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PREFACE

1 The effort reported in this document was performed by Flight Dynamics

Research Corporation during the period May 1977 through May 1978. 
— 

The sponsor-

ship was provided by the Naval Air Development Center, Wauninster, Pennsylvania,

under Contract No. N62269-77-C-0232. Technical Coordination was provided by

Dr. Kenneth Green and Mr. Carmen Mazza of the Naval Air Development Center.
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SU?~(ARY

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

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

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

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 j ets , 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 A
2/(s~ + a~ ) 21, the ejector was relatively small and had a large ratio

of diffuser jet slot thickness to primary j et 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 sdaon 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

of Configuration B, compared to the STAMP AJDE, over the entire range of distances

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.

I
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LIST OF SYMBOLS

A
2 

Cross section area of ejector at throat

a Primary nozzle exit area when mass flow is expanded to ambient pressure

a,b,c Dimensions of vortex distribution (see Figure 8)da ,db,dc

E ,F ,G, H
E,F,G,H Corners of vortex distribution (see Figure 8)

H EF ,GH

L Length of throat of ejector

• th Mass flow

p Pressure (gage)

P Stagnation pressure (gage) for both primary and diffuser jet

F p~~ Pressure (gage) at ejector’s center

p Ambient Pressure
on

s Curvilinear distance along streamlines

• s Diffuser jet exit area when expanded from P
0 

to ambient pressure ( p )

t~, Thickness of primary jet slot

t
d Thickness of diffuser jet slot

Velocity vector

u,v,w Components of velocity vector

x ,y, z Coordinates

X2 Throat width of ejector

z
0 Distance from ejector’s throat to diffuser jet (in thrust direction)

ze Distance from ejector’s throat to end of solid surface (in thrust direction)

Angle of diffuser surface to thrust direction, at diffuser jet

Be Angle of diffuser surface to thrust direction, at end of solid surfac e

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

Position and orientation of primary nozzles (see Figures 1 and 4)
I’ 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. In 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, essential 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. 

~~~~~~~~~~~~~~~~~
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II JET-DIFFUSION CONCEPT

The concept of jet-diffusion is basically 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. 

~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



NADC—77050—30

S



- - - - - - - --.-- .- -. ---- j —~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NADC—77050—30

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-
4

• 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 seriou s performance degradation, equivalent
to a reduction of 14% in the thrust augmentation , to a value of 1.82 .

_ 
- -
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Figure 2. ISOBAPS ON END PLATE OF STAMP AJDE EJECTOR

P = 24.3  kilopascals; A2/ (Son + a~ ) 21.6; 500’a~0 
= 0.62
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P 24.3 kilopascals; A
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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 flow . 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.

~E.
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III POTENTIAL FLOW ANALYSIS

1. Two—Dimensional Considerations

The flow field within a two-dimensional 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

f low, 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 AiDE type.

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

• separated by the throat width X2, as shown on Figure 5

z

(x,z)

(x, O)

Figure 5. MID-SECTION OF AN AJDE

and can he 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):

= (r/2Tr)~n(r1/r2
) (1)

or in cartesian coordinates

2 2z + (x - a)
(r/4ir)~ ri 2 

— 
2 

(2)
z + (x + a)

_ _ _ _ _ _  ~~~~~~~~ - 
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Equation 2 can be rewritten as,

2 2 2 2(x - x )  + z  = X  - a  (3)

where

x = a 
~ 

1 ÷ exp(4lrtk/r) 1 (4)
[l-exp (4inP/r)

J

Equation 4 indicates that for any given streamline (~, = constant), is a
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

to the ejector geometry as follows:

At z = 0, x = X2/2, and from Equation 3,

(5)
4 0

but

X - X 2/ 2 = R  (6)

therefore,

a = (X 2/2) ~~l + 4R/X 2 
(7)

For the special case of the STAMP ejector in which R = X2 ,

a = 
%~‘(5/4 )X 2 (8)

With the known location of the vortex lines , the velocity field can be

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.

~

.. . -~~- ..- -~~~ .- :.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . ,~ . . -  

ii



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

F -  X2 = R = 10.2 cm, which results in the value a = 11.4 cm, (Equation 8). In

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 = — (p/2)V2 = —r
2f(x,z) (9)

where

f (x ,z) = (p/8~
2) z

2 [ 1 — 1 
1 

2 
+ 

a — x 
+ 

a + x 
1 
2 

(10)
Lz2+(x—a)2 z2+(x+a)2J Lz2÷(x-a 2 z2+(x+a)2J

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

is described by the relationship

_ 2
= —r

2p,’(27r2) 
[~

2 — a2] 
(11)

A least square curve fitting technique to evaluate the circulation F of a

typical STAMP ejector arrangement, provided the value r = 32.3 m2/sec. With

this value for r, the theoretical and experimental pressure distributions across

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



NADC—77050—30

:“~ H~~i~Theory, F = 32.3 m2/sec

5 000 oo~~~~
4 ‘— — — — _________ —

—4 —2 0 2 4
x,  cm

Test Conditions:

24.4 kilopasca].s; 6 = 2.2; B =  45°;

A2/(s~
+ac~,
) = 18; s

~,
/a
~
= 0.55

Figure 6. SURVEY AC1~)SS AiDE THROAT - AT MIDDLE PLANE
COMPARED TO 2-1) 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

-

• 

p = -r2p/(2~r2) 
[~~

2 
~ a
2] 

2 
(12)

Using a least square fitting technique again, the circulation was determined

to have a value r equal to 29.1 m2/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.

—15—
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End Wall
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O — I
—8 —6 —4 —2 0 2 4 6 8 10 12 14 16 18 20 22

Throat .~J LDiffuser Jet Exit LDiffuser Exit Plane
• —z , cm

a. PRESSURE DISTRIBUTIONS AT PLANE OF SYMMETRY

9 — — —— — — — — — — — — —

4

.

. 8 ~~~~~~~~~~~~~~~~~~~~ 
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6~~~~~~~~~~~~~~~~~~~~~~_ _ _ _ _ _ __ _
N~~ .Ipheory , 1’ = 3 2 . 3  m 2

/se : .
5

4

3

2 —  
10.2 cm Radius Arc _.J=_45° Flat Wall

O l ~~~~2 3  I ~ 6 7 8 9 1 0 11 12 13

~Throat Diffuser Jet Exit Diffuser Exiti
Arc Length Along Side Wall , s,cin

P = 24.4 kilopasca ls ; 6 = 2 . 2 ; ~~~~ = 0 . 5 5 ; A
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- - Figure 7 also illustrates a comparison of theory and experiment at the ejector

middle plane surfaces where

x = ±{R + (x 2/2) - ~IR
2 

- z2 } (13)

Using this relationship and the two values of r 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

4 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.

— 17—
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2. Three-Dimensional Considerations

The deviation of the flow field measurements on the STAMP AiDE 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 u.nifor-

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-

tern 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 ( B )  at the diffuser jet location (x ,y,z);

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

(2X /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. 
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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).

- V = (F/4lrh) (cos Oj + cos 02)fl (14)

where

- . is the unit vector normal to plane ABPA

• h is the distance between point P and the line AB

- Oi is the angle PAB

- - 02 is the angle PEA

A 

p

Figure 9. VECTOR DIAGPAM 

-21-
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For the purpose of numerical solution, expressions for ~~, h and the cosine

terms are written as follows.

Define the cross product of two unit vectors as ,

-~• + AB AP + -
~~ 

-
~~q = 

__ 
x 

__ 
= sin Oi n = I~I ~ (15)

IAB I IAP I

hence

(16)

and I~~~ I

h = sin Oi = i~~I I~I (17)

and the cosine terms may be expressed as,

-+
AB APcos 0~ = . — • (18)

IAB I IA P I

—
P.3 BPcos 0 2 —  _ 

• (19)
IA B I  l~~~~~ I

Substituting Equations 16, 17, 18, and 19 into Equation 14 gives the velocity

field induced by the vortex segment as

+ —+ .-
~

~ {1_} { g PB 
~!_ - 

PB 
~~ (20)

411 —~~ 
.

~‘ 2 — • -
~~ 

•

~AP~Iq~ IAB I IA P I IA B I IBP I

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

ejector duct) can be determined as follows.

_ _
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Since by the definition of a streamline,

d x : d y : d z = u : v : 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,

-

• 

x = x + f (u/w) dz (24 )

y = y + f (v/w) dz (25)

For stationary ejectors, the pressure distribution can now be determined

• with the aid of Bernoulli’s Equation, as follows.

~abs 
- p~ = — ( p/ 2 ) 1 1 2 (26)

where
p = gage pressure

~abs 
= absolute pressure

+V = (u ,v ,w) (27 )

or

p = — (p / 2 ) (u 2 
+ v2 

+ w2 ) (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. 

~_ .~
___ ___ _ • T~i_•_~

_ _ _ _ _•• _
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b. Configuration A

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

boundary conditions were

B0 = 9.61 degrees

= 45 degrees @ 2X~/X2 
= 2.5

X
2 
= 10.16 cm

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

AJDE Ejector. The vortex strength or circulation C l’) was maintained constant

and fixed for all vortex elements.

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

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

- 
- values of “a” and “c” which satisfied the boundary conditions were determined

by an iteration procedure. The details of this procedure are presented in

• - 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 
= 450 was reached.

For example, the results of the gage pressure distribution 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.

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

Part II of Appendix B.

— —-~~~~ :~i 
r 11
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CONFIGU RATION A
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It is important to note that the use of dimensionless pressure 
~~‘~CI)’ 

made

dimensionless by use of the gage pressure (pa
) 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.

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 values

of b.

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.

4. 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 A
2/(s~ + a,~c,) at a plenum pressure of 24.1 kilopascals (gage) .

As illustrated, the thrust augmentation reached a value of 2.01 at optimal
values of the primary nozzle position (~~,ri) , orientation (0) and the area ratio

A2/ (sc,c +

The use of a rectangular 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 functioning

of the jet-diffuser.

-- _ 
- -  •
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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 B0 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 (B) in excess of 10°.

d) Minimize diffuser length (z - z ) to the extent possible
o e max

and consistent with a, b, and c 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. In 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 9.61 degrees, Be = 45 degrees

2X /X2 = 2.5 and using the value b = 10.160 cm calculations of the pressure

distribution, length and B0 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.
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Figure 14 presents a plot of the maximum pressure gradient vs maximum

diffuser length, for the predominant streamline. Maximum pressure gradient

-and maximum length may or may not correspond to the same streamline.

Figure 15 represents the change from Configuration A of the maximum

pressure gradient and of the initial angle B
0 

for the entire set of stream-
- - 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 = 0 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 B and a slight increase in diffuser length compared to Configuration A

as illustrated on Figures 14 and 15.

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 second 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 B0 near the ejector end (Figure 15) seriously limits
the application of dc.

—32—
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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 f u .’-ter lengthy numerical calculations, it was determined that by a

combination oi 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

B
0 

= 9.61 degrees

Be = 50 degrees 8 2x /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 ~ for all streamlines results in a
e

non-uniform distribution of (z - z). From a practical viewpoint, it is more

desirable to terminate the diffuser at a constant value of (z - Z
e

) for all

streamlines. A cut-off of the Configuration A diffuser at constant (Zo
_ Z

e
) = 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 z - z = 12.7 cm. The cut—off diffuser, labelledo e
Configuration B, having the characteristics shown on Figure 16 in comparison to

the characteristics of the cut—off Configuration A with (z0 
- z )  = 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 td near the corner is related to the larger surface
divergence and higher maximum 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 (z - z) 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 A2/(s~,,+a~)
of 21. Tests at smaller values of sdac~, 

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.

—36- 
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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 in x 3.05 in 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.

4 
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 in 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 in 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 in

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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ConfigurationB, AJDE Model 0232

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I STAMP Ejector S=2.5;15.2cm R EndPlate

1.8 I I I I I I I

0 1 2 3 4 5

- Distance From Ejector Exit Plane, m

P = 24.13 kilopascals (gage), A2
/(s~ + a~) = 22 , s,,o/ac~c, = 0.8

- Figure 19. INFLUENCE OF GROUND PLANE ON EJECTOR PERFORMANCE
(see Figures 1 and 4 for ejector dimensions)
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~~~~~~~~



- 
NADC—77050—3 0

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 B , as discussed;

0
2. The avoidance of cross-flow in the ejector, which carL 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 i~if’~ue~ce 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 th~ ac~ievement 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-l, 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.

• - T~T 
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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 s~reainline 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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- P A R T I F I N D a AND c

• Program Written
Symbols Symbols Meaning

A ,B ,C a,b,c,
DA,DB,DC da,db,dc 

See Figure 8

BS b Array of b (input)
-

- 
BETA Be 

See Figure 8

- -
~ BTA B Flow angle with respect to thrust direction

- - 

-
- 

- BTAO B0 See Figure 8

U Character matrix to display results

• DS Input matrix of (da, db, dc, KEY)

DELTA IS = (2X
e@ middle plane)/X2

E ,F ,G,H E ,F ,G ,R
E ,F ,G,H E ,F,G,E{ See Figure 8
EF ,GH EF,GH

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

• : = 1 6—point vortex ~E ,EF ,F ,G ,c~~,H)

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

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

> 3 c = 0 (neglect B0); KEY = remainder of KEY divided by 4
L L See Figure 8

V v/r = (u ,v ,w ) ,  velocity vector , 1/cm

VN ~/wr = (u/w ,v/w ,l) = (~~ /t~z ,t~y/t~z , l)

X X = (x ,y, z ) ,  space vector
— 

XE X See Figure 8

XN = (x , y , z )

XO x = (x ,y,z)

X2 X2 See Figure 8

NOTE:
- Length in centimeters.

- 

(7;
:

~~;;~~~~~~I*
PTL~~~~n .~TI I

~ 

- -•-



MADC—77050—30

OLX4- ABSTRACT
OPW -79-

V ABSTRA CT
[1] X04- 5.339- 19,05  1.6256
[2] A4-13.6
£3] X24-10 ,16
[9.] L438.1
£5] BTAO+-0.1677
(6] BETA4-o÷3.6
[7] EIELTA1—2.5
£ 8]  t~Z4- 0.2 54-
[9] DETOUR4-1
[10] MODEL4- AJEIE MODEL 0232 DIFFUSER CONFIGURATION
C l i]  CONFf B
[12] 3pQAV [157]
[13] PROJECT : ,MODEL ,CONF
(19- ] ABSTRACT : A C = F(B,DA,DB 1 DC) FOR 10—POINT VORTEX
[15] UNLESS OTHERWISE SPECIFIED5 ASSUME :
[16] STREAMLINE START AT, XO=( ,(vXO), )
[17] WITH ANGLE S BTAO= ,(,BTAOx 1BO-oi), DEG.
£18] EJECTOR THROAT, X2= ,(TX2), , L= ,TL
(19] DIFFUSER: DELTA~~ 1 (~ DELTA), 1 BETA~~ ,(TBETAX180+Oi), IIEG .
[20] INITIAL TRIAL VALUE FOR A 5 A~~ 5yA
[21] INTEGRATION INCREMENT , ~Z= ,-,t~Z£22] DETOUR=i TO CONTINUE INDEX IB;1DA
[23] •SYNTAX : BS FIND A EXAMPLE : 10 FIND A ’

• C2’i- ] NOTES : 1. BS CAN BE A NUMERIC ARRAY .
• - [25] 2. TYPE ~~~~ TO DISPLAY OUTPUT (ANY TIME)

£26] FLIGHT DYNAMICS RESEARCH CORP. 1978
V 

-~~~~~~~
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V R€BS FIND A

E l] XEI-DELTAXX2--2
£2] K4-5,O,8,9,8,4-,7,l+,7,9-,7,9-,7,’+,6,2,6,2.7,2,6,2
£3] R4-~ 0
[LI ] -*(BETOUR=1)/OALOOP
[5] 1B4-1 -

£ 6 ]  Ti- 111*1 A B C BA DB tIC XE
£7] T4-T, YE ZE BETA
[8] tH-(l 7l-I p ),t1](1 74. p ( 7 ’ - I t T ) ) , t l ] ( l  79 p )
£9] Df(1 79 p(74t (16p )5MODEL ,CONF , --ID# )),[1] El
[10] BLOOP:IDA4-- l

• [11] EIALOOP :84- ( BS)[IB] 
- 

-

£12] IBN4-L0.5+((B—5.715),(tIA+DS[ItIA;1]),(tlB -tIS[IDA;2]),DC~-DS[IDA;3]H-0.635[13] ItlN4-i0iIDN , KEY (-tiS[IDA ; 9.]
- - [19- 3 KEY4-9-IKEY+OXNOC4-KEY ::-3

[15] AA4-A
(16] ~Af-O[17] FA14-0
[18] C~-0

L 
- [19] N4-~ 1[20] ITERATION :N4-N+1

[21] X4-XO
£22] FAf-FA1
[23] AAf-AA+~A
[29.] ~C4-0
[25] FC1fO
£26] M f - 1
[27] C~~~:M4-M+1
£28] C4-C+~ C
[29] FC -FC1

• [30] E4- (AA+2xDA),(--B+EIB),C+2XDCx1�KEY
£31] Ff(--AA+2XDA), (—B+IIB),C+2xDCxl�KEY
£32] G~ (—AA+ 2xDA), (L+B+DB),C÷2xDCxi�KEY
[33] H4-(AA+2xBA), (L+B+LIB),C+2xDCxl�KEY
[34] EF4-0, (--B—DB),C+2xBCx (1=KEY)+(1�KEY)x(B--DB—X2~ 2)-~-(B+DB+X2-~-2)[35] 6 4 — ( 0 , ( L — X 2 ) , 0 ) + F 4 - ( - - A A ) , ( X 2 ÷ 2 ) , C
[36] ~ H4-0 , (L+B—BB),C 2xDCx(1=KEY )+(1�KEY)x (B—DB—X2+2)÷(B+DB+X2-~-2)
[37] Hf-(0, (L—X2),0)+E4-AA , (X2—2),C
[38] NOC/INTEGRATIO~
£39] V-X VELOCITY KEY
[‘+0] BTA4-~3o(+/(2tV÷V[3])*2)*0 .5
£91] ~Cf((M=0)x0,1)+ (M�0)x~ CxFC 1-~- (FC_FC14.BTA_BTAO)
[‘+2] 4((0.0001)-: I~~C>/CAt~
(‘1-3] INTEGRATION :VfX VELOCITY KEY
[9-4- ] XN4~X+AZxVN4-V—V [3]
[ 145] -+ (XNE1]?XE )/OVERSHOOT
[4.6] 4INTEGRATION, pX4 XN
[9-7] OVERSHOOT :XN4-X+VNx (XE--XCI])÷VN[1]
[98] Vf-XN VELOCITY KEY
[4-9] BTA~~3o(+/ (2tV+V[3])*2)*0 .5[50] AAI— ((N=0 ,xO.1 )+ (N�0)XAAxFA1÷ (FA— FA1FBTA—BETA )
[51] 9((0,0001)<I~~A)/ITERATION[52] BfD,Ei](1 79- p (KTIDN ,AA ,B,C,DA ,DB,DC XN ,BTAX18O—o1))
[53] R’-R,A4-AA
[514 ] 4( (ltpDS)�IDA+IDA+1 )/DALOOP

• [55] 4((p,BS)tIBfIB+l)/BLOOP
[56] O~D[57] 40, p04-5pOAV [157]

V

~~~~
Jj
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V R+-X VELOCITY KEY
£1] 9KEY~ P’+,P6,P8,P10
£2] PL1-:40,R4- (X VEL E,F)+(X VEL F,G)÷ (X VEL G,H)+X VEL H,E
(3] P6:R4—(X VEL E,EF)+(X VEL EF,F)+(X VEL F,G)+X VEL 6.GH
[LI ] 40,R4-R+ (X VEL OH H)+X VEL H E
(5] P8:Rf- (X VEL E,F)+(X VEL F5F)+(X VEL F.G)+X VEL 6,0
£6] 40,R4-R+ (X VEL G,H)+(X VEL H5H)+ (X VEL H,E)+X VEL E5E
[7] Pi0:R4- (X VEL E,EF)+(X VEL EF,~~)+(X VEL ~,~~)+(X VECF,G)+X VEL 0.6

• (8] --,0,RI-R+(X VEL G,GH)+(X VEL GH.H)+(X VEL H,H)+(X VEL H,E)+X VEL E,E
V 

— — —  —

V V~ P VEL AB ,A;B ,AP ;BP ;AAP ,UAB;tJAP;UBP ;Q
[1] A VELOCITY PER UNIT r AT P CAUSED BY A LINE VORTEX SPANED FROM A TO B
(2] i~ SYNTAX : (X P ,Y P , Z P )  VEL (X A ,Y A , Z A ) ,( X B , Y B , ZB )

[3] 4(((ppP)�1)v((ppAB)�l)v((pP)�3)v((pAB)�6))/ERR
[LI.] UAP4-AP÷AAPI- (÷/ (AP4-P—Af-3tAB)*2)*0 .5
£5] UBPf-BP÷ (+/(BPfP—Bf-3~AB)*2)*0.5[6] Q4-(UABf-AB÷ (+/(ABf-B—A)*2)*0.5) CROSS UAP
(7) 40,Vf-QX ((+/UABXUAP)—+/UABXUBP)—oLIXAAPX( (+/GXQ)+((+/QXG) 0))
£8] ERR :40,pO~~ARGUMENT ERROR IN VELOCITY FUNCTION

V

H V C4—A CROSS B
- - [1] A VECTOR PRODUCT C = A x B

[2] 9(((ppA)�l)v((ppB)�1)v((PA)�3)v ((pB)�3))/ERR
[3] 40,Cf- ((1~ A)x(2~B)>— (2~A)x(1~ B)

4 [‘4 ] E RR : 4 0 ,p 04 - ARGUMENT ERROR IN CROSS FUNCT I ON
V



NADC—77050—30

• SAMPLE INPUT

t’ETOURi-O
• BS4-iO.795

[194-1 L4 p 4 . 4L I5 , 0.9 5 2 5 , f l . 7 6 2 , 3

BS FIND A 
- 

-

SAMPLE OUTPUT
AJEIE MODEL 0232 DIFFUSER CONFIGURATION B-Itl#

ItI# A B C DA [‘B tIC XE YE ZE BETA

87213 13.5932 10.7950 1.24-99 9.9450 .9525 .7620 12.70 19.05 13.93 50.00

—55— - 
-

-~~~~~~~~ --~~S S -- -- - _ -_ _  -- - — -- -— —- — —- .- - - —--
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PART II MAIN PROGRAM

• Program Written
Symbols Sy~nbols Meaning

A,B,C a,b,c
da,db,dc da,db,dc 

See Figure 8

BETA Be 
Maximum exit B for all streamlines

BTA B Flow angle with respect to thrust direction

CONF Configuration (1 to 3 characters)

CUT Maximum -z for all streamlines
• E,F,G,H E,F,G,H

E,F,G,H E,F,G,H See Figure 8
EF,GH EF,GH

FILE File number of the tape

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,fl,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

Kl,K2,K3,K4 Constants
4

L L See Figure 8

MODEL Ejector model

P p Normalized pressure, -(pressure)/p ~~
PCL —p~~/T 

2 
= u

2 
+ v2 

+ w2 
@ center of the ejector, 1/cm

2

S s Streamline coordinate, cm
— V ~Ir = (u,v,w) velocity vector, 1/cm

= (u/w,v/w,l) = (~ x/Ay ,t~y/~z ,l)

x x = (x,y,z), space vector

Integer matrix for data storage

First row = Ki x (a,b,c,—p~~,,ID #,streamline #,Conf. #)
8Second row = 10 x (da,db,dc,0,0,0,0,)

Other row — io8 x (x5y5 z,B~s5p/p~~ 5d (p/tp~j)/ds)

A Table of (a,b,cda ,db,dc,KEY) combination

X Table of streamline origin (x , y , z ,streamline #)

Or , optional (x , y , z0 1streamline #, Maximum -z)

NOTES:
1. Last column of the output is d (p/Ip~~I)/ ds

• 2. Length in centimeters

-S~~- • ~~~~~~~~ 

~— -~-~~--—---—- -----—--— 
& __ • _ _ _ _ _ _

~
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OLX4- ABSTRACT
- 

I £IPW4-80

V ABSTRACT
[1] K14- (3p100000000) ,10000000000, (3p 1)
[2] K24-i,l,1,(180+o1),1,1,1

- 
- 

[3] K34- (6p 9 ‘+),9,3,(6p 9 ‘4) -

[1k]  K’14-100000000

[5] X2f-10,16
[6] Li-38,1
[7] BETA4-o-~-3[8] AZf- 0.2514-
[9] CUT4-l9..3256

[10] MODEL4— AJDE MODEL 0232 DIFFUSER CONFIGURATION
[11] CONF4- B
[12] 04-3pflAV [157]
[13] PROJECT : ’ ,MOEIEL ,CONF
£19.] ABSTRACT: DIFFUSER SHAPE S PRESSURE DISTRIBUTION ANtI GRAD IENT
[15] CONFIGURATION PARAMETERS :
[16] X2 ,(rX2)1 ; L = ,(~ L), ; MAX BETA = ,(cBETAxK2 [4]),~ BEG. ’
[17] INTEGRATION INCREMENT , ~Z ,(-r~ Z)1 ; MAX —ZE = ,vCUT
[18] ‘ STREAMLINE ORIGIN: X ( ,(rp X ), M A T RIX )
[19] A B C RELATION : ~ ( ‘,(çp~ ), MATRIX)
(20] ‘CALCULATION : TYPE RUN N 1 1  OR, RUN Ni TO N2~~~£21) ‘ Ni , N2 = ((ROW OF A ) — 1) x 1 (-v 1tpX )~ + (ROW OF xr
[22] ~PLAYBACK : TYPE PLAYBACK FIL.E# FROM Mi TO M2~~~~
£23] OR , PLAYBACK FILE$r , OR, PLAYBACK FILES FROM M1~~~
[24 ] PRINT : TYPE ‘PRINT~~ , OR PLAYBACK 0~~~[25] FLIGHT DYNAMICS RESEARCH CORP. 1978

V

—58—

5 - - - —— -- ~- -~~~~~~~~~~~~~ - - 
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V RUN NUMBER
[1) A NUMBER = DECODE VALUE OF ROW NUMBERS OF MATRIX A AND X
[2] A SINGLE RUN1 TYPE RUN N 1 ;  MULTIPLE RUN TYPE RUN Ni TO N2’
[3] WRONt34- INVALID RUN NUMBER, TRY AGAIN
[9-]  t’UMMY- (FILE4-0), (N4- ( ,NUMBER)C1])
[5] - ‘(l=p5NUMBER)/PROCEEEI
[6] 4( (N24- ( ,NUMBER)[2]).(N14-N))/(OLC [1]+2)

[7] 40,OpO4-WRONG
(8] CASES~ l+N2—N 1[9] N4-Ni+ (-i CASES)--1

F: [10] PROCEEE1:N4-( (N>0)A(N ~ (1t, pA )X (lt, pX) ) )/N
[i i]  ,(0-::CASES4-p ,N)/(OLC [1]+2) —

[12] 40,Dp~J4-WRONG
[13] I4 -1 +OXpp O +-
[14.] GX: ’EIO YOU WISH TO EXPUNGE SOME FUNCTIONS TO CONSERVE WS (Q N , 1 Y )
[15] i(2 1 + .x 0 1 =1t,O)~ GX,EX ,Q
[16] EX :Xf-OEX 4- 8 p~ ABSTR r.~jCTPLAYBACKSUMMARY FROM
£17] Q:04- ’DO YOU WISH TO RECORD RESULTS ON TAPE (O=N 1=Y)
[10] 4(2 1 + .x 0 1 it5O )~ Q1YES ,NO
(19] YES:U4- ENSIJRE OUTPUT DATA TAPE IS ON, AND MARKEB
£20] DUMMY4-O,0p04- HIT EXECUTE KEY TO CONTINUE
[21] -9(0~ FILE4-1t,O,0pOf- ENTER OUTPUT FILE NUMBER )/OLCt1]
£22] RE: tIO YOU WISH TO RECORD FROM THE BEGINNING OF THE FILE (0=N, 1 Y )
[23] 9(’~/ 0 1 �NEW-lt,O )ØREPEAT ,RE
[24.] NO :BUMMY4—~ ,0pD4- ’ENSURE PRINTER IS ‘‘OW ’ , HIT EXECUTE TO CONTINUE ’
[25] REPEAT :M4-,1+ (i0, ( l t , p A ) ,  ( l t , p X ) ) r ( ( , N ) [ I ] — i )
[26) 4(QLCEI]+1), (A 4 - A ( M [ 2] ; l ] ) ,  (B4-A CM[2] ;2] ) ,  (Cf-AEM [2];3]),DCf-A [M[2];6J
[27] IDN4-L0,5+ ((B—5.715),(t’A4-A[M[2];’+]),(BB4-A[M[2];5]),[IC)÷0.635
[28] IDN€10.LIDN,KEYf-A [ME2];7]+0xCFNl-+/(10000~ 0,10Q0,1)xOAV~3tC ONF
[29] E4- (A+2XLIA )1 (—B+EIB),C+2xt,Cxl�KEYf4-IKEY

• £30] F4— (--A+2xDA ), (--B+BB),C+2xDCX1�KEY
[31] G4- (—A+2xtIA ), (L+B+EIB)5C+2xt,Cxl�KEY
[32] H4- (A+2XIIA ),(L+B+EIB),C+2xDCX1�KEY
(33] EF4-0, (-B—EIB),C+2xtICx (l=KEY)+(1�KEY)x (B—tIB—X2-~2)÷ (B÷DB÷X2÷2)
[34.] (34- ( 0 ,  (L--X2),0)+Ff- (--A), (X2—?2),C
[35] ~H4-0, (L+B--tIB),C~2xDCx (1=KEY)÷ (1�KEY)x(B—DB---X2÷2)÷ (B+DB+X2÷2)
[36] H4- (0 ,(L----X2 ),0)+E4-A ,(X2÷2),C

[37] X4-0,(L+2),0
[38] PCL4-+/ (V4—X VELOCITY KEY )*2 —

[39] 4(4-~~ 1t,pX)/INTEGRATION,(X4-X [M [3];~~3]),(S€0),(Jf-1),ZMX€CUT
[‘40] ZMX4~CUTLZMX4~(ZMXx 0::ZMX)+CUTx0a-ZMX4.X (M [3],5]

• [LI-i] INTEGRATION :V4-X VELOCITY KEY 
—

[4-2] 4((BETA�BTA4- 3o (+/(2tVN4-V+VC3])*2)*0,5)v(ZMX~~IX[3]))/QVER
[43]  VM4-VN
[9-14-] P4- 1 7 p (X .BTA,S,(Pf(+/V*2)+PCL),0)
(4-5] 4(J�1)/([]LC[1]+2)
[‘+6] 4OLCE1]+2+OXPPA4-B
[‘+7] ts4-~ ,E1] [I

[48] - ‘INTEGRATION1 (OpX4-X+aZXVN ), (0pS4-S+ I~~ZX (+/VN*2)*Q .5),QpJf-J+1
[49]  OVER :4(ZMXflXE3])/EIONE

[50] J4-J--1
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[51] FZO4-E’ETA—A [J ;’+]
£52] AAZf- (~ Z14-~ Z)xFZ1÷FZO—FZ14-BETA—BTA
£53] ITERATIO$ :AZ14-AZ1+~~ Z
£51-I-] FZO4-FZ1
[55] X4-M~J;~~3]+VM X~~Z1 .
[56] V4-X VELOCITY KEY
[57] BTA4- 3o(+/(2tV~V[3J)*2)*0,5[58] AAZ4-AAZxFZ1÷FZO-FZ14-BETA—BTA

- - 
I 

~~~~~~~~~~~ 4((1E 6)-::I~~~Z)/ITERATION
[60] S4-~ CJ;5J+IAZiX(+/VM*2)~~0.5[61] tIONE:t~4—A ,[ 1](1 7 p X , B T A 1 S , ( P 4 - ( + / V * 2) + P C L) , 0)
[62] 9(3::-JM4-(lf,pA)--1+QXJ4-2)/SETTLE
[63] DIFFERENTIATION :DF34-A [(J+i);5]---M (J—1);5]
£64-] tIF14- tA[(J—1)~~6]—~~[J;6])—(A[J;5]—A[ (J—1);5]) XtIF3
(65] DF2~~(~~[J;63— ~ [(J+i);6])+(~~[(J+1);5]—A (J;5])xDF3
[66] 4((J�2)A(J�JM))/(OLC[1]+4.)
[67] (J=JM)/(OLC [l]÷2)
[68] 4OLC [1]+2+0xpp~[1;7]4-((DF3+~t2;5]--M1,5])xDF1)+~~ [1;5]— ~t2;5] xDF2
[69] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~[70] ~[J ;7]4-((~~[(J+i);5]--~ [J;5])XDF1)+(~~[J ;5]—A( (J—j);5])xtIF2
[71] -- ‘(JM�J f-J+l )/DIFFERENTIATION
£72] A FIND MAXIMUM PRESSURE GRADIENT BY LEAST SQUARE PARABOLIC FIT
[73] A OF 3 TO 5 POINTS NEAR THE MAXIMUM
[79.] J4 - it ’V ,A [ ; 7]
[75] 4(3>pZI4-(ZI.z-iJM)/ZI4-ZI—+/(JM4-1t,pA )<ZI4- ((J—3)xJ>2)-s-~5)/SETTLE
£76] XI 4-~~EZI;5]
£77] YI4-A (ZI;7]
[70] CI+- (p,XI ) ,(+/5XI),(+/ (,XI)*2),(+/ (,XI)*3),(+/ (,XI)*LI .)

4 (79] B I + - ( + / , Y I ) , ( + / ( , X I ) x ( , Y I ) ) , ( + / ( ( , X I ) * 2 ) x ( , Y I ) )
• [80] CI4- ,BI~~(3 3 p(3tCI) ,(3tløCI) ,(3tC1))[81] XM4-—CI[2]+2XCIE3]

£82] YM4-+/CIx(1,XM ,XM*2)
£83] -~(N ((JX4- l?((XM..XI)/ZI))€ZI))/SETTLE
£89 ] AJ4-(XM --~~[JX ;5])+(A[(JX+1) ;5]— ~~[JX 5])
[85] INSERT4- , (~ Jx~ [(JX+ 1);])+(i—~ J)x~ [JX ;][86] INSERT[5]4-XM
(87] INSERTE7]4-YM
[88] INSERT4— 1 7 pINSERT
[89] INSERT f-L0.5+KLIXINSERT
[90] M-L0.5+K9-xt~[91] ~~~4- (  (JX,7)t~~) [1] INSERT1 [1]( (JX, 0)4A)(92] ~4-A+K’+
[93] SETTLE:A 4- (i 7 p 7tDA ,DB ,BC),[1] t~
[94] ~~-( 1  7 pLO. 5+Klx7t (A .B,C,PCL,IBN , (,X[M(3];I4]),CFN)),[1](LQ.5+K9-xA)
[95] 4(0=FILE)/t’ISPLAY
[96] CODE 4-(I= 1)A(NEW= 1)
[97] 4(0 RECOREI FILE)/D ISPLAY
[98] 90 ,Dpflf- RECORE’ING ERROR , RUN TERMINATED ’

£99] DISPLAY : PRINT
[100] 9(CASES�I4-I+1)~~0 ,REPEAT

V
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V R4-X VELOCITY KEY
[1] -‘(KEYOP’i,P6,PB5P1O)

• [2] P4-:40,R4- (X VEL E F)+(X VEL F10)+(X VEL G.H)+X VEL H E
£3] P6 : R 4-( X VEL E1EF)+ (X VEL EF1F)+(X VEL F G)+X VEL G ,GH
£9-] 40,R4-R+ (X VEL GH ,H)+X VEL H5E

• [5] P8 :R+-(X VEL E ,F)+(X VEL F F)+(X VEL F ,G)+X VEL G ,G
[6] 40,R4-R+ (X VEL 61H)+ (X VEL H H)+ (X VEL H ,E)+X VEL E ,E
£7] P10:R4- (X VEL E,EF)+(X VEL EF,ñ+ (X VEL ~ ,~~)+(X VEL [F G)+X VEL 6,0
[8] 40,R4-R+ (X VEL G,GH)+ (X VEL GH5H)+ (X VEL H~H)+(X VEC H E>+X VEL E,E

V 
— — —  —

V V4-P VEL AB;A ;B;AP;BP,AAP ;UAB ;UAP;UBP;Q
El] A VELOCITY PER UNIT r AT P CAUSED BY A LINE VORTEX SPANE D FROM A TO B 

-

-

[2] A SYNTAX : (XP,YP,ZP) VEL (XA5YA,ZA),(XB,YB ,ZB) —

[3] 4( ((ppP) �i)v( (pp AB)�i)v((pP)�3 )v ((pAB )�6))/ERR
CLI ] UAP4-AP—AAP4- (+/ (AP -P—A4-3tAB > *2)*0.5
[5] UBPI-BP÷ (+/(BP4-P—Bt-31AB)*2)*0 ,5
(6] Q4- (UAB4-AB~-(+/(AB4-B-A)*2)*0.5) CROSS UAP
(7] 40,V4-Q X ((+/UABXUAP )—+/UABXUBP)+04 .XAAPX( (+/QXQ)+ ((+/QXQ ) 0))
£8] ERR :-0,p04- ’ARGUMENT ERROR IN VELOCITY FUNCTION

V
V C4-A CROSS B

(1] A VECTOR PRODUCT C = A x B
[2) 4(< (ppA)� 1)v( (ppB)�1)v ((pA)�3)v((pB)�3))/ERR
(3] 4 0 , C 4 - ( ( 1 4~A ) X ( 2 ~~B ) ) — ( 2 ~~A ) X ( 1~~B)
(1-I] ERR :-~0,eO4- ARGUMENT ERROR IN CROSS FUNCTION

V
V R4-PI FROM N

[1) Ri-M,N
V
V R4-N TO I<

Cl) Rf-N,I<
V
V PRINT .SYM , RMX,LPP ;PAGE ; PAGES X;Y;Z ; I;J ,Jtl;L

£1] SYM4- ’ * ‘

[2) PAGES4-1
£3] 9(53~~L P P f -R M X f - 1 tp A ) / ( D L Ct 1 ) + 2 )
(9] LPP4-4-811 (RMX—2)+PAGES4-1(RMX—2)+50
(5] JM4-2+1t~~,~~[(2~~ RMX );7] 

-
[6) X4-~ C1;]—K 1
[7] Z44[2;]+K4-
[8] 4LOOP. (PAGE4-1), (J4-3)
[9] LOOP:04-2pDAV [i57]
[10] 4(PAGES=1)/(JJLC [1]+2)
Cli ] E34-(52p ‘), PAGE ‘ 5( ,PAGE) , OF ,(,PAGES),OAV (157]
[12] Y4- (Y� )/Y4-OAVC (3pi000)rX (7]]
(13] 04-MO[IEL ,Y, — ‘ ,(~~X (5]),

’ STREAMLINE NO. ,(vXC6]),flAV [157)
[19] Y+- ’ A = 5 (~~X [1)), B = 1(,X[2])1 ‘ C = ,(vXE3])1 —PCL =

[15] 04-((0132—L (pY )+2)p ’ ),Y
[16]
[17] Y4- ’t lA = ‘,(rZ[i]), ‘ DB = ‘ , (- ~ZC23). DC = 1 ( - ~Z[3])
[18] 04- ((0132—L (p Y )+2)p ~)1Y5OAV[157 ]
[19] Q4- X Y Z BETA S P/PCL DP/DS/PCL ’
(20]
(21] L4-i
(22] 4(((RMX~J4-J+1)A(LPP�L4-L+1)),QpOf- (K3,K2X,A [J;]+K4.),SYM (1+J=JN])/OLC [1]
[23] 04-(53+(2XPAGES 1)—L )p0AVE157]
(24’] 4 (PAGES� PAGE4-PAGE+1)/LOOP
[25] STOP:40

v
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V RTN4-RECORD FILE
[1] A RTN O FOR NORMAL RECORDING S RTN=1 IF ERROR
(2] A CODE=1 RECORDING START AT RECORD 1, CODE=0 FOR ADDING RECORDS
(3] RTN4- 0
[4] OWA 4-OEX OUTP~

• [5] 4(2�1 OSVO ‘OUTP )/ER1
[6] OUTP4-(4t (I4xCODE)~~’ADD OUT ‘),(~ FILE),’ ID=(DATA) MSG=OFF ’

- - [7] 9(1�A/0=OUTP)/ER2
[8] OUTP4-A
[9] -Ui�A /0=OUTP)/ER3 -

(10] STOP :OUTP4- ,10 -

Eli] -‘(1�A /0=OUTP)/ER4
(12] -‘(2=flSVR ‘OUTP ’)/0
[13] ER5:-900T,p04- ’RECORD : ERROR RETRACTING SHARED VARIABLE ’
[14] ER1 :4OUT ,p04- ’RECORD : ERROR ESTABLISHING SHARED VARIABLE ’

- 
- (15) ER2 :4OUT ,p04-’RECORB : ERROR OPENING FILE ‘,vF ILE

(16] ER3:4OUT,p04- ’RECORD : ERROR RECORDING FILE .J TFILE
- : - [17] ER4- :4OUT ,pD4- ’RECORB : ERROR CLOSING FILE ‘ ,~~FILE

[18] OUT: Oxp(OEX ‘OUTP’),(OSVR ‘OUTP’),Op (RTN4-1)
- i t V

V PLAYBACK MNK ;I ;M;N;K
(1] A FULL SYNTAX : PLAYBACK FILEN FROM Ni TO N2’
(2] A PARTIAL SYNTAX : ‘ PLAYBACK FILE$ FROM Ni (TO END)’
[3] A PLAYBACK FILE# (FROM 1 TO END)
[4] A FILEN = FILE NUMBER; Ni, N2 ARE RECORD NUMBERS
(5] A SPECIAL CASE : TYPE ‘PLAYBACK FILE ’ TO DISPLAY ENTIRE CURRENT FILE
£6] M4- (,MNK )[l]
[7] 4(M>0)/(OLC[1]+3)
[8] PRINT -

[9] 40
[10) N4’i
(ii] K4- 4 ’4 0
[12] 4 ( 1 p , M N K ) / ( OLCC 1) +4 )
(13] N4- (,MNK) [2]
(11-I] 4(2 p,MNK)/(flLC [1]+2)
(15] K4- ( ,P INK)[3]
[16] 4((N?1)A(K N))/(OLC[1]+2)
(17] 40,0p04- ’INVALID RECORD DESCRIPTION1 TRY AGAIN ’
(18] OWA 4-OEX ‘INPT ’
(19] 4(2�1 OSVO ‘INPT ’)/ER1
[20] INPT4- ’IN ‘ ,(TM), ’ ID= (DATA) MSG=OFF ’
[21] 4 (1�A /O INPT)/ER2
[22] I4-0
(23] READ :-’ (0 p ,~~4-INPT)/ER3
(211.] 4(N>14-I+1)/READ
[25) PRINT
(26) - ‘(K>I)/READ
(27) STOP :INPT4-~~0
[28] 4 (l�A/O INPT)/ER4-
(29] 9(2=OSVR ‘ INPT )/0
[30] ER5 :4OUT ,p04- ’PLAYBACK : ERROR RETRACTING SHARED VARIABLE ’
[31] ER1 :-~OUT ,pO 4- ’ PLAYBACK : ERROR ESTABLISHING SHAREEI VARIABLE ’
(32] ER2 : OIJT ,p04- PLAYBACK : ERROR OPENING FILE 1~~M
(33] ER3 : OUT ,p04- ’PLAYBACK : END OF FILE ‘ ,,PI
(311.] ERII :4OUT ,p04- PLAYBACK : ERROR CLOSING FILE ‘ .~~M
(35] OUT :4OXp(OEX ‘INPT ’)~~(OSVR INPT ’)

V
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V SUMMARY MNK ; I ; M ;N ;K ;J ;X ;Y
[1] H FULL SYNTAX : ‘SUMMARY FILEts FROM Ni TO N2’
[2] H PARTIAL SYNTAX : ‘SUMMARY FILEts FROM Ni (TO END)’
[3] A ‘SUMMARY FILEtS (FROM 1 TO END)’

• CLI-] ~ FILEtS = FILE NUMBER, Ni, N2 ARE RECORD NUMBERS
ESJ ~ SPECIAL CASE : TYPE ‘SUMMARY FILE ’ TO DISPLAY ALL MAX tIP/I’S IN FILE -

[6] Mi— (,MNK)[i]
[7] ~(M ::-0)/(OLC[1]+2)
[8] 40
[9] N4- 1
[103 K4- 4-~+0
[11] 4(i~ p , M N K ) / ( flL CE13 +’+ )
(12] N+- (,MNK )E2]
[13] - ‘ ( 2 - p , M N K ) / ( D L C [ i ] + 2 )
[11-1-] K4- (,MNK)E3]
[15] 4( (N?:i)A(K~ N) )/(QLCC1)+2)
[16] o0,Opfl+- ’INVALID RECORD DESCRIPTION , TRY AGAIN ’
Ci?] OWAf-OEX ‘INPT ’
£18] 4(2�1 JJSVO ‘INPT’)/ER1
[19] INPT4- ’IN ‘ 1 (TM ) , ID= (EIATA ) MSG=OFF ’
[20] --~(1�A/0=INPT)/ER2
[21] 14-0
[22] READ:9(0 p,M-INPT)/ER3
[23) -+(N>14-I+i)/READ

• [24- ] J4-l+lt4 ’M (1J .t1tp~ );7][25] 4(1~ At i;6])/CONTINUE
[26] 0 4 - ( 2 P OA V [ 1 5 7] ) , ( i 8p ’ ‘)1 ’SUMMARY OF MAXIMUM PRESSURE GRADIENT ’ 1 OAVE 1
[27] Xf-,A [1;3~ Ki
[28] 04-(13p ’ ‘ ),MODEL , ((Y� ’ ‘)/Y4-OAVC (3p1000)-rX [7]]), ‘— ‘ , (cXC5]),OAV [1573
[29] Yl- ’ C = ‘ ,(yX [3]),’ —PCL
[30] Y+- ’A = ‘ ,(~ XE1]), B =

[31] 1J-N0r36—upY ÷2)p ‘)‘Y
[32] 1PN4-X [5]
[33]
[34- ] X4- ,~~[2;]--K ’+[35] Y4- ’ EIA = , (~ X[i]), 

‘ DB = ‘ 1 (~ XC2]), ‘ DC ‘
~~~ (TX [33)

C36) O~ ((0r36—L (pY)÷2)p ’ ‘),Y,IJAVE1S7]
[37] ‘ SL# X Y Z BETA S P/PCL tip/PS ZO—ZE BETAE Bi
[38]
[39) CONTINUE :i (IDN�~ Ci;5])/(I]LC[i]+2)
(‘40) Y4-~ [1;6],((,~~(J ;]),((~~t3;3],0)— (,M (1fpA );3,4])x1, 1),~~[3;4])+K9.
[‘+1] Ol-(5,0,9,2,6,2,6,2 6,2,6,2,7,4-,7,4-,6,2,6,2,6,2)TK2[i, (t7),1, L4.,4-3xY
[4-2) 4 (K:-I)/REAEI
[4-3] STOP:INPT4-~ 0
(1-14] -I (l�A/0=INPT)/ERI-I.
(4.5] 9(2 EISVR ‘INPT )/0
[4-63 ERS :4OUT ,pOf ’SUMMARY : ERROR RETRACTING SHAREII VARIABLE ’
[147] ER 1 :-~OUT ,pO4- ’SUMMARY : ERROR ESTABLISHING SHARED VARIA BLE ’
[4-8] ER2 :4OUT,pO+- ’SUMMARY : ERROR OPENING FILE ‘ ,TM
[49] ER3 :4OUT p134- ’SUMMAR Y : END OF FILE ‘ 1 - rM
[50] ERLI :9OUT ,pQ4- ’SUMMARY : ERROR CLOSING FILE ‘

~~TM
(51] OUT :-’Oxp(OEX ‘INPT’),(OSVR INPT’)

V
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V SUMMARY MNK ;I;M ;N;K;J;X;Y
El] ~ FULL SYNTAX : ‘SUMMARY FILEtS FROM Ni TO N2’
[2] A PARTIAL SYNTAX : ‘SUMMARY FILEtS FROM Ni (TO END)’
[3] ~ ‘SUMMARY FILEtS (FROM 1 TO ENI’)’
[1-1-] A FILEtS = FILE NUMBER , Ni5 N2 ARE RECORD NUMBERS
[5] A SPECIAL CASE : TYPE ‘SUMMARY FILE ’ TO DISPLAY ALL MAX DP/tiS IN FILE
[6] M4— (,MNK)[l]
£7] -s(M:~-0)/(QLCCi]+2)[8] 40
[9] N4-i
[10] K4- 4.LI 0 

-

Cli] 4(1 p,MNK)/(IJLCE1]+4)
[12] N4-(,MNK)[2]
[13] 4(2~:p ,MNK)/(flLC [i]+2)
[14-] K4- (,MNK )C3]
[is:] -‘( (N ?i)A (K .N) )/(OLCE1]+2)
[16] 40,Opfl4- ’INVALItI RECORD DESCRIPTION 5 TRY AGAIN ’
[17] flWA4-flEX ‘INPT’
C 1BJ --~(2�1 OSVO ‘INPT’)/ERJ
[19] INPTI- ’IN ‘ ,(TM), ’ ID= (t’ATA) MSG=OFF ’
[20] — ‘(l�A/0=INPT)/ER2
[21] 14-0
[22] REALI:4 (0 p,A4-INPT)/ER3
[23] +(N::-I4-I+i)/REAE,
£21-I] J+-i+ 1t’P,A [(l.~t itp~ );7]
[25] 4(1�~ [1;6])/CONTINUE
[26) 04-(2POAVE157]),(i8p ’ •)1 ’SUMMARY OF MAXIMUM PRESSURE GRADIENT ’ ,0AVE157]
[27] X4-,~~[i;]+Ki
£28] 04-(i3p ’ ‘ ),MODEL, ((Y� ’ ‘ )/Y4-flAVE (3p1000)TXE7]]), ‘ — ‘ , (,X[5])5OAV[157]

• £29] Y4- ’ C = ‘ ,(rX [3]), ’ —PCL =

[30] Y4— ’A = ‘ ,(rXCl]),’ El = ‘ ,(,X(2]),Y
(31] ~3~- ((0136--L (pY)+2)p

’ ‘)‘Y
[32] IDN4-XE5]
£33]
[34] X4-,A (2;]--K’+
[35] Y4- BA = • , (~~X[1]), (lB = ‘ , (vXE 2]) ‘ tIC = ‘ , (TX[3])
[36] 04- ((0136—L (PY)±2)p ’ ‘),Y,OAV [i57]
(37] ‘ SLW X Y Z BETA S P/PCL LIP/I’S ZO—ZE BETAE BETAO
c3a]
[39] CONTINUE:4(IDN�A[1;5])/ (QLC[i)+2)
[‘40) Y4-~ [i;6], ((,~~[J ;]), ((A [3;3],0)— (,A [(ltpA);3, ’+])x1, i),A [3; ’4])+K’+
[‘+1] O4-(5,0,9,2,6,2,6,2,6,2,6,2,7 4,7,4,6,2,6,2,6,2)TK2E1,(t7),1,LI- ,I#]xY
(4-23 ~‘(K:- I)/ R EA D
(1-1-3] STO P:INPT4-~ 0
[‘1.4] -I (i�A/0=INPT)/ERLI.
(4-5] -‘(2=OSVR ‘ INPT’)/0
(4-6] ER5 : OUT ,p04- ’SUMMARY : ERROR RETRACTING SHARED VARIABLE ’
(1-1.7] ER 1 : OUT ,p04- ’ SUMMARY : ERROR ESTABLISHING SHARED VARIABLE ’
[‘48] ER2 :400T,p04- ’SSJMMARY : ERROR OPENING FILE ‘ ,TM
(‘19] ER3 :4OUT ,p134- ’SUMMARY : END OF FILE ‘ ,TM
[50) ERLI : OUT ,p04- ’SUMMARY : ERROR CLOSING FILE ‘ ,yM

• [51] OUT:40Xp (I3EX ‘INPT ).(QSVR ‘INPT’)
V 
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F SAMPLE INPUT

X

0 0.i219 1.6256 1
1.27 0.1219 i.6256 2
2,59- 0.1219 i.6256 3 .
3.556 0,i219 i.6256 4.
3.94-21 0.i219 1.6256 5
4,3023 0 .0 74 4- i.6256 6
‘4.638 0.0645 1.6256 7

• 4.9263 0.2858 i.6256 8
5.1476 0.574- l.6256 9
5.2865 0,9098 1.6256 10
5.334- 1.27 i.6256 11

- - l 5,334. 2.5’I. l,6256 12
5.334. 3.81 1.6256 13
5.339- 5.08 1.6256 14
5.334 6.35 i.6256 is
5.331-I 8.89 i.6256 16
5.334’ 11.43 1.6256 17
5.33’4 13.97 1.6256 18
5.334. 16.51 1.6256 19
5.334 19.05 - 1.6256 20

4

((12 p 9 4),3 ,0) ~ A

13~5932 10.7950 i.2499 4.44-50 .9525 .7620 3

RUN 1 TO 20

DO YOU WISH TO EXPUNGE SOME FUNCTIONS TO CONSERVE US (0=N , 1=Y)

1
DO YOU WISH TO RECORD RESULTS ON TAPE (0=N, 1=Y)
El:

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

ENTER OUTPUT FILE NUMBER
0:

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

0

~~~~~~~
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SAMPLE OUTPUT
PAGE 1 OF 2

AJDE MODEL 0232 DIFFUSER CONFIGURATION B--87213 STREAMLINE NO. 1

A = 13.593 B = 10.795 C = 1,24-99 —PCL = 0.000604-64-

(IA = ‘4,9.45 (lB = 0 .9525 tIC = 0,762

X V Z BETA S P/PCL DP/tlS/PCL

.0000 .1219 1.6256 10.224- .0000 1.1868 .0953

.0000 .i677 i.8796 10.721 .2581 1.1618 .0988

.0000 .2158 2.i336 11.216 .5166 1.1358 .1019

.0000 .2662 2.3876 11.708 .7756 1.1090 .101+ 6

.0000 .3188 2.64i6 12.198 1.0350 1.0815 .1069

.0000 .3737 2.8956 12.686 1.291-1.8 1.0535 ,1086

.0000 .4-309 3.i’+96 13.172 1.5552 1,0250 .1100

.0000 .L1-903 3.’4036 13.655 1.8160 .9962 .1108

.0000 .5520 3,6576 14.137 2.0774. .9671 ,1113

.0000 .6010 3.8520 14.503 2,2779 .949.8 .1114*

.0000 .6160 3.9116 14.615 2.3399. .9379 .111’-I
- ‘ .0000 ,6023 4-.1656 15.092 2,601.9 .9087 .1111

.0000 .7500 9..4196 15,566 2.864-9 .8795 .1105

.0000 .8215 9.,6736 16.039 3.1286 .8505 .1096

.0000 .894-5 ~4- .9276 16.509 3.3929 .8217 .1089.

.0000 .9698 ~5.i816 16.976 3.6578 .7932 .1069

.0000 1.0’473 5.’4356 17.’+4-2 3.9234 .7650 .1052

.0000 1.1271 5.6896 17.905 ‘4.1896 .7372 .1033

.0000 1.2092 5.9LI36 18.366 4.9.565 .7099 .1012

.0000 ~1,2935 6.1976 18.825 9.,72Li~2 .6832 .0989
‘ .0000 1.380i 6.4516 19.282 ‘4.9925 .6569 .0965

.0000 ~1.’+690 6.7056 19.737 5.2616 .6313 .09’+ 0

.0000 1.560i 6.9596 20.190 5.5315 .6063 .0919.

.0000 1.6535 7.2i36 20,69.0 5.8021 5819 .0888
0000 i.7LI-92 7.4676 21.089 6.0735 .5582 .0860
.0000 i.84-72 7.7216 21.536 6,34-58 .5351 .0833
.0000 1.9474. 7.9756 21.981 6.6188 .5127 . 0805
.0000 2.0499 8,2296 22,4-29. 6.8927 .9.911 .0777
.0000 2.159.7 8.9-836 22.866 7.1675 .9.701 .0750
.0000 2.2619 ~G.7376 23.305 7.4-4-32 .9.9.98 •0722
.0000 2.37i3 8.99i6 23.74.3 7.7197 .4302 .0695
.0000 2.4830 9.24-56 24,179 7.9972 .9.113 .0668
.0000 2.5970 9.’+996 24.614- 8.2757 3931 .064-1
• 0 0 0 0  2.7134- 9.7536 25 .0’+7 53.5550 .3756 .0615
.0000 ~2.832l 10.0076 25.478 8.8354- .3587 .0589
.0000 2.9531 10.2616 25.908 9.1168 , 3’l-25 .0564-
.0000 3,0765 i0,5156 26.336 9.3992 .3269 .0540
.0000 3.2022 10.7696 26.763 9.6826 .3119 .0516
.0000 3.3303 ii.0236 27.188 9.9670 .2976 .09.93
.0000 3,4.608 11.2776 27.612 10.2526 .2838 .04-71
.0000 3,5937 11.5316 28,035 10.S392 .2706 0450
.0000 3.7289 11.7856 28.456 10,8270 .2580 .04-29
.0000 3,8666 i2.0396 28.876 11.1159 .2459 .0409
.0000 4-.0066 i2.2936 29 .295 11.4060 .2343 .0390
0000 4- .1LI-92 12.5’476 29.713 11.6972 .2232 0371

~~~~~~~~~~~~~~~ 

.0000 ‘4.29’I- 1 i2 .8016 30 .130 11.9897 .2126 .0353

.0000 14. L1’415 l3.0556 30 ,59.6 12.2834- .2025 .0336

.0000 ‘+,5914 13.3096 30 .960 12.5783 .1929 .0320

-- - _ _
—~~~~~~~~~~~~~

_ 5 - _ _  • • • - - - 
~~~~~~~~~~~~~~~~~ —

—-5—--- -5- -
~~~~~~~~~~~~
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PAGE 2 OF 2

- 
AJDE MODEL 0232 DIFFUSER CONFIGURATION B-872i3 STREAMLINE NO. 1

A 13.593 B = 10.795 C = 1.24.99 —PCL = 0.000604.64’

PA = 4.445 PB = 0.9325 DC = 0.762

- X Y Z BETA S P/PCL DP/DS/PCL

.0000 ‘e.7438 13.5636 31 .374 12.871-1.5 .1836 .0304
- - .0000 ‘1..8987 i3,8176 31 .787 13.1720 .174-8 .0289• .0000 5.0561 14.0716 32.199 13.14708 .1669- .0274.
- 

- 
.0000 5.2i60 i4 .3256 32.610 13.7710 .1584- .0260

4

a- — 

- - -~~~ -- - - - --~~~ -- —-~~~~~~~~ .- -5-- --- - - -- - -•-~~ - • - 
_

-

~~~I~~
_ _ _ _ _ _ -
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SUMMARY FILE FROM 21 TO 4-0

- 
SUMMARY OF MAXIMUM PRESSURE GRADIENT

AJDE MODEL 0232 DIFFUSER CONFIGURATION B—87213

A = 13.593 B = 10.795 C = 1.24-99 —PCL = 0.00060464-

BA = 9. 9.4-5 DB = 0.9525 DC = 0.762

SL# X Y Z BETA S P/PCL DP/DS ZO—ZE BETAE BETAO

1 00 ,60 3.85 14.50 2,28 .94-4-8 .1114 12.70 32.61 10.22
2 1.32 ,59 3.82 11-1,1+1 2,24- .9526 .1128 12.70 32.61 10.19
3 2.69. ,55 3.72 14.15 2.14 .9766 .1173 12.70 32.68 10.11
‘4 3.70 - .51 3,59 13.89 2,01 1.0090 .1234. 12.70 32.96 10.05
5 9.,Q9 .9.9 ~3.53 13.79 1.95 1.0251 .1261+ 12.70 33.16 10.03
6 ‘4.4-7 .4-2 3.1-I-9 13.65 1.90 1.0389 .1292 12,70 33.22 9.96
7 4,82 ,26 3.’f6 13.9.2 1.87 1.0483 .1312 12.70 33.02 9.79
8 5.12 .01 3.4-4 13.18 1.85 1.0536 .1324 12,70 32.73 9.57
9 5.36 .30 3.45 12.97 1,86 1.0540 .1327 12.70 32.4-6 9.33

10 5.52 .65 3,4-7 12.83 1.88 1.04-93 .1320 12.70 32,23 9.11
11 5,39 1.02 3.52 12.72 1.92 1.0393 .1303 12.70 31.96 8.89
12 5.64- 2.33 3.68 12.73 2,08 1.0027 .1239 12.70 31.78 8.39• 13 5.70 3.64 3,79 13.23 2.20 .9799 .1199 12.70 33 .04 8.28
14- 5.79. ‘4 ,91k 3,537 13.99 2.29 .9653 .1174- 12.70 35,15 8.38
15 5.79 6.24 3,914 1’4.79 2.36 .9566 .1158 12.70 37 .63 8,58
16 5.85 8.81 1-f,02 16.19 2.4-6 .94-79 .1139 12.70 42.60 9.00
17 5.89 11.38 ‘f.08 17.15 2.52 .94-37 .1128 12.70 ‘46.61 9.30
18 5,92 13.94- ‘-I- .12 17.71 2.56 .9414 .1121 12,70 4-9, 33 9.49
19 5.93 16.1+9 4- .14’ 18.00 2.59 .9402 .1116 12.70 50.85 9.58
20 5.91-1- 19.05 4- .1’+ 18,08 2.59 •9398 .1115 12.70 51.34- 9.61

- -  - - ~~~~~~~~
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PART III SERVICE P1~)GRAMS

V NZ SHAPE tINK ;I ; INP T ;M ;N ;NS ;K ; J ;JE ;X ;Y ;Z ;ZO;QPW
[13 A FULL SYNTAX : ‘NZ SHAPE FILEtS FROM Ni TO N2’

H [2] A PARTIAL SYNTAX : ‘NZ SHAPE FILEtS FROM Ni (TO END)’
- 

- (3] A ‘NZ SHAPE FILEtS (FROM 1 TO END)’
[‘4] A FILE tS = FILE NUMBER , N i, 142 ARE RECORD NUMBERS
£5] ~ NZ = NUMBER OF Z POINTS (1.27 CM INTERVAL) RELATIVE TO ZO
[6] A SPECIAL CASE : TYPE ‘NZ SHAPE FILE ’ TO DISPLAY ALL SHAPES IN FILE
(7] ~ GLOBAL VARS : IIIN = h I ts - SET- WHEN SL#i IS DETECTED ( SET TABLE TO 0)
[8] A SLN = SL# WHICH SIGNALS COMPLETION OF DATA ACQUISITION
[9] A MODEL = MODEL DESCRIPTION; CONF = CONFIGURATION
[10] OPW4-2+6X1+NS4-20
[ii] ZO4~*1 ,6256
£12] 24-1 ,27x( iNZ)—1.
(13] M4- (,MNK)Ei]
(14-] 4(M>0)/[]LCE1)+2
[15] 40
[16] N+-1

-
, (17] K4-500

[18] 4 ( j~:p , M N K )/ O L C [ 1] + 9 .
£19] N4-(,MNK ) [2]
(20] 4(2=p,MNK)/~LC[1]+2
[21] K~~(1MNK)C 3][22) -3((Na1)A(K�N))/DLC[1]+2
[23] 40,0P04- ’INVALID RECORD DESCRIPTION, TRY AGAIN ’
[24-] OWA4-I]EX ‘INPT ’
(25] i(2�i flSVO ‘INPT’)/ER1
[26] INPT4- ’IN ‘ ,(yM), ’ 1D (DATA) MSG OFF
[27] 9(1�’a-/O INPT)/ER2
[28] 14-0
[29] REAB :-+(0 p,A4-INPT)/ER3
[30] -,(N:;- I~ I+i)/REAtl
£31] JE4-itp~
L32] J4-(JE>J)/J4-2+(24 14 ,-~(;3]—100000000)~~(ZO—Z)[33) 4(i�AE1;6])/CONTINUE
[34-] E]4- (2p1)AVC1S7]),(’+6p ’ ‘),‘SUPIMARY OF DIFFUSER WALL COOREIINATES ’ ,l]AV [iS?.1
(33] X4-(,~~(1; ])+ (3p1000 00000)~~i0000000000 ,1 ,1 ,i
[36] 04-(4-2p ’ ‘) .MODEL 1 ((Y� ’ ‘)/Y4-QAVC (3p1000)rX[7]]), ‘ — ‘ , (cXES]),OAV [157J
(37] Yi-(,-AC2 ;))+100000000
(38] Y4- ’ (IA = ‘ 1 (TY[i]), ’ DB = ‘ . (,Yt2]), ‘ DC = ‘

1 (vY(3))
(39] Yt- ’ C = ‘ ,(-rX (3]),Y , ’ — PCL =

[‘+0] Y4- ’A  = ,~~TXC1 ]), 
‘ B =

[4-i] [J4- ((0164---L (pY )+2)p’ ‘),Y
£42] IDNt-X [5]
[43] 04-OAV [i57],(’ Z ‘~~(6 0)~~-iNS )
(4- 4- ] At- (3, (NZ+i),NS)pLO
[1-1.5)  CÔNTINUE :4 (ItlN�A [i ;5])/COUNT
[‘+6] 8 (i;1~~C1 ;6]](- (1,(NZ+1),1)p(NZt ,A [J ;1]),A (JE;1]
[‘+7] ~[2;,AC1 ;6)]4-(1,(NZ+1),i)p(NZf,AEJ;2]),~~[JE ;2)
[‘+8] A [3;;A (i;6)]4-(1,(NZ+i),1)p (NZt,A (J;3]),A (JE;3]
[‘19] 9 (SLN�A [i;6])/COUNT —

£50] J4- 1
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- 

I (51 ] PRINT :O4-’
- - [52] 4 (J�NZ+i)/OLCE1)+2

[53] 4OLC [i]+2+OXppO4-’ X ’ ,(6 2)~~A [i ;J;]+100000000
(54’] f l4- ( (6 2)~~ZEJ )), ’ X ’ ,(6 2)~~~(1;J; ] 10000 Q 000

- [55] 04- ’ Y ’~~(6 2)ra (2;J;]+i00000000 -

- 

- • [56] -‘(J�NZ+1)/EJLC [1]+3 -

[57] 04- ’ Z’,(6 2)r— (A (3 ;J;]÷i00000000 )-—ZO
[58] 04-2pflAVt 157]

- 
I [59] -‘((NZ+1).~J4-J+1)/PRINT

[60] COUNT :4(K>I)/READ
[61] STOP:I P-IPT4-tO -

[62] 4 (1�A/O INPT)/ER4’
[63] 4(2 flSVR ‘INPT’)/O
(64] ER5 :4OUT ,pfj4-’SHAPE : ERROR RETRACTING SHARED VARIABLE ’
(65] ER1 :-+OUT ,pfll- ’SHAPE : ERROR ESTABLISHING SHARED VARIABLE ’

- (66] ER2 :4OUT ,pflt- ’SHAPE : ERROR OPENING FILE ‘ ,yM
(67] ER3 :4OUT ,pfJ+-’SHAPE : END OF FILE ‘ ,V M
[68] ER4 :4OUT,pQ4- ’SHAPE : ERROR CLOSING FILE ‘ 1th

- ,i [69] OUT: 9OXp (OEX ‘INPT ’)5 (QSVR ‘ INPT’)
V

V R4-M FROM N
[1] R4-M N

- V

V Rt-N TO K 
-

[1] 
V 

R4-N,I<
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V PLOT SCALE ;A;XO ;X1;J;JE;K;N;NS ; I;XCL ,YMP ;ZCL ;ZO ;NULL ; P
— [1] ~ REQUIRED PROCEDURE :

[2] n 1. USE )PATCH FROM IBM 5100 APL GRAPHPA I (
[3) n 2. RUN VSHAPE FIRST, WITH AID OF DATA TAPE, TO GET A
[4-]  A EXAMPLE : PLOT 0 . 5  (FOR HALF CM SCALE)
[ 5]  ZO4- 162.56+OXYMPI-1905
[6]
[7] ZCLI-10,5÷XCL--11O5XSCALE
[8] NULL-LO,5+ (YMPxSCALE),0
[9] A4- ( pM p LO
[10] A [ : 1 ; ;j l— I LO ,5 - f SC A L EX CAr 2 ; ; 1÷ l000000 )— y M p

-
- - - Eli) AE2;;]L—L0,5+0 .69818XSCALEX (AC1;;]+1000000)

[12] AE3;;]4-L0,5+ZCL+0,69818XSCACEx (A [3;;]--1000000)—ZO
[13] N S 4 - ( , p A ) [ 3 ]
[14-] JE+-(Ip.~~

)[2]
£15] DWA1-1 OSVO ‘P
[16] Pf- ’OUT 51001’
[17] Pi-c2,A [1;l;NS],(XCL+A [2;1;NS]),AC1;1;NS],(XCL—AC2;1;NS]),’-l-,3,0
[18] P(-r2,A [1;1;NS)~ XCL,A [1;1;1),XCL ,1+,3,0[19] 14-i
[20] IMAOE :N4- 1*(I+1)
[21] J4-1
[22] CONTOUR :XO4— ,ACI,2;J;1]
[23) K~ 2- - [24-] TOPVIE W :X i4- ,A[1,2;J;I( ]
[25] 4((A/NULL=XO)v (A/NULL=X1))/OLC[1]+2

- : [26] P4-T2,((4-p0,XCL)+(’+pl,N)xXO,Xl),l,l,O
[27] -9 ( NS a - K4- K+ 1+Oxpp XO l- X 1 )/TOPV IEW

- I [28] 4(JE~J4—J+ 1)/CONTOUR
[29] 1<4-1
[30] STREAMLINE:X04- ,A [1,2;i;K]
[31) J4-2
[32] RIB :Xi4- ,A [1,2;J;K]
[33] 4(A /NULL=X1)/ULC [13+3
[34.] Pi- -r2,(~~+p0,XCL)+(4p1,N)XXO,X1),1,l,0
£35] X04-X1

- - [36] -- (JE~ J4-J4-1)/RIB
[37] 4 (NS K4-K+1)/STREAML INE
[38] 9(2~ I4-I+1)/IMAGE
£39] P4-~ 2,AE1;1;NS),A [3;JE;NS],AC1;1;NS],ZCL,4- 3,0
[4-0] P4- ,-2 ,A (1;1;NS],ZCL ,A (1;1;1],ZCL14-,3 ,0

-~ 
- 

[‘+1] XO4- ,A [1,3;1;1]
[4-2] J4-2
[43] CUTV IEW :X1 4- ,t&t1 ,3;J;1]
[4-4-] 4(A/NULL ,t ((1,2;J; i])/(]LCC1]+3
[‘+5) P4-i2 ,XO ,X i ,1 ,1 ,0
[4-6] X04-X1
[4-7] --,(JE~ Jf-J+1 )/CUTVIEW
[4-8] X04-,A (1,,3;JE,13
(‘+9] 1<4-2
[50] SIDEVIEW:X14- ,A [1,3;JE;K]
[51] P4-r2,XO ,X1 ,1,1,0
[52] 4(NS..-K4-K +1+OxppXO4-X1 )/SIDEVIEW
[53] P~ t 0
[54 ] (]WAI—OSVR ‘P ’ —

V

-72-
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