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PREFACE
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SUMMARY

The objective of this program was to improve the performance characteristics
of the "Alperin Jet-Diffuser Ejector" by minimizing the adverse effects caused
; { by the end walls. Analytical predictions have been made to optimize end wall
| shapes and configurations. These designs were fabricated and applied to the
E | existing jet-diffuser ejector for testing.
' The investigation reported in this document was based upon the assumption

that the complex flow pattern within an ejector could be treated with sufficient

accuracy to provide pressure and pressure gradient data by a potential flow

TR o

analysis. Pressure distributions at a cross-section midway between the ends of
the rectangular STAMP AJDE (Small Tactical Aerial Mobility Platform, Alperin

‘ Jet-Diffuser Ejector), with flat semi-circular end plates (to provide essentially
! two~dimensional flow) were measured in the transverse (x) direction and along

the surfaces of the ejector in the flow direction. These pressure distributions |
were shown to be very similar to those predicted by a two-dimensional, potential
flow resulting from the presence of a pair of vortices extending to infinity

i? perpendicular to the flow direction. Differences between the measured and the
analytical pressures, although small, could be qualitatively ascribed to the

presence of the high stagnation pressure region of the flow from the

primary jets, and to the influence of the presence of finite ends in the rec-
tangular ejector. The agreement between theory and experiment is shown to be
sufficiently close to justify the use of the method of potential flow.

To investigate the flow properties near the ends of an ejector, where the
three-dimensionality is predominant, a closed, rectangular distribution of vor-
tices of constant strength was utilized. Its location and size were chosen such
that the resulting streamline at the middle plane closely matched the STAMP
ejector's geometric requirement. Velocities, pressures and pressure gradients
were determined for a series of such vortex distributions. Of all the choices

resulting from this procedure, the one which had a maximum pressure gradient

approximately equal to the theoretical maximum pressure gradient of the two-
dimensional analysis of the existing STAMP ejector was chosen for fabrication
and testing.
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The performance of the diffuser configuration (labelled A) based on this
vortex arrangement, was almost equivalent to that of the STAMP AJDE ejector with
semi-circular end plates. Thus the need for the protruding, high drag end plates
was eliminated with very little penalty in performance.

Observation of the flow in the diffuser of Configuration A indicated the
presence of a large distortion of diffuser jet thickness around the exit of the
diffuser, which was attributed to the large difference in maximum pressure gra-
dients (and therefore of absolute or gage pressure) among the various stream-
lines originating at the different peripheral locations around the diffuser,
and different amounts of surface divergence among different diffuser jet stream
tubes. Therefore, despite the absence of observable separation, the peripheral
variation of maximum pressure gradients resulted in a cross flow and a
performance penalty. To minimize these peripheral pressure gradients, the rec-
tangular distribution of vortices was replaced by a more flexible pattern pro-
viding a three-dimensional relocation of corners.

A lengthy computer analysis, aimed at the determination of the vortex arrange-
ment which minimized the difference in the maximum pressure gradients among the
different streamlines, was carried out. Other conditions, known from previous
experience to be essential for effective jet-diffusion, were also imposed upon
the selection of the most suitable vortex distribution. The results are de-
scribed in detail along with the selection criteria and properties of the selected
arrangement.

After fabrication, the ejector with this diffuser (Configuration B) was tested
and the results presented as a function of primary nozzle position and orientation.

At Az/(sw +a) =21, the ejector was relatively small and had a large ratio
of diffuser jet slot thickness to primary jet slot thickness, but the experiment
produced a maximum thrust augmentation of 2.13. This exceeds the performance of the
STAMP AJDE at equivalent geometric conditions, despite the elimination of the
end plate.

Smaller values of s _/a_would be desirable but would require a redesign of
the diffuser to avoid excessive skin friction in the solid portion of the diffuser.
In other words, this requires a shorter diffuser.

—-iv-
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Results of comparative tests of the Configuration B ejector with an equiv-

alent STAMP AJDE in ground proximity are also presented. The improved performance i
of Configuration B, compared to the STAMP AJDE, over the entire range of distances % 1
between ejector and ground plane is clearly shown to result from the minimization

of the adverse effects caused by the flat end walls of the STAMP Ejector.
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LIST OF SYMBOLS

| | A2 Cross section area of ejector at throat
‘ a_ Primary nozzle exit area when mass flow is expanded to ambient pressure
2 a,b,c Dimensions of vortex distribution (see Figure 8) .
i da,db,dc
E,F,G,H !
E,F,G,H Corners of vortex distribution (see Figure 8)
+GH
L Length of throat of ejector
m Mass flow
! p Pressure (gage)
; Po Stagnation pressure (gage) for both primary and diffuser jet
| Per, Pressure (gage) at ejector's center
' P, Ambient Pressure
s Curvilinear distance along streamlines
‘: S, Diffuser jet exit area when expanded from Po to ambient pressure (pm)
tp Thickness of primary jet slot
td Thickness of diffuser jet slot
v Velocity vector
u,v,w Components of velocity vector
X,Y,z Coordinates
x2 Throat width of ejector
z Distance from ejector's throat to diffuser jet (in thrust direction)
z, Distance from ejector's throat to end of solid surface (in thrust direction) 1
Ba Angle of diffuser surface to thrust direction, at diffuser jet 1
Be Angle of diffuser surface to thrust direction, at end of solid surface
§ Diffuser area ratio
¢ Thrust augmentation = ejector net thrust/isentropic reference jet net thrust.
Reference jet has jet power and mass flow equal to those of
injected gases of ejector
E/m.,0 Position and orientation of primary nozzles (see Figures 1 and 4)
F Circulation
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I INTRODUCTION

Ejectors to be utilized for stationary or low speed thrust, as for V/STOL
applications, require large diffuser area ratios to achieve high thrust augment-
ation. The achievement of large effective diffuser area ratios in an adverse
pressure gradient requires solid surfaces which diverge at a small angle if
flow separation is to be avoided, or alternatively, some type of boundary
layer control is necessary if surfaces diverge rapidly.

The jet~diffuser ejector is one concept developed specifically for ejectors,
which has demonstrated a capability for avoiding separation in solid diffuser
surfaces with divergence half-angles in excess of 45 degrees. 1In addition, the
diffuser jet, if properly designed, provides a means for extending the diffusion
process for a considerable distance downstream of the solid surfaces. Further,
the process of mixing of primary injected fluid with the flow induced from the
environment, essenfial for thrust augmentation, can be provided with additional
length for its effective culmination in the jet-~diffuser without the require-
ment for long solid surfaces. This is in direct contrast to the essential
termination of the effective mixing process at the end of the solid surfaces
of a conventional diffuser.

Although in a two-dimensional sense the concept of jet diffusion and its
intrinsic advantages are clear, the essential practical requirements of three-
dimensionality or finite aspect ratio of ejectors, introduces some complex aero-
dynamic problems. These three-dimensional aspects of jet diffusion, or end

effects, are the subject of the investigation reported in this document.




NADC-77050-30




NADC-77050-30

II JET-DIFFUSION CONCEPT

The concept of jet-diffusion is basiqally an extension of the concepts of
boundary layer control by the use of blowing jets and of the jet flap to provide
additional diffusion beyond that of the solid surfaces. Blowing jets have been
used to delay separation in large area ratio solid diffusers with some degree of
success. By blowing a jet having a higher stagnation pressure than the ambient
pressure in the diffuser, separation can be delayed to the point where the effec-
tive diffuser area ratio is almost as large as the geometric area ratio of the
solid surface. Using energized fluid for the avoidance of separation is a costly
process, since the momentum of the boundary layer control fluid must be considered
in the evaluation of ejector performance. Thus, unless extreme care is exercised
in the design of the blowing jet system, the net effect can be more detrimental
than that of the use of a smaller diffuser area ratio without boundary layer
control.

Jet diffusion has the advantage over conventional blowing jet systems in
that it has the potential for providing a diffuser area ratio larger than the
geometric area ratio of the solid surfaces in addition to its capability for
avoiding separation despite extremely large divergence angles of the solid sur-
faces. A typical jet diffuser ejector developed under the U.S. Navy/Marine Corps
STAMP (Small Tactical Aerial Mobility Platform) Program and tested at the Naval
Air Propulsion Center is illustrated on Figure 1. This ejector was the result
of an intensive development program aimed at its eventual use as the lifting,
thrusting and controlling element of an apterous vehicle and details of its
development program and its performance are described in Reference 1. It is of
particular interest to note that, as shown on Figure 1, the ends of the ejector
are flat, with a semi-circular end plate protruding beyond the solid diffuser

surfaces at the ends of the ejector as a means of providing two-dimensional flow

in the diffuser.
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This protruding end plate, although somewhat undesirable from the view-
point of ejector integration and drag characteristics,was essential for the
avoidance of some performance degradation associated with the use of flat ends
within the diffuser.

Attempts to utilize diverging end bells resulted in local flow separation
and performance penalties not acceptable under the STAMP Program and the design
illustrated on Figure 1 was utilized as a quick-fix alternative. The advantage
resulting from the use of end plates is best illustrated by perusal of the data
presented on Figures 2 and 3. To illustrate the characteristics of the flow
within the region of jet diffusion, the pressure distribution in that region is
plotted on Figure 2 with a large end plate extending from the end of the solid
diffuser to a distance of 27.4 cm, or 0.9 of the exit dimension. Obviously, the
recovery of kinetic energy attributable to the jet diffuser is directly related to
the pressure recovery in the region illustrated by the isobars. Removal or re-
duction in size of the end plate would seriously collapse the isobar pattern
and cause a pressure increase throughout the ejector, with an accompanying re-
duction in secondary/primary flow ratio and thrust augmentation.

The influence of end plate size on the thrust augmentation of the ejector,
with a geometric diffuser area ratio of 3, is plotted on Figure 3. The semi-
circular end plate (labelled STAMP) is shown to produce a thrust augmentation
factor of 2.12 with the illustrated ejector and end plate configuration. In-
creasing the end plate to a 27.4 cm x 61 cm shape similar to that used in Fig-
ure 2 resulted in an increase of 3% or a thrust augmentation of 2.18. Decreasing
the end plate size resulted in a more serious performance degradation, equivalent

to a reduction of 14% in the thrust augmentation, to a value of 1.82.

STRENST
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Figure 3. END PLATE CONFIGURATION AND PERFORMANCE

Po = 24.3 kilopascals; Az/(sm + a) =216 Sy/a, = 0.62
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The use of a flat end in conjunction with a protruding end plate was a
quick-fix for a complex problem whose solution could not be undertaken during
the STAMP Program due to scheduling limitations. It was therefore relegated
to further efforts and has been treated as reported in this document by a
method relying on the theory for potential fléw. For comparison and refer-

ence, the final design of the jet-diffuser ejector, achieved as a result of

the effort reported herein is presented on Figure 4.
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III POTENTIAL FLOW ANALYSIS

1. Two-Dimensional Considerations

The flow field within a two~dimensiqna1 ejector may be approximated by the
application of the vortex theory commonly used to describe the flow field around
aircraft wings. Under the assumptions of irrotational, inviscid, incompressible
flow, the surface of the ejector can be approximated by the streamlines resulting
from the presence of pairs of vortex distributions. To illustrate the technique,
consider an ejector of the AJDE type.

This ejector consists .of two cylindrical surfaces of radius R, on each side,

separated by the throat width xz, as shown on Figure 5

b4
(x,2)
r
R 2 rl
(-xo,o?// (X _.0)
X
<77 T N7

X2

e 3 ]

Figure 5. MID-SECTION OF AN AJDE

and can bhe represented by two counter rotating vortices of infinite extent in the
y direction, separated by the distance "2a", in the x direction and symmetric with
respect to the z axis, as illustrated.

The stream function for this arrangement is (Reference 2):
P = (F/2ﬂ)2n(rl/r2) (1)

or in cartesian coordinates

22 + (x ~ a)2

(2)

¥ = ([/4m)2n

z° + (x + a)2
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Equation 2 can be rewritten as,

4 R L T T (3) -
- o) o ]
i where ;

q 4

3 3

. ’ x =a [ itememyn b

| 1 - exp(4mY/T) ‘

E- Equation 4 indicates that for any given streamline (y = constant), Xo is a
E i constant, and the relation 3 is a circle, which is a desired solution.

/ Since the ejector surface is a streamline, the dimension "a" can be related

3
to the ejector geometry as follows: 1
a
b
{ At z =0, x = x2/2, and from Equation 3,
4 ks A E (5)
ré o
;r;‘. ' but
; X, =X/2 =R (6) 1
g therefore, ,ﬂ

: | a= (X2/2) Vl + illR/}(2 (7) J

For the special case of the STAMP ejector in which R = x2,

E | a = yG/ax, (8)

‘ With the known location of the vortex lines, the velocity field can be
I calculated by means of the Biot-Savart law, (Reference 3) and the pressure
distribution can be derived from the velocity field, using Bernoulli's
Equation.

E
.‘,
i «]2=
& s . i a — — " ——




EEEE L i i o b T o g el 1 ke Aed

VTS

NADC-77050-30

To establish the validity of the method for simulation of the ejector flow
field by a flow field resulting from a prescribed distribution of vortex elements,
the pressure distributions along the STAMP ejector's plane of symmetry, its sur-
face and across its throat were measured at its middle plane. These pressure
distributions were then compared with the pressure distributions determined
analytically from a two-dimensional analysis of an inviscid irrotational, in-
compressible flow resulting from a pair of infinite vortex filaments.

The analysis was carried out using the geometry of the STAMP AJDE, namely
x2 = R = 10.2 cm, which results in the value a = 11.4 cm, (Equation 8). 1In
terms of the coordinate system described on Figure 5, the pressure at any point

(x,z) within the two~dimensional space can be found from Bernoulli's Equation

p = -(0/2)V% = -I%£(x,z2) (9)

where

2 2
£(x,2) = (p/8ﬂ2) z2 . 1 5 - 1 . & 2a - X - N 2a + x (10)
2+ (x-a) z +(x+a) 2+ (x-a) 2+ (x+a)

Under the above conditions, the pressure (p) at the ejector's throat (z = 0)

is described by the relationship

2
2 2 a
p = ~T"p/(217) [—'2——5] (11)
x° - a

A least square curve fitting technique to evaluate the circulation [' of a
typical STAMP ejector arrangement, provided the value I' = 32.3 mz/sec. With
this value for I', the theoretical and experimental pressure distributions across

the ejector's throat, at its middle plane, are compared on Figure 6.

i i oo e 1 s s il i - e " T

e
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Survey Section

Theory,

Test Conditions:

P
o

= 24.4 kilopascals; § = 2.2; Be= 45°

A2/(§”+q”) = 18; s /a = 0.55
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Figure 6.

SURVEY ACROSS AJDE THROAT - AT MIDDLE PLANE
COMPARED TO 2-D THEORY
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As illustrated, the theoretical pressure distribution is in close agreement
with the experiment, with a small deviation near the side walls (x = #5 cm) and at
the center (x = 0). The excessive pressure at the center and the reduced pressure
near the walls are attributed to the influence of the centrifugal force of the
higher energy primary fluid near x = *2.5 cm.

At the plane of symmetry (x = 0), the theoretical values of the pressure dis-

tribution are expressed by the relationship

2
p= 'sz/(zﬁz) [-E;ii——i] (12)
Ze Al

Using a least square fitting technique again, the circulation was determined
to have a value I equal to 29.1 mz/sec.

A comparison of the theoretical and experimental pressure distribution at
X = 0 is illustrated on Figure 7, using both values of the circulation determined
as described above. As indicated on Figure 7, the theoretical pressure distrib-
ution indicates a slower pressure recovery than that measured experimentally.
This discrepancy is attributed to the three-dimensionality of the flow field,
which with flat ends causes a more rapid deterioration of the jet diffusion
process than would occur in a two-dimensional case, or an ejectc - with a larger
aspect ratio. It is also shown on Figure 7 that the end wall pressure is smaller
in the absolute scale than that of the two-dimensional theory, with a sudden in-
crease in the vicinity of the diffuser jet. This is a further indication of the
adverse end effect, whereby the required pressure gradient exceeds that of the

sides of the ejector.
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Figure 7 also illustrates a comparison of theory and experiment at the ejector

middle plane surfaces where

x = *{R + (xz/z) - Yr® - zz} (13)

Using this relationship and the two values of I' determined as described above,

the pressure distribution along the ejector surfaces was calculated from Equations
9 and 10. The results are plotted in comparison to the experimental data on
Figure 7. At this region the experimental pressure gradient is again shown to

be larger than the theoretical, a fact which is‘ again attributed to the finite
aspect ratio of the ejector, compared to a two-dimensional analysis.

Based on the survey results, the pressure field is accurately described by
potential flow despite the existence of a complex rotational flow field consisting
of the primary and induced flows and the mixing process. This may be the result
of the large ratio of induced to primary mass flow. With this correlation as a
background, the vortex analysis was modified to simulate the three-dimensional

reality of the finite aspect ratio ejector.

-]7=
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2. Three-Dimensional Considerations

The deviation of the flow field measurements on the STAMP AJDE Ejector from
the two-dimensional potential flow analysis is a consequence of the shedding of
trailing vortices near the corners of the rectangular ejector where the unifor-
mity of circulation is interrupted.

According to the Helmholtz theorem, the shedding of trailing vortices and
their influence on drag can be avoided by the use of closed vortex distributions
of constant circulation. Following this theorem, a generalized ring vortex sys-
tem of constant circulation, arranged as shown on Figure 8, is adopted. This
arrangement is basically a rectangular ring vortex, with the provision to relocate
its corner in a three-dimensional fashion.

This generalized ring vortex system consists of six independent parameters:
a; b; c; da; db; and dc. But there are two geometric requirements on the middle

plane of the ejector:
1. Flow angle (BO) at the diffuser jet location (xo,yo,zo):

2. Diffuser exit angle (Be) at a specified diffuser area ratio

(2xe/X2).

Therefore, only four free parameters can be varied for numerical experiments.
The four independent parameters used in this document are b; da; db; and dc,
while "a" and "c" are determined by the middle plane requirements. Using this
general formulation, the local velocity vector and pressure can be evaluated

in the following manner.

-19-
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a. Numerical Method

For any vortex element between points A and B (Figure 9), the velocity at

any special point P induced by the vortex element is given by the vector re-
lationship (Reference 3).

¥ = (T/4™) (cos 81 + cos 082)n (14)

where

is the unit vector normal to plane ABPA
is the distance between point P and the line AB
is the angle PAB

@ @ ; By

N

is the angle PBA

Figure 9., VECTOR DIAGRAM
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For the purpose of numerical solution, expressions for K} h, and the cosine

terms are written as follows.
Define the cross product of two unit vectors as,

§=-=— x — =sin 6 n = |q| n (15)
|8 | |a@ |
hence ]
£ -
T - _3._ (16)
i |al
h = |AB| sin 6, = |AP||q| (17)

and the cosine terms may be expressed as,

— —
cos 0, = 22— B (18)
|aB|  |aP|
— —
cos 0, = - o | B (19)
|as|  |ee|

Substituting Equations 16, 17, 18, and 19 into Equation 14 gives the velocity
field induced by the vortex segment as

1
B | >
E
1

: . T q AB AP AB_ BB

4 = {z; g 2} sl sl — ol W= } (20)
; |aP||q|® [aB| [ap| [aB| |[BP|

P

f With a knowledge of the velocity field, the streamlines (shape of the

ejector duct) can be determined as follows.




NADC-77050-30

Since by the definition of a streamline,
dx : dy : dz=u : VvV : w (21)

where u, v, and w are the components of the velocity vector in the x, y, and z
directions respectively.

Therefore,
dx/dz

u/w ) (22)

dy/dz v/w (23)

and the streamline is given by,

z
x=x + [ (u/w)az (24)
zO
z
y=y, + /[ (vwaz (25)
z
o

For stationary ejectors, the pressure distribution can now be determined
with the aid of Bernoulli's Equation, as follows.

>12
P Pye “"Pa™ -(p/2) | V| (26)
where
P = gage pressure
pabs = absolute pressure
-
V= (uv,w) (27)
or
p = -(p/2) (u® + v2 + wd) (28)

The knowledge of the pressure and velocity distributions for any given
choice of vortex distribution, permits the adjustment of the vortex to that
which represents a suitable flow pattern. From this choice, the diffuser

shape can be established.

-23-
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v

3 : b. Configuration A

In the analyses of the flow resulting from a vortex distribution, the

boundary conditions were

Bo = 9,61 degrees
Be = 45 degrees @ er/x2 = 2.5
x2 = 10.16 cm

at the middle plane of the ejector, to simulate the geometry of the STAMP

AJDE Ejector. The vortex strength or circulation (I') was maintained constant
k and fixed for all vortex elements.

f Initially, the simplest case of a rectangular ring vortex where da=db=dc=0

E | was treated by the method described, to determine the streamline shapes and

pressure distributions. A set of values of "b" was chosen, where b varied

} from 6.35 cm to 11.43 cm in intervals of 0.635 cm. For each choice of b, the
F % values of "a" and "c" which satisfied the boundary conditions were determined
A by an iteration procedure. The details of this procedure are presented in

v Part I of Appendix B.

For each of the 9 choices of b, the shape and pressure distribution was

determined for 20 streamlines, originating at the diffuser jet slot at per-
ipheral locations from the middle plane to the center plane of the end of

the ejector by an integration process along each streamline until the prescribed
Be = 45° was reached.

f For example, the results of the gage pressure distribution (p/pCL) of three
selected streamlines originating from the middle plane, the center plane of the

end of the ejector, and the corner are presented on the top chart of Figure 10.

b o i

These pressure distributions were then differentiated numerically to obtain the
pressure gradient as shown on the bottom chart of Figure 10. The complete listing
of the computer program as well as sample input and output are presented in

1 Part II of Appendix B.
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It is important to note that the use of dimensionless pressure (

dimensionless by use of the gage pressure (pCL) at the ejector's center (0, 19.05, 0),

provides results which are independent of plenum pressure, since all gage pressures

are approximately proportional to the gage plenum pressure.

p/pCL) , made

As a means for evaluating the relative merits of the various Configurations

generated by the variation of "b" the maximum pressure gradient for each stream-

line was plotted vs. streamline origin location on Figure 11, The fact that

the maximum pressure gradient is located at the corners of the ejector is

clearly evident from perusal of this figure. It is also evident that the

magnitude of the maximum pressure gradient decreases with increasing

of b.

values

The maximum pressure gradient with b = 10.160 cm is closely equivalent to

the theoretical maximum pressure gradient of a two-dimensional vortex distribution

which produces a streamline corresponding to the design of the STAMP

Ejector.

Reduction of this maximum pressure gradient by a choice of larger values of b

would result in a longer diffuser. Therefore b = 10.160 cm was chosen for fab-

rication, and designated as Configuration A.

Contour lines of Configuration A at 1.27 cm spacing are shown on Figure 12.

The measured performance of the ejector with diffuser Configuration A is

illustrated on Figure 13 as a function of the position of the primary nozzle

and the area ratio 1\2/(50o + a ) at a plenum pressure of 24.1 kilopascals (gage).

As illustrated, the thrust augmentation reached a value of 2.01
values of the primary nozzle position (£,n), orientation (8) and the

A/ (s, + ay).

at optimal

area ratio

The use of a rectanqular ring vortex where da = db = dc = 0, resulted in an

ejector configuration whose performance, without an end plate, was almost equiva-

lent to that of the STAMP AJDE ejector with semi-circular end plates.

However,

large peripheral pressure gradients in the diffuser, distort the effective dif-

fuser jet thickness at the exit of the diffuser and limit the proper
of the jet-diffuser.

B

functioning
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c. Configuration B

Reduction of the variation of maximum pressure gradient among streamlines
in the corners could be accomplished by increasing b as shown on Figure 11, but
this resulted in a longer diffuser and was considered undesirable.

Thus, further investigations were undertaken to attempt to find a design
which reduced the difference of maximum pressure gradients with minimal increase
in the length of the diffuser.

This investigation was comprised of a search, with the aid of the computer,
for vortex distribution of a more complex shape, which produced a more uniform
distribution of maximum pressure gradients among the streamlines, and thus a
reduced peripheral pressure gradient.

The procedure followed included a variation of da, db, and dc individually
and in combination, while recording the maximum pressure gradient on each stream-
line, the maximum length of the diffuser using the same boundary conditions de-
scribed previously, and the variation of Bo among the various streamlines.

The requirements set forth for a satisfactory diffuser design were
a) Overall maximum pressure gradient is less than that of Configuration A.

b) Reduce the difference in maximum pressure gradients among the

various streamlines to values smaller than those of Configuration A.
c) Avoid initial flow angles (Bo) in excess of 10°.

d) Minimize diffuser length (zo - ze)max to the extent possible
and consistent with a, b, and ¢ above. Diffuser length is determined by
the streamline having the largest extent in the z direction at a given
Be. This maximum occurs in two distinct regions as can be observed
on Figure 12. 1In that figure, the end streamline (first maximum) is
the longest in the z direction; however a second maximum exists in a
streamline on the side (near the corner) of the diffuser. This second

maximum is, under certain conditions, larger than the first.

Retaining the middle plane conditions Bo = 9,61 degrees, Be = 45 degrees
2xe/x2 = 2,5 and using the value b = 10.160 cm calculations of the pressure
distribution, length and Bo were carried out for various values of da, db, and
dc, where each was varied individually and in combination. The results of these

investigations are summarized on Figures 14 and 15.

=3l
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b
Figure 14 presents a plot of the maximum pressure gradient vs maximum 1
diffuser length, for the predominant streamline. Maximum pressure gradient
and maximum length may or may not correspond to the same streamline. 4
Figure 15 represents the change from Configuration A of the maximum :
ﬁ { pressure gradient and of the initial angle qa for the entire set of stream- 3
E lines originating at points around the periphery described in centimeters from

the center of the end of the diffuser jet.

Increasing da by a small amount while maintaining db = dc = O resulted in
a decrease of the maximum pressure gradient, a small decrease in the difference
in pressure gradient maxima among the streamlines, a small variation in the dis- ;
tribution of Bo and a slight increase in diffuser length compared to Configuration A

as illustrated on Figures 14 and 15. 1

The increase in length (Figure 14) was very slight until da reached a value
of 1.91 cm, where further increase caused a more rapid increase in length as a
function of maximum pressure gradient. This is a result of the predominance of
the faster increasing sécond maximum when da exceeds 1.91 cm.
' Increasing db while da = dc = 0 resulted in an opposite change in diffuser

length, difference in maximum pressure gradient from that resulting from a change

in the quantity b itself.
While the diffuser length decreased dramatically (Figure 14), the maximum
pressure gradient near the corners increased in comparison to Configuration A

as illustrated on Figure 15.

Increasing dc while da = db = 0 provided a decrease in maximum pressure
gradient and diffuser length as indicated on Figure 14,

The distribution of the maximum pressure gradient among the streamlines
showed a decrease near the corners and an increase near the middle plane.
This is a very desirable situation from the point of view of reductions of cross

flow effects.

The rapid increase of Bo near the ejector end (Figure 15) seriously limits

the application of dc.
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A repetition of these calculations for b = 9.525 cm produced the results
represented by the upper network on Figure 14. The essential aspect of these
results consists of the fact that the knee of the curves lies closer to da = 0.
In other words, the optimal condition where the first and second maxima are
equal occurs with a smaller value of da.‘ It was therefore assumed, and later
confirmed, that an increase in b, to values greater than 10.160 cm would permit
larger values of da to be used before reaching the knee of the curve.

After fur "er lengthy numerical calculations, it was determined that by a

combination or an increase of b (> 10.160 cm), to take advantage of larger

values of da and an increase of db, the pressure gradient could be made more
uniform peripherally than that of Configuration A. In addition, increases of
da and dc were combined to avoid excessive lengthening of the diffuser. Further-

more, Be was increased to 50 degrees to shorten the diffuser length, and thus

reduce skin friction. The increase of maximum pressure gradient due to increased
Be is small and is partially compensated by the decrease due to the usage of b,
da, db, and dc.

Under these assumptions, the choice of

b = 10.795 cm
da = 4.445 cm
db = 0.9525 cm
dc = 0.762 cm

was made and in satisfying the middle plane requirements

Bo = 9,61 degrees

Be = 50 degrees @ 2xe/x2 = 2.5
the values

a = 13.5930 cm

c = 1.2499 cm

were determined.
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The maintenance of a constant value of Be for all streamlines results in a
non~uniform distribution of (zo - ze). From a practical viewpoint, it is more

desirable to terminate the diffuser at a constant value of (zo - ze) for all

streamlines. A cut-off of the Configuration A diffuser at constant (zo—ze) = 13.5 cm,

thus resulting in a non-uniform distribution of Be (Figure 16), was tested with
virtually no adverse effect. Therefore a similar cut-off was performed on the
above described diffuser, at zo =~ 12,7 cm. The cut-off diffuser, labelled
Configuration B, having the characteristics shown on Figure 16 in comparison to
the characteristics of the cut-off Configuration A with (zo - ze) = 13.5 cm,
was then fabricated and tested.

As shown on the lower curve of Figure 16, the diffuser jet slot thickness
(td) near the corner was enlarged to achieve reasonable uniformity of the dif-
fuser jet thickness at the end of the solid surface of the diffuser. The

requirement for a larger t. near the corner is related to the larger surface

divergence and higher maxigum pressure gradient for stream tubes near the corner.

As shown on Figure 16, the angle Be is considerably smaller than 45 degrees
near the ends and at the corners of the ejector. This might result in a penalty
in performance of the diffuser jet.

The resulting shape of Configuration B is shown on Figure 17 by contour
lines at 1.27 cm spacing and streamlines of the diffuser and a side view showing
the constant (zo - ze) cut-off., The entire ejector assembly with diffuser
Configuration B is presented in Figure 4.

The performance of this ejector, as a function of the position and orient~
ation of the primary nozzles, is shown on Figure 18. The thrust augmentation of
this ejector, with the cut-off diffuser having a length of 12.7 cm,exceeded 2.13
at the optimal setting of the primary nozzles and with an area ratio Az/(sm+am)
of 21. Tests at smaller values of s _/a  are desirable but would require design
of a shorter diffuser to avoid excessive skin friction. This is possible since
the present Configuration B has a maximum pressure gradient which is only about
80% of the maximum pressure gradient of the STAMP AJDE.
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IV GROUND EFFECTS

The influence of ground plane proximity to the ejector's exit plane on
thrust augmentation is of importance for V/STOL applications of ejector thrusters.

Since it appears likely that the influence of the ground plane is related to
its influence upon the flow pattern within and around the ejector, and the effec-
tiveness of the diffuser in particular, some limited investigations were carried
out during the series of tests reported herein.

This test set-up utilized a large 2.74 m x 3.05 m flat plate which could be
moved with respect to the ejector, to vary its distance from the exit plane of
the ejector.

The thrust augmentation of the STAMP and Configuration B ejectors were
measured over a range of distances from 0.5 to 5 meters between ejector exit plane
to ground plane.

As indicated on Figure 19, the thrust augmentation of Configuration B decreased
less than 2% (from 2.1 to 2.05) over most of the range of distances until the
ejector was within 0.75 m from the ground plane. As the distance decreased to
values smaller than 0.75 m, the mean thrust dropped rapidly. Preliminary obser-
vation of the Configuration B ejector when the ground plane is at 0.56 m from its
exit indicates that the flow within the ejector duct and near the diffuser exit is
free from abnormality while violent unstable flow is developed on and near the
ground plane.

The thrust augmentation of the STAMP ejector decreased by about 4% (from 2.05
to 1.95) over most of the range of distances and its rapid drop at about 0.75 m
was more severe than that of the Configuration B ejector, as indicated on Figure 19.

The decrease in thrust augmentation with distances smaller than 0.75 m was
more pronounced for the equivalent STAMP Ejector with semi-circular end plates
than for the Configuration B ejector, as shown on Figure 19. This indicates
that the Configuration B is a more stable ejector than the STAMP ejector.

This effect may depend upon the ejector's stagnation pressure and upon its
geometric arrangement, but more detailed tests were beyond the scope of the

present investigation.
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a /-Configurationa, AJDE Model 0232

LS : o8
5 yAusures: R -

g‘ 2.0 2 . ),?/A"'—

Z 1.9 . £ \ :

0 A’r STAMP Ejector §=2.5;15.2cmR End Plate
a 1.8 1 1 1 1 1 1 1

o ¢

B (0] 1 2 3 4 5

Distance From Ejector Exit Plane, m

INFLUENCE OF GROUND PLANE ON EJECTOR PERFORMANCE
(see Figures 1 and 4 for ejector dimensions)
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V CONCLUSIONS AND REMARKS

The successful elimination of the large, protruding semi-circular end plates
used on the STAMP Ejector, accompanied by a gain in performance, demonstrates the
utility of potential flow methods for the design of ejector surface shapes.

Application of the potential flow methods to ejector design however, requires
careful attention to a number of factors which are important from the viewpoint
of real fluid phenomena. These factors can only be observed by experimental
techniques in which each is carefully controlled.

Examples of these types of considerations include:

1. The avoidance of excessive discontinuities in flow direction, such
as the distribution of %), as discussed;

2. The avoidance of cross-flow in the ejector, which can result from
a. Peripheral pressure gradients
b. Non-uniform distribution of boundary layer control blowing;
3. Excessive diffuser length and the accompanying skin friction loss.
The investigations of various vortex distributions and the determination of
the influence of changes in the shape of the ring vortex upon the flow is extremely
time - .suming, but the information obtained during this effort provided a guide
to the acliievement of acceptable pressure gradients and diffuser lengths. The
Configuration B ejector which was fabricated and tested was a result of these
considerations, and its superior performance while eliminating the large, protruding
end plates used on the STAMP Ejector, confirm the utility of the design procedure.
The design of the diffuser using potential flow methods also improved the
stability of the flow as indicated by the reported ground effect tests. These tests
performed with the Configuration B and the STAMP Ejectors in similar geometric
arrangements indicated that the adverse effect of ground proximity on the Config-
uration B Ejector was about one-half as large as that on the STAMP Ejector. This
is believed to be a direct result of the elimination of the flat, non-diverging
ends which were required on the STAMP Ejector, in favor of the active, diverging,

ends designed by the method described in this document and used on Configuration B.
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APPENDIX A
TEST EQUIPMENT

The FDRC Static Test Rig is comprised of a floating structure, a 50 HP Roots
Connersville Compressor and Motor, load cells for force measurement and trans-
ducers for the measurement of pressures and temperatures.

The floating structure, shown on Figure A-1l, is supported by three ball
supports and two flexible bellows through which the compressed air is supplied
to the distribution box as illustrated.

Air is supplied to the primary nozzles and the diffuser jet nozzles through
separated, metered ducts and valves which are remotely controlled from the console.
A by-pass line (not shown) with a remotely controlled valve is used to adjust the
mass flow to the distribution box and ejector.

Forces on the ejector are transmitted through the floating structure to the
load cells, and converted to a digital readout by signal conditioners at the
console.

Similarly, pressure and temperature transducers transmit their signals to
conditioners which then transmit their signals to a digital readout at the console.

The test rig is carefully calibrated, to provide corrections for tare forces
introduced by the bellows over the range of pressures and temperatures encountered.
These corrections are applied to the readings of the forces through a computer
program which provides the necessary force, mass flows and flow velocities and
determines the ejector performance in terms of thrust augmentation.

Additional details of test equipment are presented in Reference 1.

adiadinide e oo ae ot 2
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APPENDIX B
COMPUTER PROGRAMS

The program for determination of the flow characteristics corresponding to
any given selection of vortex distribution, described in Figure 8, is written
in APL for the IBM 5100 computer, with a minimum of 32K bytes of memory.

It is comprised of 3 parts:

1. Given the quantities b, da, db, dc, and the vortex arrangement,
specified by the symbol KEY, this part of the program determines a and c¢
which satisfy the given boundary conditions at the middle plane of the

ejector.

2. The main program utilized the data provided by the first part to
calculate the streamline coordinates, pressures, pressure gradients, and

flow angle.

3. The service programs determine the diffuser shape using the

output of Part 2 and, if desired, plots this shape.

-49-
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PART I FIND a AND ¢

P e————

Program Written i
Symbols Symbols Meaning §
Talis€ el See Figure 8 j
DA,DB,DC da,db,dc 5
BS b Array of b (input) : j
BETA Be See Figure 8 »
BTA B Flow angle with respect to thrust direction ;
BTAO Bo See Figure 8 ;
D Character matrix to display results ;
DS Input matrix of (da, db, dc, KEY) %
DELTA § = (2xe@ middle plane)/X2 ‘
E,F,G,H E,F,G,H
E,F,GH EFGH See Figure 8 |
EF,GH EF,GH |
KEY = 0 4-point vortex (E,F,G,H) |

= 1 6-point vortex (E,EF,F,G,GH,H) ;

= 2 8-point vortex (E,F,F,G,G,H,H,E)

= 3 10-point vortex (E,EF,F,F,G,G,GH,H,H,E)

>3 ¢ =0 (neglect Bo); KEY = remainder of KEY divided by 4
L L See Figure 8
v 3/? = (u,v,w), velocity vector, l/cm
YN V/ul = (u/w,v/w,1) = (&x/bz,Ay/Az,1)
X X = (x,y,z), space vector '
XE xe See Figure 8
- Ee b0 (xe’ye'ze)
X0 xo = (xo,yo,zo)
X2 Xz See Figure 8

4
NOTE

Length in centimeters.
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£11
£21
L3]
CW1
£31]
L6
£71
£81
C?3
C101
L1131
£121
£L133]
Liu4]
L1537
L161]
L1731
£181
£191
L2031
L2117
L2213
£231
C241
£251
£26]

NADC-77050-30

OLX¢ ' ABSTRACT'
DPWe 7k

ABRSTRACT

X0e 5,334 192.05 71,4256

AC13.46

X2¢10.16

Le€38.1

BTAQ«0.1677

BRETA¢0+3,6

DELTA¢2.95

AZe"0,254%

DETOUR¢1

MODEL+ 'AJDE MODEL 0232 DIFFUSER CONFIGURATION

CONFe'R*

3e[lAVEL1S71]

'PROJECT : ', MODEL , CONF

"ABSTRACT: A C = F(B,DA,IB,IIC) FOR 10-POINT VORTEX'

: UNLESS OTHERWISE SPECIFIED, ASSUME: "
STREAMLINE START AT, X0=( ',(¥X0),"' )

) WITH ANGLE, RTAO=',(¥EBTAOXx180+01),' DEG.'

i EJECTOR THROAT, X2=',(¥X2),"', L=",7%L

DIFFUSER: DELTA=',(sDELTA),'., BETA=',(yBETAXx180+01),"

] INITIAL TRIAL VALUE FOR A, A=",7A

. INTEGRATION INCREMENT, AZ=",¥AZ

- DETOUR=1 TO CONTINUE INDEX IER;IDA’

‘SYNTAX: EBS FIND A EXAMPLE: 10 FIND A’

"NOTES: 1. BS CAN BE A NUMERIC ARRAY.'

) 2, TYPE '"'II'" TO DISPLAY OUTPUT (ANY TIME)'®
FLIGHT DYNAMICS RESEARCH CORP. 1978°

DEG. *
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11
C21
£31
L4
LSl
Lé61
L73
81
L2l
£101
C1113
L1231
C13]
Ci43
C153
L1631
C171
£181
0
L2031
L2131
")")J
L2331
L2431
L251]
L26]
L2731
£281
L2931
L3031
L3131
£323
£331
L343
L3537
£361]
L3721
L3381
£L391
L4031
Cu1l
Cu2]
Cu43]
CH4]
CuS]
C4é1
Cu71
C481
Cu?1
L5031
L5117
L521
£531
LS4
£S53]
L5611
£571

NADC-77050-30
¥ ReRS FIND A
XE¢DELTAXX2+2
K‘“Si 0)8'4'8"")7}“'7}ul?lu’7'“!6’2!6}2'?12'6'2

R¢10

4+ (DETOUR=1)/DALOOP

IB¢1 .

Te'  ID#H A R C na 1) 2] nc XE*
TeT, ' YE ZE BETA"®

Dedl 74 p° ")LLC12C1 7% p(744T)),C13CL 74 o' ')
D61 74 p(74t1lé6p" "), MODEL.CONF, '-IDH')),[12 D
RLOOP: IDA¢L
DALOOP :Re(,RS)LCIRI

TONELD . 5+ ((B-5,715), (DA«DSEIDA 11), (DReDSCIDA; 23), DCEDSLIDA; 31)+0.635
IDNCL1OLIDON,KEYDSLCIDA; 41

KEYeW IKEY+0XNOCEKEY =3

AAEA

AAED

FAl&0

Ce0

Ne ™1

JTERATION: NeN+1

XeX0

FA+FAL

AACAA+AA

AC«0

FCle0

MeT1
CAA : MeM+1

CeC+AC

FCeFC1

E€(AA+2XDA)Y , (~RB+DR) , C+2xDCXx12AKEY
Fe(-AA+2XDA) , (~B+DR) , C+2xNCx 1 #KEY
Ge(~AA+2XDA) , (L+B+0R) , C+2XNCX 1#AKEY
He(AA+2XDIA) » (L+B+DIE) , C+2xDICX 1 #KEY

EF¢0, (~B-~DIE) ,C+2XxDCX (1=KEY)+ (1#KEY) X (B-~DR-X2+2)+ (R+DE+X2+2)
Ge(0, (L=-X2), 0)+Fe(~-AA) , (X2+2),C

GHe0, (L+E-DER) , C¥F2XDCX (1=KEY )+ (1#KEY) X (B~DB-X2+2) + (B+DE+X2+2)
HeC(0, (L-X2), 0)+E€AA, (X2+2),C

ANOC/INTEGRATION

VeX VELOCITY KEY

BTAC 30(+/(21V+VL3I*2)%0,5
ACE((M=0)x0,1)+(M#0)XACXFC1+(FC~-FC1¢«RTA-RTAQ)
4+((0.0001)<1AC)Y/CAA

INTEGRATION: VeX VELOCITY KEY

XNEX+AZXVNEV+VL3]

2 (XNL112XE) Z/0VERSHOOT

SINTEGRATION, pX&XN
OVERSHOOT : XN&X+VNX (XE~XLC11)+VNL11]

VEXN VELOCITY KEY

BTA¢"30(+/(24V+=VL31)%2)%0.5
AACC(N=0)x0,1)+(N#0)XAAXFAL+(FA-FAL¢«EBTA~RETA)
4(C0.0001)<1AA)/ITERATION

DeD,013¢1 74 p(K¥IDN,AA,B,C,DA,DR,DC,XN,BTAX180+01))
R¢R, ACAA

2((1tpDS) :IDACIDA+1) /DALOOP

2 ((p,BS)2IRBeIB+1)/BLOOP

QD

20, p[1¢SpAVL1S7]

=53~
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C13]
£21
£33
(T
C£S1
L&l
L71
£81

C13]
£21
£31
Lyl
L51
L61
L7l
£81l

C1]
£21
C3]
C41
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V ReX VELOCITY KEY
+KEY®PY, P4, P8, P10
P4:+0,Re(X VEL E,F)+(X VEL F,G)+(X VEL G,H)+X VEL H,E
P6:Re(X VEL E,EF)+(X VEL EF,F)+(X VEL F,G)+X VEL G,GH
40, ReR+(X VEL GH,H)+X VEL H.E
P8:Re(X VEL E,F)+(X VEL F,F)+(X VEL F,G)+X VEL G.,G
40, ReR+(X VEL G,H)+(X VEL H,H)+(X VEL H,E)+X VEL E.E
P10:Re(X VEL E,EF)+(X VEL EF,F)+(X VEL F,F)+(X VEL F,B)+X VEL G.
20, ReR+(X VEL G,GH)+(X VEL GH,H)+(X VEL A,H)+(X VEL H,E)+X VEL

G
E,E
v

V V&P VEL AE;A;B;AP;BP; AAP; UAE; UAP; URP;Q
a VELOCITY PER UNIT I AT P CAUSED BY A LINE VORTEX SPANED FROM A TO E
a SYNTAX: (XP,YP,ZP) VEL (XA,YA,ZA),(XH,YE,ZR)
H(((ppP)#1)v((ppAB)#1)v((pP)#3)v((pAR)I#6))/ERR
UAP¢AP+AAPE (+/ (AP¢P-A¢3tAR)I%2)%0 .5
UBP¢BP+(+/(BPe¢P-B¢34AR)%2)%0.5
Q¢ (UABCAR+(+/ (ARCB-A)*2)%0.5) CROSS UAP
40, Ve@x ((+/UARXUAP) ~+/UABXUEP) +O4XAAPX ((+/@XQ)+((+/Q@XQ@)=0))
ERR: 20, p[l¢ ' ARGUMENT ERROR IN VELOCITY FUNCTION'
v

V C¢«A CROSS B

A VECTOR PRODUCT C = A x E
U ((ppA)#L)vI(ppB)#L)Vv((pA) #3)v((pR)I#3) ) /ERR
20, Ce((10A)X(20R) ) -(20A) X (10RB)
ERR: 20, p[J¢ 'ARGUMENT ERROR IN CROSS FUNCTION’
v

ke Ll e e s e At sl b e o L e et e ALl o gt e o ol ol o ok
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; SAMPLE INPUT

DETOUR«0
BS€10.795
DS€1 Yol . 445,0,9525,0.762,3

BS FIND A
SAMPLE OUTPUT

AJDE MODEL 0232 DIFFUSER CONFIGURATION B-ID#

ID# A E c DA 1) 3] nc XE YE

87213 13.5932 10,7950 1.2499 4.4450

9525

V7620 12.70 19.05

bR

S b 2

VA e e

ZE
“13.93

BETA

50.00

-
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Program Written

Symbols Symbols

NADC-77050-30

PART II MAIN PROGRAM

Meaning

A,B,C a,b,c
da,db,dc da,db,dc
BET
A Be
BTA B
CONF
CuT
E,F,G,H E,F,G,H
EF,GH EFGH
EF,GH EF,GH
FILE
KEY
K1,K2,K3,K4
L L
MODEL
P P
PCL -p, /T 2
CL

S s

>
v v/T

>
VN v/wl

->
X X
A
A
X

NOTES :

See Figure 8

Maximum exit B for all streamlines
Flow angle with respect to thrust direction
Configuration (1 to 3 characters)

Maximum -z for all streamlines
See Figure 8

File number of the tape

= 0 4-point vortex (E,F,G,H)

=1 6-point vortex (E,EF,F,G,GH,H)

= 2 8-point vortex (E,F,F,G,G,H,H,E)

= 3 10-point vortex (E,EF,F,F,G,G,GH,H,H,E)
>3 c¢ = 0; KEY = remainder of KEY divided by 4
Constants

See Figure 8

Ejector model

Normalized pressure, -(pressure)/pCL

2 2

2
=u +vVv +w @ center of the ejector, l/cm2

Streamline coordinate, cm

(u,v,w) velocity vector, 1l/cm
(u/w,v/w,1) = (Ax/Ay,Ay/Az,1)

(x,y,2z), space vector

]

Integer matrix for data storage

First row = K1 x (a,b,c,-pCL,ID #,streamline #,Conf. #)

Second row = 108 x (da,db,d4c,0,0,0,0,)

Other row = 108 x (x,y,z,B,s,p/pCL,d(p/IpCLl)/ds)
Table of (a,b,c,da,db,dc,KEY) combination

Table of streamline origin (xo,yo,zo,streamline #)

Or, optional (xo,yo,zo,streamline #, Maximum -z)

1. Last column of the output is d(p/|pCL|)/ds
2. Length in centimeters

it o S e s




C11
£21
L3]
C4]
C31
L6
L71
£831
Co1
£101
L1113
£121
£131]
L1k
£153]
L1613
£173]
L1831
£191
L2031
£211
£221
£231]
C241

L2851
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[LX¢ " ABRSTRACT®
[IPW80

V ABSTRACT
K1€{(3p100000000),10000000000,(3p1)
K2¢1,1,1,(180+01),1,1,1
K4¢100000000
X2¢10.16
Le38.1
BETA¢0+3
AZe70, 254
CUTe1h, 3256
MODELe¢ ' AJDE MODEL 0232 DIFFUSER CONFIGURATION
CONF¢'R* ‘
0e3pJAVL157] :
‘PROJECT : * , MODEL , CONF g
‘ABSTRACT: DIFFUSER SHAPE, PRESSURE DISTRIEUTION AND GRADIENT'®
3 CONFIGURATION PARAMETERS: '
3 X2 = ", (¥X2),"; L= ",(sL),'; MAX BETA = ', (sBETAXK2C41),"' DEG.'
INTEGRATION INCREMENT, AZ = ',(¥AZ).,'; MAX -ZE = ', ¥CUT
1 STREAMLINE ORIGIN: X ¢ ",(¥pX),' MATRIX)'
; A B C RELATION: A C ", C(¥pA), " MATRIX)'
"CALCULATION: TYPE ''RUN N1'', OR, ''RUN N1 TO N2'''
1 N1, N2 = ((ROW OF A) - 1) x ',(¥l1tpX)," ' + (ROW OF X)°'
"PLAYBACK: TYPE ‘' ‘'PLAYBACK FILE# FROM M1 TO M2'"'*
i OR, ' 'PLAYRACK FILE#'', OR. ' 'PLAYBACK FILE# FROM Mi' ‘'
‘PRINT: TYPE ''PRINT'', OR ' 'PLAYRACK 0'"'
; FLIGHT DYNAMICS RESEARCH CORP. 1978°

T N N T N R Ry gy e g

-58-




'1P-L, — ” N e B u‘!
{
| NADC-77050-30
¥V RUN NUMBER
il s NUMBER = DECODE VALUE OF ROW NUMBERS OF MATRIX A AND X
£21 A SINGLE RUN, TYPE 'RUN N1'; MULTIPLE RUN TYPE 'RUN N1 TO N2°
[3]  WRONG«'INVALID RUN NUMBER. TRY AGAIN'
C4]  DUMMY€(FILE®0), (N¢(,NUMBER)LC11)
£5%1  9(1=p,NUMRER)/PROCEED
L6 2 C(N2¢(,NUMBER)L21) 2 (N1eN) ) /(LCL11+2)
L7120, 0p[1¢WRONG
£81 CASES¢1+N2-N1
L9] NeNL+(\CASES)~-1
{ C101 PROCEED:Ne((N*0)A(Ni(1t,pA)X(1t,pX)))/N
! L1111 2(0<CASES¢p,N)/(OLCLC11+2Y
2 [12] 20, 0p0<WRONG
| 131 TIe1+0xpplle’
C14] @X: [0 YOU WISH TO EXPUNGE SOME FUNCTIONS TO CONSERVE WS (0=N, 1=Y)'
C15] (2 1 +.x 0 1 =11,[OAX.EX.Q
L161 EX:X€¢[OEX 4 8 p'ABSTRACTPLAYRACKSUMMARY FROM .
£171 Q@:0¢'N0 YOU WISH TO RECORI RESULTS ON TAPE (0=N 1=Y)'
C181 (2 1 +.x 0 1 =14.0)®Q,YES.,NO
L1921 YES:[«'ENSURE DUTPUT DATA TAPE IS ON, AND MARKED'
L2071 DUMMYeD, 0p0¢ 'HIT EXECUTE KEY TO CONTINUE®
‘ £211 2(0:FILE€1t.0,0p[l¢ ENTER OUTPUT FILE NUMERER')/0LCLC1)]
L2217 RE: 'DO YOU WISH TO RECORD FROM THE BEGINNING OF THE FILE (0=N. 1=Y)'
- [231 4(a/ 0 1 #NEWe1t,[])OREPEAT.RE
, L2411 NO:DUMMY«D, 0p[]¢ 'ENSURE PRINTER IS '‘ON'‘, HIT EXECUTE TO CONTINUE'
[25]1 REPEAT:Mé,1+¢10,(11,pA), (11, pX))TC(,NDLII-1)
[261 (OLCL11+1),(ACALCML2T;13), (BALML21;21), (CCALML21;31),DCCALML2];61
[271 IDN¢LO.S+((B-5,715), (DACALMC2T;41), (DReALML21;51),0C)+0.635
: [28] IDN«101IDN.KEY«ALML2]; 7J+0xCFN++/(1000000 1000, 1) x[JAV A3t CONF
4 [29] E&(A+2xDA), (~B+0IB) , C+2XDCX 1#KEY ¢4 | KEY
. L300 Fe(-A+2XDA), (~E+DR) , C+2XxDCX1#KEY
[311 G¢(~-A+2XDA), (L+B+DB) , C+2xDCX 1 #KEY
£321 He(A+2XDA) , (L+E+DR) , C+2xDCX 1 #KEY
[331 EF¢0, (-B-DR),C+2xOCx(1=KEY)+(1#KEY )X (B~[E-X2+2)+(E+0OR+X2+2)
- [34]  G&C0, (L=X2),0)+Fe(~A), (X2+2),C
i £351 GHeO0, (L+B-DR),C+2XDCX(1=KEY )+ (1#KEY) X (B~DE-X2+2)+(B+DB+X2+2)
[361 He(0, (L-X2),0)+E€A, (X2:2),C
£371 Xe0.(L+2),0
£381 PCL&+/(VeX VELOCITY KEY)*2
{ L3931 (4z"1t, pX)/INTEGRATION, (X¢XLML31;131), (8¢0), (Jel), ZMXeCUT
, [401  ZMX€CUTLZMXe (ZMXX0<ZMX)+CUTX0:ZMXeXEML3];5]
[411 INTEGRATION:VeX VELOCITY KEY
: C421 H(BRETAZBTAC "30(+/(2VNeV=VL31)%#2)%0.5)v(ZMX: I1XC31) ) /0VER
C43] VMeVN
LYY D& 1 7 p(X,BTA:S, (Pe(+/V%2)+PCL),0)
CUS1  4(J#1)/(OLCC1I+2)
; L4461 S0LCC11+2+0xppAeD
4 [47] A€A,C11 D
f L4811 SINTEGRATION, (0pXeX+AZXVN) , (0p8¢S+ | AZX(+/VN%2)%0.5), 0pJed+1
. [491 OVER:-(ZMX:I1XL31)/DONE
L5010 Jed-1

-59-




L5113
L5521
LS53]
L3541
L5511
L3561
[S571
L5581
L5921
L6017
Cé611
L621]
L6317
Cé4]
[65]
L4661
L&67]
L6681
L691]
L7021
C711
L7721
C731]
C741
L7351
L76]
C771
L781
L7721
£801
[811
L8217
L8331
£843]
£8%1
L8641
[871]
£a8s8l
L8931
£?01
L9113
L9213
L?3]
L9431
L9531
L9961
L?71
L9831
L9931
£1001
v

NADC-77050-30

FZO¢BETA-ALJ; 41

AAZ ¢ (AZ1¢AZ)XFZ1+FZO~-FZ1¢«BETA-BTA

ITERATIOM: AZ1€AZ1+AAZ

FZO+FZ1

XeALJ; +31+VMXxAZ1 |

VexX VELOCITY KEY

BTA¢ "30(+/(2tV-VL31)%#2)%0 .5

AANZCAAZXFZ1+FZ0O~-FZ1<RBETA-RBTA

ACLIET6) < | AAZ) /ITERATION

SCACS; ST+ TAZIX(+/VH*2) %0, 5
INONE: A€¢A,L13¢1 7 X, BTA,S, (Pe(+/V%2)+=PCL).,0)

(3 IMe (LT, pA)-140X%)62) /SETTLE
DIFFERENTIATION:DF3€ALC(J+1);951-ACCJ~1);5]

DF1e(ACCI-1) ;61-A0;61)+C(ALY; 51-AC(J-1);S51)XDF3

DF26¢(ALY; 6]-AC(J+1);61)+(AL(J+1);51-ALJ;S1)XDF3
F(CIEIACIEAIM) ) /7 (OLCLL1+Y)

2 (J=JM)/(OQLCL1]+2)
HALCC13+2+0%ppALL; 76 (DF3+AL2;5]~AL1;51)XxDF1)+(AL1;5]~AL2;5)]
ACCJ+1) ;716 ((ACY; SI-ALCI+1) ;SHHXDFL)+(DF3+AC(J+1) ;51-ACJ;50)x
ACS; 716 (CACC(I+1) ;5]1-AC; S XDF1)+(ALY; SI1-AC(J-1);STHIXDF2
(IMzJeIJ+1) /DIFFERENTIATION

A FIND MAXIMUM PRESSURE GRADNIENT BY LEAST SQUARE PARAROLIC FIT
A OF 3 TO S POINTS NEAR THE MAXIMUM

Je1t9,AL; 7]

(3 pZIe(ZTe v IM) /ZT¢ZT-+/(IMMe1t, pA) < Z1¢((J-3)XJ:2)+\S5)/SETTLE
XIe€ALZI ;5]

YI«ALZI ;7]

CIe(p, XI),(+/ , XT), (+/C, XTI%2),{+/C, XII®3), (+/(,XI)*Y)
BI6(+/,Y1),(+/C, XIIXC,YI)) o (+/7€(, XI)%2)x(,YI))

CIe¢,BIB(3 3 p(3¢CI), (3t10CI),("31CI))

XMe~-CIC21+-2xCIC3]

YMe+/CIX (1L, XM, XM%2)

A ((IXETL1LC(XMEXTI/ZZI))eZI))/SETTLE
AJe(XM-ALCIX; ST+ (AL (JIX+1) ;51-ALJIX;S5])

INSERT¢, (AJXAL(JIX+1),;, DD+ (1-AJ)xALJIX; ]

INSERTLSIeXM

INSERTL71¢YM

INSERT¢ 1 7 pINSERT

INSERT&|0,.S+K4xINSERT

Ae] 0, S+KUXA

AC((IX,7)1A), 011 INSERT,C1IC(JX,0)3A)

AcA+KY
SETTLE: A¢(1 7 p7tDA,DR,DC),C1] A

Ae(l 7 plL0,5+K1x7¢(A,B,C,PCL,IDN, (,XCMC31;41),CFN)),C13(L0.5+
+(0=FILE)/DISPLAY

CODNE€(TI=1)A(NEW=1)

+(0=RECORD FILE)/DISPLAY

20, 0p[0¢ RECORIING ERROR, RUN TERMINATED'

DISPLAY: PRINT

+(CASES:=1¢I+1)00, REPEAT

60~
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V ReX VELOCITY KEY
C11 +(KEY®PY4,P6,P8,P10)

C21 PY:90,Re(X VEL E,F)+(X VEL F.,G)+(X VEL G,H)>+X VEL H.E
[3] Pé:Re(X VEL E,EF)+(X VEL EF,F)+(X VEL F,G)+X VEL G.,GH
(N 40, ReR+(X VEL GH,H)+X VEL H.E
[S51 P8B:Re(X VEL E,F)+(X VEL F,F)+(X VEL F.G)+X VEL G.G
L6l 40, ReR+(X VEL 6,H)+(X VEL H,.H)+(X VEL H,E)+X VEL E.E
L73 P10:Re(X VEL E,EF)+(X VEL EF.,F)+(X VEL F,F)+(X VEL F,G)+X VEL
y L8l 40, ReR+(X VEL G,GH)+(X VEL GH,H)+(X VEL H,H)+(X VEL H.,E)+X VE
v
i
| V VeP VEL AE;A;EB;AP;BP; AAP; UAB; UAP; UBP; @
f L1 a VELODCITY PER UNIT I' AT P CAUSED' BY A LINE VORTEX SPANELIl FROM A TO R
‘ C21 A SYNTAX: (XP,YP,ZP) VEL (XA,YA,ZA),(XB,YB,ZR)
| L31 F(((ppP)#L)v((ppAR)#1)Vv((pP)#3)v((pAR)#6) ) /ERR
C4] UAP¢AP+-AAP (+/(AP¢P-A¢3tAB) %2)%0 .5
£S3 UBP¢BP+(+/(BP¢P-B¢31AR) #2) %0 ,5
Lé1 Qe (UABCAR+ (+/ (ARCB-A)%2)%0.5) CROSS UAP
C71 20, Ve@x ((+/UABXUAP) -+/UABXUBP) +O4 XAAPX ((+/Q@XQ) +( (+/@XQ)=0))
C81 ERR:-0,p[l¢ ARGUMENT ERROR IN VELOCITY FUNCTION®

6,6
L E.E

3 v
L vV C¢«A CROSS R
Xl L11] & VECTOR PRODUCT C = A X B

1 £21 I (ppA)#ELIV((ppRB)#1)Vv((pA)#J)Vv((pB)#3))/ERR
! L3] 20,Ce((10A)X(20B) )-(20A) X (10R)
C41 ERR:20,p[¢ ' ARGUMENT ERROR IN CROSS FUNCTION®

ReM FROM N
C11 ReM, N
ReN TO K

£i1 ReNS K

g g Qg

PRINT; SYM; RMX; LPP; PAGE ; PAGES; X;Y;Z;I;J;JM;L
C11 SYMe' *°
£21 PAGES«1
4 £3] F(S3:LPPERMX€1tpA) /([ILCL1]4+2)
E C4l LPP«48IT (RMX~2) +PAGES«I (RMX~2)+50
CS1 JME24+129, AC (24 RMX) ;71 :
Lé61 XeAlD1,1+K1
£L7] ZeAL2; 1+K4
| L8l +L00P, (PAGE#1), (J&3)
[?2] LOOP:[¢2p[JAVL1S71]
C103 -~ (PAGES=1)/(JLCL11+2)
C11]1 [e(S52p' '), 'PAGE ', (7PAGE).,"' OF ', (vPAGES).[AVL157]
C121 YedY#' ')/YeAVL(3p1000)TXL71]

T P T T T PR T R T P

£131 QOeMODEL,Y, ="', (sX[S51), ' STREAMLINE NO. ', (¥XCé61),0AVL1571
L1413 Ye' A = ',(¥X[11)," B = ',(3XL21),' C = ',(¥XL3D),' ~-PCL = ',¥XLCYH]
£151 DeOr32-LCpY)+2)p" '), Y
4 A,

i £171 Ye'DA = *,(¥ZC11),"' DB = ', (sZC21),' DC = ',(¥ZL31)

i £181 Ne(OT32-L(pY)+2)p" '),Y,DAVL157]

' C191 D« X Y Z BETA s P/PCL DP/DS/PCL"
€201 ¢
£21] Let

£22] ACC(RMX2JeJ+1IA(LPPELEL+1)) , 0p0¢(K3¥K2x, ALJ; I+KY) , SYMLC1+J=JM1) /0LCL11]
£23] [e(S3+(2xPAGES=1)~L)p0AVL157]
C241 < (PAGES:zPAGE¢«PAGE+1)/LOOP
C2%1 STOP: 40
v

-6l~-




B b

;v
:
1
;,-

v
C11
£21
C31
L4l
C31]
- N
(|
L8l
£?1
£103
C11]
C121
C131
C14]
C151]
L1611
C171
£181

v

v
C11
L2231
C£31
Cu]
CS5]
Cé61
C71
C81l
L?1
C101
C111
£121
£133
Ci41]
C153]
£161]
L1731
£181
C191]
C201
L2131
£221
£231
C24]
L2531
L261]
£271
£281
£291
£301
£31]
£321
L3331
L3431
£351]
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RTN¢RECORD FILE
A RTN=0 FOR NORMAL RECORDING. RTN=1 IF ERROR
A CODE=1 RECORDING START AT RECORD 1, CODE=0 FOR ADDING RECORIDS
RTN¢O
OWA€EX ‘OUTP®
+(2#1 OSV0 'OUTP')/ER1
OUTP& (4t (4xCODE)Y®'ADD OUT '), (sFILE),' ID=(DATA) MSG=0FF’
2(1#A/0=0UTP)/ER2
OUTPeA
+(1#A/0=0UTP)/ER3
STOP:QUTPen 0
2(1#A/70=0UTP)/ERY
+(2=[1SVR 'QUTP')/0
ERS :20UT., ofJ¢ 'RECORI': ERROR RETRACTING SHARED VARIABLE'
ER1:20UT, pl¢ ' RECORD: ERROR ESTABLISHING SHARED' VARIABLE'
ER2:30UT, p[J¢ 'RECORD: ERROR OPENING FILE °',sFILE
ER3:20UT, p[J¢ 'RECORD: ERROR RECORDING FILE ',sFILE
ERY:20UT, el]¢ 'RECORD: ERROR CLOSING FILE °'.,sFILE
QUT :20xp(DEX "OUTP'), (OSVR "OUTP'),0p(RTN¢1)

PLAYBACK MNK;I;M;N;K
FULL SYNTAX: ‘PLAYBACK FILE# FROM N1 TO N2°'
PARTIAL SYNTAX: 'PLAYBACK FILE# FROM N1 (TO END)°’
'PLAYBACK FILE# (FROM 1 TO ENID'®
FILE# = FILE NUMBER; N1, N2 ARE RECORD NUMBERS
SPECIAL CASE: TYPE 'PLAYBACK FILE' TO DISPLAY ENTIRE CURRENT FILE
MeC, MNKYC1]
+(M>0)/(0OLCLC13+3)
PRINT
240
Nel
Kello
+(1=p,MNK)/(OLCC1I+Y4)
Ne(, MNK)LC21]
+(2=p, MNK) /([JLCC11+2)
Ke(, MNK)L3]
FCINELIACKEN) ) /(ALCL1T+2)
40, 0p00¢ " INVALID RECORD DESCRIPTION. TRY AGAIN'
OWAE[JEX " INPT®
+(2#1 [ISVO 'INPT')/ER1
INPT¢'IN ', (¥M), " ID=(DATA) MSG=0FF'
+(1#A/70=INPT)/ER2
I¢0
READ:+(0=p, A¢INPT)/ER3
H(N=-I€I+1)/READ
PRINT
+(K>1)/READ
STOP:INPTeq 0
(1#A/0=INPT)/ERY
2(2=[SVR "'INPT')/0
ERS:20UT, pJ¢ ' PLAYBACK : ERROR RETRACTING SHARED VARIABLE'
ER1:-0UT,p0¢ ' PLAYBACK: ERROR ESTABLISHING SHARED' VARIAELE'
ER2:-0UT, pl0¢ ' PLAYBACK: ERROR OPENING FILE ', vM
ER3:+0UT, ¢ 'PLAYBACK: END OF FILE ', M
ERY4 :20UT, pl¢ ' PLAYBACK: ERROR CLOSING FILE ', M
OUT:40xp(OEX 'INPT'),(OSVR 'INPT")

232D
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V SUMMARY MNK; I, M;N;K;J;X;Y

C11 A FULL SYNTAX: ‘SUMMARY FILE# FROM N1 TO N2°

C21 a PARTIAL SYNTAX: °'SUMMARY FILEH# FROM N1 (TO ENID'

£L31 n 'SUMMARY FILE# (FROM 1 TO ENID'®

C41 « FILE# = FILE NUMBER. N1, N2 ARE RECORD NUMBERS

[31 a SPECIAL CASE: TYPE 'SUMMARY FILE' TO DISPLAY ALL MAX DP/DS IN FILE

L6 Me (L, MNKILL]
» L71 H(M=0)/C(OLCC1A+2) 1
i L8l 20

| [9]  Nel
{ £101  Kello

! [113  4(1=p, MNK) /C([LCE1I+4)
e | L1231 Ne(,MNKIL23]
C13]  4(2=p,MNK) /¢LCL1I+2)
C14] K&, MNK)YE3D
L1551 CINELIACKEN) )/ ([LCC11+2)
L1631 -0,0p[0¢  INVALID RECORD DESCRIPTION, TRY AGAIN'
C17] [OWAEEX 'INPT'
C181 <(2#1 SVO 'INPT')/ER1 k
L1931 INPT«'IN ', (¥M),' ID=(DATA) MSG=0FF'
[201 +(1#A/0=INPT)/ER2
£211 Te0 ]
[221 READ:2(0=p, A¢INPT)/ER3
[231 -(N=I¢I+1)/READ
| C24]  Je14149,ALC10v14p0) ;7]
* [251 +(1#AC1;61)/CONTINUE
‘ L2611 De(2pNAVE1571), (180" '), 'SUMMARY OF MAXIMUM PRESSURE GRALDIENT',[JAVLC1

C271 Xe,AL1;3+K1

4 £281 [Oe(13p" "), MODEL, CCY#' " )/Ye[JAVL(3p1000)TXL733), "=, (+XLS51), 0AVL1S7?
8 : £291 Ye’ C = ", (sXL31), "' -=PCL = ", ¥XCW41 °
L3001 Y&'A = ', (sXL[11),° B o= ', (sXL2]),Y
[31] [O«CC0r36-L(pY)=2)p" '),Y
L3213 TIDNeXLS]
E3331 * °
C34]  X&, AL2; I+KW
L3531 Ye'DA = ', (sXC17),° O = °, (s XC23),° nec = ', (¥XC31
L3617 [OeCCO0T36-LCpY)+2)p" "),Y,NAVL157]
£L371 ° SL# X Y Z BETA S P/PCL IDP/DS ZO-ZE RETAE B
£E383 =© ° '

£391 CONTINUE : 2 (IDN#ALL;S1)/(OLCC11+2)
CH01 YE€AL1;61,((,ACD;0), CCAL3;30,0)~C,AC(1tpA);3,40)X1, 71),AC3; 4])+KY
L4113 []4-(5.0;9.2:6:'2.6.2:6'2;6;2:7;4.7;4:6.2.6:2.6.2)TK2[1.(\7)'1o'+,ll-]XY
C421 H(K=I)/READ

C431 STOP:INPTe0

Eu4] 2(1#A/0=INPT)/ERM4

CYS5]  +(2=[SVR 'INPT')/0

L4661 ERS:0UT, pll¢ ' SUMMARY: ERROR RETRACTING SHARED VARIABLE'®
Cu71 ER1:40UT, p[l¢ ' SUMMARY: ERROR ESTARLISHING SHARED VARIARLE®
C481 ER2:-20UT, p[l¢ ' SUMMARY: ERROR OPENING FILE ',%M

L4971 ERI:20UT, pll¢ ' SUMMARY: END OF FILE ‘', M

C501 ERY:-0UT, pfJ¢ ' SUMMARY: ERROR CLOSING FILE ',¥M

[51] OUT:»0xp(JEX "INPT'),([JSVR 'INPT')

T R T TR T W
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V SUMMARY MNK; I;M;N;K;J;X;Y

C13 & FULL SYNTAX: ‘SUMMARY FILE®H FROM N1 TOD N2°'

C21 a PARTIAL SYNTAX: 'SUMMARY FILEH FROM N1 (TO END)'

L31 ~a 'SUMMARY FILE# (FROM 1 TO ENID®

C41 s FILE# = FILE NUMEBER. N1, N2 ARE RECORIDN NUMBERS

[31 »a SPECIAL CASE: TYPE ‘SUMMARY FILE' TO DISPLAY ALL MAX DP/DS IN FILE

L61 Me (O MNKILL]
£71 H(M=0) /7 (JLECCTI+2)

L8l 20
£?1 Nel
£1031  Keuho

[113  4(l=p, MNK)/(QLCL1I+Y)

L1231 Ne(OMNKIL2]

L1331 -+ (2=p,MNK)/(ILCL1I+2)

Ci4d Ked,MNK)IL3]

L1583 CINEL)AKEN) ) /Z(LCELI+2)

L1461 40,0e[1¢ " INVALID RECORD DESCRIPTION, TRY AGAIN'

C17] [OWA€JEX “INPT’

£181 =(2#1 OSVOD "INPT')/ER1

L1931 INPT&'IN ', (¥M), ' ID=(DATA) MSG=0FF'

L2073 (1#A/0=INPT)/ER2

L2171 Te€0

L2211 READ:+(0=p, A¢INPT)/ER3

L2317 2+ (N=I¢I+1)/READ

C241  Jel+1td,ALCLivItpA) ;7]

L2531 (1#A01;61)/CONTINUE

L2671 De(2poNAVLLS571), (18p° '), 'SUMMARY OF MAXIMUM PRESSURE GRADIENT',[AVL1571
C271 Xe,ALL; 1+K1

£281 De(13p' "), MODEL, ((Y#' ")/YE[JAVL(3p1000)vXL733), "~ , (¢ XLS51), DAVL1S7]

L291 Ye' C = ", (X3, "' =PCL = ', ¥X[4]

L3003 Ye'Aa = ', (sXL11),° g = ', (sXL2),Y

L3131 [OeCCOT36-LCaY)+2)0" "2 Y

[321 IDN&XLCS]

£33y * °

C341 Xe, AL2; I+Ki4

L3531 Ye'DA = ', (sX[11),"° e = ', (¥ XL21) ., " nC = ", (¥XC31)

L3361 [e((0r36-LCpY)+2)p" '), Y,NAVL157]

£L371 ° SL# X Y Zz BETA S P/7PCL. DP/DS ZO-ZE BRETAE BETAO
L3321 X

L3921 CONTINUE: =+ (IDN#ALL;S1) /7 (OQLCCL11+2)

CHO0] YEALL;61,((,ACS;0), (CAL3;31,0)~C,ACC(1%pA);3,41)0%x1, 71),AL3;41)+KY
L4131 06¢5,0,9:2:6,2:6:2,:6,2,6,2,7:4,7,4,6,2,6:2,6:2)%K2L1,(x7),1,%,42xY
Ly2] +(K=I)/READ

C43] STOP:INPT&0

CU4] 3 (1#A/0=INPT)/ERY4

Lu51  -+(2=[8VR 'INPT')/0

C4é]1 ERS:0UT, p[J¢ ' SUMMARY: ERROR RETRACTING SHARED VARIAERLE®

Cu71 ER1:20UT, pJ¢ ' SUMMARY: ERROR ESTABLISHING SHARED VARIABLE

C481 ER2:20UT, eof]l¢ ' SUMMARY: ERROR OPENING FILE ', M

L4971 ER3J:20UT, pll¢ ' SUMMARY: END OF FILE ', M

L5011 ERY:-0UT, plJ¢ ' SUMMARY: ERROR CLOSING FILE ', ¥M

CS11 OUT:40xp([JEX "INPT'), (0SVR 'INPT"?
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SAMPLE INPUT

| X
& j 0 "0.1219 "1.6256 1 :
E | 1.27 “0.1219 1.6256 2
b | 2,54 "0.1219 "1.6256 3
: 3.556 “0.1219 ~1.6256 Y

1 3.9421 "0.1219 "1.6256 5 i

E | 4.3023 0. 0744 ~1.6256 é ¢

4,638 0. 0645 "1.6256 7
4,9263 0.2858 “1.6256 8
5.1476 0.574% "1.6256 9
i 5.2865 0.9098 "1.6256 10
E | 5.334 1.27 "1.6256 11
: 5,334 2.54 "1.6256 12
B 5,334 3.81 "1.6256 13

4 5.334 5.08 "1.6256 14

] 5. 334 6.35 "1.6256 15
5,334 8.89 ~1.6256 16

. 5. 334 11.43 "1.6256 17
E 5. 334 13.97 "1.6256 18
: 5,334 16.51 “1.6256 19
; 5.334 19.05 1.6256 20
3
E | (€12 ¢ 9 4),3,0) v A

13.5932 10.7950  1.2u99 4, 4450 . 9525 7620 3
; RUN 1 TO 20
' DO YOU WISH TO EXPUNGE SOME FUNCTIONS TO CONSERVE WS (0=N, 1=Y)
0:
1
DO YOU WISH TO RECORD RESULTS ON TAPE (0=N, 1=Y)
n:

1
ENSURE OUTPUT DATA TAPE IS ON., AND MARKED
HIT EXECUTE KEY TO CONTINUE

ENTER OUTPUT FILE NUMBER
0o:
1

DO YOU WISH TO RECORD FROM THE BEGINNING OF THE FILE (0=N, 1=Y)
0:
0
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SAMPLE OUTPUT

PAGE 1 OF 2
AJDE MODEL 0232 DIFFUSER CONFIGURATION R-87213 STREAMLINE NO, 1
A = 13,593 B = 10.795 C=1.2499 ~PCL = 0.0006046N4

DA = 4 W45 DR = 0.93525 nC = 0,762

X Y Z RETA S P/PCL DP/DS/PCL

! .0000 T.1219 0 T1.6256 10,224 0000 1.1868 L0953

[ .0000 TL1677 T1.8796 10,721 2581 1.1618 . 0988

k. 00060 ".2158 T2,1336 11,216 5166 1.,1358 1019
! L0000 TL2662  T2.3876 11.708 V756 1.1090 1046
.0000 T.3188 T2.6416 12.198 1.0350 1.0815 1069

0000 L3737 T2.8956 12.686 1.2948 1.,053% 1086

0000 L4309 T3.1496 13.172 1.,5882 1.0250 .1100

L0000 4903 T3.4036 13,655 1.8160 9962 1108

0000 T.8520  T3.,6576 14,137 2.0774 671 1113
L0000 TL6010 73,8520 in.503 2.2779 L Puu8 c1114x

. 0000 T.6160 T3.9116 14,615 2.3394 9379 111k

0000 TL6823 0 Th, 1656 15.092 2.6019 L2087 1111

| 0000 TL7E08 0 T 4196 15.566 2.8649 8795 1105

| .0000 T.8215 TW,6736 16.039 3.1:86 8505 1096

' . 0000 T.B94E W, 9276 16.509 3.3929 L8217 1084
0000 T.9698 75,1816 16.976 3.6G78 L7932 1069

L0000 T1.0473 T5.4356 17.442 3.9234 L7650 1052

L0000 71,1271 75,6896 17.905 4.1896 7372 1033

1 L0000 71,2092 T5.9436 18,366 4. 4565 7099 1012
E: L0000 71,2935 T6.1976 18.825 4, 7242 6832 0989
g 1 ) 0000 7T1.3801 T6.4516 19,282 4.9925 6569 0965
L0000 T1.4690 T6.7056 19,737 3.2616 6313 09U 0

L0000 T1.5601 76,9596 20,190 $5.5315 6063 0914

0000 71,6535 T7.2136 20,640 9.8021 L9819 . 0888

; L0000 T1.7492  T7. 4676 21.089 6.0735 . 5582 . 0860
0000 T1.8472 T7.7216 21.536 6.3458 . 5351 0833

L0000 T1.9474 T7,.9756 21,981 6.4i88 5127 0805

0000 72,0499 78,2296 22 . 424 6.8927 4911 0777

L0000 T2.1547  T8.4836 22.866 7.1675 L4701 0750

L0000 T2.2619 T8.7376 23,30 7 4432 498 0722

0000 "2.3713 78.9916 23.743 7.7197 4302 0695

0000 T2.4830 79,2456 24,179 7.9972 4113 0668

0000 72.5970 T9.4996 24,614 8.2757 L3931 0641

f L0000 T2,7134 79,7536 25,047 8.5550 3736 0615
g 0000 T2.8321 "10.0076 25,478 88,8354 . 3587 . 0589
; L0000 72,9531 T10.2616 25.908 ?.1168 3425 0564
! L0000 T3.0765 T10.5156 26.336 9.3992 3269 0540
L0000 73,2022 T10.7696 26,763 ?.6826 3119 0516

L 0000 "3.3303 "11.0236 27.188 ?.9670 2976 0493
0000 T3.4608 T11.2776 27.612 10,2526 . 2838 0u71

0000 ~3.5937 "11,5316 28.035 10,5392 2706 0450

L0000 73,7289 11,7856 28.456 10.8270 . 2580 0429

0000 ~3.8666 "12.0396 28.876 11.1159 2459 0409

L0000 TH.0066 T12.2936 29.295 11.4060 V2343 0390

0000 TH,1492 T12.85476 29.713 11.6972 2232 0371

0000 THL.2941 T12.8016 30,130 11,9897 2126 0353

20000 T4, 4415 T13,0556 30.546 12,2834 2025 0336

L0000 TH.5914 T13.3096 30.960 12,5783 1929 0320
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PAGE 2 OF 2
AJDE MODEL 0232 DIFFUSER CONFIGURATION B-87213 STREAMLINE NO.
A= 13.593 B = 10.795 C=1.2u499 -PCL = 0.00060464%
DA = 4. 445 DB = 0.9525 DC = 0,762

1

X Y Y4 BETA S P/PCL DP/DS/PCL
0000 "4.7438 "13,5636 31.374 12;e7u5 . 1836 0304
0000 7"4.8987 "13.8176 31.787 13.1720 1748 . 0289
0000 °5.0561 "14,0716 32.199 13.4708 1664 L0274
L0000 75,2160 14,3256 32.610 13.7710 . 1584 0260

wGBw
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SUMMARY FILE FROM 21 TO 40

SUMMARY OF MAXIMUM PRESSURE GRADIENT
AJDE MODEL 0232 DIFFUSER CONFIGURATION EB-87213

A= 13,593 R = 10,795 C = 1.2u499 -PCL = 0.00060464
DA = 4. 445 DB = 0.9525 nc = 0.762

X Y Z BETA S P/PCL DP/DS Z0O-ZE RETAE
00 7,460 T3.85 14,50 2.28 .9uu48 1114 12,70 32,61
1.32 7.59 73.82 14.41 2.24 9526 .1128 12,70 32,61
2,64 7,55 "3.72 14.15 2.14 9766 1173 12.70 32.48
3.70 .51 "3.59 13.89 2.01 1.0090 1234 12,70 32.96
.09 “.49 "3.53 13.79 1.95 1.0251 ,1264 12,70 33,16
H.B7 0 T.42 T3.49 13.65 1.90 1.0389 L1292 12,70 33.22
.82 7,26 "3.46 13.42 1.87 1.,0485 ,1312 12,70 33.02
5.12 .01 “3.44 13.18 1.85 1.0536 .1324 12,70 32.73
5.36 30 "3.45 12.97 1.86 1.0540 1327 12.70 32.46
5.52 69 T3.47 12,83 1.88 1.0493  .1320 12.70 32.23
5.99 1,02 °3.52 12,72 1,92 1,0393 .1303 12,70 31.96
5.64 2.33 "3.68 12,73 2,08 1.0027 .1239 12,70 31.78
5.70 3.64 "3.79 13.23 2.20 .9799 .1199 12.70 33.04
9.7 L4.94 "3.87 13.99 2.29 .9653 .1174 12.70 35.15
5.79  6.24 "3.94 14,79 2.36 9566 .,1158 12,70 37.63
9.80 8.81 "4.02 16.19 2,46 9479 1139 12.70 42,60
5.89 11.38 "4.,08 17.15 2.52 9437 .1128 12.70 46.61
95.92 13.94 "4,12 17,71 2.86 9414 1121 12,70 49.33
9.93 16,49 "h.14 18,00 2.59 .9402 .1116 12,70 50.85
9.94 19.05 "4.14 18.08 2.59 ,9398 .1115 12.70 91,34

b=

BETAO

10.22
10.19
10.11
10.05
10.03
?.96
?.79
?.97
9.33
?.11
8.89
8.39
8.28
8.38
8.58
?.00
9.30
?.49
9.98
9.61
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L2291
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L3221
£L33]
C341
L3531
L3631
L3713
L3831
£391
L4031
L1l
L4231
CW3]
C443]
CuS]
Cu61
L4731
[u81]
Cu91
L5031

NADC-77050-30

PART III SERVICE PROGRAMS

V NZ SHAPE MNK;I;INPT;M;N;NS;K;J;JE;X;Y;Z;Z20;0PW
FULL SYNTAX: ‘NZ SHAPE FILE#® FROM N1 TO N2°
PARTIAL SYNTAX: 'NZ SHAPE FILEH FROM N1 (TO ENID'

"NZ SHAPE FILE# (FROM 1 TO END)'

FILE# = FILE NUMBER., N1, N2 ARE RECORD NUMEERS _

NZ = NUMRER OF Z POINTS (1.27 CM INTERVAL) RELATIVE TO Z0
SPECIAL. CASE: TYPE °'NZ SHAPE FILE' TO DISPLAY ALL SHAPES IN FILE
GLORAL VARS: IDN INH. SET. WHEN SL#1 IS DETECTED ( SET TARLE TO 0)

SLN SLH WHICH SIGNALS COMPLETION OF DATA ACQUISITION
MODEL = MODEL DESCRIPTION; CONF = CONFIGURATION

DPWe2+6X14+NSE20

20€71,6256

261, 27X(ANZ) -1

Me(,MNKYLC1D

A (M=0)/0LCELI+2

40

Ne1

KeS00

2 (1=p,MNK) /[LCLLI+Y

Ne(, MNK)L2]

2 (2=p, MNK) /[ILCL1I1+2

Ked, MNK)L3]

FCINELIACKEN) ) /LCELD+2

20, 0p[)¢ " INVALID RECORD DESCRIPTION, TRY AGAIN'

OWAEIEX " INPT®

+(2#1 OSVO °'INPT')/ER1

INPTE'IN ', (¥M), "' ID=(DATA) MSG=0FF'

+(1#A/0=INPT)/ER2

160

READ:2(0=p, A¢INPT)/ER3
2(N-1¢I+1)/READ
JE€1tpA
JECIED)/7J624(28 718, A0,;33+100000000)1¢Z20~-2)
2(1#AL1;61)/CONTINUE

222223232

0e(2p0AVLL1S7]), (Mé6p" '), "SUMMARY OF DIFFUSER WALL COORDINATES'.Q0AVLC1571

Xe(,AL1;1)+(3p100000000),10000000000,1,1.,1

Jecu2e’ "), MODEL, (CY#' ")/YeQAVI(301000)vXL?11), "', (+XLS51),0AVL157]
Ye(,AL2;1)+100000000

Y& DA = ', (3sYC1D),® DB = ', (yYL21)," nC = ',{(¥YL3])

Yeé'! C = '",(sXC31),Y,"' -PCL = ', ¥X[4]

Ye'Aa = 'L, sXC1D), ' B = ',(¥X[22).,Y

OeCCoréu-LCpY)+=2)p" '),Y

IDNEXES]

DenAvLlS?7l, ¢ Z ",0(6 0)3NS)

A€ (3, (NZ+1),NS)plL0
CONTINUE:+(IDN#AC1;5])/COUNT
ACL; ;AC1;6136(1, (NZ+1),1)p(NZt,ALJ;11),A0JE; 1]
AC2; ;AC1;610¢(1, (NZ+1),1)p(NZt,ALJ;2]),ALJE; 2]
AL3; ;AL1;6176(1, (NZ+1),1)p(NZt,ALCJ;31),A0JE; 3]
2 (SLN#ALL1;61) /7COUNT
Jel

i iy e -

{
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sy o ettt e .

£S511
£521
L5311
C3%1
L5511
£S561
£S71
L5831
£591]
L4601
Lé61]
£62]
L4631
Léu1
L6551
Lé66]
L671]
L4681
[691]
v

v

L1l
v

v
C11
v
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PRINT:Q¢" °*

F(J#NZ+1) /0LCELD+2

SO0LCC13+2+0xpp[]¢" X',(6 2)v4AC01;J;1+100000000
OecCcéd 2)7Z0JD), " X', (6 2)7AC1;J;1+100000000

O«* Y',(6 2)vAL2;J4;1+100000000

(J#NZ+1) /0LCEL]+3 ;

O’ Z',(6 2)¥v-(AL3;J;1+100000000)-20
De2p0AVLLS57]

SC(NZ+1)2Jed+1) /PRINT

COUNT :+(K>I)/READ

STOP: INPT¢1 0

+(1#A/0=INPT)/ERY

2(2=[SVR °"INPT')/0

ERS:+0UT, pll¢ 'SHAPE: ERROR RETRACTING SHARED VARIABLE'
ER1:+0UT, p00¢ 'SHAPE: ERROR ESTABLISHING SHARED VARIAELE'
ER2:40UT, pl¢ 'SHAPE: ERROR OPENING FILE '.,¥M
ER3:+0UT, p¢ 'SHAPE: END OF FILE ', vM
ERY : 40UT, p1¢ "'SHAPE: ERROR CLOSING FILE ',wM
QUT:+0xp(OEX “INPT'),(OSVR 'INPT')

ReM FROM N
ReM, N

ReN TO K
R&N, K
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V PLOT SCALE;A;XO0;X1;J; JE;K;N;NS; I;XCL;YMP;ZCL;Z0;NULL;P
A REQUIRELD PROCEDURE:
A 1. USE YPATCH FROM IBM 5100 APL GRAPHPAK
A 2. RUN VSHAPE FIRST, WITH AID OF DATA TAPE., TO GET A
A EXAMPLE: PLOT 0.5 (FOR HALF CM SCALE)
2067162, 56+0XYMP¢19205
XCL&L 1399 .5~1140xSCALESCALE+2, 54
ZCL&L0 . 5+XCL-11059xSCALE
NULL¢LO0, S+(YMPXSCALE) , 0
AelpA)pl 0
ALL; ;3¢ 1L0. S+SCALEX(AL2;;1+1000000)~YMP
AL2;;3¢L0,.5+0.69818x5CALEX(ALL;;1+1000000)
AC3; ;1¢L0,.5+ZCL+0,69818xSCALEX(AL3;;1+-1000000)~-Z0
NGe(, pA)L3]
JEC(, pA)L2]
OWwA«1 [JSVO ‘P’
Pe'0OUT S1001°
Pes2, ALL; 1, NE], (XCL+AL2;1;NS1),ACL; 1;NS]T, (XCL-AL2;1;,NE81),4,3,0

Per;A[l;1;NSJ.XCL.A[l;l;13.XCL.4;3,0
I¢1

IMAGE : N¢ 1% (I+1)

Jel
CONTOUR:X0¢,ALL,2;J;117

Ke2

TOPVIEW: X1¢,AL1,2;J;K]
S (A/NULL=X0)v{(A/NULL=X1))/0LCL11]+2
Pes2, ((4p0, XCLY+(4pl ,N)XX0D,X1),1,1,0
P(NS2KEK+1+0XxppX06X1)/TOPVIEW
+(JE=JeJ+1) /CONTOUR
Ké1
STREAMLINE : X0¢,AL1,2;1;K1
Je2
RIB:X1¢,ALC1.,2;J;K]
2(A/NULL=X1)/0LCLC1]1+3
Pes2, ((4p0, XCL)+(4p1,N)XX0D,X1),1.,1.,0
X0eX1
{JEzJed+1)/RIB
F(NS:KeK+1)/STREAMLINE
2(2:1¢1+1)/IMAGE
Pe¥2,A01;1;NST,AC3; JE;NS1,ACL;1;NS1,ZCL.4,3,0
Pey2,AC1,1,;NS],2CL,ACY;1;13,2CL.4,3.,0
X0¢,A01,3;1;11]
Je2
CUTVIEW: X1¢,AL01,3;J;11]
+{(Aa/NULL=,AL1,2;J;12)/70LCL1]+3
Pes2,X0,X1,1,1.0
X0&X1
F(JEzJeJ+1)/CUTVIEW
X0¢,AL1,3;JE;11]
Ke2
SIDEVIEW: X1¢,AL01,3;JE;K]
Pey2,X0,X1,1,1,0
F(NS:KEK+1+0XxppX0¢X1)/SIDEVIEW
Per0
[JWA¢[JSVYR 'P’
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