5%255  0.71%
3,674 0.52424
-3.67616  0.27%1
-3.69147  0.00000
-3.67616 -0.27%61
-3.63174 -0.52024
-3.56255 -0.71%
347337 4.04824
3.0 -0.891%
-3.28209 -0.84824
-3.19491 9.721%
-3.12572 052424
-3.08130 -0.27%1
-3.71465  0.00000
-3.72906  0.28%05
-3.787  0.54220
-3.8%00  0.74627
-3.91806  0.87729
-4 00902 0 92244
(d) Page 4

GRIGINAL PAGE (3
OF POOR QUALITY,

187
198
169
1%
1
1%2
193
1M
195
1%
197
1%
199
200
2
202
23
204
2035
206
207
208
23
210
a1
a2
23
24
a5
26
a7
a8
A9
220

40999  0.677
41805 0.74627
42478 0.4220
-4.28099  0.28505
~4.20340  0.00000
40009 -0,2805
42478 0. 5420
41008 -0.74627
409999 0.87729
-4.0002 0.52244
-3.91006 ~0.87729
-3.00600 -0.74627
-3.77087 -0.9420
-3.72906 -0.28%05
-4.3%015  0.00000
-4.36399  0.25218
4006 0,597
446670 0.76493
44553 0.89923
463291  0.945%
472029 0.89923
479911 0.76483
-4.86167  0.50575
4.8 0.2328
~4.91%7  0.00000
40183 -0.29218
-4.06167 -0.55575
479911 -0.764%3
~“4.72029 -0.89923
-4.63291 -0.45%0
44553 0.899%3
446671 -0.76493
44005 -0.5557
-4.3%399 -0.29%218
(e) Page 5

Figur~ 34.- Concluded.
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-8.57823
-8.13453
=7.M112
=7.8169
=1.7416
-7.6169%
=7.94112
-6.13453
.37
-B. 04037
-8.918%
-9.16222
-9, 35562
-3.47980
=9.75068
=9.70633
-9.57837
-.3mn
-9.12726
-8.84845
-8.36%4
-4.31813
-8.118%8
=7.9%038
~7.94622
-7.9%038
-8.11853
-8.31813
-8.36965
-8.04845
-9.12726
-9.37877
-9.57837
-9.706353



NASA CR-2089 CONE-CYLINDER MUDEL MITH JET
100 PMAELS ON JET, 532 PANELS ON BODY

ORIGIN OF COORDINATE SYSTEM AT CENTER OF JET ON BOOY AXIS

KITH X FORWARD, Z DOWN, AND Y TO RIGHT WHEN VIDED FROM REAR

NO. OF SECTIONS = §

SECTION 1

N XN R(N) M THETA(M)
1 %.000 0,057

0.000
13.000
30.000
43.000
60.000
75.000
90.000
1035.000
120.000
135.000
150.000
165.000
180.000

. s
WRN D WPE N WU S W N -

2 3%.000 0.711

0.000
13.000
30.000
45,000
60.000
75.000
90.000
105.000
120.000
135.000
150.000
165.000
180.000

-
O WO VNS W N

— e
w N e

3 30.000 1.528

0.000
15.000
30.000
45.000
60.000
75.000
.000
105.000
120.000
10 135.000
11 150.000
12 165.000
13 180.000

WYV EWN -

4 25.000 2.345

0.000
13.000
30.000
45.000
60.000
75.000
$0.000
105.000

W@ NN B W N -

(a)

Y 2M)
0.000  0.0%
0.015 0,055
-0.029  0.049
0.00  0.040
-0.049 0.0
948 0.015
-0.057 0.0
0.05  -0.015
0.040 9.0
0.0 -0.040
0.029  -0.049
0.015 .05
0.000  -0.057
0.000 0.7
-0.18¢  0.687
-0.3%  0.616
.53  0.503
<0.616  0.355
0.687  0.184
-0.71  0.000
-0.687  -0.184
-0.616  -0.356
0.5%3  -9.%3
0.3  -0.616
0.184  -0.687
0.000  -0.711
0.000 5.528
0.395  1.4%
0.7 1.3
-1.080 1,080
1.3 0,764
-1.47% 0,395
-1.528 0,000
A47% .35
133 .74
-1.080  -1.080
0.7 133
0.395  -1.47%
0.000  -1.52
0.000  2.343
0.607 2265
1473 2.0%
-1.658  1.638
2.0 1an
2265 0.607
2.5 0.000
2.5 0.607
Page 1

€ 15.000

3.162

3.979

7 8.2%0 5.080

SECTION 2

1

X(N)

8.25%0

R(N)

S5.080

9 120.000 -2.03
10 13.00 -.6%
1159000 -7
12 169.000  4.607
13 100000  0.000
1 0.008 0.000
2 15.000 -0.818
3 w000 -1.581
¢ B0 -2.2%
S 60.000 -2.738
6 75.000 -3.04
7 .00 -3
8 105000 -3.054
9 ln-m ‘2.7’
10 135.000 -2.2%
1 150.000 -1.58
12 163.000 -0.m8
13 180.000  ©.000
1 0.000  0.000
2 15.000 -1.0%
3 2.000 -1.9%
4 45.000 -2.814
5 60.000 -3.446
6 75.000 -3.843
7 %.00 -3.99
8 105.000 -3.843
3 120,000 -3.446
10 135.000 -2.814
11 150.000 -1,990
12 165.000 -1.0%0
13 180.000  0.600
1 0.000  0.000
2 15.000 135
3 2000 2.0
4500 -3.5%
S 60.000 -4.399
6 75.000 -4.%7
7 %.000 -5.080
8 105.000 -4.%7
9 120,000 4,399
013~y -39
11 150.000 -2.540
12 165.000 -1.315
13 180.000  0.000
N THETAM) (M)
1 0.000  0.000
2 2.000 -2.540
3 45.000  -3.5%2
4 G000 -4.3%
5 75.000  -4.%7
6 %.000 -5.080
7 105,000 -4.%7
8 120,000 ~4.399
9 135.000 -3.5%
10 150,000 -2.540
11162500  -1.528
(b) Page 2

Figure 35.- Output from Program GENBOD for the
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-1.18
-1.638
=2.03
-2.263
“2. 45

3.162
3.0M
.78
2.23
1.581
0.818
0.000
.06
-1.581
-2.2%
"cm
-3.054
-3.162

.97
3.043
3.46
2.84
1.989
1.0%
0.000
-1.030
-1.9%
-2.814
-3.446
-35.843
-3.979

S.000
4.9%07

3.592
2,540
1.35
.000
-1.315
-2.540
-3.592
-4.39
-4.%07
-3.080

sample case.



2 200 7% 4T 13 172,500  -0.663  -5.0%
3 .00 -3.%5 3.6% W72 022 5.7
4 60.000 4399 2540 15 180000  0.000  -5.080
S 80.000 -5,003 0,882 15 -20.000  5.080
6 100000 -5.005 -0.882 1 0.000  0.000 5.080
7 120000 4399 2,50 2 .00 250 4.9
8 130800 -3.8%2 -3.%% 3 45000 -3.5%2 3.2
9 140000 -3.%5 -3.8%2 O 60000 439 2.5
10 150000 -2.540 ~4.399 3 75.000  -4.%7 125
11 160.000 1737 4.7 6 90.000 -5.080  9.000
12 17.000 -0.882  -5.003 7105000 -4.%7 -1.315
9 -0.30 5.08 8 120000 -4.399 -2.540
1 0.000  0.000 5,080 9 135000 -3.5% -3.5%
2 200 .77 A 10 150000 -2.540  ~4.39
3 €00 -3.%5  3.6% 1162500 1528  -4.845
4 60000 439 2,540 12162500  -1.100  ~4.9%0
S 80000 -5.003  0.882 13 172500  -0.663  -5.037
6 100600 -5.003 -0.882 W70 0.2 5078
7 120000 -4.39  -2.540 15 180.000  0.000  -5.080
8 130.000 -3.892 -3.2%5 16 -25.000  5.080
9 140.000 -3.265 -3.892 1 0.000 0.000 5.080
10 150.000 -2.560 4.3 2 .00 240 4.9
1160000 <1737 -4.7M 3 45000 -3.582  3.5%2
12 170,000 -0.882 -5.003 60000 439 2.4
5 75000 -4.%7 135
EXTRA POINTS 6 90.000 -5.080  0.000
NOHX Y 2 7 105.000 -4.%07 -1.315
1 13 0.320 0.000 -5.080 8 120.000 4399 -2.50
2 13 0.9 -0.188 -5.977 9 18000 352 -3.5%
313 0.8 -0.259 -5.073 10 150.000 -2.540 -4.399
4 13 0.09% -0.34 -5.071 1162500 1528 4.5
S 13 0.000 <.30 -5.07 12 167.500  -1.100  ~4.%0
6 13 -0.09 -0.34 -5.071 13 172500  -0.663  -5.037
7 13 0.8 -0.259 -5.075 14 172,50 .2 5.7
8 13 -0.259 -0.188 -5.077 15 180.000  0.000 -5.080
9 13 -0.320 0.000 -5.080 17 -0.7%0  5.080
1 0.000  0.000 5.080
2 20,000 2540 439
3 45.000 -3.582  3.5%2
SECTION 4 O 60060 4399 2,50
5 75.000 -4.%7 135
NOOXN RN MTHETAM) Y Z(W) € 9.000 -5.080 0,000
7 105.000 -4.%7 -1.315
1 -0.320  5.080 8 120,000 4399 -2.540
1 0.0 0.000 5.080 9 135.000 -3.52 -3.3%
2 2000 2.4  4.39 10 150000 -2.540 -4.399
3 45.000 -3.59%2 3.5%2 11 162.500 -1.528 -5
4 60.000 -4.39 2,540 12 167,500 1100  -4.9%0
5 75000 -4.%7 1315 15 172.500  -0.663  -5.0%
6 %.000 -5.080  0.000 1017250 0.2 -5.075
7105000 -4.%7 -1.%% 15 180.000  0.000  -5.080
8 120000 439 2.5
9 13.000 -3.32 -3.5%2
10 150000 -2.540 -4.399
11 162,500 -1.528 4.8 SECTION 5
12 167.500  -1.100 4,90
13 172,50  -0.663  -5.0%7 NOHX Y z
172500 .22 -5.07% 1 1 0320  0.000 -5.080
15 180.000  0.°50  -5.080 2 1 0% 0.0 -5.080
2 -0.480 5.080 301 0.2%9 0.8 -5.080
1 0000 0.000 35,080 ¢ 1 0088 .29 -5.080
2 W00 2.0 439 5 1 0.0 0.4 5080
3 45000 -3.5%2  3.5% 6 1 0.000 -0.30 -5.080
O 60000 -4.399 2,540 71 .09  -0.304 -5.080
575000 -4.%7 139 6 1 -0.088  -0.259  -5.080
6 9.000 -5.080  0.000 9 1 -0.2%9 -0.188 -5.080
(c) Page 7 (d) page 11

Figure 35.- Cont‘nued.
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Figure 35.- Concluded.
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XYZ POTENTIAL FLOM PROGRAM SECTION 1, VERSION 4
CONE-CYLINDER MODEL WITH JET- 632 PANELS
NO. OF QUADS. = 632
NO. OF SECTIONS= 3§
MAX. NO. OF ITERATIONS X FLOW 150 Y FLOW 150 Z FLOW 150
1 PLANES OF SYMMETRY
CONVERGENCE CRITERIA , 0.00010
ISP = 0
IEDITL = O
IE0IT3 = 0
IEDIT = 0
ITAPE = 1
XCENTER = 0.00

YCENTER = 0.00
ZCENTER = 0.00

(a) Page 1

Figure 36.-~ Output from Program PFPl for the sample case.
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SECTIN 1
N i X2
N i Y2
P u 2

WARNING LONG THIN QUAD.

1 0.35000E402  0.39000E402
1 0.00000E+00 -0.14730E-01
1 0.57000E-01  0.35060E-01
WARN
1

ING LONG THIN QUAD.
0.35000E402  0.33000E402

2 0,00000E400 -0.18402+00

2 0.71100E400  0.68677E+00

WARNING LONG THIN QURD.
2 0.3%000E402  0.39000E+02
1 -0.14750E-01 -0.28300E-01
3 0.55060E-01  0.49360E-01

WARNING LONG THIN QUAD.
2 0.35000E402  0.35000E+02
2 -0.18402E400 -0.3SSM0EH0
4 0.68677E400  0.61574E400

WARNING LONG THIN QUAD.
3 0.3%00E402 0,39000E+02
1 -0.28500E-01 -0.40310E-01
S 0.49360E-01  0.40310E-01

WARNING LONG THIN QUAD.
3 0.35000E402  0.35000E402
2 -0.33550E400 -0.3027%+00
6 0.61574E400  0.50275E400

WARNING LONG THIN QUAD.
4 0.3%000E402  0.39000E402
1 -0.40310E-01 -0.49360E-01
7 0.40310E-01  0.28300E-01

WARNING LONG THIN QUAD.
4 0.35000E402  0.35000E+02
2 -0.30273€+00 -0.61574E4+00
8 0.50275E400  0.3ST0EH00

WARNING LONG THIN QUAD.
S 0.3%000E402  0.39000€+02
1 -0.49360E-01 -0.55060E-01
9 0.28500E-01  0.14750E-01
WARN

.35000E402  0,35000E402
61574E400  -0.68677E400
0.35350E400  0.18402£400

ING LONG THIN (4D,
S0
2 -0
10

X3 x4 xp W
Y3 Y4 P W
23 u bid N

0.35000E402  0.35000E402  0.36432€402  0.16201E+00
<0.184026400  0.00000E+00 -0.61705E-01 -0.12877EH00
0.68677E400  0.71100E400  0.46870E400  0.97835E+00

0.30000E402  ©.30000E+02  0.32196E402  0.1624%+00
<0.39540E400  0.00000E400 -0.13131EH0 -0.12880E400
0.14739€401  0.15280E401  0.11493E401  0.97827E400

0.35000E+402  0.35000E402  0.364326402  0.16201E400
-0.33550E400 -0.16402E400 -0.18091E+00 -0.377724+00
0.61574E400  0.6BE77E400  0.4367SE+00  0.91163E400

0.30000£402  0.30000E+02  0.32196E402  0.1624%400
-0.76400E400 -0.3954BE+00 -0.44360E400 -0.37739%+00
0.13233%+401  0.14739%€401  0.10709401  0.91160E400

0.35000E402  0.35000E402  0.36432€402  0.16201E400
~0.50275E400 -0.3FFS0EH00 -0.28779E400 -0.60054E+00
0.50275€400  0.61574E400  0.3750S€400  0.78301E+00

0.30000E402  0.30000E402  0.32196E+02  0.1624%+00
-0.10805E401 -0.76400E400 -0.70567E400 -0.60067EHO0
0.10B05€+01  0.13233€+01  0.51964E400  0.78281E400

0.35000£402  0.35000E402  0.36432£402  0.1628E400
<0.61574EH00 -0.30275E400 -0.37305E+00 -0.73301EH0
0.35F50E400  0.50275E400  0.28779E400  0.600SAE+00

0.30000E402  0.30000E+02  0.32196E+02  0.16245€+00
0.13233401  -0.10005EH0]  -0.91964E+00 -0.78281E400
0.76400E400  0.10805E401  0.70567E400  0.60067E400

0.35000E402  0.33000E402  0.36432402  0.16201E+00
<0.68677EH00  -0.61574E400 -0.4367EH00  -0.9116AEHI0
0.184026400  0.33530E400  0.180%1E400  0.37772E400

0.30000E402  0.30000E402  0.32196E402  0.1624%+00
0147596401 -0.13233E401  -0.1070%+01 -0.91160E+00
0.39548E400  0.76400E400  0.44360E400  0.37739%+00

(b) Page 2

Figure 36.- Continued.
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0.40620E400
0. 20267401
0.3034€-02

0.14003 401
0.23368E+01
0.95231E-02

0.40622£400
0. 20267EH01
0.30523€-02

0.14003€401
0.23368E401
0.95234E-02

0. 40620£400
0.20267E401
0.30324E-02

0.14803€401
0. 23368E+01
0.95228€-02

0.40620E400
0. 0267E401
0. 30324E-02

0.14803€401
0.23368E401
0.9522%-02

0.40622£ 400
0. 20267EH01
0.30523%-02

0.14€03.01
0.25368E401
0.95227¢-02

24
3
Qé

=0.11683€-04
0. 777356400
0. 32001E-01

0. 00606E+00
0.16943E-03
0.46194E-06

0. 777686400
0.3420E-03
-0.68575E-04

-0.10528€-04
0. 40587E+00
0.17100€-01

=0.14073€-04
-0.77761E400
1293501

=0.40607E400
0.16967E-03
0.66683%-06

~0. 777956400
0.33451E-03
<0.16081E-03

-0.10322€-04
-0.40569€+00
0.1709€-01

-0.12318€-04
0. 7774EH0
-0.32832%-01

0. 40606E+00
0.16951E-03
0.30398¢-05

NPSUNPY S



M X1 X2 X3
N 4 Y2 Y3
P pal n n

QUESTIONABLE POINT - INMARD NORMAL

6 -0.18173E401 -0.24137E401 0. 246426401
9 -0.42583E+00 -0.46738E+00 -0.24572E400
623 -0.70483E401 -0.73124E401 -0.7214E401

QUESTIONABLE POINT - INWARD NORMAL

6 -0.18715E401 -0.24642E401 -0.24816E401
10 -0.22387E400 -0.245726400  0.00000E400
624 -0.69%09E401 -0.72114E401 -0.71766E401

QUESTIONABLE POINT - INNARD NORMAL

7 -0.24137E401  -0.30201E401 -0, 3067SE401
9 -0.46738E+00 -0.50036EH00 -0.26316EH00
625 -0.73124E401 -0.7SA11EH01  -0.74298E401

QUESTIONABLE POINT - INMARD NORMAL

7 0. 4642401 -0.067SEH0] -0, 063N +01
10 -0.24572€H0 -0.26316E400  0.00000E+00
626 -0.72114E401 -0.74296E401 -0.73914E401

QUESTIONABLE POINT - INWARD NORMAL

8 -0.30201E401 -0.36317E401 -0.36762£401
9 ~0.50056E+00 -0.52424E+00 -0.27561E+00
627 ~0.7HALEH0] -0.77502E401 -0.76316E401

QUESTIONABLE POINT - INWARD NORMAL

8 -0.30673E401 -0.36762€+01 -0.36915E401
10 -0.26316E+00 -0.27361E+00  0.00000E+00
628 -0.74298E+01 -0.76316E401 -0.73%07E401

QUESTIONABLE POINT - INWARD NORMAL

9 -0.36317E401 -0.424726401 -0.42890E401
9 -0.52424E400 -0.34220E400 -0, 280SEH00
629 -0.775026401 -0.79411E401 -0.7B169%+01

QUESTIONABLE POINT - IM4ARD NORMAL

9 -0.36762£401 -0.428%0E401 -0.43034E+01
10 -0.27561E400 -0.28305E400  0.00000E+00
630 -0.76316E401 -0.7816%€401 -0.77742£401

QUESTIONABLE POINT - INWARD NORMAL

10 -0.424726401 -0.48617E401 -0.49018E401
9 -0.54220E400 -0.5357EH00 -0.29210E+00
631 -0.7%411E401 -0.B11BSEHD] -0.79904E401

QUESTIONABLE POINT - INWARD NORMAL

10 -0.42890E401 -0.4%018E401 -0.49157E+01
10 -0.28505E+00 -0.29218€+00  0.00000E+00
632 -0.78169E401 -0.79904E401 -0,79462401

X4 X
Y4 \
u b

<D.ABNEH] 0. 21462£40)
-0.22387EH00  -0.34125E+00
-0.69%60%+401 -0.71353%+01

-0.18902401 0. 21615401
0.00000E400  -0.11738E+00
-0.69207E401  -0.7071%+401

0. 246426401  -0.27448E401
0. 245726400 0. 36954E+00
=0.72014E401  -0.73731E401

0. 248168401  -0.27778E40!
0.00000E400 -0.12735E+00
0. 717666401  -0.7303%401

0. 30673401  -0.335128401
<0.26316E400 -0.3911%E+00
=0.74298E401  -0.75890E+01

-0.3083%C+0]  -0.33821E401
0.00000E40C -0.13478E400
-0.73914E401  -0.73117E401

4. 367626401  -0.39627E40)
<0.27361EH00 0. 40695E+00
~0.76316E401 -0.778%6E+01

-0.3691E401  -0.39917E401
0.00000E400 -0.14023E4+00
0. 7307401 ~0.77039€401

-0.428%0E401  -0.45762£401
0. 2850400 -0.41892€+00
-0.7816%E401 -0.79671E40)

0. 43034401  -0.46037EH)
0.00000E+00 -0.1443SEH00
=0.77742%40)  -0.78823€40)

(c) Page 57

1

0. 30B1E+00
=0.45160E+00
0.82863€ 400

=0.37620E400
<0.15363+00
0.91337E400

0. 2901 %400
0. 4523 +H00
0.B4331E400

0. 32979400
-0.13588E+00
0.93110E400

<0.27080E400
<0.43327E400
0.04524E400

0. 30623E+00
<0.15621E+00
0.93903E400

0. 25034E400
0. 43357E+00
0.83528E400

0. 28243400
<0.13630EH00
0.94646E+00

-0.23692£+00
-0.433746400
0.83%07E400

~0.26630E400
-0.15636E+00
0.95112£400

Figure 36.- Continued.
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A
L

@

0.15415E400
0.34352£+00
0.41663%-02

0.13263E400
0. 342386400
0. 36228602

0.16623% 400
0. 347S0EH00
0.90846E-02

0.16501E400
0. 34323400
0.86678E-02

0.1736SE400
0.34971E400
0.9649% -02

0.17466E400
0. 4802400
0.93412¢-02

0.18234E400
0.33130E400
0.10675%-01

0.18152£400
0. 349%0E+00
0.10446E-01

0.1863X+00
0. 3B125E+00
0.11015€-01

0.183%€+00
0.35025€+00
0.10821E-01

4
Qs
Q6

0.3%71E-01
~0.69485E+00
0.18567E-01

0. 69486E+00
0.60701E-01
0.1423%-01

0. 64298400
0.15840E-01
=0.13050E-01

0.1937%-01
-0.64286E+00
=0.19626E-01

0.15%42¢-01
~0.60904E400
0.10276E-01

~0.60900E400
0.19541€-01
0.51404E-02

-0.58584E400
0.11087E-01
-0.66138-02

0.13180E-01
-0.38578E+00
-0.93674€-02

0.11103€-01
-0.56936E+00
0.5%93-02

0. 569356400
0.13220€-01
0.28379€-02



M X1 x2 X3 X4 X
N 3 Y2 Y3 Y4 (4
P pal 2 3 (] r
EXTRA FLOW =1.00000 0.00000 0.00000
SOLID ANGLE = 12.468
(d) Page 58

Figure 36.- Concluded.
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JET DXWAUSTING FROM CONE-CYLINDER, VAN = 3.43
CALCULATION OF JET ENTRAINMENT MODEL INDUCED VELOCITIES

NJET NFIX

1 0
(1) JET PRRAMETERS
XcL Ya

WETNIN

n

0.00000 0.00000 0.00000
0.00700  0.00000 0.32000
0.02000  0.00000 0.48000
0.04200  0.00000 0.64000
0.07600  0.00000 0.80000
0.12300  0.00000 ©.96000
0.18600  0.00000 1.12000
0.26500  0.00000 1.26000
0.36200 0.00000 1.44000
0.47800  0.00000 1.60000
0.61500  0.00000 1.76000
0.77500  0.00000 1.92000
0.95800 9.00000 2.08000
1.16600  0.00000 2.24000
1.40000 0.00000 2.40000
1.66100  0.00000 2.56000
1.95100  0,00000 2.72000
2.27000  0.00000 2.99000
2.61%0 0.00000 3.04000
3.00100 0.00000  3.20000
3.41500 0.00000 3.36000
3.86300  0.00000 3.52000
4.34600  0.00000 3.68000
4.86300  0.00000 3.84000

OPTIONS...

X
0.0000

A
0.32000
0.37000
0.39300
0.41%0
0.44200
0.46400
0.48600
0.50800
0.52%00
0.55100
0.57300
0.60500
0.63%00
0.67600
0.71200
0.74200
0.77600
0.81100
0.84200
0.67000
0.85400
0.91700
0.93500
0.95400

Ya
0.0000

5.9%

NP NVEL NSAVE NFPTS NOUTA NOUTB NOUTD NCPBOD

632 1

1 1

100

T
=300

0.000
0.30
0.481
0.642
0.806
o.m
1.14
1.3
1.510
1.708
1.918
2,14
2.388
2.6%
2.9
.20
.n
3.9
4.312
4.726
S.an
5.645
6.134
6.6%7

THETA
0.000
2,949
6.2%
9.913

14.184
16.921
23.885
28.75
33.564
38.257
42.7%6
4.918
90.634
.04
57.064
99.802
62.238
64.367
66.322
68.072
69.608
7.008
72.269
72,866

JET-INDUCED VELOCITIES ARE SPECIFIED AT THE FOLLOWING BODY CONTRIL POINTS

CONTROL
POINT

bk <)
34
335
336
3%
538
339
40
41
2
43
44
545
6

SPECIFIED VELOCITIES
w w
0.00000  0.00000
0.00000  ©.00000
0.00000  0.06900
0.00000 000000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000 9,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
070000 0.00000
0.00000  0.00000
(a) Page 1

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

SO RR SRR NP B REPBRBPEL S

BECERERE B EREEREETI I3

0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00060  0.00000
0.00000  0.00000
9.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  6.00000
0.00000 0,000
0.00000  0.00000
0.00000 0,000
0.00000  .00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0,00000
0.00000  0.00000
0.00006  0.00000
0.00000  9.00000
0.00000  0.00000
0.00000  0.60000
6.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000 10,0000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.06000
0.00000 0,000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000 0,000
0.00000 0,000
0.00000  0.69000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000  0.00000
0.00000  0.00000
0.00000  0.00000
0.00000 0,000
0.00000 0.00000
0.00000  0,00000
0.00000  0.00000
(b) Page 2

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00060
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00300
£.00000
0.00900
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Figure 37.- Output from Program JETBOD for the sample case,

calculation of jet entrainment model induced velocities.
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RESGESRGERRES

0.00000 0.00000 0.00000
0.00000 0.00000 #.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00900 0.00000
0.00000 9.00000 0.09000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00060 0.00000 0.00000
0.00000 0.00000 4.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000

TOTAL JET INDUCED VELOCITY FIELD IN BODY COORDINATE SYSTEM (FREE-STREAM VELOCITIES NOT INCLUDEM)

-
S W NN AW

- s e
O

-
o,

S2EBYRELBRUEBIVNRVINRIZTSSS

X8
3%.43227
R.1%5%2
3.43232
2.195%
3%.43229
2.199
3%.43229
.1959
%.4023%
2.195%3
3%.43227
.19992
3.43227
R.195%
%.43232
32.193%3
%4229
R.19%9
3%.43229
32.19591
3%.40%
2.19593
%.43227
32.19592
27.32422
22.37637
27,3420
2.37%637
27,342
2.37637
27.3242
2.37%637
27.32420
22.37637
2.3242
2.376%7
27.3422
2.376%7
27,3420
22.32637
27,3242

\LJ
=0.06170
01313
<0.10091
-0.440380
-0.286779
-0.70567
-0.37%05
-0.919%4
0.43%75
=1.070%4
-0.46870
=1.14927
<0.46870
=1.14527
-0.43%75
=1.07034
-0.37%05
-0.91%4
-.28779
-0.70%7
-0.18091
~0.44360
-0.06170
-0.15131
-0.24%
-0.356%
-0.74%3
~1.05237
-1.10612
-1.67408
~1.54578
=2.1817%0
-1.80010
=2,54064
-1.9014
3. 72645
-1.93174
=2.7264%
-1.80010
=2.54064
-1.54578

®
0.46870
1.14%27
0.4%75
107004
0.37505
0.91%4
0.28779
0.7056?
0.18091
0.44360
0.06170
0.15913%1
=0.06170
01313
-0.10091
-0.4430
-0.28779
-0.70%7
-0.37%5
-0.919%4
-0.4367%
=1.070%
-0.46870
-1.14927
1.93174

(c)

we L4
<0.00015  0.00000
-0,00018  0.00000
-0.00015 0.00000
-0.00018  0.00000
=0.00015 0.00000
0.00018  0.00000
<0.00015  0.00000
-0.00018 0.00000
-0.00013% 0.00800
-0.00018  0,00001
-0.00015  0.00000
-0.00018  0.00001
-0.00015  0.00000
-0.00019 0.00001
-0.00015  0.00000
0.00019  0.00001
-0.00015  0.00000
-0.00019  0.00000
-0.00015  0.00000
-0.00019  0.00000
-0.00015  0.00000
-0.00019  0.00000
-0.00015  0.00000
-0.00019  0.00000
=0.00021 0.00000
-0.00028  0.00000
4.0 0.00001
<0.0028  0.00001
00002 0.00001
-0.00028  0.00002
-0.00021  0.00001
-0.00029  0.00003
-0.00022  0.00001
-0.00029  0.00003
-0.00022  0.00001
-0.00030 0.00003
-0.00025  0.00001
-0.00031  0.00004
-0.00025  0.00001
-0.000322  0.00003
-0.00025  0.0000
Page 3

:
g

-
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g
=3
—w

dddididididadads

*.

-
;n;ngugug

44

-0.00002
-0.00004
-0.00002
-0.00004
-0.00008
-9.00013
-0.00007
-4.00013
-0.00047
=0.00012
-0.00007
-3.00012
=0.00007
-0.00011
-0.00006
-4.00011
-0.00006
=0.00010
-0.00006
-0.00009
-0.00005

Figure 37.- Concluded.
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XYZ POTENTIAL FLOW PROGRAM SECTION 2, VERSION 4

CONE-CYLINDER MODEL WITH JET- 632 PANELS

Figure 38.- Output from Program PF2 for the sample case.
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JET INDUCED VELOrITIES

1P WETX(IP) VIETY(IP) WIETZ(IP)
1 =0.00014¢ 0.000000 -0.000027
2 <0.000182 0.000001 000046
3 =0.000348 0.000003 =0.300027
4 =0.000182 0.000002 -0.000045
S =0.000148 0.000001 =0.000027
6 =0.000183 0.000003 =0.000045
? =0.000148 0.000001 -0.000027
] -0.000183 0.000004 <0.000084
9 =0.000149 0.000002 <0.000026

10 =0.000184 9.0060005 =0.000043
1 <0.000149 0.000002 =0.000026
12 =0.00018% 0.000006 =0.00004:
13 =0.000148 0.000002 =0.000026
1 ~0.000186 0.000006 =0.000040

YY2 POTENTIAL FLOW PROGRAM SECTION 3, VERSION ¢ 13 ~0.000i50 0.,000002 -0.00002%
16 <0.000187 6.000005 000053

CONE-CYLINDER MODEL WITH JET- 632 PANELS 17 <0.000150 0.00000 -0.000025
18 -0.000188 0.500005 -0.000¢37

T s g 19 =0.00015¢ 0.000001 -0.000025

160113 0 2 0600189 0.000004  -0.0000%

20 0.00150  0.000000  -9.000024
2 -0.000189  0.000002  -0.00003%
2 -0.000130  0.000000  -0.000024
2 0.0001%  0.000001  -0.000035
000020 0.000002  -0.000078
% -0.00027%8  0.000004  -0.0001%
2 0000211 0.000005  -0.00%75
2 0000280  0.000002  -0.e00:28
2 -0.000212  0.000009  -0.000073
3 -0.000283  0.000020  -0.000125
N -0.000214 0000011 -9,00007
3 0.000288 0050026  -0.000120
3 -0.000216  5.000043  -0.000068
M 000024 0000031 -0.000114
B -0.000219 0000015 ~0.000064
% -0.000%1  0.000034  -0.000108
¥ -0.000247 0000015 -0.000061
3B -0.00008  0.000035  -0.000100
3 -0.0002%  0.000014  -0.0000%7
0 0000316 0.000034  -0.0000%2
@ 0000253 0.000012  -0.000054
€ -0.000323 000002  -0.00008S
4 -0.000255  0.000009  -£.0000%)
M 0.00029  0.0000°3  -0.00007
000027  0.000006  -0.000050
% -0.00033  0.000015  -0.00007%
€ -0.0002%  0.000002  -0.000049
€ 0.000235  0.000005  -0.000072
49 -0.000410  0.000009  -0.000234

S0 -0.000541 0.000022  -0.00048%
St -0.00041 0.000027  -0.000231
52 -0.000552 0.000072 0000483
53 -0.000424 0.000044  <6.00022
S¢ -0.00057 0.000120  -0.00047¢
S5 -0.0004% 0.000064  -0.000218
S -0.0006:7 0.000167  -0.000¢7
5 -0,0004% 0.00007%  -0.000207
S -0.000664 0.000211  ~0.000458
5 -0,00047¢ 0.000007 000019
60 -0.00073( 0.000268  =0.000400
6 -0.0004% 0.000092  -0.000180
(a) Page 1 (b) Page 2

Figure 39.- Output from Program PFP3 for the sample case.
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599 0.000000 9.000000 0.000000
)| 0.600000 0.000000 0.000000
592 0.000000 0.000000 0.000000
593 0.000000 0.000000 0.000000
L] 0.000000 0.000000 0.000000
5% 0.000000 0.000000 0.,000000 16 0.73964E-03
5% 0.000060 0.000000 0.000000
59 0.000000 0.£00000 0.000000 X VELOCITY= 0,0
598 0.000000 0.000000 0.000000
H 0.000000 0.000000 0.000000 ITERATION  SUM OF CHANGES
600 0.000000 0.000000 0.000000 1 0.210266402
601 £.600000 0.006000 0.000000 2 0.31260E401
662 £,550000 0.000000 0.000000 3 0542358400
§n2 0.000000 0.900000 0.,000000 ‘ 0.11595€400
604 0.000000 3.000000 0.000000 H] 0.2045 €01
605 0.000800 (22850 0.500000
606 0.000000 0.000000 0.000000 6 0.54499 -02
? .000000 0.,000000 0.,000000 ? 0.11667€-02
608 0.000000 0.000000 0.000000
609 0.000000 0.000000 0.000000 X VELOCITY= 0.0
610 0.,000000 0.000000 0.000600
611 £.000000 0.000000 0.105000 ITERATION  SUM OF CWANGES
612 0.000000 0.000000 0.000000 1 0.15903£402
613 0.000000 0.006600 0.000000 2 0.25009:401
614 0.000000 0.000000 0.000000 3 0.71634€400
34 0.000000 0.000000 £.000000 4 0.57885€400
616 9.000000 0.000000 £.000000 H] 0.49444£400
617 0.000000 0.000000 0.000000
618 0.000000 0.000000 0.000000 € 0.4251 7400
619 0.000000 0.000000 0.000000 ? 0.36906E450
620 0.000000 0.000000 0.000000 ] 0.322878400
62 0.000000 0.000000 0.000000 9 0. 28428€+00
622 0.060000 0.000000 0.000000 10 0.251726400
623 0.000000 0.000000 0.000000
624 0.000000 0.000000 0.000000
(7] 0.000000 0.600000 0.,000000 1 0.38807E-02
626 0.000000 0.000000 0.000000
627 0.000000 0.000000 0.000000
628 0.000000 0.000000 0.000000
(72] 0.000000 0.000000 0.000000
630 0.000000 0.003000 0.000000
6 0.000000 0.000000 0.000000
632 0.000000 0.000000 0.000000
X VELOCITY=-1,0 Y VELOCITYs 0.0 2 VELOCITY= 0.0
ITERATION  SUM OF CHWANGES A B R
1 0.35916E401
2 0.22750E401
3 0.20326E401
‘ 0.19259€401
H] 0.18297E401
0.5136400  6.403E400  0.64SE400
3 0.17484E401
? 0.16783640)
8 9.16170E401
(] 0.15628£+01
10 0.15150£401
A DXTRAPOLATION
0.50BE400  0.49%400  0.263+00
1 0.37754€-01
12 0.33963€ -0!
13 0.30765€-01
16 0.27992€ -0
1 0.25562£-01
A DTRAPOLATION
(c) Page 11

Figure 39.- Concluded.
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0.522E400  0,498E400

Y VELOCITY=-1,0 7 VELOCITY= 0.0

A Bl

0.126E401  -0.278E400

Y VELOCITY= 0.0 Z VELOCITY=-1.0

A B

0.539€400  0.439€400

A DXTRAPILATION
0.530E400  0.494E400

(d) Page 12

0.309€+00

0.127€401

0.649E400

0.314E400



XYP POTENTIAL FLON PROGRAM SECTION 4, VERSION 4
CONE-CYLINDER MODEL WITH JET- 632 MANELS

NET = 1
IEDIT= 0
IFLON = 0
IFORCE: 0

(a) Page 1

Figure 40.- Output from Program PFP4 for the sample case.
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CONE-CYLINDER MODEL WITH JET- 632 PANELS PGE= )

X FLON

7. X Y 2 W w w sV 0P SORCE Y NORWL
1 %6.43227 00670 0.46870  -0.52% -0.0197% 0.15013  0.93%66  0.12823  0.011%  0.166-03
2 RABN 0ANN 10427 -0.9284 0.02005 0.1520 094541  0.00621 0.0121  0.1%-05
3 %4323 000091 0.4%75  0.5aR -0.0593 003991 093368 012823 0.01197  0.166-03
4 .99 0.0 107094  -0.9%84 -0.0577 004193  0.M340 010621  0.01211  0.17E-05
S 2%.4329 028779 0.5 0.9 .0315 012016  0.93%8 012823  0.011%  0.16E-03
6 AN 0067 0.919%4  -0.93284 -0.09349 0.1289  0.M540  0.0062  0.0121  0.17E-05
7 %A .75 0.28779 .92 0.12012 0.05220 0.8 012824 0.01197  0.16E-03
B .19 -0.91%4 0.9%7  -0.9284 -0.12185 0.09355  0.M540  0.1062 0.0121  0.1%-03
9 %.ARR -0.4%75 01009 0.9 -0.13988 0.05799  0.93%8  0.1282¢  0.01197  0.16E-03
10 3219593 -1.070M 0.M%0  -0.9283 00419 0.0583 09540  0.1062 00021  0.1%-05
11 %4327 0487 00670 0.9 -0.1%12 0.019%0  0.93%68 012825 0.0  0.16E-03
12 RAKR 11827 0.1 095283 0.15229 0.02010  0.M540 019623  0.01211  0.206-05
13 %4327 0.480 .07  .52% 0.4%13 -0.01972 093368 012825 0.01197  0.16E-03
4 RN LI N3 095283 015231 -0.02000  0.M539  0.00623  0.01211  0.1%-05
15 3643232 -0.4%75 -0.18091  -0.5A3 0,139 00591  0.933%7 0.12825 0019 01603
16 3219593 -1.070M -0.4M4360  -0.932%2 -0.041M -0.0574  0.%539  0.10624 0.01212  0.20E-05
17 %4329 09705 -0.28779 0.5 012006 -9.0925 09337 012826 001197 01603
18 R.959 0.91%4 -0.7057  -0.93282 -0.121% -0.09348  0.M539  0.10625 0.00212  0.14E-05
19 %4329 0.28779 0.5 -0.9A7 4.0529 012012 0.93%7 012826 0.01197  9.16-03
N RAM 0.7%7 -0.91%4 0.8 -0.09354 -0.12185  0.M4538 010625 0.01212  0.1%-05
A %ARR 000091 0.4%75 0931 0059 -0.139%89  0.93%7 0.12826 0.01197  0.16-03
2 RANH 0.M%0 -1.0WM  -0.93282 -0.05880 -0.14191 09538  0.00626 0.01212  0.14£-05
3 %4327 -0.0617 -0.46870  -0.9231 -0.0197 -0.45013 (9337 0.42826  0.01197  0.16E-03
A RABN DANN 1027 09282 -0.02006 -0.1520 09453  0.0626 00122  0.14E-05
B 2342 .24 19174 09400 90203 01928  0.95674  0.08465 0.01206 0905
% 2,373 03894 27645  -0.95742 -0.02059 0.15651  0.97034  0.05844  0.013%  0.7%6E-05
27 2,240 0.745%3 1.80010  -0.94400 -0.089582 0.14377  0.9%674  0.08465 0.01206 0.%E-05
B 2.3 -1.0537 254064  -0.95741 -0.06037 0.14585  0.97034  0.05844 0,013  0.776-05
2 2.342 -1.18612 1.AST8 094400 -0.0M6) 0.12348 09567  0.08466  0.01306  0.89%-05
N 2.3 -1.6708 21870 -0.95241 -0.09604 012527  0.970%  0.05845 0.013%6  0.7E-05
A 2.3242 LS8 118612 -0.4399 0.12341 0.09477  0.95673  0.08467  0.01206  0.3.E-05
R 2373 -2187 1.6708  -0.95240 -0.12518 0.0916 097033  0.05847 0.01337  0.77-05
B 23420 -1.80010 0.74563  -0.M399 0.14373 0.059%1  0.95673  0.08467  0.00%6 0.9%-05
M 2,373 254064 105237 -0.95739 -0.1457% 006050  0.57031  0.05849  0.01337  0.76E-05
I 2342 LN 0.242 0.4 0.19% 0.02039  0.9%72  0.08468  0.0106  0.91E-05
% 23763 -2.72645 0.38M  -0.95738 -0.15%48 0.02072  0.970%  0.05852 0.01337  0.7E-05
¥ .32 1NN 0.2432 0.0 0.1M2 9.02023  0.9%M  0.0845  0.01307  0.8%-05
B 2.3 272645 0.3 -0.957% -0.15681 -0.02048  0.97029  0.0584  0.013%  0.7%-05
3 2,320 -1.80000 -0.74%3 09400 .14379 -0.05M8 095674  0.08466  0.01307  0.8%-03
O 2373 24064 10527 0.9735 00457 0.0602 09702 0.0  0.013%7  0.7%-05
M 2,342 -14578 -1.08612  9.94399 0.12349 0.0467 09573  0.08467  0.01307  0.90E-05
Q2.7 2187 -1.6708 -9.95733 -0.12520 -0.0900  0.970%  0.05060  0.013%8  0.7%-05
3 2.32020 -108612 1M 0.M399 0077 9.12342  0.9%73  0.0848  0.01%07  0.9E-05
W 2.0 -1LOME 2187 0.9 -0.0%16 -0.12817  0.97024  0.05063 0.013%8 07505
65 22,3420 -0.74%3 -1.80010  -0.M3% -0.039%8 -0.14375  0.95672  0.08468  0.01%07  0.8%-05
6 2.7 -1.05230 254064 095731 -0.06046 -0.14500  0.97024  0.05064 0.013%  0.7%-05
0 2.3242 242 -1 0.M3% 9.0 0127 0.9%72  0.08463  0.01%07  0.9%-05
© 2.7 0.0 -2.7645 095731 0.02062 0.1%48 (.92 0.09865  0.013%8  0.7E-05
49 17.40066 -0.46407 3.5M% 097339 002094 0.15916  0.996M  0.02635 0.01391  0.5%05
S0 1148827 -0.58%5 4425 -1.02439 -0.02200 0.0676  1.038 -0.07781  0.01655  0.%0E-05

(b) Page 2

Figure 40.- Continued.
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CONE-CYLINDER MODEL WITH JET- 632 MNELS

ONSET FLD‘. Vlll-l.m Wi= l.ﬂ VZ1= 0.000
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(c)

Figure 40.- Concluded.
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JET DOWUSTING FROM A CONE-CYLINDER, WA = 3.43
VISCOUS CORRELATION FACTORS ADDED TO CP(POTENTIAL)

NET NFIX
1 1

(1) JET PARAMETERS  WETAVIN  XQ n 0 NOYL
3.4300  0.0000  0.0000 -5.0800 4

INITIAL JET RADIUS =  0.32000

OPTIONS...
NP NVEL NSAVE NFPTS NOUTA NOUTB NOUTD NCPBOD
532 0 0 0 0 0 0 0

(a) Page 1

Figure 41.- Output from Program JETBOD for the sample case,
determination of viscous correlation factors.
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B00Y COORDINATES
X Y

¥.43227 .06
#1959  -0.1u3
3%.4232 -0.1009
2,193 -0.44%0
%428 -0.2879
24959  <0.70%7
3%.4229 -0.37™%5
R.4%91  -0.91%4
%4 0.4%75
RN -1.0704
%.4327  -0.46870
RANR  -1.0027
3%.43227  <0.46870
R.19%  -1.1427
%402 0.4%75
2,193  -1.070
%.4229  <0.37%05
2,199  -0.919%4
X429 0.270
2195 -.70%7
%.4322 0.1809
2.19593  -0.4430
%.43227  -0.06170
R.19%% 0.1
.34 0.25432
2.37637 9.2 !
2.0 .74

2.37637  -1.052%
27,3421 -1.18612
2.37637  -1.67408
27,3420 -1.94578
2.37637  -2.18N
27,3420 -1.80010
R.3%637 -2, 54064
27,342  -1.931N
2.37637  -2.72645
27.342 1.9
R.37631 -2.72645
27.32420  -1.80010
2.37637  -2.54064
.34 1,478
2.3637  -2.187
27.32421  -1.18612
2.37637  -1.67408
27,3420  -0.74563
2.37637  -1.,05237
27.3242 .24
2.37637  -0.38M
17.40466  -0.46407
11.48827  -0.%6%0%
17.40466  -1.36059
11.48827  -1.72700
1740466 -2.16439
11.48827  -2.74726
17.40466  -2.82069
11.48827  -3.50029

PREDICTED PRESSURE COEFFICIENTS INDUCED ON A

BODY OF REVOLUTION BY A JET EXHAUSTING FROM THE BODY

WETAIN = 3.4%

w0 I,

1 DEGREES
0.46870 %.93 172,50
1.14527 0.3 172,500
0.4%673 %.9  15.50
1,070 %.3 157,500
0.27305 %.93 142,50
0.919%4 9.2 142,500
0.28779 %.93 127,50
0.70567 0.3 127,500
0.10091 %.93  112.50
0.44360 0.3 2.5
0.06170 %.93 97.500
0153 0.3 97.50
-0.06170 %.93 82.500
-0.15131 %.32 82.500
<.1009 %.93  67.30
-0.44360 %.3 67.500
.29 %93 5.0
<.70%7 0.3 5250
-0.37%5 %.93 37,50
0.919%4 0.3 37.50
0.4%75 %93 2.5
-1.070%4 0.3 2.0
0.46870 %.93 7,500
114827 0.3 7,500
1.93174 Q6 172.%
2.72645 % 172,50
1.80010 Q48 157.50
2. 54064 M.%  157.500
1.594578 Q6 12,5
2187 H.% 142,50
1.10612 Q.6 12250
1.67408 % 122,50
0.74%3 Q6 11250
1.05237 N.% 112.500
0.242 2.6 97.%0
0.3564 % 9.5
4. 2542 Q68 R0
-0.358%4 u.% 82,500
.74%3 Q8 2.
-1,052%7 34.% 67.300
-1.18612 Q6 2.5
-1.67408 % 52.30
-1.54578 Q2.6 .50
-2.1817 % 7.0
-1.80010 Q.0 2.500
-2.54064 % 2.5
1.9 2.6 7.500
-2.72645 u.% 7.500
3.324% 27.19 172,500
) 1.8 172,50
3.2047% 27,19 157.500
4.16934 1.9 157500
2.82069 2.9 142.500
3.58029 17.95 142500
216439 2.9 12250
24726 1.9 12250
(b) Page 2

Figure 41.- Concluded.
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0.1823
0.10621
0.12823
0.10621
0.12823
0.10621
0.12824
0.10622
0.12824
0.10622
0.12825
0.10623
0.12825
0.10623
0.12825
0.10624
0.12826
0.10625
0.12826
0.10625
0.12826
0.10626
0.12826
0.10626
0.00465
0.05844
0.08465
0.05844
0.08466
0.05845
0.
0.05847
0.08467
0.05049
0.08468
0.
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LR H H

DELTA CP

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
9.00000
0.00000
0.00000
0.00000
0.00000

CP,
CORRELATION

0.12823
0.10621
0.12823
0.10621
0.12823
0.10621
0.12824
0.10622
0.12824
0.10622
0.12825
0.10623
0.1282%
0.10623
0.12825
0.10624
0.12826
0.10625
0.12826
0.10625
0.12826
0.10626
0.12826
0.10626
0.08465
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0.08465
0.05844
0.08466
0.05845
0.08467
0.05647
0.08467
0.03849
0.08468
0.05652
0.08465
0.05634
0.08466
0.0%857
0.08467
0.03860
0.00468
0.05863
0.00468
0.05864
0.08469
0.05865
0.02635
-0.07781
0.02636
-0.07782
0.02636
=0.07784
0.02638
-0.07784
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