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Abstract

Incompressible flow past a 1:48 scale model of the CF-18 fighter aircraft was
studied in a water tunnel at the University of Ottawa. The tests were conducted
at the relatively low Reynolds number of 3450, based on the free stream velocity
and the wing’s mean aerodynamic chord. Flow visualization records were
obtained for flow around different stores, the Leading Edge Extension (LEX)
vortex. and the forebody vortex, at various angles of attack. The flows were
visualized using water-based dye. a non-Newtonian shear-thickening dye. and

hydrogen bubbles.

The stores were mostly studied in the low angle of attack range between a =
-1° and a=5°. At these angles. their effect on the flow was local. Decreasing the
spacing between stores caused the flow to slow down considerably because of the
interaction of the separated flow on the wing with the boundary layers of the

individual stores.



The LEX vortex became stronger as the angle of attack was increased, and
the location of its breakdown moved upstream. The breakdown location showed
good correlation with results of other model and full-scale studies. The forebody
vortex was weaker than the LEX vortex, and was consistently drawn towards
the LEX until the two vortices began interacting. The initial interaction location

depended on the aircraft’s angle of attack.

The variation of the LEX vortex bursting location with angle of attack is only
weakly sensitive to Reynolds number and, therefore, the water tunnel tests can
provide a good simulation of full-scale flow characteristics. On the other hand,
flow characteristics near surfaces change substantially with increasing Reynolds
number, so that the water tunnel results in such regions must be viewed with
reservation, when considering their relevance to the high Reynolds number flow
around the aircraft. Another effect that the present results cannot simulate,

even approximately, is the effect of compressibility.
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Chapter 1

Introduction

1.1 Background and Motivation

At moderate to high angles of attack. modern fighter aircraft flv under
complex flow conditions, created largely by three-dimensional flow separation
from their the wings. fuselage and control surfaces. Such conditions have a
significant effect on the handling characteristics and the structural integnty of

the aircraft.

The F-18 (Figure 1) is a highly maneuverable tighter aircraft. emploved in
the military service of manyv nations worldwide. In Canada. the aircraft is
designated the CF-18. The excellent maneuverability of the aircraft is due in
part to its slender forebodv. delta wing configuration. and twin tails. To

generate additional lift at high angles of attack. the aircraft is equipped with two



verv low aspect ratio. highly swept Wing Leading Edge Root Extensions (LEX).

attached to the fuselage just ahead of the main wings.

The sharp. highlv swept. leading edge of the LEX generates a vortex. which
flows downstream approximatelv parallel to the LEX. separating from the
aircraft at high angles of attack. A typical LEX vortex trajectory is shown in

Figure 2.

Large vortices are also generated by flow over the fuselage forebody. which
has an oblate. elliptical cross-section that tapers into an ogive nose-cone of
circular cross-section. In general. the flow splits at the nose and runs along the
cvlinder until it separates and forms two counter-rotating vortices (Ramirez.
1990). The forebody vortex location on one side of the aircraft is also shown in

Figure 2.

While these vortical flows provide the benefit of increased lift. they may also
have an adverse effect on control and maneuverability. because of their
interactions with each other and with the aircraft. One example of this is
buffeting of the vertical tails. The LEX vortex core stagnates. suddenly
increasing in diameter as it bursts. upstream of or between the vertical tails.
The resulting chaotic flow impacts on the vertical tails causing large and

sometimes uncontrollable vibrations.

NASA initiated the High Alpha Technology Program (HATP). which used
wind tunnel testing of scale models, CFD codes. as well as full scale flight testing
of a highly instrumented F-18 (High Alpha Research Vehicle. or HARV) to study

these vortex flows and their effects on the flow field surrounding the aircraft. Its

(3]



main objective was to develop a greater understanding of these phenomena that
would assist the prediction and control of the vortex flows on present and future

aircraft designs (Fisher et al. 1990a).

All of these studies. and many others not related to the HATP. have dealt
with a clean F-18 wing (with no stores). and concentrated on the behaviour of

the flow on the top side of the aircraft. where flow separations occurs.

In its combat role. the F-18 carries a multitude of stores and pylons on the
underside of its wings and fuselage. such as fuel tanks. bombs. and missiles. of
various shapes and sizes. The flow-fields generated by the stores interact with
each other. which may result in very complex aerodymamic flow phenomena.

Very few studies have been carried out on the flow beneath the wings.

The first step towards understanding the complex flows about the CF-18 is to
identify their structures and locations relative to the aircraft. Although natural
visualization of the LEX and forebody vortical flows on full scale aircraft is
sometimes possible when they flv on davs of appropriate temperature and
humidity. controlled studies can only be performed in the laboratory (in wind
tunnels or water tunnels). or on a highly instrumented. and thus expensive.
aircraft such as NASA's HARV. Pressure and force measurements can then be

made in the areas of interest. and flow visualization can be performed.

One of the major advantages of using a water tunnel over a wind tunnel for
scale model studies is the convenience of flow visualization. In order to visualize
the flow near the aircraft model in a wind tunnel. small particles are injected

into the air upstream of the model. however. thev tend to diffuse verv quickly in



high energy regions. such as the vortices. In water tunnel studies. the lower
velocity allows the visualization agents to follow the flow patterns accurately for
a longer time and distance. A wide variety of methods exist for flow
visualization in water. These include dirt particles suspended in the water.
hvdrogen or other gas bubbles. and manyv tvpes of dve. including water-based
and non-Newtonian. fluorescent and non-fluorescent. permitting clearer

visualization of flow patterns. which makes their interpretations much easier.

The difference in Reynolds number between the full scale CF-18 in flight and
a model of the aircraft in a water tunnel is too large to permit even a rough
estimation of dyvnamic similarity using the model. There will certainly be
differences between the laminar flows in the water tunnel and the corresponding
turbulent flows in flight. especially in the viscous flow regions close to the model.
where the stores are located. In addition. compressibility effects experienced by
the full scale CF-18. operating at high subsonic speeds. will be absent in any

water tunnel studies.

Despite these differences. it still seems worthwhile to conduct water tunnel
studies of low Reynolds number flows around the forebodv. LEX and stores of
the CF-18. In particular. as few flow visualization studies have been performed
on the stores. any information regarding their effect on the flow would be useful.
The development of computational codes dealing with the CF-18 could also
benefit from such results. It is customarv to test the initial stages of
development of high Revnolds number CFD codes using low Reynolds number
flows. because of the reduced requirements in terms of grid size. computing time.

and computer memory.



1.2 Objectives

The primarv objective of the present study is to carry out a visualization
study of the flow field around a model of the CF-18 fighter aircraft in a water
tunnel facilitv. Of particular interest is the flow around the LEX and fuselage of
the model at moderate to high angles of attack. and around the stores and pvlons

on the lower surface of the aircraft at low angles of attack.

Secondarv objectives of this study. and prerequisites to the primary objective.
are to document the flow characteristics of the unobstructed water tunnel. to
develop and implement the methods of flow visualization best suited for use in
this facility. and to design accessories to the water tunnel capable of positioning
and traversing both the model and the visualization tools in a satisfactory

manner.

1.3 Thesis Organization

This thesis is divided into six chapters for clarity of presentation. The first
chapter contains an introduction to the flow phenomena of interest on the CF-18
fighter aircraft. and specifies the objectives of this study. Chapter 2 presents a
review of the vast amount of relevant unclassified literature on the CF-18. The
experimental facilities. accessories and techniques are described in Chapter 3.

along with an error estimation for each component.



Flow quality measurements and flow visualization photographs are
presented in Chapter 4. The flow visualization results are discussed in Chapter

5. and conclusions drawn from these results appear in Chapter 6.

Five appendices follow these chapters. Appendix A compiles the technical
drawings created specifically for this study. including. first and foremost. the
model positioning system. Appendix B compiles drawings and sketches relating
to the water tunnel in general. while schematics for the electronic circuits
designed for this studv are presented in Appendix C. Appendix D lists some
general procedures for mounting and dismounting the model and flow
visualization components. and Appendix E contains a record of the Tecplot data
files used to generate the aircraft frame. stores and the dye lines used in the

analvsis.



Chapter 2

Literature Review

As a fighter aircraft serving a worldwide domain. the F-18 has been studied
in many facilities in manv nations. Most studies overlap in their focus on the
flows that have the greatest effects on the aircraft. As such. the LEX and
forebody vortices. because of their strong effects on the maneuverability and
structural integrity of the vertical tails. have been especially scrutinized. by
means of force and pressure measurements along the length of the unburst and
burst vortical regions. and by flow visualization of the vortex structures. The
flow around the aircraft’s stores has been studied with much less intensity. and
only a couple of limited-scope flow visualization studies are available in the open

literature.



2.1 Leading Edge Extension (LEX)

The leading edge extension is a high angle of attack lift augmentation device
emploved bv the CF-18. According to Hebbar and Leedyv (1992). stable vortical
flow is induced above the main wings at high angles of attack by the LEX.
While the main wings would normally stall at these angles. the lower pressures
that are created on their upper surfaces by the LEX vortices increase lift. and
delay massive flow separation (stall) to even higher angles of attack. Thus this
very highly swept. verv low aspect ratio wing has been credited with greatly
increasing the aircraft’s maximum lift coefficient. Due to the interaction of the
vortical flow the LEX produces with the tail control surfaces. it has also been
credited with enhancing maneuverability (Lee et al. 1990). These same vortices.
however. are amenable to “bursting”. which is the source of highly complex

turbulent flow. and can lead to severe buffeting of the vertical tails.

The LEX vortex rolls up along the LEX leading edge. following a path
roughly parallel to the leading edge along the fuselage (Fisher et al. 1990b). At a
location along this path. which is highlv dependent on angle of attack. the vortex
bursts (Figure 3). Photographs of the LEX vortices (by. for example. Erickson.
1991. Fisher et al. 1990b. and Del Frate et al. 1990) show that thev are very
tightly wound. One of these photographs has been reproduced here in Figure 4.
Del Frate et al (1990) describe the bursting phenomenon as “a stagnation of the
core flow with a sudden expansion in core diameter.” which is distinctly visible

in the photographs shown in Figures 3 and 4.



The change in LEX vortex bursting location with angle of attack has been
studied by many authors. For example, Wentz (1987) showed that the LEX
vortex bursts just ahead of the vertical tails at an angle of attack of 25°. Data
from Del Frate et al (1990) and Fisher et al (1990b) show that bursting occurs
farther upstream as the angle of attack is increased. Hebbar et al (1992) studied
a dynamic model using a variable pitch system, which showed that with a pitch-
down motion, bursting occurs closer to the LEX apex than in the static case,
while during a pitch-up motion, bursting occurs farther from the LEX apex. The
effects became more pronounced as the pitch rate was increased. Magill et al
(1996) added to this by studying simultaneous model motions in pitch and yaw.

Shah (1991) showed that significant changes in the LEX vortex structure and
location could be produced by relatively small changes in LEX span and chord.

It was postulated by Ghaffari et al (1993) that the pressure gradient formed
by the vertical tails themselves may cause the vortex to become unstable and
burst, with the chaotic flow that results loading the vertical tails in an unsteady
manner. Yet removing the aircraft’s vertical tails, as in experiments performed
by Wentz (1987), had negligible effect on the flow field, and the vortices burst at
the same location as with the tails attached. However, after removal of the
wings of the aircraft, the vortices were located farther inboard. and refrained
from bursting up to angles of attack of 30°, indicating that the adverse pressure
gradient produced on the wing is dominant in the vortex bursting process. Oil
streak surface flow visualization on the LEX and upper wing surface by Lee et al
(1994), Lee and Marineau-Mes (1996) and Brown et al (1990), show that indeed
the LEX vortex is prominent on the wing’s upper surface.
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Erickson (1982) studied the effect of wing sweep and angle of sideslip (vaw)
on the vortex trajectory. and found that the vortex follows the wing sweep angle
in a linear fashion. becoming parallel to it at high angles of attack. and that an
asvmmetry of the vortex core with respect to the aircraft plane of svmmetry can
form even at small angles of sideslip. The asvmmetrv due to vaw causes the
windward vortex to burst much closer to the LEX apex than it normally would.
showing that bursting location is not only a function of angle of attack. but also
of sideslip. It was further shown that downward leading edge flap deflections
tended to stabilize the LEX vortices. while downward deflections of the trailing

edge flaps tended to destabilize it.

Thompson (1990) was unable to determine any significant effect of flap
settings on the LEX vortex. Neither did airbrake deployment position (see
Figure 1) nor horizontal stabilizer deflection angles seem to have any effect on
vortex bursting location. The variation of engine inlet flow rates. however.
drastically altered the structures and locations of the LEX vortices. It has been
noted by Thompson (1990) that a realistic flow field will only result by
simulating flow through the model’s engine inlets. It was reported that the F-18
inlet velocity ratios (V7 /U-. where V7 is the inlet velocity and U is the nominal
free stream velocity). for tvpical air combat maneuvering periods at aneles of
attack higher than 15°. were greater than 3.0 for more than half the period. with
a peak value of 5.5. These velocity ratios were tested with the model in that
studv. An increase in the engine inlet ratio moved the LEX vortex bursting
location downstream. by as much as 20% of the aircraft length at high values.

The bursting location was drawn closer to the aircraft. Martin and Thompson
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(1991) observed complex flows for no engine inlet flow. and conventional
patterns were seen until Vi/U. = 8.1. when flow was drawn from the upper to

the lower surface and entered the engines.

In addition to tail buffet load alleviation. other goals of these LEX vortex
studies were to understand the flow in the vicinity of the LEX in order to
increase controllability of the aircraft. Empirical testing of the aircraft led to the
development of the LEX fence (Erickson. 1991). a small trapezoidal fin that sits
perpendicular to the LEX. just ahead of its junction with the main wing (see

Figure 1).

According to studies performed by Erickson (1991). the LEX vortex
breakdown appears to be more gradual with the fence in place. The fence also
reduces the turbulence level within the burst flow. while only minimally
affecting the aircraft’s aerodvnamic and stability characteristics at subsonic and
transonic speeds. According to Shah (1991). the LEX fence separates the LEX
vortex into two co-rotating vortices. the interaction of which tends to move the
vortex svstem outboard. away from the tails. As the energy of the vortex is
spread over a larger region. the burst vortical flows which do impact on the

vertical tails have less rotational kinetic energy than they do without the fence.

Bean et al (1993) showed that Tangential Leading-Edge Blowing (TLEB)
along the LEX can reduce the effective angle of attack of the vortex. relocating it

inboard. and reducing its strength from the leading edge.

CFD predictions of the flow around this complex aircraft have generally been

difficult to produce. However. while computational models of the entire aircraft
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still experienced difficulties. models of the aircraft body forward of the wings
have recently been able to accurately predict LEX vortex paths and structures.
Cummings et al (1992) have made such predictions. which agree well with in-

flicht data.

2.2 Forebody

The slender ogive cylinder shape of the CF-18's forebody causes two counter-
rotating vortices to form. The forebody vortices are similar to the LEX vortices in
structure. but theyv follow slightly different paths. passing syvmmetrically over
the aircraft’'s canopy. with their stable cores remaining very close to the surface

of the aircraft (Fisher et al. 1990b).

The F-18 High Alpha Research Vehicle (HARV) used by NASA in its High
Alpha Technology Program (HATP) has been flown numerous times to provide
flow visualization records of the forebodv and LEX vortices. Separation and
reattachment lines caused by the forebody vortices are shown by surface flow
visualization. using dves emitted bv small holes in the aircraft forebody.
Photographs of these lines can be found in reports by Fisher et al (1988). Fisher
et al (1990a). Fisher et al (1990b). Fisher and Mever (1988). Del Frate et al
(1990) and Bjarke et al. 1992). One of these photographs has been reproduced in
Figure 5. Results from numerical simulations by Thomas et al (1989) are
included in this figure for comparison purposes. It can be seen that the
computational results correlate well with the data from the HARV. The CFD

results also correlate well with pressure measurements taken by the HARV
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instruments. indicating that these studies can help verifv evolving numerical

codes.

It was detected in flight tests that a small yawing motion can produce a large
corresponding asymmetry between the vortex trajectories with respect to the
aircraft's plane of symmetry. Yet. even in the absence of sideslip. it has been
reported that the forebody vortices can become asymmetric. Erickson (1991)
reported asymmetric pressure distributions along the forebody at high angle of
attack. indicating that one vortex had moved towards the forebody surface. the
other shightly away. Fisher et al (1990b) observed wing rock at an angle of

attack of 45°. attributable to alternating asymmetry in the forebody vortices.

Sufficiently far from the nose. the trajectories of the forebody and LEX
vortices are close enough that they can influence each other. When the two
vortices interact. the forebody vortex is pulled beneath the LEX vortex. and is
then redirected outboard (Del Frate et al. 1990. Fisher et al. 1990b). This
indicates that the forebody vortex is the weaker of the two. This agrees with
data from Wentz (1987). which showed that the forebody vortex has lower

circulation than the LEX vortex.

At an angle of attack of 30°. the point of interaction of these two vortices is
just aft of the LEX-wing-leading-edge-flap junction (Del Frate et al. 1990. Fisher
et al. 1990b). and it moves forward as the angle of attack is increased. If the
LEX vortex is eliminated. by removing the LEX altogether (Wentz. 1987). the

forebody vortices burst at angles of attack above 20°. However. the burst
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forebody vortices remain close to the fuselage centerline even at high angles of

attack. resulting in a weaker interaction with the tails.

Suarez and Malcolm (1994) studied methods of forebody vortex control. Thev
found that jet blowing in the nose region affected the directional stability of the
forebody vortices. increasing or decreasing asvmmetry. depending on where the
blowing took place. A single rotatable tip strake produced early separation of
the forebodv vortex. thus giving better directional control. Even better control
was achieved by using a pair of rotatable tip strakes. Finally. a single vertical
nose strake had a tendency to restore symmetry to the forebody vortices at high

angles of attack.

2.3 Stores

Stores may be carried by the CF-18 in order to complete manv tvpes of
missions. Coupled to the wings by pvlons. these attachments can take the form

of various combinations of missiles. bombs or fuel tanks.

Early fighters used to carry their stores in a cargo bav. Present dayv fighter
aircraft. however. normally carrv external stores. Such stores are much more
versatile: they may be easily interchanged. require much smaller carriage spaces
(Ozcan et al. 1995). However. external stores create additional drag. and the

flow-field in the vicinity of the stores is extremely complex.

Ozcan et al (1995) studied an external bomb carriage used by the Turkish Air
Force. Larger forces were measured on the aircraft when mounted with rocket

launchers than with bombs. Surface flow visualization on a non-axisvmmetric
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carriage produced separation and reattachment lines. Streamlines were
reconstructed from those lines, showing vortical patterns around the stores.
CFD of the same carriage correctly produced the velocity field, and was verified
using the flow visualization results. Additionally, CFD analysis predicts other
flow features, such as large-scale vortices, attributed to inviscid separation from
the sharp edges, and small scale-vortices, attributed to cross-flow separation of
the boundary layer.

Studies of forces caused by stores have been performed by Marsden and
Haines (1967), Stahara (1980), and Dollyhigh et al (1978), who measured the
drag of elliptical stores on an F-16. Furthermore, Chen and Liu (1990)
developed a computational method for predicting the flow around stores, the
results of which compared well with force data, and Monta (1980) found that
adding stores, such as Maverick missiles, MK-84 bombs and external wing fuel
tanks, to an F-16 resulted in changes in the aircraft pitching moment.

Pressure measurements in a wind tunnel by Dowgwillo et al (1996), using
pressure sensitive paint on an F-15 aircraft model were performed for various
stores, such as LANTIRN pods, AIM-9 missiles and conventional bombs. Low
pressure regions were observed in the areas of blunt store shoulders, sensor
pods, the bulged landing gear door and the inboard store boat-tails. Regions of
high pressure were observed around the forebody, engine inlets, outboard store
boat-tails. and the store’s nose. Most tests were performed with the central fuel
tank mounted. Removal of this tank caused a significant change in the pressure
field about the mid-stores, but little change in pressure around the outboard

stores.
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According to Tijdeman et al (1979). wing-tip missiles can be treated as
endplates. increasing circulation and loads on the wing surface. According to
Haines (1980). clustering stores together can increase drag by a factor of 1.75 to

1.9 from the drag on individual stores.

Pvlons are used to carry stores for military aircraft. but different models of
pvlons are also used to carrv the engine nacelles of commercial aircraft. The
pvlons on a low wing transport model was studied by Naik and Ingraldi (1993).
with no nacelles attached. Three pylon shapes were studied. an airfoil design. a
“compression” design (with a maximum thickness at the wing’s trailing edge)
and a hybrid. with the airfoil shape along the outboard side and the compression
shape along the inboard side. With these shapes. and the pvlon trailing edge
extending aft of the wing trailing edge. the pressure distributions obtained were
very close to those obtained for a clean wing. This implies a small loss of lift and

minimum flow separation at the pvlon-wing junction.

Results from a CFD study by Kavkayoglu and Yalcmel (1996) suggest that
the store wake would deflect upward near the store trailing edge at positive
angles of attack. and continue to rise downstream. At negative angles of attack.
it is predicted that the wake would once again deflect slightly upward at the
store trailing edge. but then it would follow a steep downward slope as it moves
downstream. For positive angles of attack. the lateral size of the wake increases
with increase in angle of attack. Additionallv. the presence of the store

generates its own vortical patterns. which interact with the wing-tip vortices.
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Several other CFD methods have been developed for determining the
interaction of stores with each other. the pvlons and the entire aircraft (AGARD.
1995). There seem to be as many methods as there are studies. Most of these
methods isolate the local flow around the store from the global flow around the
aircraft. vet link these two systems together by combining adjoining nodes or
imbedding one into the other. Very few of these codes have been validated by
flow visualization data. The reader is directed to the AGARD Stores Conference

Proceedings for further details (AGARD. 1995).

2.4 Justification of Water Tunnel Studies

Traditional studies of the vortical flow field around fighter aircraft have been
performed in wind tunnel facilities (e.g.: Erickson et al. 1989) or in full scale
flight tests (e.g.: Fisher et al. 1990b). Though tests of the F-18 have been
performed in water tunnels (e.g.: Thompson. 1990). these facilities have tvpically
been excluded from force and pressure measurement studies because of their
inability to simulate compressibility effects. and their restriction to low Revnolds
numbers. This prevents dynamic similarity of model studies and full-scale
mvestigations. and makes correlations between the tests and the full-scale flows

difficult.

Some phenomena. however. may be represented by water tunnel results.

especially when considering the qualitative nature of flow visualization.

As the LEX vortices originate on the sharp leading edge of the LEX. where

flow separation occurs regardless of whether the flow is laminar or turbulent.



the generation of the LEX vortices will be accurately represented in the water
tunnel. According to Erickson (1982). water tunnel studies of these vortical
flows are best suited to high angle-of-attack configurations. when the vortex is
much larger than the wing boundary layer thickness. and the vortex is located

far from the wing.

Erickson (1982). Lowson and Rilev (1995). and Thompson (1990). among
others. have shown that LEX vortex characteristics. such as bursting location.
are essentially independent of Revnolds number at high angles of attack. LEX
vortex breakdown locations are shown for the full-scale HARV. wind tunnel and
water tunnel tests for high angles of attack in the graphs given by Del Frate et
al (1990) and by Erickson (1980). reproduced here in Figure 6. Ramirez (1990)
reported that no appreciable change in the vortex core location could be observed
with a variation of the Revnolds number. Even force measurements in the water
tunnel at high angles of attack. as measured by Suarez and Malcolm (1994).
showed good correlation with wind tunnel and full-scale flight data. indicating

near independence from Reynolds number.

The effect of Reynolds number change on flow interactions due to the stores
has not been studied. Phenomena that occur close to the surface of the model
are known to be sensitive to Revnolds number variation (Erickson. 1982). Other
events. however. can be expected to be comparable in low-speed water-tunnel
and high-speed wind-tunnel studies. In view of the limited knowledge available
on the flow beneath the F-18 wing carrving stores. any information obtained in
the low-Revnolds number regime could still be useful. for example. in the

validation of emerging CFD codes.
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2.5 Flow Visualization

Normallv. the flow around the model is invisible. because its optical
properties are no different from those of the surrounding fluid. Introducing
particles into the flow. such as smoke. mists. bubbles or dves. allows the

visualization of the model’s wake and other vortical patterns.

Unfortunately. the injection of particles into the flow introduces some
disturbance of the flow by the injection device. This necessitates a very small
injection tube. to avoid the formation of a large wake. Merzkirch (1987) reports
that Pitot tubes and hypodermic needles are suitable for injecting dve into water.

because of their very small outer diameters.

Dve is well suited to the visualization of low-speed water flows because it is
neutrally buovant. has good visibility and low diffusivity (Merzkirch. 1987). Dye
injected into the flow traces out streaklines. which flow downstream over the
model. The dve will be neutrally buovant in water if it has a large water base.
preferably taken from the water tunnel itself. Good visibility can be achieved by
using a dark dve on a light-coloured. well-lit background. As the dyve flows
downstream. however. it tends to diffuse. which makes it more difficult to see.
Apparently. adding milk to the dve mixture can increase its stability in shear

flows Merzkirch. 1987).

There are alternatives to the standard water-based or alcohol-based dyves.
Hovt and Sellin (1995. 1996) experimented with many different chemical
combinations. such as aqueous polvethylene oxide (PEO) solutions. in an

attempt to create a fluid with the same optical properties as water. and as many
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of its physical properties as possible. but which would hold together in high
shear flows. The result was a water-based non-Newtonian fluid which became

thicker as shear increased. allowing it to follow mixing flows more visibly.

A fluorescent dve offers excellent visibility when illuminated by a laser at a
wavelength to which it is sensitive. Dves such as rhodamine and fluoresceine.
which emit light only at specific wavelengths. different from that of the incident
light. are used for this purpose. For optimal photography of the flows. a film

that is highly sensitive at these wavelengths should be used (Merzkirch. 1987).

Extensive release of dves into a closed circuit facility may contaminate the

water. thus necessitating occasional replacement of the water.

A method for visualizing the flow without contamination is by generating
hvdrogen bubbles. As the bubbles are produced by the electrolysis of water. they
are either absorbed back into the water. or rise to the surface and escape. farther

downstream.

Applyving a dc voltage between two submerged electrodes ionizes the water in
their vicinities. with oxvgen ions being attracted to the anode. and hydrogen ions

being attracted to the cathode (Merzkirch. 1987).

As hydrogen is released at double the volume of oxvegen. hydrogen is the
desired tracer. The cathod. is thus made into a very thin wire stretched across
the length of the section to be visualized. Hydrogen bubbles form along the thin
wire and are swept downstream by the flow. Because of their small size. they
follow the flow well. with the only other force acting on them (other than low

viscous drag) being buoyvancy. Pulsing the voltage in the wire can produce
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timelines in the flow. Covering sections of the wire. or creatine kinks in it. will
produce streaklines. A carbon rod can be used as the anode. and should be

placed downstream to avoid disturbing the flow.

As the wire cathode is tvpicallv on the order of 0.05 mm or smaller. and the

bubbles are of comparable sizes. the disturbance to the flow field is minimal.

2.6 Conclusion

The flow about the F-18 has been studied bv manv investigators in
laboratories worldwide. A large number of studies have focused on the LEX and
forebody vortices. simply because they have the strongest effect on the aircraft’s
performance. Thus a wealth of information exists for the studv of the aircraft's
upper surface. The flow near its lower surface. however. remains relatively
unexplored. Visualization of the flow past a model of this aircraft would be
performed best with dves or hvdrogen bubbles. as the flow in the areas of

interest is expected to be laminar at the speeds used in the water tunnel.



Chapter 3

Facilities and
Experimental Procedures

Flow visualization experiments were performed in the new water tunnel
facility at the University of Ottawa using dyes and hydrogen bubbles on a 1:48
scale model of the CF-18 aircraft, with a clean wing, or carrying various stores.
while immersed. A laser Doppler velocimeter was used to measure the flow

velocity at various positions in the water tunnel.

3.1 Water Tunnel Facility

The water tunnel at the University of Ottawa (Figure 7) is a closed-circuit.
recirculating facility capable of holding up to 16 m3 of water. It has a test section
approximately 4 m long, with a cross-section 0.50 m wide and 0.75 m high. Itis

enclosed on three sides by 9.5 mm thick glass walls, while the top surface is open
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to the air. but may be covered bv removable Plexiglas sections. All instruments

and models are placed in the test section from the top.

The flow is produced by a Cascade 0.3 m (12" diameter axial flow pump.
which is driven bv a 5.6 kW (7.5 hp) GE motor. providing a maximum head of
2.13 m (7 ft) at 126 rad/s (1200 rpm). A Siemens Relcon Q2000 motor controller
allows the flow rate to be varied in order to give test section velocities between

0.05 m/s and 0.30 m/s respectively. at a water height of 0.70 m.

Water is first pumped into a large settling chamber. where it passes through
two perforated plates and one plastic screen of different solidities in order to
even out the flow non-uniformity. and to dampen anv vortices or other large
scale motions. The flow is then accelerated through a three-sided contraction
(the top surface remains free). which changes the passage area from 1.5 m bv 2.4
m to 0.5 m bv 0.75 m over a 1.5 m length. After passing through the test section.
the water recoverv tank redirects the flow through a large pipe below the tunnel
back to the pump. A window is located at the back of the water recoverv tank for

viewing from the downstream end.

The facilitv uses several devices to reduce flow disturbances in the test
section. Besides the screen and two perforated plates. a vertical perforated
cvlinder in the settling chamber allows the water coming from the pump to be
dispersed along its entire depth. The cvlinder was wrapped with another plastic
screen of relatively high soliditv to pressurize the fluid in the cvlinder. and thus
even out its exat velocity. A plunger is located inside the perforated cviinder. to

absorb the vertical momentum from the inrushing water. The plunger was



submerged to prevent air from entering the water through the turbulent mixing
that occurs in this area. In the test section. boundary laver removal slots were
mounted flush with the elass along the walls and floor. at two downstream
locations. Water is drawn from the boundarv laver at these locations by a 124 W
(1/6 hp) pump situated under the recoverv tank. Once the flow enters the
recovery tank. it is directed to the sides by two vanes. where it is drained to the
pipes below without disturbing the main flow area. Once again. vertical
perforated cvlinders and plungers permit a smooth and airless flow out of the

tank.

3.2 Water Tunnel Utilities

3.2.1 Water Treatment and Suction

The 124 W (1/6 hp) pump. mentioned above. serves as an independent
suction device for the tunnel. This is advantageous in that it can also serve as a
utlity pump. which can be used at any time. whether the main pump is in
operation or not. Water from the tunnel is filtered and chlorinated in this wayv.
and a suction tube is run by this pump to remove any deposits on the tunnel
floor. A diagram of this setup is shown in Figure 8. When running unattended.
the small pump is controlled by a timer that allows it to draw water for filtering
and chlorinating. on a 12 hour schedule. normally 6 hours on. followed by 6

hours off.

The same pump also produces the suction that was used to draw water from

the aircraft model engine inlets. Because this pump does not use a controller. as
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the main pump does. the valves that direct the flow to the filter. chlorinator and
boundary laver devices have to be adjusted until the desired flow rate is

obtained.

3.2.2 Traversing System

Steel rails are mounted on the frame of the water tunnel. allowing carriages
to move along the length. width and depth of the test section. providing access to
every location therein. Two cylindrical rails mounted above the test section
permit smooth manual positioning of a carriage along its longitudinal (x-) axis
(see Figure 9). A second carriage runs along rails normal to the first set. atop
the x-axis carriage. from one side of the test section to the other. along its
transverse (v-) axis. [nstruments were attached to a vertical vernier mounted to
the v-axis carmage for this studv to provide access to a partial tunnel depth.
Between these carriages. each equipped with its own scale. readable to 0.5 mm.

instruments can be placed at any position inside the tunnel.

There is provision to add a second traversing system along the length of the

tunnel on its side. and also a third one below the test section.

3.2.3 Model Positioning System

The model positioning system. based on an earlier design by Zwart (1995a).
provides precise rotation in the pitch and vaw axes (Figure 10). It was designed
to keep the center of rotation of the model. namely the wing leading edge-LEX
junction. in the same place through changes in both axes. For this studyv. the

center of rotation is located at half the full water height. or 0.35 m from the

(8]
(1]



bottom. Thus, the pitch-controlling C-strut is actually an arc that makes up part
of the circumference of the circle centered on the model’s center of rotation. The
C-strut is mounted on a plate which can rotate the model in yaw relative to the
fixed mounting brackets. The complete set of drawings for this system,
including dimensions, is presented in Appendix A.

The model positioning system is mounted above the tunnel, thus avoiding the
need for complicated mounts inside the test section. However, this leads to a
conflict with the x-axis carriage and could present problems for experiments that
require the carriage to be directly above the model. To resolve this, in the future,
the entire system can be modified for mounting inside the tunnel, although a
drop in the water level may then be necessary in order to maintain the model

near the flow centerplane.

A pointer mounted on one of the C-strut supports indicates the pitch location,
scribed to half degree increments on the C-strut, through its full range of 40
degrees. The + 30° yaw position, scribed to one degree increments, is indicated

by a pointer on the mount base.

3.3 Model

Because of their reputation for accuracy, plastic hobby models have often
been used for flow visualization, force and pressure measurements in small scale
studies of the CF-18 fighter aircraft. Thompson (1990) and Ramirez (1990),
among others, have verified the accuracy of various hobby models.

Two identical 1:48 scale plastic hobby models by Revell (CF-18 Hornet D-Day
version, model number 05629-0389) were used for this study, modified to allow
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mounting onto the sting and for engine inlet flow. One was used for lower
surface (store) flow studies, and the other was used for upper surface flow
studies. The leading edge and trailing edge flaps were kept at 0°, and the
horizontal stabilizers were attached to the model at 0°. The LEX fence was used
in all configurations.

3.3.1 Model Sting

The sting was comprised of three pieces, namely a block of aluminum which
connected two aluminum rods (Figure 11). One of these rods was attached to the
C-strut of the model pitch mount, and was threaded so as to allow small
corrections in the model position. The second rod was attached to a stainless
steel plate at the rear of the model, axial to the model. and was threaded for
small positioning corrections or changes in the roll angle. For added stability,
the stainless steel plate was screwed into another stainless steel plate inside the
model, through one of the engine outlets.

3.3.2 Errors in Model Positioning

The pitch of the aircraft is defined as the angle between the line connecting
the tip of its nosecone to the centerline of its engine nozzles and the horizontal
direction. It has been verified that the undisturbed flow direction was

horizontal.

The pitch of the model was adjusted often during this study, so it was
essential to determine the actual pitch angle. Scale marks were scribed onto the

C-strut with an accuracy of +0.1°, using a computer generated template. The
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pitch pointer could be positioned up to 0.5° along the C-strut, so that the 0° pitch
line would correspond to a scribed mark, as this line will vary from one mount to
another, depending on how the mount is built. As this was done by eye, the

estimated uncertainty in the positioning system pitch angle was +0.2°.

The model sting was attached to the C-strut and the model with a set of nuts,
turning the entire pitch assembly into a rigid body. Thus the sting did not
contribute any errors to the pitch angle. However, measuring the exact 0° pitch

angle was found to be a difficult process, and was only accurate to +1°.

The yaw rotation feature of the positioning system was not used for this
study. The 0° yaw angle was located by scribing a line, using a milling machine,
between the center of rotation and the pointer, parallel to the positioning
system’s machined edge. The position of this mark is accurate to 0.007°.
However, the pointer was positioned along the mark by eye, for which the
estimated uncertainty is #0.1°. The scale marks were again scribed onto the
mount using a computer generated template, with an accuracy of +0.1°. The
positioning system was mounted to the tunnel using a dial guage, dowels and a
level, to ensure that its axes were parallel to the tunnel axes. The overall

uncertainty of the yaw angle due to the positioning system was +0.2°.

The model was aligned in yaw with the positioning system by eye, and was
accurate to approximately +0.5°, while at 0° pitch angle. This uncertainty
increased as angle of attack was increased, until, at 40°, the uncertainty was
about £1.5°, due to the method used.
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3.3.3 Engine Flow

To allow simulation of the flow through the aircraft’'s engines. the original
model engine inlets were cut open to their maximum size. Plastic tubing of 6
mm (1/4") interior diameter was inserted into each engine inlet and attached to a
Y connector. This allowed the flow to exit the model through a single engine
outlet. as the second outlet was being used by the sting (Figure 12). The plastic
tube then ran from the model engine outlet to the 124 W (1/6 hp) pump for

suction (see Section 3.2.1).

An engine inlet ratio of unity was used for this study. making the flow speed
through the engines the same as the tunnel speed. Thus both the tunnel water

speed and the engine inlet speed were 0.070 m/s. as measured in Section 4.1.2.

Ramirez (1990) gave the single engine inlet area of a full scale F-18 at high
angles of attack to be 0.394 m> (610 in2). Scaled to the model size. this gives an

engine inlet area of:
0.394m?2 < (1/48% = 1.71 < 10~ m?

Assuming that the area does not change significantly from high to low angles
of attack. the desired volume flow rate can be calculated simply by multiplving
the model engine inlet area by the engine inlet velocity and doubling the result

(for two engines):
@=171x10"m2 <« 0.070m/s x2 = 2.39 « 10" m¥s.

The volume flow meter available on the water tunnel was scaled in gallons per

minute (gpm). so it is useful to convert this result into 0.380 gpm.
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The exact inlet flow velocity used was 0.4 gpm, resulting an inlet velocity
ratio of Vi/ U. = 1.05 for all configurations in this study.

3.3.4 Store Configurations

The CF-18 aircraft is capable of carrying stores at nine stations underneath
its wings and fuselage. These are labeled 1 through 9, beginning at the port
wing-tip (Figure 13). On each wing, stores can be carried on the wing-tip and at
two locations directly under the wing (an outboard and an inboard store).
Additional stores can be carried on the fuselage beside the engines and one store
can be carried along the aircraft centerline.

Nine different types of stores (including pylons) were tested while mounted
on the aircraft model in eleven different configurations.

The pylons used in this study (Table 1) were scaled models of the SUU-63/A
Wing Pylon and the SUU-62/A Centerline Pylon. The wing pylon alone was
capable of carrying only one store; however, when a BRU-33/A Vertical Ejector
Rack (VER) was attached to the pylon, two stores could be carried at one station.

The stores used in this study (Table 1) were scaled models of the 330 US
Gallon External Fuel Tank (330 USG EFT), the Aim 7 Fuselage Missiles and
Aim 9 Wing-tip Missiles, the MK82 and MK83 bombs and the GBU-12 bomb.
The first configuration studied was the clean wing, that is, completely without
stores, to be used as a reference configuration. The eleven configurations,
including the clean wing, are shown in Figure 14, and are summarized in Table

2.
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Note that photographs were only taken of stores placed at stations 5 through
9. because the camera was best suited for photography on that side of the
aircraft. In view of results showing little mutual effect of stores on the same
wing (see Chapter 53). it is unlikely that stores on one wing would measurably

affect the flow around stores on the other wing.

3.4 Visualization and Measurement Instrumentation
3.4.1 Dyes

Many different dyes were tested for use in this study. Just a few grains of
the powdered dyes Methyl Violet. Congo Red or Fluorescein Sodium Saltina 1.5
x 10° m> volume of water produced a solution concentrated enough to be visible
in the small flow visualization streak. Congo Red did not stav mixed and was
therefore not used in this study. Methyl Violet produced a deep purple dve
stream that could be seen best with the direct lichting of a normal
phosphorescent light bulb. Fluorescein Sodium Salt was best seen when
illuminated by the laser. All of these dves were neutrally buovant in the water

tunnel.

A pnon-Newtonian fluid was produced according to the recipe provided by
Hovt and Sellin (1995. 1996). This fluid is reported to have properties
comparable to those of water except for its shear-thickening property. whereby
the fluid becomes more viscous and has less diffusion when exposed to high

shear. It was thought that this fluid could be useful in highly chaotic areas
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around the model. The formulation for each of the chemicals used in this fluid is

given below.

To create a 2% solution of C16TASal. 5 mL of cetvitrimethvl-ammonium
bromide was dissolved into about 400 mL of distilled water. resulting in a cloudy
solution. Five mL of sodium salicylate was added to this solution. The final 500

mL solution was achieved by slowly adding more distilled water.

In a second container. a 2% PEO solution was created by adding 1.25 mL
polvethvlene oxide to 200 mL distilled water. Distilled water was added until a

250 mL solution was achieved. The PEO dissolved overnight. without stirring.

These two solutions were then combined in the following ratio: 1 part PEO to

2 parts C16TASal to 4 parts distilled water.

The dyes Methyl Violet. Congo Red and Fluorescein Sodium salt were tested
for colouring this mixture. Once again. however. Congo Red did not remain
mixed with the solution. Both Methvl Violet and Fluorescein Sodium Salt
performed verv well. colouring the non-Newtonian filament so that it could be

easily followed through the flow field.

It was found that the non-Newtonian fluid dissolved quickly in a large.
unmoving bodv of water. Thus there was no concern that the fluid might
contaminate the water tunnel. even after a substantial amount had been used.
Contamination by the large amount of dve being poured into the tunnel also
seemed to be negligible. as the large volume of water in the tunnel was not
noticeably coloured throughout the entire period of this study. It is likelv that

the same process used to chlorinate the water also bleached the dve.
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3.4.2 Dye Injection System

The dye was stored in two 1 litre cylindrical canisters, which were
pressurized using the 550 kPa air supply available in the laboratory. For ease of
access and refill, the canisters were located underneath the tunnel. attached to
the steel frame. The dye was forced through plastic tubes up the side of the
tunnel. through the free water surface, and injected into the flow through two

injection tubes, of 0.39 mm inner diameter. at the desired location.

As the regulator on the high pressure air supply could not show small
pressure variations, the pressure was adjusted in small increments until the dye
leaving the injection tube produced a thin streak. All the adjustments were
made by eye. A streak that expanded when introduced into the flow was
considered to be faster than the water in the tunnel, while a streak that thinned
out was considered too slow. The photographs taken after the dye injection had
been calibrated in this way show that this process is fairly repeatable, as all dye
streaks had approximately the same size. It may be estimated that the dye was

injected into the flow at a speed within +10% of the flow speed.

The dye traces out streaklines in the water tunnel. namely lines which are
the locus of all the points in the water that have passed through the injection
tube locations. In the case of steady flow. streaklines are identical to
streamlines, which are tangential to the water velocity at every point (Kline.
1972).

In order to ensure proper positioning of the dye streak, a stainless steel tube

was used as a rigid mount for the injection tube (Figure 15). The stainless steel
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tube also contained the plastic tubing carrving the dye. and was bent into an L-
shape to avoid disturbing the flow about the model. The tubing system was
placed upstream and to the side of the model. The 6.4 mm diameter base of the
injection tube was mounted to the tip of the L with a set screw. As the injection
tube base tapered down to the 0.71 mm outside diameter of the injection tube
exit. only the smallest tube ever neared the vicinity of the model that was being

studied.

Horizontal motion for one injection tube. in both streamwise and transverse
directions. was provided by the x- and y-axis carrages. while vertical motion was
provided by the vertical traverse (see Section 3.2.2) mounted to the carriages by
a 1 m long angle aluminum arm. The second injection tube was mounted on a
two-axis (vertical and transverse) positioning system. located just upstream of
the model positioning system. Figure 16 shows the relative positions of these

svstems above the tunnel.

Positioning of the dye tubes was very accurate and repeatable. The location
of the injection tube mounted to the two-axis positioning system was controlled
by two cranks. each with a dial guage readable to 0.01 mm. As the carriages
were only built with scales readable to 0.5 mm. dial guages. readable to 0.01
mm. were used to locate the position of the other injection tube. Because the
injection tubes were attached to the positioning systems by set screws.
realignment after the set screws were loosened introduced higher inaccuracies.
For this reason. the set screws were kept tight throughout a g@ven store

configuration.
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A solenoid valve could be used to control the flow of dve into the water
tunnel. An electrical switch permitted manual opening and closing of the valve.
so a continuous streak of dve could be injected. A switch and timer combination
also allowed the dyve streak to be turned off automatically. providing small
streaks and preventing dve waste between camera setups. A link to the camera
allowed an exposure to be taken once sufficient dve had emerged into the flow.
The pulsing feature did not work as expected. as once the valve was closed. the
pressure that had built up in the line took a long time to be relieved. Thus the
dve streak would not end abruptly when the valve was closed. The circuit

diagram for this system is available in Appendix C.

3.4.3 Hydrogen Bubbles

The hydrogen bubble wire setup (Figure 17) included a power source. to
provide electrolysis of the water. an electronic pulsing circuit. based on the
design by Budwig and Peattie (1989). and the wire itself. The circuit diagram is
shown in Appendix C. Voltage to the wire could be pulsed either by a trigger
switch. to produce a single line of bubbles. or from the square wave output of a
function generator. The latter method was used almost exclusively. producing
short timelines of hvdrogen bubbles at a frequency set by the generator.
normally 7 Hz. This made the lines easy to follow as thev were swept

downstream.

A continuous sheet of bubbles forms a visible three dimensional sheet in the
flow. however. the distinct pulsed lines were found to be more useful. as they

could be illuminated in high contrast to the background. These timelines were
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then followed as they twist and turn in response to various flow patterns. such

as the LEX and forebody vortices. or obstruction by the stores.

A 0.40 m long. vertically mounted. hyvdrogen bubble wire was used to obtain
large-scale flow visualization. required to determine the general flow quality of
the tunnel. This wire was mounted between two flat plastic supports. attached
to a thin plastic rod. which was placed inside a stainless steel tube for added
stiffness (Figure 18). The bubble wire was mounted in such a way that it was in
contact with a stainless steel screw. Voltage was then applied to the system
through a wire leading from the pulsing circuit to this screw. All electrically
conducting surfaces other than the bubble wire were coated with silicon sealer.

for safety purposes. and so that they would not produce stray bubbles.

A shorter hydrogen bubble wire was used to visualize specific areas around
the model. and was created variable in length. from 10 to 100 mm (see Figure
19). The 0.04 mm diameter wire was supported by two conducting pins. pressed
nto thin plastic plates for easy removal if the wire broke or otherwise needed to
be replaced. One pin was soldered to an electrical wire. which led to the pulsing
circuit. The plastic plates insulated the mount from the live wire. The position
of each plate was locked in place with set screws along a stainless steel T. thus
fixing the length of the wire. As was the case for the dve injection syvstem. an L-
shaped stainless steel tube was used to support the hydrogen bubble wire. in the
same manner. A plug was mounted snug in the end of this tube. allowing the
wire system to be mounted in either the horizontal or vertical direction. and was

held in place with a pin. As with the other hvdrogen bubble system. all
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electrically conducting surfaces. other than the wire itself. were coated with

silicon sealer.

As the bubble wire was mounted on the same system as the dve injection
tubes. using an identical mount. it was subject to the same positioning

uncertainty.

Hydrogen bubbles tend to rise in water. because of their much lower density.
However. it 1s assumed that the Revnolds number based on their rise velocity is

small compared to 1. so that their motion can be determined from Stokes' Law:

AN 7 N
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where the water kinematic viscosity is v.. = 1.0 x 104 m?s. the gravitational
acceleration (g) is 9.81 m/s? and the particle density for hvdrogen bubbles. . is
negligible compared to the density of water. p,. Studies summarized by
Merzkirch (1987) have shown that. in general. the size of the bubbles. d:. is of
the order of the wire diameter. Thus a wire diameter of 0.04 mm gives a rise
velocity (Stokes velocity) of V. = 0.87 mm/s. giving a Reynolds number of 0.035.
Jjustifving the use of Stokes' theory. Assuming that no extra vertical momentum
1s added by the flow speed of 70 mm/s. this velocitv dictates that the bubbles
would rise by 4.1 mm across the entire 330 mm length of the model. and by
much less over the length of a typical store. Therefore. under the present

conditions. hvdrogen bubbles do indeed mark the flow accurately.

A common annovance after several minutes of producing hydrogen bubbles

was the buildup of contaminants on the wire. causing fewer bubbles to emerge.
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or even completely blocking sections of the wire. This was resolved either by
removing the wire from the tunnel and re-immersing it. or by setting the
frequency to a high pulsing rate (on the order of 1 to 10 kHz) for a few seconds.
then resetting it. The latter technique produced so many bubbles that any

contaminants were swept off the wire.

3.4.4 Laser

Standard Laser Doppler Velocimetry (LDV) was performed to determine the
speed of the water in which the CF-18 model was studied. Velocity
measurements in the water tunnel were necessarv for several reasons. First.
while good flow quality could be seen by watching the smooth dye streak or a
sheet of hvdrogen bubbles deformed only by buovancy (such tests were also
performed). it was necessary to ensure a relatively constant velocity in the areas
of studv. Also. the free stream fluid velocity must be known to compute the
Reynolds number (see Section 1.2). and to estimate the engine inlet speed (see

Section 3.3.3). which are functions of free stream speed.

An Optikon 5 W argon ion laser supplied a cvan beam (composed of green
and blue light. at wavelengths of 488.0 nm and 514.5 nm. respectively) through
a fiber optic cable to the Dantec LDV equipment (Figure 20). More information
concerning the laser can be found in the Optikon laser manual. and information

on the LDV equipment and software can be found in the Dantec manuals (1992).

The laser head could be fitted with one of three lenses. with focal lengths of
160 mm. 300 mm and 600 mm. respectively. The 600 mm lens was selected in

order to gain access to the tunnel’s entire cross-section without changing
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attachments. Unfortunately. this meant that the control volume was rather
large (see below). thus introducing the possibility of a velocity variation within

the control volume itself. especially close to the walls.

As only average values were needed. and high precision in determining
velocity profiles was not necessary. the laser head was attached to the tunnel's
traversing system (see Section 3.2.2) using only a crude mount. made of square
steel tubing and angle iron welded together in an L shape (see Figure 20). The
laser head could be mounted on any of twenty-one evenly spaced holes on the
verticallv-mounted angle iron. giving the desired vertical location. Cross-stream
and transverse motions were made using the tunnel’s traversing svstem.

however. only a millimeter scale was used for determining the carriage positions.

Uncertainty in the control volume location was caused by the use of clearance
holes in the mount. which allowed slight variations in the head’s vertical
position. and caused difficulty in ensuring that the head was aligned
perpendicular to the glass. If touched. the mount took several seconds to become
stall.

The focal length of the 600 mm lens is equal to its nominal value when
operating in air. However. the lens was used at various distances from the
tunnel wall. thus it was partly in air. and partly in water. Ignoring any
distortions caused by the glass wall. and given the index of refraction of water as
1.33. the actual focal length of the lens (). and therefore the location of the

center of the control volume. could be calculated by:

f =800 -033d
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where d was the distance from the laser head to the glass wall of the tunnel.

The position of the carriage could be read to within 0.5 mm. However. due to
complications in converting the scale reading into the distance from the laser
head to the glass. d could only be calculated to an uncertainty of + 2 mm. Thus it
was estimated that the control volume location in both the vertical and

horizontal planes was accurate to + 2 mm.

The laser was operated at 700 mW. giving adequate power for the beam to
shine through the large volume of water. However. particle seeding was
necessary in order for the laser Doppler software to calculate the tunnel speed.
About 1 mL of silicon carbide (1.5 um diameter) was mixed into about 10 L of
water. which was then added to the tunnel at the rear. The particles were thus

mixed into the flow by the pump impeller.

The Laser Doppler setup was controlled by the Dantec software called
FlowWare (version 2.2). The settings in the Control and Acquire section were

configured using suggestions by Zwart (1995b)

In the Setup section. the following settings were modified from the detaults.

Electronics
Dimension 2D
Burst Detector Mode | Trigger on Ul/ext. inhibit
Photomultipliers 57x08

If the Burst Detector Mode is set to 800 Hz or to 1.25 kHz. the svstem will

sample the flow at that rate. regardless of the presence of particles in the control
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volume. Thus it is likely that verv few particles will fit the critenia for a valid
sample. When set to “Trigger on Ul/ext. inhibit”. the system will only take
samples when particles pass through the control volume. and a much higher

validation rate can be achieved.

Optics

U o
Wavelength (nm) 188.0 | 514.5
Gaussian Beam Diameter (nm) | 1.3 1.3
Beam Collimater Exp. 1 1
Beam Expander Exp. 1.0 1.0
Beam Separation (mm) 26.87 | 26.87
Lens Focal Length (mm) | 600 600

The program uses the above data to calculate the fringe spacing. which 1s
14.5 um for 26 fringes in the U: direction. and 15.3 um for 26 fringes in the U.
direction. The measurement volume is also calculated by the program. and is

accessed by pressing Control-V at this point in the setup:

Ax (mm) Sy (mm) Az (mm)
L. 0.38 0.38 30.3
U. 0.10 0.10 320 |
Bandwidths
U: U,
Bandwidth (MHz) 0.12 {0.12
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Gain High | High |
Frequency Shift MHz) {40 |40 |

The above settings permit a velocity range of -0.87 to 087 m/s.
Unfortunately. the 600 mm lens allows only an 8 mm/s resolution when

determining the measured velocity.

In the Acquire section. the following settings were modified from the software

defaults.

Validation

Validate Both [U:and U]
Cutoff -3dB
Accepted Fringe Count | 0 to 156

Error Display was used to check the signal and velocity. High Voltage was
adjusted as necessary (from 1200 to 2000 V) to keep the photomultiplier current
around 50 uA. as recommended in the Dantec manuals. This keeps a consistent
amount of reflected light reaching the photomultipliers. avoiding bias because of

light loss in a large volume of water.

LDV measurements were made to determine the range of tunnel speeds. and
to provide a velocity map to determine flow quality. For these purposes.
measurements were made at 15 different pump speeds. all at the test section
centerline near the test section entrance. One measurement was taken at each
pump speed. except at study operating speed of 9 Hz. which was measured 6
times. Thus the potential for spurious datapoints was high. Measurements to

be used for flow quality were also taken. at thirty-five points at each of two cross-
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sectional locations in the test section. one at the entrance. and one at the model

location downstream. Each point was sampled only once.

3.4.5 [lHumination and Photography

[llumination was produced using a Buhl Optical projector with a 150 W bulb.
which provided verv uniform light across the entire beam. and a custom-made

100 W spotlight.

A flat mirror reflected light from the horizontal projector vertically to another
flat mirror immersed in the water downstream of the model (Figure 21). Both of
these mirrors could be adjusted to illuminate the area of the model being
studied. but. coming from the downstream location. tended to cast shadows
toward the front of the model. The spotlight was used to illuminate the areas in
shadow. wherever possible. Normally. the spotlight was placed so that it shone
through the side wall of the tunnel. either upstream or downstream of the model.
Occasionally. the spotlight was placed on top of the tunnel so that it could shine
directly on the bottom of the model. but there was generally no room for this
positioning (see the crowded workspace in Figure 16). and most areas of interest

could normally be illuminated from the side.

When used as the flow visualization tool. the purple dyve could be seen best
when the background model was illuminated. Figure 21 illustrates a typical
mirror setup at low angle of attack. For higher angles of attack. only the mirror

location angle had to be adjusted.
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The hvdrogen bubbles were much more difficult to photograph. as the
bubbles were lit with an angle of 135 between the light source and the camera
for best visibility. and the background model was kept as dark as possible to
increase contrast. Combined with the short exposures required to track a line of
bubbles without streaking. most still photographs were verv dark. The mirror
location shown in Figure 21 was modified slightly in order to be better suited to
viewing the hyvdrogen bubbles at low angles of attack. As the angle of attack was
adjusted. the mirror had to be lowered or raised in the tunnel. and its angle had
to be adjusted accordingly. to keep as little of the model lit as possible. This was
a difficult and tedious task. and was best performed with the assistance of

another person.

A Nikon FE2 35 mm camera was used for taking still pictures of the model.
The camera had a variable shutter speed and f-stop. and could be fitted with
various interchangeable lenses. Loblaws Photoshop 400 speed film was used for
all exposures of the stores. and for dve visualization exposures of the LEX and
forebody vortices. It produced good quality photos. comparable to those taken
during test runs with Fuji ASA 400 film. and was not as expensive to process.
The ASA 400 was chosen as the minimum film speed. after tests with ASA 100
and 200 speed films produced very dark pictures. Kodak Roval Gold ASA 1000
film was used to take good photographs of the LEX vortices at high speed. as
visualized by the shear-thickening dve. however. the hvdrogen bubbles were
very dark. Kodak TMax P3200 black and white film was used to successfully

capture images of the LEX vortices using hvdrogen bubbles.



Photographs were taken from below the tunnel and from the side. When
viewilng from the side. the camera was mounted on a tripod so that the entire
wing of the model was visible. when a Tamron 90 mm lens was used. The front
of the lens was placed at about 380 mm from the tunnel wall. at the wing level.
When viewing the wing's lower surface from below the tunnel (the wing's lower
surface faced upwards. because the model was mounted upside-down. see
Section 3.2.3). a mirror was mounted upstream of the model. directly above the
camera. barely fully immersed so as to disturb the flow about the model as little
as possible (see Figure 21). The mirror was aligned so that the camera could
capture the entire wing in one frame. The lower fuselage was photographed in
the same way. The Tamron 90 mm lens was coupled with a Vivitar 2x macro
focusing teleconverter and Vivitar automatic extension tubes (12 mm and 36
mm). bringing the total focal length to 228 mm. to give the proper magnification.
A Nikon DR-3 right angle viewing attachment was used for ease of focusing
when the camera was tilted upward. The camera lens was placed in contact
with the bottom wall of the tunnel. Photographs of the top surface of the model
(i.e. the LEX and forebody). were taken by placing the camera directly below the
area of interest. using either the Tamron 90 mm lens alone. or a 52 mm Nikon

lens.

I[n order to avoid disturbing the camera on its tripod. the trigger was pressed
using the "START" button on a custom-made circuit. shown in Appendix C.

which incorporates a solenoid switch that depressed the camera’s remote cable.

Video images of the flow were captured using a GE 8 mm Camcorder with an

8x telephoto zoom lens. The camcorder recorded images from the side and below
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the tunnel when following the dve lines. Hvdrogen bubbles flowing over the
stores were best seen from above the tunnel. while those bubbles entrained in

the forebody and LEX vortices were best seen from the side or below the tunnel.

3.5 Tecplot Flow Visualization Software

Tecplot is a software package that allows computer generation of XY plots.
and 3D surfaces. among other features. Complex 3D surfaces must be generated
by providing Cartesian coordinates for the points on the surface. and can thus be
tedious to create. However. once the surfaces are created. they can be rotated in
any direction. shaded to show lighting effects. or magnified to show small areas.

Other data. such as velocity vectors or contours. can be added to the plots.

The water tunnel speed was plotted in contours using this program. as will
be discussed in Section 4.1.2. The velocity contours were flooded with different

shades of grey. to show the trend in the velocity.

The wing surface used in the analysis of the stores in Section 3.2 was created
from measurements of the model surface. point-by-point. with a vernier caliper.
As the forebody and tail sections were not required for these plots. and the
measuring process was tedious. only the section of the wings was created.
Although exact shape of the wings was not fully represented. it was deemed to

be sufficient as a reference for locating the dve streaks.

The coordinates of points along the thirty one dve streaks photographed in

this study over the clean wing were measured directlv from the photographs.
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and they were scaled to the model size using a reference easily visible in the

photograph. and accurately measurable on the model.

The contours of the wing pvlon. EFT. VER. and MK-82 bomb were also
mapped using a vernier caliper. In the case of the stores with axi-symmetric
cross-sections. one quarter of the model was created. and mirror images created
the remainder of the computer surface. Each of these models was created
separately. so it was necessary to import them into the same file that created the
wing surface. and move them using position transformations to the appropnate

location.

The dye lines photographed in Configuration 6a (see Table 2) were measured
in the photograph and scaled to the model size. after which they were plotted

alongside these surfaces.

The input files for the wing and store surfaces. as well as the dve lines. have

been included in Appendix E.



Chapter 4

Experimental Results

This chapter presents velocity measurements taken in the water tunnel. and
introduces the flow visualization results. which will be discussed in the following

chapter.

4.1 Water Tunnel Flow Characteristics

1.1.1 Water Speed Versus Pump Rotational Speed

Velocity measurements in the water tunnel were taken with a Laser Doppler
Velocimetry (LDV) system. The centerline velocity. 0.42 m from the test section
entrance. was measured at pump rotational speeds varving from 5 Hz to 40 Hz.
according to the setting of the motor controller. The water height in the test
section was kept constant at 0.70 m throughout these tests. Figure 22 shows

how the centerline water speed varied under these conditions. This plot could be
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used as a rough guide for determining the water speed from the motor controller
indication.

The water velocity variation is a slightly non-linear function of the pump
speed. The plot shows that. at the maximum water height. water speeds from

0.05 m/s to 0.30 m/s are within the range of this facility: higher veloates in the

test section could be safely achieved with a lower water height. if necessary.

Looking at a pump rotational speed of 9 Hz. which was used throughout the
study. it can be seen that the resulting tunnel centerline speed was very

repeatable. even after raising and lowering the pump speed several times.

The LDV output at zero water velocity (0 Hz) was measured in order to
determine possible offsets of the LDV measurements. but none was found.
Because the motor can not operate at speeds below 5 Hz. no measurements were
taken in the range of 0 to 5 Hz. Furthermore. although the pump can be
operated up to 60 Hz. it was not run at speeds higher than 40 Hz. because of

noise in the pump enclosure. possibly due to vibration or cavitation.

4.1.2 Flow Quality at a Nominal Tunnel Speed

The flow speed in the water tunnel was chosen for flexbility in
photographing the flow visualization media immersed in flows around the upper
and lower surfaces of the CF-18 model. After studying the behaviour of the dyve
and hyvdrogen bubbles at several pump speeds. a value of 9 Hz on the motor

controller was chosen.
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Figure 23 shows contours of the streamwise velocity component. measured at
two cross-sections. and normalized by the nominal centerline velocity. L. =0.070
mvs: the latter was determined by averaging all measured values within the
cores of the two cross-sections. which corresponded to 75% of the tunnel area.
Thus the nominal centerline velocity is actually slightly lower than the peak

centerline veloaity.

All three axes were normalized by the width of the tunnel. 6 = 550 mm. but
measurements in the vertical direction were restricted up to about 90% of the
water's height because of practical limitations. Most flow visualization was done

in the range of -0.25 <2/b<0.0.6 <+/b<0.8. and 0.66 < x/b <0.81.

The flow speed was relatively close to the nominal centerline velocity in the
cores of both sections. It dropped below the 95% U level in the wall regions.
which extended by less than z/b = 0.1 from the walls. and y/b6 = 0.1 from the
floor of the tunnel. except in the corner regions. where the effects extended
farther from the walls. In the case of the x/b = 0 plane. near the test section
entrance. the tunnel velocity was quite uniform (within +2°) throughout the
core. Farther downstream. at x/b = 0.75. wall effects extended farther. however.
the speed variation in the entire core of this plane did not exceed 5 - 7%. which is
comparable to the uncertainty of these measurements. Therefore. the tunnel

flow can be considered to be adequately uniform for the present study.

At both measuring stations. the flow was slower above v/b = 1.0 than in the
core region. and varied irregularly near the top of the measured region. This is

attributable to the mainly stagnant. often recirculating flow observed on the free



surface (made visible by small amounts of floating dust and oil). which was

caused by the Plexiglas covers located farther downstream.

Figure 24 shows velocity contours for the vertical component of the velocity.
normalized by the nominal centerline velocity. at the same cross-sections as the
results shown in Figure 23. The vertical velocity magnitude at these locations
was less than 5% U-. which is comparable to the uncertainty of the present

measurements.

Plates 1 and 2 show typical flow patterns in the unobstructed tunnel. using
water-based-dve and hydrogen-bubble visualization. respectively. The distortion
of the dye streakline (Plate 1) is negligible. The hydrogen bubble timelines
(Plate 2) present very little distortion. mainly attributable to buoyancy and non-

uniform bubble production due to irregular adherence of dirt to the wire.

4.1.3 Flow Distortion Due to Mirrors

The model of the CF-18 is shown at its fixed location in the test section in
Plate 3a. There was concern that by submerging a mirror at a close downstream
location. the flow around the model might be affected. To test this. a dve streak
was injected into the flow under steady conditions in the unobstructed tunnel
(see Plate 3b). at the same water height and speed as in the test conditions. A
mirror was then submerged at the normal mirror location in the test section. The
dve streak was deflected slightly downwards. but the effect could not be seen
upstream of the model sting location (Plate 3c). The camera was kept at a fixed

position while all three photographs in Plate 3 were taken.



1.1.4 Flow Distortion Due to Model Blockage

While the actual aircraft usually flies in what can be considered an infinite
medium. the water tunnel walls enclose the scale model. and may affect the

flow-field in its vicinity (Rae and Pope. 1984).

While studving circular cylinders in a wind tunnel at various Rewvmolds
numbers. Modi and El-Sherbiny (1971) determined that cylinders with blockage
ratios (cvlinder area to tunnel cross-sectional area) of less than 10% had only
very small variations in their flow-fields. While the CF-18 model is more
complex than the cylinders. these results can provide a guide to the overall effect
of tunnel blockage on the model’s flow-field. The CF-18 model blocks about 0.9%
of the water tunnel’s cross-sectional area at a = 5°. to a maxamum of 5% at o =
39°.

According to Erickson (1991). differences in tunnel properties during various
studies. such as tunnel size and shape. sting size and area blockage by the
model. had a negligible effect on the LEX bursting locations. In the absence of
water tunnel wall correction factors. the wall correction factors for lift and
streamline curvature presented by Rae and Pope (1984) for wind tunnels were

calculated. and found to be very small.

4.2 Calculation of the Flow Reynolds number

The Revnolds number for flows over three-dimensional wings is usually

defined as
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Re = U,
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where U. is the mean centerline velocity, ¢ is the mean aerodynamic chord of
the CF-18’s wing, calculated by dividing the area of a single wing planform by
the span of the wing, and v is the kinematic viscosity of the fluid. For the
present model and flow conditions, U. = 0.070 m/s, ¢c=0.074 m, and v= 1.5 x 10%
m?/s for water at 20° C. Therefore, the Reynolds number was 3450.

4.3 Flow Visualization About the Stores

Flow visualization about the stores of the CF-18 model was made mainly
with the water-based methyl violet dye. Effort was made to place the injection
tubes at locations that ensured dye streaks parallel to the undisturbed flow.

A complete list of all photographs that are available for this study is
presented in Table 3. Each photograph is identified by two numbers, separated
by a dash. The first number corresponds to the film roll and second number to
the frame on that film. The table also includes information on the store
configuration (see Table 2 and Figure 14), the model angle of attack, the camera
view (side or bottom), and the exposure characteristics (f-stop and shutter
speed). For all photographs taken from the side, the 90 mm lens was used, while
all bottom views used a combination of lenses and extension rings with a total
focal length of 228 mm (see Section 3.4.4). The last column in the table contains
a graphical depiction of the approximate location of the dye injection tube(s),
from the front view of the model.
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Film rolls numbered 1 to 7 were used for the development of the
photographic process, especially when photographing the hydrogen bubbles.
Because most of these photographs captured the same features, using different f-
stops or shutter speeds, many were underexposed, or out of focus, and they were
not included in the table.

All dye streaks taken with the clean wing in film rolls 8 to 10 were combined
onto a computer generated surface representation of the wing, custom-made
using the Tecplot software package (see Section 3.5, and Appendix E), for better
viewing and comparisons. The clean wing profiles are shown in Figures 25 to

27.

The angle of attack for Plates 4 through 11 is @ =5°. Note the shadows of the
dye lines are often visible against the stores or the wing's lower surface,
projected by the light source from below the tunnel.

In the bottom view of the aircraft, a streakline can be observed in close
proximity to an AIM 9 wing-tip missile (Plate 4). From the side, it can be seen
that the streakline follows the wing-tip vortex trajectory from the wing bottom
surface to the top surface (Plate 5).

The wing pylon at the outboard station (station 8) is seen to disrupt the flow
of two streaklines only slightly, in the bottom view of the wing provided by Plate
6. The side view is not presented because the streakline did not visibly deviate
from the wing contour from that viewing angle. Addition of the VER to that
pylon created a bluff body disturbance to the flow (Plate 7).



The flow past the external fuel tank (EFT) at the inboard station (station 7)
followed the profile of the tank, as shown in Plates 8 (bottom view) and 9 (side
view). The streaklines around a single MK 82 bomb mounted on the VER/ pylon
assembly at station 8 are shown in a bottom view in Plate 10, while Plate 11

displays the region of influence of the single bomb from the side.

An assembly of an EFT/ pylon pair and a two-MK 82 /VER/ pylon system
were added to the computer generated surface of the wing using Tecplot in
Figures 28 to 30. in order to better visualize the streaklines flowing past this

configuration.

High angles of attack caused cross-flow and separation around the stores, as

evidenced by flow around the two MK 83 bombs shown at a = 25° in Plate 12.

Plate 13 displays streaklines between an EFT, at station 7. and a GBU-12
bomb, at station 8, at a = 5°. Finally, the cross-flow and separation observed at

high angles of attack is shown around two GBU-12 bombs at @ = 20° in Plate 14.

4.4 Vortex Flow Visualization

Table 4 lists the photograpks available covering the top surface of the model.
namely the LEX and forebody vortices. The table lists photograph number (as
defined for Table 3), angle of attack, whether the camera was positioned to give a
top or side view of the model. the lens used. and the exposure characteristics (as
described for Table 3). The column “Method” describes which of the three
methods was used in visualizing the flow feature: water-based dye (“water dye"),
shear-thickening dye (“shear dye”) or hydrogen bubbles (“‘bubbles”. The column
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“Feature” describes which vortex can be seen in the photograph. All vortex

visualization was performed with clean wings (Configuration 1).

Water-based dye was used to visualize the LEX vortex at various angles of
attack, two of which are shown in Plates 15 (a = 5°) and 16 (a = 20°). The LEX
vortex can also be seen using the hydrogen bubble method in Plate 17 (a = 25°).

A comparison of flow visualization using the water-based dye and that using
the shear-thickening dye can be made by comparing Plates 18 and 19,
respectively, both of which were photographed at @ = 35°. Note the shadow of
the dye line projected onto the LEX by the light source from below. The top view
of the LEX vortex at @ = 35°, as visualized by the shear-thickening dye, is
displayed in Plate 20, which shows the complex structure of the burst vortex.

A pair of forebody vortices can be seen in Plate 21 (a = 25°), visualized using
the water-based dye. They were located much closer to the model centerline
than the LEX vortices were. One of these vortices can be seen interacting with

the LEX vortex in Plate 22, at the same angle of attack.

Finally, one of the best photographs using hydrogen bubble visualization,

showing the LEX vortex core at a = 20°, is presented in Plate 23.



Chapter 5

Discussion of the Flow
Visualization Results

This chapter presents a discussion of the flow patterns about the various CF-
18 model configurations and their applicability to the actual aircraft. This is
followed by a brief discussion on the usefulness of the flow wvisualization

techniques to the understanding of the flow phenomena in this study.

5.1 Flow Visualization About the Stores

Flow about the CF-18 stores was visualized using the water-based methyl
violet dve and hydrogen bubbles. The hydrogen bubble images were only

captured on video.

-]

(1]



5.1.1 Clean Wing (Configuration 1)

The clean wing configuration (without stores or pylons) was visualized to
provide a reference to which the other store configurations could be compared.
Dye streaks from the photographs were discretized and drawn together with the
computer-generated aircraft surface using Tecplot (Figures 25 to 27).

Dye injected close to the surface of the wing followed the contour of the wing
at a = 0°. The streaklines were on vertical planes parallel to the wing’s chord,
except in the region close to the fuselage, where these lines moved towards the
wing-tips and away from the body of the aircraft. Outboard of the wing-tip, the

streaklines were drawn into the wing-tip vortex.

Streaklines originating at vertical positions 0.15¢ and 0.30c (where c is the
mean chord length, equal to 0.074 m for the model, and 3.5 m for the actual
aircraft) from the lower wing surface at a = 0° were essentially parallel to the
free-stream flow direction, except when closer than 0.10¢ to the fuselage. This
indicates that, at a = 0°, the influence of the wing on the flow is restricted to a
region within the distances 0.10¢ outboard of the fuselage and 0.15¢ from the
wing lower surface.

Close to the lower surface of the fuselage, all streaklines remained parallel to
the free-stream flow direction. Along the fuselage centerline, streaklines
indicated that no cross-flow from one side of the aircraft to the other was

present.



5.1.2 Missiles (Configurations 2 and 4)

The addition of the AIM 9 wing-tip missile (configuration 2) had little effect
on the flow around the wing’s lower surface inboard of the wing-tip at a = 5°.
Streaklines located just inboard of the missile’s axis consistently remained
parallel to that axis.

However, streaklines initially on the vertical plane containing the missile’s
axis were drawn around the wing-tip, towards the wing's upper surface,
approximately midway along the missile’s length. When located outboard of the
wing-tip missile, but still within the influence of the wing-tip vortex, the
streaklines were typically drawn into the vortex at a downstream position near
that of the missile’s tail fins (Plates 4 and 5).

Streaklines in the vicinity of the AIM 7 fuselage missiles (configuration 4)
remained parallel to the free-stream flow direction at @ = 5°. No noticeable
deviation from the clean wing profile was observed for streaklines located
inboard, outboard, or along the missile’s axis.

5.1.3 Pylon and Vertical Ejector Rack (VER)
(Configurations 3 and 5a)

The wing pylon (configuration 3) presented very little disturbance to the flow
near the wing’s lower surface (Plate 6). Streaklines located outboard of the
pylon were deflected towards the wing-tips, with the deflection being the largest
when the streakline started near the edge of the pylon farthest from the wing.

No studies were performed of the centerline pylon in the absence of stores.
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The pvlon's shape was such that any store mounted to it had a small
incidence angle (about 4° to 5°) away from the wing. The local flow near a store
correlated with the angle of attack of the particular store. rather than the overall
angle of attack of the aircraft. For example. when the VER was mounted to the
pvlon (configuration 5a). a large flow separation region formed when the aircraft
was at a = 0°. while. when the aircraft was at an angle of attack of 5°. onenting
the VER nearly parallel to the flow (Plate 7). the separation region was much

smaller.

5.1.4 External Fuel Tanks (EFT) (Configurations 3 and 1)

Flow around an EFT mounted to the wing pvlon at station 7 (configuration 3)
followed closely the contour of the tank (Plate 8). At the tail end of the tank. the
relatively small distance between two adjacent streaklines indicated that this
streamlined store had a narrow wake. As they moved from the wing's leading
edge towards its trailing edge. the streaklines were deflected away from the wing

(Plate 9). indicating the formation of a separated flow region near the store.

The EFT mounted along the fuselage centerline (configuration 4) displayed

similar flow features to those described above.

At 20° angle of attack. separated cross-flow moved outboard around the wing-

mounted EFT. creating a swirling flow around the stores.
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5.1.5 MK-82 Bombs on VER (Configurations 5b and 6a)

Flow around a single MK-82 bomb mounted to the VER and pylon at station
8 (configuration 5b) followed the bomb’s contour until about midway along its
length (Plate 10). Downstream of that location, streaklines on either side of the
bomb remained relatively parallel to each other, instead of following the bomb’s
contour. This indicates that the wake of the tail-finned bomb was relatively
wider than the wake of the more streamlined EFT. As they moved downstream,
the streaklines were deflected away from the wing, much as they did in the case
of the EFT, thus inferring some flow separation towards the tail of the bomb.

The effect of the MK-82 on the flow-field around the lower wing was quite
local. A streakline located just 0.6 maximum bomb diameters from the MK-82
centerline, in a direction away from the wing, was deflected by the bomb's
shoulder, but remained parallel to the free stream flow direction downstream of
the shoulder (Plate 11) instead of following its contour. The streakline
trajectories did not change significantly when the angle of attack was changed
from 0° to 5°.

All dye streaks photographed around two MK-82 bombs mounted to the VER
(configuration 6a) were reproduced digitally onto a single plot, and were
displayed together with the wing and store surfaces using Tecplot.

Because the two bombs were spaced closely together, their wakes merged to
form a single wake, as evidenced by streaklines on either side of the pair (Figure
28). Because of their inclination to the wing, the axes of the bombs were roughly
parallel (within 1°) to the free stream flow direction while the aircraft was at an
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angle of attack of 5°, and they were inclined by approximately -6° to the flow
while the aircraft was at @ =-1°. Thus the wake of the bombs was smaller at a =
5° than at @ = -1°. From the side view, it could be seen that there was less flow

separation from the wing at a = 5° than at a =-1°.

The close spacing of the two bombs allowed their boundary layers to interact,
creating a region of slow moving fluid between them, especially at o = -1°, when
the bombs were at approximately -6° incidence to the flow. Dye injected into the
flow in these regions followed unsteady trajectories. which oscllated irregularly
and slowly between paths parallel to the bombs' axes and paths that were
deflected around the slow flow region (Figure 29). As the streaklines switched
from the former trajectory to the latter, dye became caught in the wake, and took
as long as 30 seconds to diffuse. At 20° angle of attack, the streaklines passed

between the two bombs without showing any sign of a slow-flow region.

Streaklines located between the bomb rack and the EFT showed little or no
interaction between the effects of the stores at different stations. Streaklines
starting midway between the two stations were parallel to the wing's chord.
while those starting closer to the EFT followed the contour of the tank. and those

injected closer to the bomb generally remained parallel to the wing’s chord
(Figure 30).

5.1.6 MK-83 Bombs on VER (Configurations 6b and 7)

The flow around a single MK-83 bomb mounted to the VER (configuration

6b) was comparable to the flow around a single MK-82 mounted to the VER.
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The bomb's region of influence was larger in all directions. but this can be

attributed to its larger size.

The effect of mounting a second MK-83 to the VER (configuration 7) was
similar to the effect of adding a second MK-82 to configuration 3b. The single
wake generated by the two bombs was smaller for an angle of attack of 5° than
for « = -1°. The streaklines located between the two bombs oscillated in the
same manner as with the two MK-82 bombs. Furthermore. streaklines located
between the bomb rack and the EFT indicated little or no interaction between

effects generated by either store.

At 15° angle of attack. a streakline located 1.5 bomb diameters from the axis
of one bomb. in a direction away from the wing. remained parallel to the bomb’s
axis. while a streakline in the same plane. but located at an even level with the
bomb's shoulder. was caught in the separated cross-flow that swirled around the
bombs. At a = 25° (Plate 12). streaklines located at both above positions were

affected by the cross-flow.

5.1.7 EFT and GBU-12 Bomb (Configuration 8a)

The GBU-12 bomb. mounted at station 8. affected the flow around the wing's
lower surface very little. at both -1° and 5° angle of attack. The bomb’s tail fins
caused the streaklines to be deflected slightly away from the bomb. but this
effect persisted only over a short distance. as these streaklines were deflected

back towards the bomb’s axis immediately downstream of its tail fins.

63



Dve injected into the flow between the GBU-12 (station 8) and the EFT
(station 7) at @ = 5°. remained undeflected when injected in the area of the bomb.
Streaklines onginating close to the EFT followed the contour of the tank (Plate

13). like those observed in configurations 3. 5b. 6a. 6b and 7.

5.1.8 Two GBU-12 Bombs (Configuration 8b)

At low angles of attack. the effects of two GBU-12 bombs. mounted to the
inboard and outboard pylons (stations 7 and 8). were restricted to the vicimity of
each bomb. The only noticeable effect was a slight deflection of the streaklines
near the tail fins of either bomb.

As the flow disturbances caused by either bomb were similar and did not
interact with each other. one may describe the two flows separately. Streaklines
passing between the inboard GBU-12 and the fuselage. both close to the wing
and at the level of the AIM 7 missile. closely matched those observed in that

same region for the clean wing.

At 20° angle of attack. cross-flow towards the wing tips separated at the
bombs and created vortices (Plate 14). similar to those observed for other stores

at high a.

5.2 Upper Surface Vortex Flow Visualization

Flow on the upper half of the CF-18 model was dominated by the LEX and
forebody vortices. The LEX vortices were visualized using water-based and

shear-thickening dves. as well as hydrogen bubbles. The forebody vortices and
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the forebody/ LEX vortex interactions were visualized only with the water-based

dye. Images of the vortices were captured with still photography and video.

5.2.1 LEX Vortices

The LEX vortices were generated at the apex of the LEX and were, in
general, swept downstream parallel to the aircraft’s centerline until they burst.
At 5° angle of attack (Plate 15), the vortices were swept past the aircraft’s tails
into its wake without losing their structure. Increasing the angle of attack by a
small amount strengthened the adverse pressure gradient on the wing enough to
initiate bursting. The bursting location was outboard of the tails at o = 10°, and
remained in the vicinity of the tails until around a = 20° (Plate 16), where it was
located just upstream of the tail leading edges. As the angle of attack was
increased, the adverse pressure gradient on the wing also increased, and the
LEX vortex burst farther upstream, near the wing leading edge flap (25°, Plate
17), until it burst beside the cockpit at a = 35° (Plates 18, 19 and 20) and « = 39°.

These results show excellent agreement with the bursting locations found by
Thompson (1990) and others, as shown by Figure 6. This figure has been
reproduced as Figure 31, with points added that represent the results of this
study. It can be seen that the relative locations of vortex bursting essentially
coincide with those in the other studies in the angle of attack range above a =
20°. However, there is a discrepancy between the low- and high-Reynolds
number results at low angles of attack. This may be explained by the location of

the LEX vortices at low angles of attack, immersed in the viscous flow region
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close to the LEX at low-Reynolds number, where they would be less affected at
higher Reynolds numbers.

At angles of attack greater than about 20°, the vortices were located along an
axis inclined away from the aircraft surface. At angles of attack below 20°, the
vortices lay close to the surface of the LEX, and their stability and other
characteristics were probably affected by the viscous fluid in that region.

A simple 2D analysis shows that the downstream distance traveled by a
point on a dye streak as it revolves around the vortex is inversely proportional to
the strength of the vortex. Thus the wavelength of the dye streak, measured as
the distance between points one revolution downstream of each other, should
decrease as the vortex strength increases. This analysis is approximate because
it is based on 2D aerodynamics. However, it can be seen that the wavelength of
the dye streak decreased as the angle of attack was increased from a = 5° (Plate
15) to a = 10° (Plate 16). As these two pairs of vortices were located at
approximately the same distance from the LEX, speeds nearby should be
comparable, so one may conclude that the vortex would be stronger at o = 10°.
The wavelength, and thus the vortex strength, continued to decrease as the
angle of attack was increased.

At the highest angles of attack studied (a = 35° and a = 39°), the LEX vortices
were slightly asymmetric. This could be due to sideslip, induced by a slight
misalignment of the model at high angles of attack (see Section 3.3.2). This
would be consistent with the asymmetry observed by Erickson (1982) at very
small sideslip angles. An explanation for this may be the asymmetry of the

66



forebody vortices at small sideslip angles, which may, through strong

interactions, cause the LEX vortices to become asymmetric as well.

Thompson (1990) observed that dye injected near the lower surface of the
LEX, close to its apex, had a tendency to flow upstream until it reached the apex,
at which point it would be drawn to the upper surface and enter the LEX vortex.

This phenomenon was observed at all angles of attack in the present study.

5.2.2 Forebody Vortices and Their Interaction
With the LEX Vortices

Photographs of the forebody vortex were taken at 15°, 25° (Plate 21) and 35°.
The forebody vortices had very long wavelengths compared to most of the LEX
vortices observed, indicating that they were weaker than the LEX vortices. The
forebody vortex wound its way above and to the side of the cockpit, down the
middle of the fuselage, until it interacted with the LEX vortex, where it became
so disturbed that it could not be distinguished from the burst LEX vortex a short
distance downstream of the initial interaction location. After observing the
vortices for a long time, it was determined that they were symmetric most of the
time, with occasional asymmetry observed for short periods of 10 to 15 seconds at

a time.

At a = 15°, the forebody vortex was pulled beneath the LEX vortex around
the mid-chord of the wing. The interaction location moved upstream at o = 25°
(Plate 22) and o = 35°.
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The forebody vortex was deflected away from the fuselage towards the LEX
over a shorter downstream distance as the angle of attack was increased,
indicating a stronger interaction between the two vortices. This is likely due to
the increasing strength of the LEX vortex at higher angles of attack.

5.3 Applicability of the Present Results to Flows
Around the Actual Aircraft

Although the Reynolds number used in this study is several orders of
magnitude lower than those experienced in flight by the actual CF-18,
visualization studies around the stores and vortices may still provide some
useful information.

In the model study, all flows were laminar, while the same regions around
the actual aircraft in flight would be turbulent. Because of the large difference
in Reynolds number, the viscous regions in the model study, when scaled by the
model dimensions, are expected to be thicker than those around the actual
aircraft.

A rough estimate of Reynolds number effects can be based on the growth
equations for constant-pressure laminar and turbulent boundary layers over a
flat plate, which are, respectively,
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where &/x is the boundary layer thickness normalized by the distance along the
wing chord from the leading edge (Fox and McDonald, 1992). For the present
study, in which the flow was laminar, with a Reynolds number at the wing
trailing edge of 3450, 5/x = 0.093. The Reynolds number at the wing trailing
edge in flight is approximately 10¢ (Del Frate et al, 1990), giving 6/x = 0.015.
Witk a boundary layer thickness, at the wing trailing edge, of 9.3% of the wing
chord length for the water tunnel study as compared to 1.5% of the wing chord
length for the aircraft in flight, some conditions, such as the slow-flow region
between the two MK-82 bombs or the two MK-83 bombs, may not occur on the
actual aircraft.

The stores are immersed in the separated flow region around lower wing of
the model, as evidenced by the streaklines in Plates 9 and 13, which were
deflected away from the wing as they flowed downstream. However, as can be
seen in Plate 11, in which one streakline was barely affected even by the bomb,
the stores are near the edge of the separated flow region. As the turbulent
boundary layer around the actual aircraft in flight would delay flow separation
along the wing, the stores may not be immersed in this viscous flow region at all.
At higher angles of attack, where the separated region on the wing’s lower
surface was smaller than at lower angles of attack, the fact that the stores seem
to have a small effect on the flow-field at the slow tunnel speeds suggests that at
the higher in-flight speeds, they may have an even smaller effect.

In the case of the closely-spaced pair of bombs mounted on the VER
(configurations 6a or 7), the boundary layers over the bombs and the VER were

thick enough to interact with each other, causing the low speed zones between
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the stores. The spacing of the bombs (4% of a mean chord length apart) may
then not be appropriate for flows in this range of Reynolds number. However,
the boundary layers on the actual aircraft in flight may be thin enough so that
they do not interact, and the recirculation zone seen between the MK-82s in
Figure 30, and between the MK-83s at low angles of attack, may be avoided.

The LEX and forebody vortices appear to correlate well with higher Reynolds
number studies in terms of their trajectories, bursting, and interaction locations
at angles of attack higher than 10°. The structures of the vortices, especially at
lower angles of attack, however, may be different, due to structural differences
between laminar and turbulent vortices. At very low angles of attack, the
vortices sheared into the shape of a ribbon (see Plate 15), which is strictly a
laminar flow phenomenon (Faler and Leibovich, 1977), and should not occur on
the actual aircraft in flight, where these vortices are turbulent.

5.4 Comparison of Flow Visualization Methods

The water-based methyl violet dye was the method of choice when visualizing
the flow about the stores under the CF-18 model. It was quick and easy to mix,
required water only from the tunnel, and was easy to see. The flow of this dye
out of the injection tube was also very simple to control. However, when the flow
became more complicated, the dye streak became unstable, and was impossible
to follow accurately. While visualizing the LEX vortices, for example, the streak
would often spread out to form a thin ribbon, which became extremely difficult to

see.
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The shear-thickening, non-Newtonian methyl violet dye held to the vortical
patterns of the LEX and forebody vortices much better at most angles of attack.
as can be seen by comparing Plate 18 (water based dye) with Plates 19 and 20
(shear thickening dye). It was easier to see the structure of the vortex, because
the dye streak remained a streak even at a distance far downstream. It was
easily entrained in the vortex core, or could be injected on an outer radius of the
vortex to show how the vortex grew. Additionally, the burst structure could be
seen using this dye, which avoided the diffusion that the water-based dye
experienced in this area.

Working with the shear thickening dye, however, was more difficult than
with the water-based dye. Creating the component mixtures took hours of
waiting for the chemicals to dissolve. If, at any point, the mixture was shaken
(creating a high shear in the fluid), bubbles would form in the resulting viscous
fluid, which would also take hours to clear. A higher pressure was necessary to
push the dye through the injection tube, often creating high enough shear to clog
the small tube. Attempts to clear the tube by increasing the pressure were not
successful, and they might have made the situation worse. The solution was to

lower the pressure, then raise it slowly again after a 30 to 60 second wait.

The hydrogen bubbles were successful in showing the three dimensional
structure of the LEX vortex, as part of the bubble line was caught in the vortex
core (Plate 23), and other parts of the line were caught at various radii from the
core, showing various swirling trajectories within the vortex. Taking advantage
of the timelines produced by pulsing the voltage across the wire, it is possible to
determine relative speeds within the vortex. Qualitatively, it can be seen that
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the vortex core moved fastest, actually combining the bubbles from sequential
timelines, and that the outlying radius moved more slowly in the downstream
direction. The flow completely outside the vortex was used as a reference
velocity, as the bubble wire was sufficiently large to produce bubbles far enough
from the model to be outside its area of influence.

The hydrogen bubbles were difficult to see and to record photographically
with a fixed camera position, that is, with the camera lens perpendicular to the
glass walls of the tunnel, which provided the lowest level of distortion due to
refracion. A very high speed film was required to capture the fast-moving
timelines, and a dark background was best suited for viewing them. It was thus
difficult to obtain lighting conditions that lit the bubbles well. The best lighting
was achieved when the light passed tangentially to the model’s upper surface.
In that case, the bubbles were lit, but most of the model was kept dark.
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Chapter 6

Conclusions and Recommendations
for Future Studies

The objectives of this study were to carry out visualization studies of the flow
field around the stores. LEX and forebody of a CF-18 fighter aircraft model in
the water tunnel. and to determine the suitability of the water tunnel facility
and the visualization methods towards studies of this tvpe. Towards that

objective. the following conclusions can be drawn.

1. The tests were conducted at the relatively low Revnolds number of 3450.
based on the free stream velocity and the wing's mean aerodvnamic chord.
Higher Revnolds numbers could be achieved in the facility by increasing
the free stream velocity. but only by a factor of 3 at most. and at the

expense of clarity of visualization images.



Most stores had a local effect on the flow-field around the CF-18 model in
the low angle of attack range, from -1° to 5°. At a = 5°, when the stores
were roughly parallel to the flow direction, separation would probably be
delayed at the much higher Reynolds number flows around the actual
aircraft. At a = 20°, vortical flows, arising from the interaction of the
stores with separated cross-flow from the fuselage toward the wing-tips,

could be seen.

The spacing of the stores has an effect on the flow around them. The flow

between stores at two stations (Plate 13), which were approximately 0.2¢
apart at their closest points, behaved as if the stores were isolated.
However, when the two MK-82s were placed side-by-side on the VER,
approximately 0.04c apart at their closest, the flow between them became
very slow. This effect will probably be less pronounced, if not entirely
absent, on the actual aircraft, due to the thinner boundary layers
produced at the higher Reynolds number.

The LEX vortex bursting location moved from a location near the tail fins
at a= 20°, closer to the nose of the aircraft as the angle of attack was
increased, in conformity with the well-documented behaviour in other

water- and wind-tunnel studies, and in flight.
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The LEX vortices increased in strength as the angle of attack was
increased, as indicated by the decreasing wavelength of the dye streaks

caught in the vortices.

The forebody vortices were much weaker than the LEX vortices at all
angles of attack above a= 10°. They followed paths close to the aircraft
centerline until they began interacting with the LEX vortices. The
beginning of this interaction region moved upstream, toward the nose of

the aircraft, as the angle of attack was increased.

The forebody vortices were symmetric about the aircraft centerline most of
the time. Occasionally, the vortices became asymmetric, but only for
periods of 10 to 15 seconds at a time, after which they became symmetric
once again.

The water-based methyl violet dye produced a highly visible streak that
followed most flows, which for the model studies were laminar, without
diffusing. However, it diffused quickly in the high shear regions of the
burst LEX vortices. The violet colour was easily photographed against the
model when visualizing flows around the stores, and in the LEX and

forebody vortices.

The shear-thickening methyl violet dye was the method best suited to

visualizing the high shear regions of the burst LEX vortices. However,
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10.

11.

there were problems associated with injecting the dye into the flow. It is
recommended that a larger injection tube be used when performing

experiments with this dye.

The hydrogen bubble flow visualization method was successful in showing
a cross section of the vortices, but the locations of LEX vortex bursting
and LEX/ forebody vortex interaction were difficult to determine because

of the chaotic behaviour of the bubbles in that area.

It is recommended that the clean wing configuration be studied in more
detail, at various angles of attack, in order to determine the extent of flow
separation from the lower surface. A detailed study of one store or a small
number of stores mounted to the wing’s lower surface at various angles of
attack should also be performed, with the specific objective of determining
the effect of the interaction between separated flow regions originating at
the stores and at the wing. Hydrogen bubbles might be best suited to this
purpose, as the entire wing could be photographed at once.
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Table 1: Characteristic shapes of the stores used on the CF-18.

Store Front View Side View
Centerline Pylon a [ Aman—]
Wing Pylon 0 ——
Vertical Ejector Rack (VER) = NS
AIM 9 Missile )¢ (=——— e
AIM 7 Missile o e
330 USG External Fuel Tank Q
MK 82 Bomb x P
MK 83 Bomb X h
GBU 12-Bomb ‘ H

Table 2: Summary of store configurations presented in Figure 14. The
numbers in this table indicate the store stations, also defined in this figure.

Config. 1 2 3 4 5a | 5b | 6a | 6b 7 | 8a | 8b

CL 5 5 5 5 5 5 5 5

Pylon

Wing 23 (23|23 123([23]|23]|23[23] 23

Pylon 7817878 |78(78|78)|178|178]| 78

VER 28 1281282828 2 2

AIM9 1911911919 (19]19]19]|19/19 1,9

AIM 7 46 | 46 | 46 | 46 | 46 | 46 | 46 | 4,6

EFT 7 57135 (35|135|35|35(35]| 35
7 7 7 7 7 7

1 MK 82 8

2 MK 82 8

1 MK 83 8

2 MK 83 8

GBU-12 8 | 7.8
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Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. | a View Lens Exposure Tube

No. (mm) | Characteristics Location
08-02 1 5° | bottom 228 |(f25130s | °
08-03 1 5° bottom 228 [f25 1R30s T
08-04 1 5° | bottom 228 (f25,130s Y
08-05 1 5° | bottom 28 [f25,130s - [
08-06 1 5° bottom 228 |f25,130s [ 9
08-07 1 5 | bottom | 228 [f251/30s [ _ ,
08-08 1 5° | bottom 228 |f25,130s | o
08-09 1 5° | bottom 228 |f2.5,1/30s o
08-10 1 5° | bottom 228 |f25,130s | o
08-11 1 50 side 90 £2.5 ,1125s | o _
08-12 1 §° side 90 £5.6,61/30s .
08-13 1 5° side 90 f56,130s 0
08-14 1 5° side 90 f56,1/30s 0
08-15 1 $° side 90 56,6130 s 9
08-16 1 5° side 90 £f56,130s °
08-17 1 5° side 90 56, 130s °
08-18 1 5° side 90 f56,6130s Y
08-19 1 5° | side 90 (f56,130s [ o
08-20 1 5° side 90 5.6, 130s [ °
08-21 1 5° side 90 f56,1/30s [ °
08-22 1 5° side 90 56,130 s - °
08-23 1 5° side 90 5.6, 130s [ .
08-24 1 50 | side 9 (f56,130s [ °

8
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Table 3: Frames corresponding to visualization of the flow about the

stores.
Photo | Config. a View Lens Exposure Tube

No. (mm) | Characteristics Location
08-25 1 5° | side 90 |f56,130s [ _ o
09-01 1 5° | side 9 [f56,130s [ _ °
08-02 1 5° side 9 |f56,130s | __°
09-03 1 50 | side 9% |f56,130s [ o
09-04 1 5 | side 9 |f56,130s [ e
09-05 1 5° | side 9 |[f56,1/30s [
09-06 1 5° side 90 f56,130s [ =
09-07 1 5° | bottom 228 [f25130s [ v
09-08 1 5° | bottom 228 [f251/30s [ »
09-09 1 5° | bottom 228 {f25,1/30s s
08-10 1 5° | bottom 228 |f25,130s °
09-11 1 5° | bottom 228 (25, 1/30s e
09-12 1 5° | bottom 228 |f25,1/30s °
09-13 1 5° | bottom 228 |f25,1/30s °
09-14 1 5° | bottom 228 (f25,1/30s .
09-15 1 5° | bottom 228 [f25130s [ o
09-16 1 5° | bottom 228 |f25,130s [ .
09-17 1 5° | bottom 228 [f25130s [ °
09-18 1 5° | bottom | 228 [f25 1/30s [ -
0919 | 1 50 | bottom | 228 [f251730s | °
0920 1 | 5 | botom | 228 [f251m@0s [
0821 1 s | botom | 228 |f251m0s [ —
0922 1 5 | bottom | 228 |(f25130s [ °
09-23 1 50 | bottom | 228 [f251m@0s [ °
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Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. a View Lens Exposure Tube

No. (mm) Charactenstics Location
0924 1 5 | bottom | 228 [f25130s [ -
0925| 1 5o | botom | 228 [f25,1R0s [ _ -
1001 1 s | botom | 228 [f251@0s [ .
1002| 1 5 | bottom | 228 [f251@0s [ .
1003 1 5 | side % |f56,10s [ -
1004 1 5 | side 9 |[f56,130s [~
1005| 1 5o | side % |fs6.130s |~
1006 | 1 5 | side 90 |fse.ms0s [ -
1007 1 5 | side 9 |[f56,130s |
1008 1 5 | side 9 [f56,1%0s |
1009 | 1 go | side 90 [fse,1@0s [~
1010] 1 | 50| side %0 |[fs6,180s [ |
1011 1 5 | side 9 [f56,130s [ -
1012 1 5 | side 9 |f56,130s | °
1013 1 5 | side 90 |fs6,180s [ o
1020 1 5 | bottom | 228 |[f25 1/30s
10-21 1 5° | bottom | 228 |[f25130s [
1023 1 5o | bottom | 228 [f25 1/30s B
1024] 1 | 5 | botom | 228 [f251m0s [
1101 2 50 | bottom | 228 [f2.5 1/30s —
1102 2 | 5° | botom | 228 [f251@0s f————wW
1103 2 5° | bottom | 228 [f25 1/30s e |
11-04 2 5° | bottom | 228 [f25,130s ———¥&
1105 2 5 | bottom | 228 [f2.5 180s |————°
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Table 3: Frames corresponding to visualization of the flow about the

stores.
Photo | Config. a View Lens Exposure Tube

No. (mm) | Characteristics Location
11-06 2 5° | bottom 228 |f25,1/30s —°
1107 2 5o | bottom | 228 |f25 1/30s g
1108| 2 5o | side 90 [f25,1/30s o’
1109| 2 50 | side 90 |[f25,1/30s 0
11-10| 2 50 | side 90 [f25,1/30s o
11-11 2 50 | side 9 |[f25,130s - &
11-12 2 50 | side 90 [f25 1/30s o |
11-13| 2 50 | side %0 |f25,1/30s —;
1114 2 5° | side 90 [f25, 17305 —
11-15 3 5° | bottom 228 [f25,1/30s @ goe
11-16 3 5° | bottom 228 [f25,1/30s @ o*°
11-17 3 5° | bottom 228 |[f25,1/30s o° 4
11-18 3 5° | bottom 228 |f25,1/30s oo
1119 3 50 | bottom | 228 [f25,1/30s QT .
11-20| 3 50 | bottom | 228 |f25,130s |°°Q g
11-21 3 5 | side 228 |25, 1/3Cs 2
11-22 3 5° side 228 [f25,1/30s <* g
11-23 3 5° side 228 |(f25,1/30s @ o
11-24 3 5° side 228 |f25,1/30s P Oee
1125| 3 so | side 228 |f25,1730s @ 3
12-01 4 5° | bottom | 228 |[f25,1/15s o O o
1202 4 5° | bottom | 228 |[f25, 1/15s o O o
12-03 4 5° | bottom | 228 |f25,1/15s o O =
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Table 3: Frames corresponding tc visualization of the flow about the
stores.

Photo [ Config. | a View Lens Exposure Tube
No. (mm) [ Characteristics Location
12-04 4 5° | bottom 228 |f25,1/1Ss o O %
12-05 4 5° | bottom 228 |f25 1/15s o O %o
12-06 4 5° | bottom 228 |[f25,115s o O o,
1207 4 5o | side 90 |25 11155 o O %
1208 4 50 side 9 |f25,1/15s o O %
12-09 4 5 | side 9 |[f25 1/15s o O &
12-10 4 5o side 90 [f25,1/15s o O oo
12-11 4 5° | bottom | 228 [f25,1/15s o O %o
12-12 4 5° | bottom | 228 |[f25,1/15s ok O
12-13 4 5° | bottom 228 (25,1155 o ® o
12-14 4 5° | bottom 228 |f25,1/15s o O o
1245| 4 | 5 | boom | 228 [f25115s | ¢ )
12-16 4 5° | bottom 228 (f25,1/15s o Qo X
1217 4 50 | side 90 |f56,1/15s X C—)- X
12-18 4 50 side 90 f56, 1/15s o, é o
1219 4 | s | side 0 [f25130s | 5 OO x
1220 4 5° | side 90 |f25,1/30s o O x
12221 4 5o | side 90 |25 1/30s 0° O w
12-22 4 0o | side 90 |f25 1/30s o C) o
12-23 4 0° | bottom 228 |[f25,1/15s o O o
1224| 4 0° | bottom | 228 [f25115s | 5 O




Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. a View Lens Exposure Tube
No. {(mm) Characteristics Location
12-25 4 o° side 90 |[f25 115s o O 0
13-01 4 0° | bottom 228 |f25,130s o *Q* o
13-02 4 20° | bottom 228 |f25,130s o P ©
13-03 5a 0° | bottom 228 |[f25,1/30s @) S
13-04| 5a 0° | bottom | 228 |f2.5,1/30s Q@ %5
1305| 5a 0° | bottom | 228 |f2.5 1/30s Q@ '%9
13-06 | 5a 0° | bottom 228 |f2.5,130s @ =
1307| 5a | 0° | botom | 228 [f25180s | O oo
1308| 5a 0° | bottom | 228 |f2.5 1/30s Q %9
1309| 5a 0° | bottom 228 [f25,1/30s @
1310| 5a 5° | bottom 228 |f25,130s @ e
13-11 5a 5° side 90 |f56,1/30s @  &pe
13-12 Sa 5° side 90 |f56,1/30s @ &aa
13-13 5a 5° side 90 [f56,1/30s @ %
13-14 Sa 5° side 90 [f56,130s @ %;
1315| 5a 0° side 9 |f56,1/30s @
13-16| 5a 0° | side 9 |f56,1/30s Q@ .%9
1317 | 5a 0° side 9 |f56,1/30s @ &
1318 | 5b 5° side 9 |[f56,1/30s O  oxe
13-19| Sb 5° | side %0 [f56,130s | %
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Table 3: Frames corresponding to visualization of the flow about the

stores.
Photo | Config. a View Lens Exposure Tube

No. (mm) | Characteristics Location
1320 Sb | 5° | side 90 |f56,130s (O
13-21| 5b 5 | side %0 [f56,130s (O x
1322 5b | 5° | side 90 [f56,130s (O ;[
13-23| 5b 5° | bottom | 228 [f251830s ()
1324| Sb | 5° | bottom | 228 |f25130s |() %
1325| Sb | 5° | botom | 228 |f251830s | () ome
14011 Sb | 0° | bottom | 228 [f25180s | (O i
1402| 5o | 0° | bottom | 228 [f25130s | oa,
1403/ 50 | 0° | side 90 [f56,130s () e
1404| Sb | 0° | side 0 |f56.180s | (O &
1405| Sb | 0° | side 90 |f56,130s | ;
14-06| 6a 5° | side 0 |f56,180s | O w x,
1407 | 6a | 5 | side 90 |f56,130s | w
1408 6a | 5° | side 90 [f56,130s (O wdix
14-09| 6a 5° | side 9 |f56,1/30s O
14-10 6a 5° side 9 |f56,1/30s Qoo x X
1411| 6a | 5° | bottom | 228 [f25130s | ee m x
1412| 6a 5 | bottom | 228 [f25180s | () wix
1413| 6a | 5° | bottom | 228 [f25180s |
414] 6a | 5 | botom | 228 |f25,1%0s | (O w x,
1415| 6a | -1°| botom | 228 [f25130s | o e
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Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. a View Lens Exposure Tube
No. (mm) Characteristics Location
1416| 6a | -1°| botom | 228 [f25130s | (O w
1417| 6a | -1°| bottom | 228 [f25180s | oy
1418| 6a | -1°| botom | 228 [f25180s | (Dos w w
1419 6a | -1°| side 90 [f56,130s | (oo w X
14-20| 6a -1° | side 90 |f56,130s | (O wix
1421| 6a | -1°| side 9% |f56,130s (O wex
1422| 6a |-1°| side % |f56,130s (O ' x
1424| 6a | -1°| side % |f56.130s | (O w x,
1425| 6a |20°| side 0 [56.180s | win
15-01 6b 5° | bottom 228 |f25,130s O X
1502 | 6b 5° | bottom | 228 [f25130s | ‘W’
1503| 6b | 5° | botom | 228 [f25130s | (O XK
1504 6b | -1°| bottom | 228 |f25130s | (O i
1505| 6b | -1°| botom | 228 [f25130s | W
1506| 6b | -1°| bottom | 228 |f251/30s | e
1507 | 6b | -1°| bottom | 228 [f25130s | (ee)
1508| 6b | 5 | bottom | 228 251305 | (D, , X
1509| 6b | 5 | side 90 |f56,130s [ (Dee X
1510 6b | 5° | side 0 |f56.180s | (O X,
1511 6 | & | side % |[t58.180s [ %
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Table 3: Frames corresponding to visualization of the flow about the

stores.
Photo | Config. a View Lens Exposure Tube
No. (mm) | Characteristics Location
1512 6b | 5° | side 0 [f56.180s () XK
1513 6b | 5° | side 0 [t56.130s | *
1514 6b | -1°| side 0 [f56,130s | -
1515| 6b | -1°| side % [f56.180s | X
1516 6b |-1°| sde | 9 [f56130s | (O %
1517| 6b | -1°| side 0 [t56.180s | o,
1518| 6b | -1°| side 90 |f56, 1/30s (; o X
1519| 7 5° | side 0 [f56.180s | X,
1520 7 | 5| side % [f56,180s | XX
15-21 7 5 | side 90 |f56,130s | () MK
1523 7 5 | side %0 |f56.130s | O
1524 7 5° | side 9 [156,130s | ()eo X X
1525 | 7 5° | bottom | 228 [f25.130s | (e X X
1601| 7 | 5 | botom | 228 [f25120s | K
1802| 7 5° | botom | 228 [f25130s |() W X
1603| 7 5° | botom | 228 [f25,130s | (O XX,
1604 7 4° | botom | 228 [f251830s | () X X
1605| 7 4° | bottom | 228 |f251030s | (D) ee ) X
1606 7 A1° | side 90 [f56.130s | ()os X X
1607 | 7 41° | side 0 [f56.130s () X X
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Table 3: Frames corresponding to visualization of the flow about the

stores.

Photo | Config. a View Lens Exposure Tube
No. (mm) Charactenistics Location
16-08| 7 | -1°| side 90 |f56,180s | () K
16091 7 | 15°| side 90 (f56,180s | () XK
1610 7 15° |  side %0 [f56,130s | X X
1611 7 | 15°| side % |f56.130s | X X
1812 7 | 15°| side 0 [f56,180s () WX
1613| 7 | 15°| bottom | 228 |f251/30s () WX
1614| 7 | 15°| botom | 228 |f25130s (O X X
1615 7 | 15°| botom | 228 [f25.130s () & X X
1616 7 | 15°| bottom | 228 |f25 1805 | (Dee ) X
1617 7 | 25°| botom | 228 [f25180s | (Dee X X
1618 7 | 25°| bottom | 228 |f25180s () X X
16-19 7 25° | bottom | 228 |f25,130s | () KX
1620 7 | 25°| side 9 [f56,180s | () X%
1821 7 | 25°| side %0 [f56,130s | () X X
1622 7 |25°| side 9 |f56,180s | (O )X X
1701 8a | 0| botom | 228 [f25100s () W,
1702| 8 | 5 | botom | 228 (251805 | (O W
1703| 8a | 5 | botom | 228 [f251%0s | &
1704| 8a | 5 | boom | 228 [f25130s | ¥
1705| 8a | 6 | bottom | 228 [f25,130s | ()ae ¥
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Table 3: Frames corresponding to visualization of the flow about the

stores.
Photo | Config. a View Lens Exposure Tube
No. (mm) | Characternistics Location
17-06 8a 5° | bottom 228 |f25,1/30s O s X
1707 | 8a 5 | side 90 |f56,180s | s ¥
1708| 8a 5 | side 9 |f56,180s | (Heo )
1709 | 8a 5 | side % |f56,130s | () i
17-10| 8a | 5° | side 0 [r56130s | &
17-11| 8a 5 | side %0 |f56180s | W,
17-12| 8a | -1°| side %0 |f58.180s | () W,
17-13] 8a | -1°| side % fs6,130s |
17-14 8a -1° side 90 f56,130s O i’
17-15| 8a | -1°| side 9 |f56,130s | () e ¥
1716 8a | -1°| side % |f56,130s | 3 W
17-17 8a -1° | bottom 228 {f25,130s O\ X
17-18| 8a | -1°| bottom | 228 [f251830s | (Yoo ¥
17-19| 8 | -1°| bottom | 228 |f25130s | !l
1720| 8a |-1°| powom | 228 [|r25130s |y %
17:21) 8a | -1°| bottm | 228 |f25180s | ()
17-22| 8 | 15°| bottom | 228 |f25130s | ;
17-23| 8 | 15°| bottom | 228 [f25,180s | () es ¥
1724 8a | 15°| side 9 |f56.130s | (Des X
1725 8a | 15°| side % [f56,130s | () ;
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Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. a View Lens Exposure Tube
No. (mm) | Characteristics Location
> @
18-02 8b 5° | bottom 228 (f25,130s 1 1
T
1803 8b 5° | bottom | 228 [f2.5 1/30s S |
18-04 8b 5° | bottom 228 (f25 1/30s i ‘
18-05 8b 5° | bottom 228 {f25 130s wee W
18-06 8b 5° | bottom 228 |[f25 1/30s i 4

18-07 8b 5° | bottom 228 |f2.5,1/30s |

18-08 8b 5° | bottom 228 (f25,130s oo ¥

]
&
f56,130s |oe )y
%

18-09 8b 5° side 90

18-10 8b 5° side 9% |f56,130s |°° )
1811 8b 5° side 90 |[f56, 1/30s ; 1
1812 8b 5° side 90 (f56, 130s W e W
1813| 8b 5° side 9 |[f56,1/30s 1 | 1
18-14| 8b 5° side 9 [f56,130s 1 i
1815 8 | 5° | side 0 [f56,130s | &
1816 | 8b -1° | side 90 |[f56, 1/30s e X
1817 | 8b -1° | side 90 |f56, 130s 1 | 4
1818 | 8b -1° | bottom 228 |f25,1/30s 1 | 1
18-19 8b -1° | bottom 228 |f2.5,130s l o0 l
1820| 8b 15° | bottom 228 |(f25,1/30s W oo W
18-21 8b 15° | bottom 228 [£25,1/30s 1 »




Table 3: Frames corresponding to visualization of the flow about the
stores.

Photo | Config. a View Lens Exposure Tube
No. (mm) | Characteristics Location
1822 8b 15° side 90 f25,6130s u 1
18-23 8b 15° side 90 f56,1730s ‘ |
18-24 8b 15° side 90 f56,130s W oo W
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Table 4: Frames corresponding to flow visualization of the upper surface vortices.

Photo{ « View Lens Exposure Method Feature
No. (mm) Characteristics
18-01 25° top 52 f1.4,1250s |waterdye |LEX vortex
19-02 | 25° top 90 f4, 1/125s |waterdye |LEX vortex
19-03 | 25° side 52 f4, 1125s |waterdye |LEX vortex
19-04 | 25° side 90 f4, 190s water dye |LEX vortex
19-05| 30° side 52 f4, 1/125s |waterdye |LEX vortex
19-06 | 35° side 52 f4, 1/125s |water dye |LEX vortex
19-07 | 35° side 90 f4, 1/60s water dye |LEX vortex
19-08| 39° side 52 f4, 1/90s water dye |LEX vortex
18-09| 20° side 52 f4, 1/125s |waterdye |LEX vortex
19-10{ 15° side 52 f4, 1/125s |waterdye |LEX vortex
19-11| 10° side 52 f4, 1/125s |water dye |LEX vortex
19-12| 5° side 52 f4, 1/125s |waterdye |LEX vortex
19-13| 5° top 52 f4, 1/125s |waterdye |LEX vortex
18-14| 10° top 52 f4, 1/125s |waterdye |LEX vortex
19-151 15° top 52 f4, 1/125s |waterdye {LEX vortex
19-16| 20° top 52 f4, 1/125s |waterdye |LEX vortex
19-17) 30° top 52 f4, 1/1125s |waterdye [LEX vortex
19-18| 30° top 90 f4, 1/125s |waterdye [LEX vortex
19-191 35° top 52 f4, 1125s |waterdye |LEX vortex
18-20| 35° top 90 f4, 1125s |waterdye |LEX vortex
19-21| 39° top 52 f4, 1/125s |water dye |LEX vortex
19-22 | 39° top 52 f4, 1/125s |waterdye |LEX vortex
19-23 | 39° top 90 f4, 1125s |water dye |LEX vortex
19-24 | 25° top 90 f4, 1/125s |[waterdye [LEX vortex
19-25 25° top 90 f4, 1/125s |waterdye |LEX vortex
20-01{ 25° top 52 f4, 1/125s |water dye |Forebody vortices
20-02| 25° top 90 f4, 1/125s |waterdye |[Forebody vortices
20-03| 25° side 90 f4, 1/125s |water dye [Forebody vortices
20-04 | 25° top 52 f4, 1/125s |waterdye |Forebody/LEX interaction
20-05| 25° top 90 f4, 1/125s |water dye |Forebody/LEX interaction
2006 | 25° top 90 f4, 1/125s |waterdye |Forebody/LEX interaction
20-07 | 35° top 52 f4, 1125s |water dye |Forebody/LEX interaction
20-08 35° top 90 f4, 1/125s |[water dye |Forebody/LEX interaction
20-09 35° side 90 f4, 1/125s |waterdye |Forebody/LEX interaction
20-10| 35° side 90 f4, 1/125s |waterdye |Forebody/LEX interaction
20-11] 35° top 52 f4, 1/125s |water dye |Forebody/LEX interaction
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Table 4: Frames corresponding to flow visualization of the upper surface vortices.

Photo| « View Lens Exposure Method Feature
No. (mm) Characteristics
20-12] 35° top 52 f4, 1/125s |water dye |Forebody vortices
20-13| 35° side 90 f4, 1125s water dye |{Forebody vortices
20-14| 35° side 90 f4, 1125s |waterdye |Forebody vortices
20-15] 15° top 52 f4, 1125s |waterdye |Forebody vortices
20-16] 15° top 90 f4, 1/125s |water dye |Forebody vortices
20-17| 15° side 90 f4, 1/125s |water dye [Forebody vortices
20-18| 15° side 90 f4, 1/125s |water dye |Forebody vortices
20-19] 15° top 52 f4, 1125s |water dye |Forebody/EX interaction
20-20| 15° top 90 f4, 1/125s |waterdye [Forebody/ EX interaction
20-21] 15° side 90 f4, 11125s |waterdye |Forebody/LEX interaction
20-22| 15° side 90 f4, 1/125s |water dye |Forebody/LEX interaction
21-01| 30° top 52 5.6, 1/125s |sheardye |LEX vortex
21-02] 30° top 90 £5.6, 1/125s |sheardye |LEX vortex
21-03] 30° side 90 f4, 1250s |sheardye |LEX vortex
21-04 | 25° side 90 f4, 1/250s |sheardye |LEX vortex
21-05| 25° top 52 f5.6, 1/1256s |sheardye |LEX vortex
21-06| 25° top 90 f4, 1/125s |sheardye |LEX vortex
2107 | 20° top 52 £5.6,1/125s |sheardys |LEX vortex
21-08 20° top 90 f4, 1125s shear dye |LEX vortex
21-09| 20° side 90 f4, 1250s |sheardye |LEX vortex
21-10Q| 35° side 90 f4, 1250s shear dye |LEX vortex
21-11| 35° top 90 f4, 1/125s |sheardye |LEX vortex
21-12| 35° top 52 £5.6,1/125s |sheardye |LEX vortex
21-13| 30° top 52 5.6, 1250s |bubbles LEX vortex
21-14| 30° top 90 f4, 1/250s jbubbles |LEX vortex
21-15| 30° side 90 f4, 17250s |bubbles |LEX vortex
21-16| 35° side 90 f4, 1250s |bubbles |LEX vortex
21-17| 35° top 52 f5.6,1/250s |bubbles [LEX vortex
21-18| 35° top 90 f4, 1250s |bubbles |LEX vortex
21-19| 35° top 52 f5.6, 160 s bubbles LEX vortex
21-20| 25° top 90 f4, 180s bubbles LEX vortex
21-21] 25° top 90 f4, 1/125s |bubbles |LEX vortex
21-22| 25° top 52 £56,1125s |bubbles |LEX vortex
21-23 | 25° side 90 f4, 1/125s bubbles LEX vortex
21-24| 25° side 90 f4, 160s bubbles LEX vortex
2201 20° top 52 £2.8,1250s |bubbles |LEX vortex
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Table 4: Frames corresponding to flow visualization of the upper surface vortices.

Photo| a View Lens Exposure Method Feature
No. (mm) Characteristics

22-02 20° top 2.8, 1500s |bubbles LEX vortex

22-03| 20° top 2.5 1250 s bubbles LEX vortex

22-041 20° top 2.5 1/125s |bubbles |LEX vortex

22-05| 20° top £25 1250s |bubbles LEX vortex

22-06| 20° top f25 1250s |bubbles LEX vortex

2207 | 20° side f2.5, 1250 s bubbles LEX vortex

22081 25° top 28, 1250s |bubbles |LEX vortex

22-09| 25° top f25,61/500 s |bubbles LEX vortex

22-10} 25° top £f25 1250s !bubbles |LEX vortex

22-11| 25° top f2.5 1/500s |bubbles LEX vortex

22-12| 25° top f25, 1250s |bubbles |LEX vortex

22-13 25° side f25 1250s |bubbles |LEX vortex

22-14| 25° side f2.5 1250s |bubbles |LEX vortex

22-15] 30° top £f2.8,1/125s |bubbles LEX vortex

22-16| 30° top £25,1125s bubbles |LEX vortex

22-17| 30° top f25, 1250s |bubbles |LEX vortex

22-18| 30° side f25 1250s |bubbles |LEX vortex

22-191 30° side f25 1125s |bubbles |LEX vortex

22-20| 35° top f14,1/500s |bubbles |LEX vortex

22-21 35° top f1.4,61/250s |[bubbles |LEX vortex

22-22| 35° top f4, 1/125s |bubbles |LEX vortex

22-23| 35° top f4, 1/125s |bubbes |LEX vortex

22-24 | 35° side f25,1125s |bubbles |LEX vortex

22-25| 35° side f2.5 1/125s |bubbles |LEX vortex

22-26 | 35° side £2.5, 1250 s bubbles LEX vortex

22-27 | 39° side f25 125Cs |bubbles |LEX vortex

22-28| 39° side f25 1250s |bubbles |LEX vortex

22-29| 39° side f25,1250s |bubbles |LEX vortex

22-30| 39° side f25 1250s |[bubbles [LEX vortex

22-31| 3¢9° top f1.4,1/1000s |bubbles |LEX vortex

22-32| 39° top f2.8,1250s |bubbles |LEX vortex

22-33| 39° top f25 1250s |bubbles [LEX vortex

22-34| 39° top 25 1/250 s bubbles LEX vortex

22-35] 39° top f4, 1/125s |bubbles LEX vortex

22-36| 39° top f2.8 1250s |bubbles |LEX vortex

8R(8(8|8|5|13(8|8|8|8(8(8|8|8|8[85(518|8(8|8]S3|8|8(8|8|8|3[|8|8]8|8[8|S

22-37| 39° side f25 1250s |bubbles |LEX vortex
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Figure 1: Top and side views of the CF-18 showing its major components.
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Forebody

LEX/forebody vortex core

Interaction

L core

LEX vortex
core breakdown

Figure 2: Sketch of the F-18 illustrating the LEX and forebody vortex
locations (Del Frate et al, 1990).

Figure 3 LEX vortex bursting in water tunnel tests (Erickson.
1982).
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Figure 4: LEX vortex bursting in flight tests (Cummings, 1992).
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Figure 5: Surface flow visualization of the F-18 forebody, HARV (top. Del
Frate et al. 1990) and computational (bottom. Thomas et al. 1989).
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Figure 6: F-18 LEX vortex core breakdown locations at various angles of attack
(Del Frate et al, 1990).
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Figure 7: University of Ottawa recirculating water tunnel: dimensions in
cm (Kislich-Lemyre. 1997).
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Figure 9: The x- and y-axis carriages.
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not shown in the top view. Detailed drawings are available in Appendix A.
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Figure 11: The model sting.
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Figure 12: Positioning of the engine flow tubes and the sting as attached inside
the model.
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Figure 14 (continued): Store Configurations,
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Figure 14 (continued): Store Configurations.
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Figure 14 (concluded): Store Configurations.
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Figure 15: Dye injection tube and its mount (See
Appendix A for more detailed drawings).
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Figure 16: Positions of carriages. model positioning system, and dye
tubes above the water tunnel.
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Figure 19: Short hydrogen bubble wire (See Appendix A for more
detailed drawings).
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Figure 22: Centerline velocity vs. pump rotational speed (water level at 0.70 m),
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Figure 23: Streamwise velocity contours. Note that x/b = 0 represents the test section entrance. The
wire frame on the x/b = 0.70 plane represents the location of the model in the water tunnel.
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Figure 24. Vertical velocity contours. Note that x/b = 0 represents the test section entrance
The wire frame on the x/b = 0.70 plane represents the location of the model in the water
tunnel.
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Figure 25: Side view of the fuselage section of the aircraft at the wing, displaying streaklines
over the clean wing profile, at o =5° Note thatthe green and red lines move around the

wing-tip.
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Figure 26: Clean wing streaklines from below the wing, at a = 5°. Note that the green and
red lines move around the wing-tip.
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Figure 27: Clean wing streakiines located 0.1c from the lower surface, ata = 5°.
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Figure 28: Bottom view of streaklines around two MK-82 bombs mounted at station 8, at

a=5.
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Figure 29: Streakdines located between two the MK-82 bombs mounted at station 8 at ot = 5°.
Note that the cross-hatched area represents a region of recirculating flow.
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Figure 30: Streaklines between the MK-82s at station 8 and the EFT at station 7. The green lines pass
directly over each bomb. The cyan and red streaks pass between them.
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Research Re, Model scale, | Fluid Medium
Facility Percent
@ _ Flight| 8to 13 x 10° - Air
O DTRC| 1.75x10° 6 Air
© BART| 160x10° 3 Air
A Lswrt| 360x10° 12 Air
U FvF| 1.26x10* 3 Water
x Present| 3.45x10° 2 Water
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Figure 31: F-18 LEX vortex core breakdown locations at various angles of
attack (Del Frate et al, 1990), including results from the present study.
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Plates
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Plate 1: A flow quality test in the unobstructed water tunnel using
a dye streakline.

Plate 2: A flow qhality test in the
unobstructed water tunnel using
hydrogen bubble timelines.
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Plate 3: Effect of the mirror on the downstream flow: (a) location of the model in
the tunnel. (b) dye streakline in the unobstructed tunnel. and (c) dye
streakline with the mirror in the tunnel.
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Plate 4: Bottom view of AIM 9 wing-tip missile at « = 5°.

Plate 5: Side view of AIM 9 wing-tip missile at « =5 .
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Plate 6: Bottom view of the pylon at station 8 at a = 5°.

Plate 7: S_ide view of thé VER e;t station 8 at a =5°.
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Plate 9: Side view of the EFT at staﬁén T ata = 5°
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Plate 10: Bottom view of a single MK-82 on the VER at staticn 8 at ¢ = 5°.

Plate 11: Side view of a sﬁigle MK-82 on the VER at station 8 at « = 5°.
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Plate 12: Side view of two MK-83 boembs on the VER at staticn 8 at ¢« = 237,

139



Plate 13: Streakline trajectories between a GBU-12 at station 8 and an EFT at
station 7 at u = 3",

Plate 1 {: Bottom view of two GBU-12 bombs at « =20".
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Plate 15: Top view of the LEX vortex at « = 5. using the water-based dve.

Plate 16: Top view of the LEX vortex at « = 20 . using the water-based dve.
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Plate 17: Top view of the LEX vortex at a = 25°, using hydrogen bubbles.

Plate 18: Side view of the LEX vortex at « = 353 using the water-based dye.
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Plate 19: Side view of the LEX vortex at « = 35 . using the shear-thickening dye.

Plate 20: Top view of the LEX vortex at ¢ = 35" using the shear-thickening dye.
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Plate 21: Top view of the left and right forebody vortices at = 25°. using the
water-based dye.

using the

Plate 22: Top view of the forebody/ LEX vortex interaction at o = 25",
water-based dve.
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. using hvdrogen bubbles. showing

Plate 23: Top view of the LEX vortex at =25
the vortex core.



Appendix A

Yaw & Pitch Positioning System

Page Parts Description

A3 1-7,21-22  Assembly drawing of main structure.
Ad 1 Structure top plate.

A5 2 Rotating bottom plate.

A6 3.4 Support angle Aluminum sections.
AT 5,6,7 Rotating shaft, nut and washer.

A8 8 C-strut.

A9 9 Back C-strut support.

AlQ 10 Front C-strut support.

All 11-14 Drive wheel and crank.

Al



Al2

Al3

Al4

AlS

Al6

Al7

Al8

Al9

A20

A21

9,11-19

20

23, 24

25

26

28.29

30-33

31,32

33

Assembly of drive wheel and crank.
Small rollers with notes.

Sting support: Interior block and exterior attachment

plate.

Dye container support.

Block for holding dye/ bubble supports.
C-strut pointer.

Dye injection tube and support.

Bubble wire and support.

Bubble wire support rotatable plug and strut.

Plastic wire holder.
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Appendix B

Water Tunnel Sketches
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GCENERAL ELECTRIC COMPANY
GE MOTORS & INDUSTRIAL SYSTEMS
2000 TAYLOR STREET - BOX 2205
FORT WAYNE, INDIANA #5507

9/13/95
DATA TRANSMITTAL

CUSTOMER: CASCADE PUMP CO MARKS: S.0.% 14738
10107 S NORWALK BLVD

SANTA FE SPRINGS CA 90670

.'t't'tttt't"'t"ttt""'tttttitttt't't'ﬁtt'ttt'.t'tt't"t'tt't't'tttt't'
CUSTOMER ORDER NO. 37970 G.E. REQN. NO. 694-04455
G.E. ORDER NO. 950908044
*PRINT APPROVAL®

.Q."""'t'tt""tttt"""""'i't't'"t"""'t""""'"Q"tt'tt"'.'

ITEM NO. 1 MODEL NO. NEW MODEL
TYPE K FRAME 254T

HP 7.5 RPM-FL 1170
PHASE 3 VOLTS S75

HZ 60 SERVICE FACTOR 1.15
TIME RATING CONT AMB -MAX 40 DEG C
INSUL CLASS F NEMA DESIGN B

CODE H AMPS -FL 8.4

NEMA NOM EFF 86.5 MAX KVAR 4.2
BEARING-DE 63092C3 BEARING-ODE 63092C3
OUTLINE 4002BS825NAP0O1 DESIGN 25PD3200BA
ENCLOSURE IS DRIPPROOF

t'"Qﬁ't'ﬁ""'t"'t'.'tt"""fﬁ"t""tQ"'t't'fﬁ"'tt""tt"t"t"""'

ADDITIONAL MOTOR DATA:

LOADSY 125 115 100 75 S0 25

EFF 85.6 86.3 86.5 87.6 86.5 80.1
P.F. 80.7 79.7 77.5 71.1 59.0 37.9
AMPS 10.1 9.4 8.4 6.8 S.S 4.6

DISTRIBUTION INFORMATION:
4 MDT'S & O/L'S TO CHARGEE, ATTN: BOB BROWN
" SAME TO BARRY RITTER, 4-6

TERRI STEWART
TSARENOTTOSCAUiARELOANEDSM&ECTHDMHWRNUPGND&WNWZANDTHEEXHMHS(IMW”HON
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Appendix C

Electronic Circuit Drawings

The following figures are presented in Appendix C:

Cl1  The hydrogen bubble voltage pulsing circuit, as described in Section
3.4.2 (Budwig and Peattie.1989).

C2  The crcuit for the camera timer power supply, used in conjunction

with the camera timer circuit presented in Figure C4.

C3 The camera timer circuit. designed and built by the electronics

laboratory at the University of Ottawa.

C4  The solencid valve control box circuit. designed and built by the
electronics laboratory at the University of Ottawa. intended for use with the dve

1njection tubes, as described in Section 3.4.1.
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Figure C1: The hydrogen bubble voltage pulsing circuit
(Budwig and Peattie, 1989).
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Figure C2: Power supply circuit for the camera timer circuit (see Figure C3).
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Appendix D

Mounting and Dismounting
Procedures

For ease of assembly and minimum risk of damaging components or injury
trving to avoid this damage, the systems should be set up in the following order:
model. dye system or hydrogen bubble wire, lighting, camera. Inevitably.
position corrections will be required. It is suggested that positioning should be
as close as possible to the desired location before the next system setup is begun.

and only minor adjustments be made once all systems have been set up.

D.1 Model

Mounting
1. Submerge the model. allowing as many air bubbles as possible to escape.

2. Remove one nut and washer, insert the sting into the C-strut hole. replace

the washer and nut.
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Tighten the nut at the same time as assuring zero roll angle. This was
done by eye by checking the profile of the model against the base of the
positioning system. which has two holes precisely located along the

centerline for purposes of assembling the mount.

Turn the 124 W (1/6 hp) pump off. and open the flow valve. ensuring the

engine flow tube is above the waterline.

Assure valve and engine flow tubes (one from the model. one from the

pump) are full of water, and attach them underwater.
Turn the 124 W (1/6 hp) pump on.

Close the large valve under the drainage tank, and the 4 boundary layer
valves closest to the lab wall for model engine flow. This will give a flow

rate of approximately 0.4 gpm on the flow meter.

Dismounting

1.

2.

Turn the 124 W (1/6 hp) pump off, and open all the valves.

Close flow valve, detach flow tubes; do not allow valve flow tube to fall to
the ground. spilling water: wrap it around the carriage or the tunnel

frame. out of the way.

Loosen and remove the nut and washer on the sting. and remove sting

from the C-strut hole. Then replace nut and washer on the sting.

Hold the model sting down. nose up above the tunnel to drain the water.

D2



D.2

Dye System

Mounting

L.

Mount the stainless steel L-tube in the set screws to the vertical traverse,

with the flexible tubing just above the water surface.

Mount the injection tube into the L- tube, ensuring all of it is below the

water.

Purge the injection tube of air by attaching the syringe (modified so that
the needle has been removed and replaced with some flexible tubing) to
the injection tube base and withdrawing the plunger until it fills with
water. Note that filling the syringe with water and then trving to push

the air out of the injection tube does not work well.

Connect the flexible tube from dye canister to the flexible tube protruding

from the stainless steel L- tube above the tunnel.
Fill the dye canister with dye. ensuring all exit valves are closed.

Open the high pressure supply valve. then the low pressure regulator
valve to about 30 kPa.

Open the dye canister valve slightly, and connect the flexible tube (which
has now been purged of air) to the injection tube. This requires practice:
as the dye canister valve is located beneath the tunnel. and the injection
tube is inside the tunnel. a lot of dye can be lost into the tunnel before the

flexible tube is attached to the injection tube.
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8.

Position the injection tube at the desired location and reduce the pressure
to get the desired dye flow rate. Note: Pressure must first be lowered at
the low pressure regulator valve, then in the line by pressing the air

release button on the dye canister.

Dismounting

1.

Close the high pressure valve, and press the air release button on the dye

canister until all the pressure is released.

. Raise the stainless steel L-tube until the top of the injection tube is out of

the water.

Remove the flexible tubing from the injection tube. allowing it to drain
into the dye canister. It may be necessary to release the pressure a second

time for this to happen.

Remove the injection tube from the stainless steel L-tube. Purge it of the

remaining dye by blowing air into it with the same syringe as above.

Disconnect the flexible tubing coming from the dye canister from the
flexible tubing in the stainless steel L-tube and remove the L-tube from
the system, ensuring any residual dye is not spilled onto the tunnel or

floor.
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D.3 Hydrogen Bubble Wire

Mounting

1.

.Ol

=1

Mount the wire and frame into the stainless steel L-tube facing sideways

(this minimizes the chance of wire breakage during mounting).

Mount the stainless steel L-tube to the vertical traverse using the set

SCrews.
Arrange the wire and its frame in the orientation and location desired.
Plug the bubble wire into negative slot on the connector above the tunnel.
Drop the carbon rod (anode) into the water downstream of the model.
Plug the connector into the pulsing circuit (the wires are colour coded).

Plug in all components, turn the signal generator on (7 Hz was best for
this study).

Ensure the voltage generator is set to minimum voltage, turn it on. wait 5
to 10 seconds for the startup peak to pass, then set it to about 100 volts.

Bubbles should be seen emanating from the wire.

Dismounting

1.

Turn all power off and unplug the system. Unplug the connector box from

pulsing circuit and the bubble wire from connector box.

. Remove the carbon anode from the water.

Rotate the bubble wire sideways to avoid breakage during dismounting.



4. Remove the bubble wire system from the water.

Note: This procedure is described for the small hydrogen bubble wire. The
large bubble wire and frame is mounted in the same way, but the wire can only
be oriented in the vertical plane, so steps 1 and 3 in the mounting procedure, as

well as step 3 in the dismounting procedure may be disregarded.
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Appendix E

Tecplot Data Files
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E.1 Wing
Surfaces

TITLE - "CF-18"
MARIABLES = °£°
~
e
ZONE T="Uppa Wing"
=8, J=16, K=1.F=POINT
DT =(SINGLE SINGLE SINGLE )
0.0000E-000 5.7730E-001 0.0000E -000
7 890CE-002 5.7660E-0CG1 0.0000E -000
1.4540E-001 5.8170E-001 0.0000E-000
2.9300E-001 5.7750E-001 0.0000E-000
4.5680E-001 5.6850E-001 0.0000E 000
6.4040E-001 5.5970E-00! 0.00C0E~000
7 0630E-001 $.5210E-001 0.0000E~0C0
7.5200E-001 5.4920E-001 0.0000E-000
0.0000E-00Q 5.8000E-001 5.7700E-002
7.8900L002 3.6910E-Q0T 5.5100E002
1.4540C-001 5.7440C-001 6.2000C-002
2.9300E-001] $.7020E-001 $.5200E-002
4.5680E-001 5.6210E-001 5.8800E-002
6.4040E-001 5.5310E-001 4.9100E-002
7U6030E001 5. 4890ELV0L 39100002
7.5200C-001 5.4850C-001 3.9100L-002
0.0000E~000 5.5210E-001 9.9000E-002
7.8900E-002 5.4200E-001 1.0170E-001
1.4540L-001 3.3920E001 1.0S10E-00L
2.9300C-001 5.3870C-00! 8.6900L-002
4.5680E-001 S 3600E-001 8.7100E-002
6.4040E-001 $.3600E-001 7.8800E-002
7.0630E-001 5.3600E-001 7.3600E-002
7.5200E-001 5.3600E-00! 6.5700E-002
0.0000E~000 4.9760E-001 1.2040E-001
7.8900E-002 4.9760E-001 1.2280E-001
1.4540E-001 4.9760E-001 1.1800E-001
2.9300E-001 5.0700E-001 1.0830E-001
4.5680E-001 4.8500E-00] 1.0640E-001
6.4040E-001 5.2180E-001 9.7000E-002
7.0630E-001 $.2180E-001 9.3100E-002
7.5200E-001 5.2180E-001 8.5800E-002
0.0000E-000 4.5330E-001 1.3880E-001
7.8900E-002 4.5330E-001 1.3880E-001
1.4540C-001 4.5330C-001 1.3540C-001
2.9300E-001 4. 7090E-001 1.2240E-001
4.5680E-001 4.7490E-001 1.2210E-001
6.4040E-001 4.9490E-001 1.0660E-001
7.06030L0V01 4.9490E-001 1.0070EVU]
7.5200C-001 $.9490£-001 9.7600C-002
0.0000E~000 4.4120E001 1.8970E-001
7.8900E-002 4.4120E-001 1.8690E-001
1.49%80E-001 4.4120E001 1.¥920E001
3.0400C-001 4.5030C-001 1.8390C-001
16710E-001 4.5900E-00! 1.9830E-001
6.5160E-001 4.8050E-CO1 1.9700E-001
7.0630E-001 4.8160E-001 1.9210E-001
7.5200E-001 4.7370E-00| 2.8900E-001
0.0000E 000 4.2620E-001 2.7320E-001
9.3600E-002 4.2820E-001 2.71S0E-001
1.6620E-001 4.3060E-001 2.7410E-001
3.2520E-001 4.3980E-001 2.7210E-001
4.7780E-001 4.5780E-00! 2.8160E-001
6.6370E-001 4.6940E-001 2.8710E-001
7.1010E-001 4.7110E-001 2.8900E-001
9.4600E-001 4.7370E-001 2.8900E-001
0.0000E~000 4.2620E-001 2.7320E-001
9.3600E-002 4.2820E-001 2.71S0E-001

1.6620L-001 4.3060E-001 2.7410E-00

3.2520C-001 4.3980C-001 2.7210C-001

4 T7R0E-001 4 4230E-001 2.8160E-001

6.6370E-001 4.3940E-001 2.8710E-001

7.1010E-001 4.3530E-001 2.¥900E-001

1.OOUOE <000 4.0400L-001 2.8900C-001
0 000OE-000 4 1 710E-001 3 12S0E-001
9.3600E-002 4.2040E-001 3.1140E-001

1 6620E-001 4.2050E-001 3.1820E-001

3.2520E-001 4.2970E-00! 3.2140E-001

4.7780E-001 4.3060E-001 3.3080E-301

6.6370E-001 4.3090E-001 3.3090E-001

7.1010E-001 4.2770E-001 3.3290E-001

1.0000E ~000 4.0400E-001 3.2840E-001
0.0000E~000 3.7940E-001 3.6950E-001
8.9700E-002 3.9130E-001 3.69S0E-001

2.0240E-001 4.0250E-001 3.69S0E-001

3.2350E-001 4.0660E-001 3.695S0E-001

4.7950E-001 4.0580E-001 3.7700E-001

6.5710E-001 4.0840E-001 3. 7700E0 T

7.4780C-001 4.0890C-001 3.7700C-001

9 9220E-001 3.8070E-001 3.7700E-001

4.4800E-002 3.6490E-001 4.9550E-001

1.3740E-001 3.6930E-001 4.95S0E-001

2.4880L-001 3.8710L-001 4.9550E00 1

3.6050C-001 3.9450C-001 4.95S0C-001

4.9300E-001 4.0110E-001 $S.0300E-001

6.7190E-001 4.0450E-001 5.2000E-001

7.5280L-001 4.00S0E-001 5.2000E£001

9.8400C-001 4.0030C-001 5.2000L-001

1 $3S0E-001 3.5000E-001 7 3290E-001

2.3210E-001 3.6870E-001 7.3290E-001

3.1870E-001 3.7310E-001 7.3290E-001

4.4290E-GO1 3.8020E-001 7.3290E001

5.3830E-001 3.8930E-001 7.3290E-001

6.8370E-001 3.8650E-001 7.3290E-001

7.6330E-001 3.8090E-001 7.3990E-001

9.6500E-001 3.8150E-001 7.3990E-001

2.8570E-001 3.3970E-001 9.8680E-001

3.4460E-001 3.4830E-001 9.8680E-001

4.1950E-001 3.5680E-001 9.8680E-001

S.1740E-001 3.6030E-001 9.8680E-001

5.7810E-001 3.6220E-001 9.8680E-001

7.28%0E-001 3.6540E-001 9.8680E00]

7.7920C-001 3.6760C-001 9.8680C-001

9.4400E-001 3.S6SOE-001 9 8680E-001

3.8450E-001 3.2130E-001 1.1680E+000
4.2530E-001 3.2380E-001 1.1680E-000
4.8940E-001 3.3510L-001 1.1680L 000
$.7080C-001 3.3510C-001 1.1680C~000
6.2180E001 3.3510E-001 1.1680E+000
7.4940E-00! 3.3460E-001 1.1680E~000
7.9240E-001 3.3690E-001 1.1630L~000
9.3220C-001 3.4440C-001 1.1680C~-000
4.6100E-001 3 0920E-00! 1.3210E-000
4.9740E-001 3.2120E-001 1.3210E-000
5.4390E-001 3.2120E-001 1.3210E~000
6.1570E<Q01 3.2120E-001 1.3210E-000
6.6280E-001 3.2470E-001 1.3210E~000
7 65S0E-001 3.2750E-001 1.3210E~000
7.9900E-001 3.2850E-001 1.3210E~000
9.2480E001 3.2700E-001 1.3210E-000
5.1670E-001 3.0670E-001 1.4290E-000
5.3700E-001 3.1260E-001 1.4290E-000
$.7990EQ01 3.12S0E-001 1.4290E 060
6.4790E001 3.1390E-001 1.4290E-000
6.8230E001 3.1390E-00! 1.4360E-000
7.7380E001 3.1390E-001 1.4360L~000
8.0410C-001 3.1530C-001 1.4360C~000
9.1410E-001 3.0730E-001 1.4360E-000
ZONE T="Lower Wing"

E2

[=10, J=13, A=1.F=POIN]
DT~(SINGLE SINGLE SINGLEL
-1 4800E-001 | 79S0E-001 0 00ONE -000
-1.4800E-001 1.7950E-001 0.0000E~000
0.0000E ~000 1.7540L 001 0.0000E~00U
1.6400C-001 1.6630C-001 0.0000E 000
2.6690E-001 | 6010E-001 0 0OOOE-000
3.0810E-001 1.5540E-001 0.0000E ~000
4.7830E-001 1.4380E-001 0.C000E-000
7.2300E-001 1.3760E-001 0.00COE~000
1.0GOGE -000 | . 4180E-001 9.0000E-000
1.0000E Q00 1.4180E-GO1 0.0000E ~00C
-1.4800E-001 1.9030E-001 6.6500E-002
-1.4800E-001 1.9030E-001 6.6S00E-002
0.0000E+000 1.8370E-001 6.6500E-002
1.64Q00E-001 1.7380E-001 6.0700E-002
2.6690E-001 1.6560E-001 $.3600E-002
3.0810E-001 1.6070E-001 4.4300E-002
4.7830E-001 1.4750E-001 3.1400E-002
7.2300E001 1.3990E-001 3.1400E-002
1.0000C~000 1.3850C00! 3.1400L-002
1.0000E~000 1.38SOE-001 3 1400E-002
-1.4800E-001 1.6730E-001 1.1110E-001
-1.4800E-001 1.6730E-001 1.1110E-001
0.0000E 000 1.60I0E0GL L. 1T110E001
1.6400C-001 1.6010C-00! 1.1110C-001
2.6690E-001 1.5240E-001 1.1110E-001
3.0810E-001 1.3650E-001 1.1580E-001
4.7830E-001 1.3630E-001 1.1580E-001
7.2300C-001 1.3280C-0G1 1.1580E001
1.0000E~000 1.4140E-001 1 1S80E-00!
1.0000E+~000 1.4140E-001 1.1580E-Q01
-1.4800E-001 1.6730E-001 1.1110E-001
-1.4800E-001 1.6730E-001 1.1 110E00i
0.0000E-000 1.6010E-001 1.1110EGO1
2.6200E-002 1.5030E-001 2.5630E-001
2.6690E-001 1.3660E-001 2.6100E-00!
3.0810E-001 1.3760E-001 2.6100E-001
4.7830E-001 1.3670E001 2.6100E-001
7.2300E-001 1.4400E-001 2.6100E-001
1.0000E-000 1.4580E-001 2.6100E-001
1.0000E+000 1.4580E-001 2.6100E-001
-1.4800E-001 3.9130E-001 2.1360E-001
-1.4800E-001 3.9130E001 2.1360E001
0.0000L~000 3.7810C-001 2.1360C-001
2.6200E-002 3.7490E-001 2.7950E-001
2.6690E-001 3.6940E-001 2.8300E-001
3.0810E-001 3.6940E-001 2.8300E-001
4.7830L 001 3.6940L-001 2.3300L-V01
7.2300C-001 3.6990C-001 2.8300L-001
1.0000E+000 3.78S0E-001 2.8300E-001
1.0000E+000 3.7850E-00! 2.8300E-001
0.0000E+000 3.7810E001 2.1360E001
0.0000E-000 3.7810C-001 2.1360C-001
1.0000E-004 3.7490E-001 2.79S0E-00!
1.5670E-001 3.6400E-001 2.8300E-001
2.6690E-001 3.6940E-001 2.8300E-001
4.7830E-00! 3.6940E-001 2.8300E-001
6.7380E-001 3.7410E-001 2.8300E-G01
7.2300E-001 3.6990E-001 2.8300E-001
1.0000E+000 3.7850E-001 2.8300E-001
1.0000E+~000 3.78S0E-001 2.8300E-001
0.0000E~000 3.6150E-001 3.6950E-001
0.0000E-000 3.61 SOE-001 3.6950E-001
1.4050E-001 3.4330E-001 3.6950E-001
1.8260E-001 3.5170E-001 3.6950E-001
3.0810E-001 3.5220E-001 3.6950E-001
4.9760E-001 3.5060E-001 3.7700E-001
6.7T380L-001 3.6370C-001 3.7700C001
7.2300E-001 3.6S10E-001 3. T700E-001
9.9250E-001 3.6120E-00! 3.7700E-001



9.9220E-001 3.¥070E-001 3.7700L-001
0.0000C~000 3.7940L-001 3.69S0C-001
0 0000E-000 3.61SOE-001 3.69S0E-00!
1.9360E-001 3.2130E-001 4.9550E-001
2.3490E-001 3.3340E-001 4.9550E-001
3.6270C-001 3.3590C-001 4.9550C-001
S 3SI0E-001 3.4560E-00! S.0300E-00!
6.9170E-001 3.5810E-001 5.2000E-001
7.4320E-001 3.5590E-001 5.2000E-001
9.8700C-001 3.7920C-00! 5.2060C-001
9 R400E-001 4 0030E-001 S.2000E-001
1.5350E-001 3.5000E-001 7.3290E-00!
1.5630E-001 3.3800L-001 7.3290E-001
2.8130L-001 3.2300C-001 7.3290C-001
3 1660E-001 3.2560E-001 7.3290E-001
4.2750E-001 3.2590E-001 7.3290E-001
3.78¥0E001 3.3360L-001 7.3290E-001
7.1090C-001 3.4210C-001 7.3290C001
7 66S0E-001 3.4080E-001 7.3990E-001
9.7350E-001 3.5100E-001 7.3990E-001
9.6900E-001 3.3150E001 7.3990E-001
2.8570C-001 3.3970C-001 9.8680C-001
2.9650E-001 3.1770E-001 9.8680E-001
3.8250E-001 3.0670E-001 9.8680E-001
4.1110E-001 3.1250E-001 9.8680E-001
5.1450C-001 3.1190C-001 9.8680C-001
6.2350E-001 3.1460E-001 9.8680E-001
7.3320E-001 3.2510E-001 9.8680E-001
7.7970E-001 3.3120£001 9.3680E-001
9.5910C-001 3.3860L-001 9.8680C-001
9.4400E-00! 3.S65CE-00! 9. 8680E-001
3.8450E-001 3.2130E-001 1.1680E~000
3.¥300E-001 3.0330E-00] 1.1630E~000
4.5480C-001 2.9060C-001 |.1680C~000
4.7640E-001 2.9700E-001 1.16R0E~000
5.7750E-001 2.9520E-001 1.1680E~000
6.4990E-001 2.9500L-001 1.1680E~000
7.4500C-001 2.9780C-001 }.1680L ~000
7.9600E-001 3.04S0E-001 1.1680E-000
9.3510E-001 3.2800E-001 t.1680E~000
9.3220E-001 3.4440E-001 1.1680E~000
4.6100E-001 3.0920C-001 [.3210C~000
4.7400E-001 2.9130E-00! 1.3210E~000
5.2610E-001 2.9280E-001 1.3210E~000
5.4320E-001 2.9010E001 1.3210E+000
6.2810C-001 2.8690C-00! 1.3210C~000
6.8230E-001 2.90S0E-001 1.3210E-00C
7.6130E-001 2.9620E-001 1.3210E+000
8.0730E-001 3.0010E-001 1.3210E-000
9.2530C-001 3.0940C-001 1.3210C-000
9.24R0E-001 3.2700E-001 1.3210E~000
5.1670E-001 3.0670E-001 1.4290E~000
$.2030E001 2.9060E001 1.4290E+000
5.5460E-001 2.3660L-001 1.4290E <000
5.8780C-001 2.8550L-001 1.4290C~000
6.4990E-001 2.8420E-001 1.4290E~000
7.0370E-Q01 2.8030E-001 1.4360E~000
7.7480E-001 2.8620E-001 1.4360E 000
7.9920C-001 2.9010C-001 1.4360E~000
9 1970E-001 2.9080E-00! 1.4360E ~000
9.1410E-001 3.0730E-001 1.4360E~000
ZONE T="Mirror of Upper surface”™

I=¥, J=16, K=1 F=POINT
DI=(SINGLE SINGLE SINGLE )
0.0000E~000 5. 7730E00! 0.0000E 000
7.8900C-002 5.7660C-001 0.C000E ~0C0
1.4540E-00t S.2170E-001 0 000OE~000
2.9300E-001 S.77S0E<001 0.0000E 000
4.5680E-001 5.6850E01 0.0000E~000
6.4040C-001 5.5970C-(01 0.0000L~G00
7.0630E-001 $.5210E-00! 0.0000E~000

7.5200E-001 $.4920E-001 0.0000E~000
0.0000L~000 5.8000C-001 -5.7700C-002
7 8900E-002 $.6910E-001 -5 S100E-002
1.4540E-001 5.7440E-001 -6.2000E-002
2.9300E-001 5.7020E-001 -5.5200E-002
4.5680C-001 5.6210C-001 -5.8800C-002
6 4040E-001 $.S310E-001 -4.9100E-002
7.0630E-001 5.4890E-00! -3.9100E-002
7.5200E-001 5.4850E-001 -3.9100E-002
0.G000E~000 5.5210C-001 -9.9000C-002
7 89%00E-002 S.4200E-001 -1.0170E-001
1.4540E-001 5.3920E-001 -1.0S10E-001
2.9300E-001 5.3870E-001 -¥8.6900E-002
4.5680C-001 5.3600C-00! -8.7100C-002
6.4040E-001 5.3600E-00! -7.8800E-002
7.0630E-001 5.3600E-001 -7.3600E-002
7.5200£-001 5.3600E-001 6.5700L002
0.0000C~000 4.9760C-001 -1.2040C-001
7.8900E-002 4.9760E-001 -1.2280E-001
1.4540E-001 4.9760E-001 -1.1800E-001
2.9300E-001 5.0700E-001 -1.0830£-001
4.5680C-001 4.8500C-001 -{.0640C-001
6.4040E-001 5 .2180E-001 -9.7000E-002
7.0630E-001 5.2180E-001 -9.3100E-002
7.5200E-001 5.2180E-001 -8.5800E-002
0.0000C~000 4.5330C-001 -1.3880C-001
7 8900E-002 4.5330E-00! -1.3880E-001
1.4540E-001 4.5330E-001 -1.3540E-001
2.9300E-001 4.7090E-001 -1.2240E-001
4.5680L-001 4.7490C-001 -1.2210C-001
6.4040E-001 4.9490E-001 -1 0660E-001
7.0630E-001 4.9490E-001 -1.0070E-001
7.5200E-001 4.9490E-001 -9.7600E-002
0.0000C~000 4.4120C-001 -1.8970C-001
7.8900E-002 4.4120E-001 -1.8690E-001
1.4980E-001 4.4120E-001 -1.8920E-001
3.0400LE-001 4.5030E001 -1.8990E001
4.6710C-001 4.5900C-001 -1.9830C-001
6.5160E-001 4.83050E-001 -1.9700E-00!
7.0630E-001 4.8160E-001 -1.9210E-001
7.5200E-001 4.7370E-001 -2.8900E-001
0.0000C 000 4.2620E-001 -2.7320L-001
9.3600E-002 4.2820E-001 -2.71S0E-001
1.6620E-001 4.3060E-001 -2.7410E-001
3.2520E-001 3.3980E-001 -2.7210E001
4.7780C-001 4.5780C-001 -2.8160C-001
6.6370E-001 4.6940E-001 -2.8710E-001
7.1010E-001 4.7110E-001 -2.8900E-001
9.4600E-001 4.7370E001 -2 ¥3900E-001
0.0000C~000 4.2620C-001 -2.7320C-001
9 3600E-002 4.2820E-001 -2.7150E-001
1.6620E-001 4.3060E-001 -2.7410E-001
3.2520E-001 4.3980E-001 -2.7210E-Q01
4.7780E-001 4.4230E-001 -2.860E-001
6.6370C-001 4.3940C-001 -2.8710C-CO1
7 1010E-001 4 3S30E-001 -2.8900E-001
1.0000E 000 4.0400E-001 -2.8900E-001
0.0000E~000 4.1710E-001 -3.1250E-001
9.3600C-002 4.2040C-001 -3.1140L-001
I 6620E-001 4.2050E-001 -3.1820E-001
3.2520E-001 4.2970E-001 -3.2140E001
4.7780E-001 4.3060E-001 -3.3080E-001
6.6370E-001 4.3090E-001 -3.3090E-001
7.1010E-001 4.2770E-001 -3.3290E-001
1.0000E~000 4.0400E-001 -3.2840E-001
0.0000C+~000 3.7940C-001 -3.69S0C-001
*.9700E-002 3.9130E-001 -3.69S0E-001
2.0240E-001 4.02S0E-001 -3.6950E-001
3.2350E-Q01 4.0660E-001 -3.69S0E-001
4.7950C-001 4.0580C-001 -3.7700C-001
6.5710E-001 4.0R40E-001 -3.7700E-001

E3

7.47%0L-001 4.0890E-001 -3. 7700001
9.9220E001 3.8070L-001 -3.770GC00 1
4 4300E-002 3 6490E-001 -4 9SS0E-00!
1.3740E-001 3.6930E-001 -4.95S0E-001
2.48%0E-001 3.83710L001 -3 9550E001
3.6050C-001 3.9450C-001 4. 95S0L-001
4 9300E-001 4.010E-001 -S 0300E-00]
6.7190E-001 4.04S0E-001 -5 2000E-001
7.5280E-001 4.0050E001 -5.2000E-001
9.8400C-001 4.0030L-001 -5 2000E-001
1.53S0E-001 3 SOO0E-001 -7 3290E-001
2.3210E-001 3.6870E-Q01 -7 3290E-001
J.1870E-001 3.7310L001 -7 3290k-001
4.4290C-001 3.8020[-001 -7 3290C 001
$.3880E-001 3 8930E-001 .7 3290E-001
6.8370E-001 3.8650E-001 -7 3290E-001
7.6330E-001 3.3090L-001 -7.3990L-001
9.6900C-001 3.8150E-001 -7.3990L-01
2.8570E-001 3.3970E-001 -9 REROE-NOL
3.4460E-001 3.4830E-001 -9 8680E-001
4.1950L-001 3.56%0E-001 -9 36X0LL0
S.1740C-001 3.6030C-001 -9 868QL-001
S 7810E-001 3.6220E-00! -9 8680E-00!
7.2880E-001 3.6540E-001 -9.8680E-001
7.7920E-001 3.6760E-001 -9.3630L 001
9.4400L-00! 3.5650C-0C1 -9 8680C01
3.84S0E-001 3.2130E-001 -1 16ROE~00
4.2530E-001 3.2380E-001 -1.1680E ~00Q
4.¥940E-001 3.3510E-001 -1.1630E ~00U
5.7080C-001 3.3510C-001 -1.1680C 000
6.2180E-001 3.3510E-001 -1 1680E~000
7.4940E-001 3.3460E-001 -1.1680E 000
7.9240E-001 3.3690L-001 -1 1680k 000
93220C-001 3 4440C-001 -1 1680L ~00G
4.6100E-001 3.0920E-00] -1.3210E-000
4.9740E-001 3.2120E-001 -1.3210E-000
$.4390E-001 3.2120£001 -1.3210E~000
6.1570C-001 3.2120C-001 -1.3210C~0C0
6.6280E-001 3 2470E-001 -1 3210E-000
7.65S0E-001 3.2750E-001 -1.3210E -000
7.9900E-001 3.28S0E-001 -1.3210E-000
9.2480C-001 3.2700C-001 -1.3210C-000
S.1670E-001 3 0670E-001 -1 4290E 000
5.3700E-001 3.1260E-001 -1.4290E -000
5. 7T990E-V01 3.1250E-001 -1.4290L 000
6.4790C-00! 3.1390C-001 -1.4290C-000
6.8230E-001 3.1390E-001 -1.4360E-000
7.7380E-00! 3.1390E-001 -1.4360E -000
X.0410E-001 3.1530E-001 -1 4360k ~000
9.1410C-001 3.0730C-001 -1.436GL ~000
ZONE T="\frror of Lowsr surface”

[=10. J=13. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
-1.4%00E-001 1.79S0E-001 0.0000E 000
-1.4800C001 1.795GC-001 O GOUGOL ~000
0.0000E ~000 | 7S40E-001 0 0ONNE ~N0O
1.6400E-001 1.6630E-001 0.0000E ~000
2.6690E-001 1.6010E001 0.0000L -000
3.0810C-001 1.5530C-001 0.0000C~000
4 7830E-001 1 4380E-001 0 0000E~000
7.2300E-001 1.3760E-001 0.0000E-000
1.0000E~0Q00 1.4180E-001 0.0000E-C00
1.0000E~000 1.4130k-001 0.0000E -Q00
-1.4800E-001 1.9030E-00] 6.6500L002
-1.4800E-001 1.9030E001 6.6500E-002
0.0000C~000 1.8370CL01 -6.6500C002
1 6400E-001 1 T380E-001 -6 0700E-002
2.6690E-001 1.6560E-Q01 -5.3600E-002
3.0810E-001 1.6070EQ0] -3 4800L-002
4.7830C-001 1.4750C001 -3.1400C002
7 2300E-001 1 3990E-001 -3 1400E-002



1L.OOOOE~00U 1.3850E-001 -3.1400£-002
1.0000C~000 1.3850C-001 -3.1400L-002
-1.4800E-00! ! 6730E-001 -1.1110E-001
-1.4800E-001 1.6730E-001 -1.1110E-001
0.0000E~000 1.6010E001 -1.1110E-001
1.6400C-001 1.6010E-001 -1.1110C-001
2.6690E-001 1. 5240E-001 -1.1110E-001
3.0810E-001 1.3650E-001 -1.1S80E-001
4.7830E-001 1.3630£-001 -1.1580E-00!
7.2300C-001 1.3280C-001 -1.1580C-001
1 0000E-000 | 4140E-001 -1.1SR0E-001
1.0000E~000 1.4140E001 -1.1580E-001
-1.4%00E-001 1.6730E-001 -1.1110E-001
-1.4800C-001 1.6730C-001 -1.1110E-001
0 0000E~000 1 6010E-001 -1.1110E-00!
2.6200E-002 1.5030E-001 -2.5630E-001
2.6690E-001 1.3660E-001 -2.6100£-001
3.0810C-001 1.3760C-00! -2.6100C-001
4.7830E-001 1.3670E00! -2.6100E-001
7.2300E-001 1.4400E-001 -2.6100E-001
1.OOUUE 00U 1.4380E-00] -2.6100E-00]
1.0000C~000 1.4580C-001 -2.6100E-001
-1.4800E-001 3.9130E-001 -2.1360E-001
-1.4800E-001 3.9130E-001 -2.1360E-001
0.0000E~000 3.7810E-001 -2.1360E-001
2.6200L-002 3.7490C-001 -2.7950C-001
2.6690E-00! 3.6240E-001 -2.8300E-001
3.0810E-001 3.6940E-001 -2.8300E-001
4.7830E-00] 3.6940E-001 -2.¥300E-001
7.2300C-001 3.6990C-001 -2.8300C-001
1.000QE~000 3. 7R8S0E-001 -2.8300E-001
1.0000E~000 3.7850E-001 -2.8300E-001
0.0000E ~000 3.7¥10E-001 -2.1360E-001]
0.0000C~000 3.7810C-001 -2.1360E-001
1.0000E-004 3.7490E-001 -2.7950E-001
1.5670E-001 3.6400E-001 -2.8300E-001
2.6690E-001 3.6940E-001 -2.8300E-001
4.7830C-001 3.6940L-001 -2.8300L-001
6.7380E-001 3.7410E-001 -2.8300E-001
7.2300E-001 3.6990E-001 -2.8300E-001
1.OOOUE~000 3.78S0E-001 -2.8300E-001
1.0000C+000 3.7850C-001 -2.8300C-001
0.0000E~000 3.6150E-001 -3.69S0E-001
0.0000E~000 3.6150E-001 -3.6950E-001
1.4050E-001 3.4330E-001 -3.6950E-001
1.8260E-00! 3.5170E-001 -3.69S0E-001|
3.0810E-001 3.5220E-001 -3.6950E-001
4.9760E-001 3.5060E-001 -3.7700E-001
6.7380E-001 3.6370E-00! -3.7700E-001
7.2300E-001 3.6510E-001 -3.7700E-001
9.9250E-001 3.6120E-001 -3.7700E-001
9.9220E-001 3.8070E-001 -3.7700E-001
0.0000E~000 3.7940E-001 -3.6950E-001
0.0000E-000 3.6150E-001 -3.6950E-001
1.9360E-001 3.2130E-001 4.9550E-001
2.3490E-001 3.3340E-001 4.95S0E-001
3.6270E-001 3.3590E-001 4.95SOE-001
5.3510E-001 3.4560E-001 -5.0300E-001
6.9170E-001 3.5810E-001 -5.2000E-001
7.4320E-001 3.5590E-001 -5.2000E-001
9.8700E-001 3.7920E-001 -5.2000E-001
9.8400E-001 4.0030E-001 -5.2000E-001
1.5350E-001 3.5000E-001 -7.3290E-001
1. 5630E-001 3.3800E-001 -7.3290E-001
2.8130E-001 3.2300E-001 -7.3290E-001
3.1660E-001 3.2560E-001 -7.3290E-001
4.2750E-001 3.2590E-001 -7.3290E-001
5.7880E-001 3.3360E-001 -7.3290E-001
7.1090E-001 3.4210E-0C! -7.3290E-001
7.6650E-001 3.4080E-001 -7.3990E-001
9.7350E-001 3.5100E-001 -7.3990E-001

9.6900E-001 3.8130E-001 -7.3990E-001
2.8570C-001 3.3970C-001 -9.8680E-001
2.9650E-001 3.1 770E-001 -9.R680E-001
3.8250E-001 3.0670E-001 -9.8680E-001
4.1110E-001 3.1250£-001 -9.8680E-001
5.1450C-001 3.1190C-001 -9.8680C-001

.23S0E-00! 3.1460E-001 -9 8680E-001
7.3320E-001 3.2510E-001 -9.8680E-001
7.7970E-001 3.3120E-001 -9.8680E-001
9.5910C-001 3.3860C-001 -9.8680L-001
9 4400E-001 3.S6SOE-00! -9.8680E-001
3.8450E-001 3 2130E-001 -1.1680E-000
3.¥300E-001 3.0330E-001 -1.1680E~000
4.5480C-001 2.9060L-001 -1.1680L~000
4.7640E-001 2.9700E-001 -1.1680E~000
5.7750E-001 2.9520E-001 -1.1680E+000
6.4990L-001 2.9500E-001 -1.1680E ~000
7.4500C-001 2.9780C-001 -1.1680L~000
7.9600E-001 3.04S0E-001 -1 1680E-000
9.3510E-001 3.2800E-001 -1.1680E~000
9.3220E-001 3.4440E-001 -1.1680E~000
4.6100E-001 3.0920E-001 -1.3210C~000
4.7400E-001 2.9130E-001 -1.3210E-000
5.2610E-001 2.9280E-001 -1.3210E-000
5.4320E-001 2.9010E-001 -1.3210E+000
6.2810C-00] 2.8690C-001 -1.3210C~000
6.8230E-001 2.90S0E-001 -1.3210E-000
7.6130E-001 2.9620E-001 -1.3210E-000
$.0730E001 3.0010E-001 -1.3210E+000
9.2530C-001 3.0940C-001 -1.3210C+000
9.2480E-001 3.2700E-001 -1.3210E-000
5.1670E-001 3.0670E-001 -1.4290E+000
3.2030E-001 2.9060E-001 -1.4290E 000
5.5460C-001 2.8660C-001 -1.4290E~000
S.8780E-001 2.85S0E-001 -1.4290E~000
6.4990E-001 2.8420E-001 -1.4290E-000
7.0370E-001 2.8030E-001 -1.4360E-000
7.7480C-001 2.8620C-001 -1.4360E~000
7.9920E-001 2.9010E-001 -1.4360E-000
9.1970E-001 2.9080E-001 -1.4360E 000
9.1410E-001 3.0730E-001 -1.4360L ~000

E.2 Stores

TITLE = "CF-18"
VARIABLES = "Z"

e

e

ZONE T="Pylonln"

[=10, J=14, K=1 }=POINT
DI'=(SINGLE SINGLE SINGLE )
-1.0014E-009 2.2690E-001 6.1050E001
5.54%1E-002 2.2690E-001 6.1080E-001
9.2631E-002 2.2690E-001 6.1050E-001
2.1019E-001 2.2690E-001 6.1050E-001
3.2384E-001 2.2690E-001 6.1050E-001
4.3967E-001 2.2690E-001 6.1050E-001
6.2654E-001 2.2690E-001 6.1050L-001
6.67T3E-001 2.2690E-001 6.1050E-00]
7.55T1E-001 2.2690E-001 6.10S0E-001
7.6744L-001 2.2690E-001 6.1050E-001
-1.0014E-009 2.2690E001 6.1050E-001
5.348 1002 2.2690E-001 5.9345E-001
9.2631E-002 2.2690E-001 S.9284E-001
2.1019E-001 2.2690E001 5.9278E001
3.2384E-001 2.2690E-001 5.9327E-001
4.¥967E-001 2.2690L-001 5.9339E-001
6.2654E-001 2.2690E-001 5.9339E-001
6.677TIEDV01 2.2690E-Q01 5. 9339EL001

E4

7.55T1E-001 2.2690E-001 5.9388E-001
7.6744LC-001 2.2630C-001 6.1050C0G1
-1.0014E-009 2.2690E-001 6 10S0E-001
5.5481E-002 2.6918E-001 5.934SE-001
9.2631E-002 2.6918E-001 5.92%4E 001
2.1019C-001 2.6918C-001 5.9278C-001
3 2384E-001 2.6918E-001 S 9327E-001
4.896TE-001 2.6918E-001 5.9339E-001
6.2654E-001 2.6918E-001 5.9339E-001
6.6773C-001 2.6918C-001 5.9339L 001
7 $S71E-001 2.691R8E-001 S 93R8E-001
7.6744E-001 2.2690E-001 6.10S0E-001
-1.0014E-009 2.2690E-001 6.1050L-00!
5.5481LC-002 2.6918C-001 5.9345C-001
9.2631E-002 2.9705SE-001 $ 92R4E-001
2.1019E-001 2.9705E-001 5.9278E-001
3.23%4E-001 2.9705E-001 5.9327E-001
4.8967L-001 2.9705C-001 5.9339C-001
6.26S4E-001 2.970SE-001 S 9339E.001
6.67T3E-001 2.970SE-001 5.9339E-001
7.5571E-001 2.6918E-001 5.9388L-001
7.6744L-001 2.2690C-001 6.1050C-001
-1.0014E-009 2.2690E-001 6.10S0E-001
5.5481E-002 2.6918E-001 5.9345E-001
9.2631E-002 2.970SE-001 5.9284E-001
2.1019C-001 2.9705C-001 5.9378C-001
.23R84E-001 3.3126E-001 $.9327E-00!
4.8967E-001 3.3126E-001 5.9339E-001
6.2634E001 3.3126E-001 5.9339E-001
6.6773C-001 3.3126E-001 5.9339L-001
7.5871E001 2.6718E-001 S 93I88E-001
7.6744E-001 2.2690E-001] 6.10S0E-001
-1.0014E-009 2.2690E-001 6.1050E-001
5.5481C-002 2.6918C-001 5.9345C-001
9.2631E-002 2.970SE-00 S 9284E-001
2.1019E-001 2.970SE-001 5.9278E-001
3.2384E-001 3.7501E-001 5.9327E-001
4.8967L-001 3.6768C-001 5.9339C-001
6.2654E-001 3.6462E-00! $.9339E-001
6.6773E-001 3.6438E-001 5.9339E-001
7.5571E-001 2.6918E-00] 5.9388E-001
7.6744C-001 2.2690C-001 6.10S0C-001
-1.0014E-009 2.2690E-001 6.10$0E-00]
5.5481E-002 2.6918E-001 6.1050E-001
9.2631E-002 2.9705E-001 6.1050E-001
2.1019E-001 2.9705E-00! 6.10S0E-00!
3.2384E-001 3.7501E-001 6.1050E-0G1
4.8967E-001 3.6768E-001 6.10S0E-001
6.2654E-001 3.6462E-001 6.10S0E-001
6.6T73E-001 3.6438E-001 6.1050E-001
7.5571E-001 2.6918E-001 6.10S0E-001
7.6744E-001 2.2690E-001 6.1050E-001
-1.0014E-009 2.2690E-001 6.10S0E-001
5.5481E-002 2.2690E-001 6.1050E-001
9.2631E-002 2.2690E-001 6.1050E-001
2.1019E-001 2.2690E-001 6.10S0E-001
3.2384E-001 2.2690E-001 6.10S0E-00!
4.8967E-001 2.2690E-001 6.10S0E-001
6.2654E-001 2.2690E-001 6.10S0E-001
6.6TT3E-001 2.2690E-001 6.10S0E-001
7.5571E-001 2.2690E-001 6.1050E-001
7.6744E-001 2.2690E-001 6.1050E-001
-1.0014E-009 2.2690E-001 6.1050E-001
5.5481E-002 2.2690E-001 6.27SSE-00!
9.2631E-002 2.2690E-001 6.2816E-001
2.1019E-001 2.2690E-001 6.2822E-001
3.2384E-001 2.2690E-001 6.2773E-001
4.8967E-001 2.2690E-001 6.2761E-001
6.2654E-001 2.2690E-001 6.2761E-001
6.6TT3E-001 2.2690E-001 6.276 I E-001
7.5571E-001 2.2690E-001 6.2712E-001



7.6744L 001 2.2690£-001 6.105CEV0L
-1.0014L-009 2.2690C-001 6.1050E-001
S $481E-002 2.6918E-001 6.27SSE-001
9.2631E-002 2.6918E-001 6.2816E-001
2.1019£-001 2.6918E001 6.2822E-001
3.2384E-001 2.6918E-001 6.2773E-001
1 RI96TE-001 2.6918E-001 6 27T61E-00!
6.2654E-001 2.6918E-001 6.2761E-001
6.6773E-001 2.6918E-001 6.2761E-001
7.5S71C001 2.6918C-001 6.2712C-001
7 6744E-001 2.2690E-00t 6.1050E-00]
-1.0014E-009 2.2690E-001 6.1050E-001
5.5481E-002 2.6918E-001 6.2755E-001
2631C-002 2.970SE-001 6.2816C-001
2.1019E-001 2.9705E-001 6.2822E-001
3.2384E-001 2.970SE-001 6.2773E-001
4.8967L-001 2.9705E-001 6.2761E-001
6.2654E-001 2.970SC-001 6.2761C-001
6.6TT3E-001 2.970SE-001 6.2761E-001
7.5S7T1E-001 2.6918E-001 6.2712E-001
7.6744L-001 2.2690L 001 6.1050E001
-1.0014L-009 2.2690L-001 6.10S0E-001
$.$481E-002 2.6918E-001 6.27SSE-001
9.2631E-002 2.970SE-001 6.2816E-001
2. 1019E001 2.970SE-001 6.2822E-001
3.2384E-001 3.3126E-001 6.2773C-001
4.896TE-001 3.3126E-001 6.2761E-001
6.2654E-001 3.3126E-001 6.2761E-001
6.6773E-001 3.3126E-001 6.2761E-001
7.5571C001 2.6918C-001 6.2712C-001
7 6744E-001 2.2690E-001 6.10S0E-001
-1.0014E-009 2.2690E-001 6.10S0E-001
5.5481E-002 2.6918E-001 6.275SE-001
9.2631C-002 2.970SC-001 6.2816T-001
2.1019E-001 2.9705E-001 6.2822E-001
3.2384E-001 3.7501E-001 6.27T3E-001
4.3967E-001 3.6768E-00]1 6.2761E-001
$.2654E-001 3.6462C-001 6.2761C-001
6.6TTIE-00! 3.6438E-001 6.2761E-001
7.5571E-001 2.6918E-001 6.2712E-001
7.6744E-001 2.2690E-001 6.10S0E-001
-1.0014L009 2.2690C-001 6.10S0C-001
$ S4R1E-002 2.6918E-00! 6.1050E-001
9.2631E002 2.9705E-001 6.10S0E-001
2. 1019E001 2.9705E-001 6.10S0E001
3.2384E-001 3.7501E-001 6.1050E-001
4.396TE-001 3 6768E-001 6.1050E-001
6.2654E-001 3.6462E-001 6.100E-001
6.67T3E-Q0] 3.6438E-001 6.1050E-00]
7.5S7TIE001 2.6918E-001 6.10S0E-001
7 6744E-001 2,2690E-001 6.10S0E-001
ZONE T="PvicnOut
=10, J=14, k=] F=POIN1
DI=(SINGLE SINGLE SINGLE )
9.0000E-002 1.3000E-001 9.1580L-001
1.4548E-001 1.3000E-001 9.1580E-001
1.8263C-001 1.8000C-001 9.1S80C-001
3.0019E-001 1.2000E-001 9.1 SR0E-001
4.1384E-001 1.8000E-001 9.1580E-001
5. 796TE-001 1.8000E-001 9.1580E-001
7 1654E-001 1.8000E-001 9.1580C-001
7.$773E-001 1.8000E-001 9.1580E-001
8.4571E-001 1.8000E-001 9.1580E-001
¥.5744L-001 1. 3000E00] 9.1580E-001
9.0000C-002 1 8000001 9.1580C-001
{ 4548E-001 1 R000E-001 8.987SE-001
1.8263E-001 1.8000E-001 8.9814E-001
3.0019E-001 1.3000E-001 8.9808E-001
4.1384C001 1.8000C-001 8.98STE-001
$.796TE-001 1.2000E-001 8.9869E-001
7.1654E-001 1.8000E-001 8.9869E-001

7.5773E-001 1.3000L-00! 8.9869E-001
8.4571C-001 1.8000C-001 8.9918L-001
8.5744E-001 1 R000E-001 9.1580E-001
9.0000E-002 1.8000E-00! 9.1580E-001
1.4543E001 2.2228E-001 8.9875E-001
1.8203C-001 2.2228L-001 8.9814C-001
3 0019E-001 2.2228E-001 R 980RE-001
4.1384E-001 2.2228E-001 8.9857E-001
3.796TE-001 2.2228E-001 8.9869E-001
7.1654C-001 2.2228C-001 8.9869C-001
7 ST73E-001 2.2228E-001 8 9869E-001
8.4571E-001 2.2228E-001 8.9918E-001
8.5744E-001 1.8000E-001 9.1 S80E-001
9.0000C-002 1.8000C-001 9.1580C-001
1.4548E-001 2.2228E-001 8.987SE-001
1.8263E-001 2.501SE-001 8.9814E-001
3.0019E-001 2.501SE-001 8.9808E-001
4.1384E-001 2.5015C-001 8.9857L-001
5. T96TE-001 2.501SE-00! 8.9869E-001
7.1654E-001 2.5015E-001 8.9869E-001
7.57T73E-001 2.5015E-001 8.9869E-001
8.4571C-001 2.2228C~001 8.9918L-001
8.5744E-001 1.8000E-001 9.1580E-001
9.0000E-002 1.8000E-001 9.1580E-001
1.4543E-001 2.2228E-001 8.9¥7SE001
1.8263C-001 2.5015C-001 8.9814C-001
3.0019E-001 2.501SE-001 8 9R08E-001
4.1384E-001 2.8436E-001 8.9857E-001
5. 7967E001 2.8436E-001 8.9869E-001
7.1654C-001 2.8436C-001 8.9869C-001
7.5TT3E-001 2.8436E-001 8.9869E-001
8.4571E-001 2.2228E-001 8.9918E-001
8.5744E-001 1.8000E-001 9.1580E-001
9.0000C-002 1.8000E-001 9.1580C-001
1. 4548E-001 2.2228E-001 R.987SE-001
1.8263E-001 2.5015E-001 8.9814E-001
3.0019E-001 2.5015E-001 8.9808E-001
4.1384C-001 3.2811C<001 8.9857C-001
5. 796 TE-001 3.2078E-001 8.9869E-001
7.1654E-001 3.1772E-001 8.9869E-001
7.5TT3E00] 3.174%L-001 ¥.9869E-001
8.4571C-001 2.2228L-001 8.9918C-001
8 5744E-001 1.8000E-001 9.1 580E-001
9.0000E-002 1.8000E-001 9.1580E-001
1.454%E-001 2.2228E-001 9.1580E001
1.8263C-001 2.5015C-001 9.1580L-001
3.0019E001 2.5015E-001 9.1580E-001
4.1384E-001 3.2811E-001 9.1580E-001
5. 7967E-001 3.2078E-001 9.1580E-001
7.1654C-001 3.1772C-001 9.1580L-001
7.STTIE-001 3.1748E-001 9.1580E-001
8.4571E-001 2.2228E-001 9.1S80E-001
8.5744E-001 1.3000E-001 9.1580E-001
9.0000E-002 1.¥000E001 9.1580E-001
1.454%E-001 1.3000E-001 9.1580E-001
1.¥263E-001 1.3000E-001 9.1580E-001
3.0019L<001 1.8000C-001 9.1580C-001
4.1384E-001 1.8C00E-00! 9.1580E-001
5.7967TE-001 1.8000E-00] 9.1S80E-001
7.1654E00] 1.¥000E-001 9.1580E-001
7.5T73C<001 1.8000C-001 9.1580C-001
8.4571E-001 1.8000E-001 9.1580E-001
8.5744E-001 1.8000E-001 9.1S80E-001
9.0000E-002 1.3000E-<0GT 5. 1580E-001
1.4548C-001 1.8000C-001 9.3285C001
1.8263E-001 1.8000E-001 9.3346E-001
3.0019E-0Q1 1.8000E-001 9.3352E-001
4.1334E-001 1.3000E-001 9.3303L-001
5.7967E<001 1.8000C-001 9.3291C-001
7.1654E-001 1.8000E-00! 9.3291E-001
7.57TT3E-Q01 1.8000E-001 9.3291E-Q01
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8.4571E-001 1.8000E-001 9.3242E-001
8.5744LC-001 1.8000C-001 9.158CL00L
9.0000E-002 1 .8C00E-001 9 1 SRNE-001
1.4548E-001 2.2228E-001 9.3285E-001
1.8263E-001 2.2228E-001 9.3346L-001
3.0019C-001 2.2228C-001 9.3352C-001
4.1384E-001 2.2228E-001 2.3303E-001
5.7967E-Q01 2.2228E-001 9.3291E-001
7.1654E-001 2.2228E-001 9.3291L-001
7.5T73E-001 2.2228L-001 9.3291C001
R 4S71E-001 2. 2228E-001 9 3242E-001
8.5744E-001 1.8000E-0Q1 9.1S80E-001
9.0000E-002 1.5000E-001 9.1S80E-001
1.4548C-001 2.2228C-001 9.3285C-001
1.8263E-001 2.501SE-001 9 3346E-001
3.0019E-001 2.5015E-001 9.3352E-001
4.1334E-001 2.5015E-001 9.3303E-001
5.7967C-001 2.5015SC-001 9.3291L-001
7.165S4E-001 2.501 SE-001 9.3291E-001
7.5773E-001 2.5015E-001 9.3291E-001
¥.4371E001 2.22258E-001 9 3242E-00!
8.5744C-001 1.8000C-001 9.1580C-001
9.0000E-002 1.8000E-001 9.15R0E-00!
1.4548E-001 2.2228E-001 9.3285E-001
1.8263E-001 2.5015E-001 9.3346E-001
3.0019C-001 2.5015C-001 9.3352C001
4.1384E-001 2.8436E-001 9.3303E-001
S.796TE-001 2.8436E-001 9.3291E-001
7.1654E-001 2.8436E-001 9.3291E001
7.5773C-001 2.8436C-001 9.3291C-001
8.4571E-001 2.2228E-001 9.3242E-00!
8.5744E-001 1.8000E-001 9.1S80E-001
9.0000E-002 1.3000E-001 9.1 580E-001
1.4548C-001 2.2228C-001 $.3285CL-001
1.8263E-001 2.501SE-001 9.3346E-00!
3.0019E-001 2.5015E-001 9.3352E-001
4.13%4E-001 3.281 1E-001 9.3303L-001
$.7967C-001 3.2078C-001 9.3291C001
7.1654E-001 3.1772E-001 9 3291E-00!
7.5TT3E-001 3.1748E-001 9.3291E-001
¥.4571E001 2.2228E-001 9.3242E-001
8.5744LC-001 1.8000C~001 9.1580C-001
9.0000E-002 1.8000E-001 9.1SR0E-00]
1.4548E-001 2.2228E-001 9.1580E-001
1.8263E-001 2.5015E-001 9.1580E-001
3.0019C-001 2.501SEQ01 9.1580C-001
4.1384E-001 3.2811E-001 9.1580E-001
5.796TE-001 3.2078E-001 9.1S80E-001
7.1654E-001 3.1772E-001 9.1580L-001
7.5TT3C00! 3.1748C-001 9.158GL-0G 1
R.4571E-001 2.2228E-001 9.15R0E-001
8.5744E-001 1.8000E-001 9.1580E-001
LONE I'="EF1™
{=22, J=20. K=1.F=POINT
U I'=(SINGLE SINGLE SINGLE )
-1.S000E-QU1T 1.4500E-001 6.10350L-001
-1.2924C-001 1.651SE-0C1 6.19SCE0O |
-1.0031E-001 1.7R09E-001 6.10S0E-00!
-5.1832E-002 1.958SE-Q01 6.10SCE-00!
9.3407E-003 2.0849E-001 6.1050E001
5.7204E-002 2.1484C-001 6.1050C-001
.2656E-001 2.2058E-001 6.1050E-001
2.0263E-001 2.2437E-001 6.1050E-001
2.6934E-001 2.2522E-001 6.1050E-001
3.7576E-001 2.2546C-001 6.1050C-001
4.6685E-001 2.2571E-001 6.1050E-001
S.1813E-001 2.2504E-001 6.1050E-001
5.9762E-001 2.2479E-001 6.1050E-001
6.5965C-001 2.2192C-001 6.1050L-001
7.1007E-00! 2.1869E-001 6.10S0E-001!
7.5354E-001 2.1191E-0Q1 6.1050E-001



7.9188E-001 2.0288E-001 6.1050E-001
8.3669L-001 1.9353C-001 6.1050E-001
R.6245E-001 1.8206E-001 6.10S0E-001
8.9249E-001 1.7284E-001 6.1050E-001
9.0653E-001 1.6472E-001 6.1050E-001
9 2009C-001 1.4500C-001 6.1050L001
-1 S000E-001 1 4500E-Q01 6.1050E-001
-1.2924E-001 1.6361E-001 6.0279E-001
-1.0031E-001 1.7557E-001 5.9784L-001
-5.1832E-002 1.9198L-001 5.9104C-001
9 346TE-003 2. 0366E-001 S.8620E-001
5.7204E-002 2.0953E-001 5.8377E-001
1.2656E-001 2.1483E-001 5.¥158E-001
2.0263C-001 2.1832C-001 5.8013C-001
2.69%4E-001 2.1911E-001 S.7980E-001
3.7576E-001 2.1934E-001 5.7971E-001
4.6685E-001 2.1956E-001 5.7961E-001
S.1813C-001 2.1894C-001 5.7987C-001
§ 9762E-001 2.1872E-001 S 7997TE-001
6.596SE-001 2.1607E-001 5.8106E-001
7. 1007E-001 2.1308E-001 5.8230E-001
7.5354L-001 2.0682C-001 5.8489C-001
7.9188E-001 1.9847E-001 $.883SE-001
8.3669E-001 1.8984E-001 5.9193E-001
¥.6245E-001 1.7924E-001 5.9632E-001
8.9249L-001 1.7072C-001 5.9985L-001
9 06S3E-001 1.6322E-001 6 0295E-001
9.2009E-001 1.4500E-001 6.1050E-001
-1.5000E-001 1.4500E-001 6.1050E-001
-1.2924LC-001 1.5925C-001 5.9625C-001
-1.0031E-001 1.6R40E-001 S.RT10E-001
-5.1832E-002 1.8096E-001 5.7454E-001
9.3407E-003 1.8990E-001] 5.6560E-001
5.7204C-002 1.9439E-001 5.6111EQ01
1.2656E-001 1.9844E-001 S.5706E-001
2.0263E-001 2.0112E-001 5.5438E-001
2.6954E-001 2.0172E-001 5.5378E-001
3.7576C-001 2.0190C-001 5.5360C-001
4.668SE-001 2.0207E-001 5.5343E-001
S.1813E-001 2.0159E-001 5.5391E-001
5.9762E001 2.0142E-001 5.5408E-001
6.596SC-001 1.9939C-001 5.5611L-001
7.100TE-001 1.971E-001 S 5839E-001
7.5354E-001 1.9231E-001 5.6319E-001
7.9188E-001 1.8592E001 5.6958E-001
8.3669C-001 1.7932C-001 5.7618L-001
R.624SE-001 1.7120E-001 5.8430E-001
8.9249E-001 1.6468E-001 5.9082E-001
9.0633E-001 1.5894E-001 5.9656E-001
9.2009C-001 1.4500C-001 6.1050C-001
-1.5000E-001 1.4500E-001 6.1050E-001
-1.2924E-001 1.5271E-001 5.9189E-001
-1.0031E-001 1.5766E-001 5.7993E-001
-5.1832C-002 1.6446L-001 5.6352C-001
9.3407E-003 1.6930E-001 5.5134E-001
5.7204E-002 1.7173E-001 5.4597E-001
1.2656E-001 1.7392E-001 3.4067E-001
2.0263C-001 1.7537E-0Q1 5.3718C-001
2.6954E-001 1.7S70E-001 S 3639E-001
3.7S7T6E-001 1.7ST9E-001 5.3616E-001
4.6685E-001 1.7589E-001 5.3594E-001
S.1813C-001 1.7563C~001 5.3656C~001
S.9762E-001 1.7SS3E-001 S 3678E-001
6.5965SE-001 1.7444E-001 5.3943E-001
7.1007E-001 1.7320E-001 5.4242E-001
7.5354C001 1.7061C001 5.4868L001
7 9188E-001 1.671SE-001 $.5703E-00!
8.3669E-001 1.6357E-001 5.6566E-001
¥.6245E-001 1.5918E001 5.7626E-001
8.9249C-001 1.556SC-001 5.8478L-001
9 06S3E-001 1 S2SSE-001 S.9228E-001

9.2009E-001 1.4500E-001 6.1030E-001
-1.5000C-00! |.4500C-001 6.1050C-001
-1.2924E-001 1.4S00E-001 5.903SE-001
-1.0031E-001 1.4S00E-001 5.7741E-001
-5.1832E002 1.4500E-001 5.5965E-001
9.3407L-003 1.4S00C-001 5.4701C-001
S 7204E-002 1.4500E-001 S.4066E-001
1.2656E-001 1.4S00E-Q01 5.3492E-001
2.0263E-001 1.4500E-001 5.3113E-001
2.6954C-001 1.4500C-001 5.3028C-001
3.7S76E-001 1.4500E-001 S 3004E-001
4.6685E-001 1.4500E-001 5.2979E-001
5. 1813E-001 1.4500E-001 5.3046E-001
5.9762C-001 1.4500C-001 5.3071E001
6.596SE-001 1.4500E-00! S 33S8E-00!
7.1007E-001 1.4500E-001 5.3681E-001
7.5354E-001 1.4500E-001 5.4359E-001
7.9188C-001 1.4500C-001 5.5262C-001
8.3669E-001 1.4500E-001 S 619TE-001
8.6245E-001 1.4500E-001 5.7344E-001
8.9249E-001 1.4500£-001 5.8266E-001
9.0653C-001 1.4500C-001 5.9078C-00!
9.2009E-001 1.4500E-001 6.10S0E-001
-1.5000E-001 1.4500E-001 6.10S0E-001
-1.2924E-001 1.6515E001 6.1050E-001
-1.003IC-001 1.7809L-001 6.1050C-001
-$.1832E-002 1.958SE-001 6.1050E-001
9.3407E-003 2.0849E-001 6.10S0E-001
3.7204E-002 2.1434E-001 6.1050E-001
1.2656L-001 2.2058E-001 6.1050C-001
2.0263E-001 2.2437E-001 6.1050E-001
2.6954E-001 2.2522E-001 6.1050E-001
3.7576E-001 2.2546E-001 6.1050E001
4.6685C-001 2.2571C-001 6.1050C-001
S.1813E-001 2.2S04E-001 6.10SQ0E-00!
5.9762E-001 2.2479E-001 6.1050E-001
6.3965E-001 2.2192E-001 6.1050E-001
7.1007C-001 2.1869L-001 6.1050C-001
7.5354E-001 2.1191E-001 6.10S0E-001
7.9188E-001 2.0288E-001 6.10S0E-001
8.3669E-001 1.9353E-001 6.1050E-001
8.6245C-001 1.8206C-001 6.1050E001
8.9249E-001 1.7284E-001 6.1050E-001
9.0653E-001 1.6472E-001 6.10S0E-001
9.2009E-001 1.4500E-001 6.10S0E-001
-1.5000C-001 1.4500C-001 6.1050C-001
-1.2924E-001 1.6361E-001 6.1821E-001
-1.0031E-001 1.7557E-001 6.2316E-001
-5.1¥32E-002 1.9198E-001 6.2996E-001
9.3407E-003 2.0366C-001 6.3480E-001
5.7204E-002 2.0953E-001 6.3723E-00!
1.2656E-001 2.1483E-001 6.3942E-001
2.0263E-001 2.1¥32E-001 6.4087E-001
2.6954C-001 2.1911C<001 6.4120C-001
3.7S76E-001 2.1934E-001 6.4129E-001
4.6685E-001 2.19S6E-001 6.4139E-001
S.1813E-001 2.1894E-001 6.4113E-001
5.9762C-001 2.1872C-001 6.4103C001
6.596SE-001 2.1607E-001 6.3994E-001
7.1007E-001 2.1308E-001 6.3870E-001
7.5354E-001 2.06382E-001 6.361 1E-001
7.9188C-001 1.9847C-001 6.326SC-001
R.3669E-001 1.8984E-001 6.2907E-001
8.624SE-001 1.7924E-001 6.2468E-001
8.9249E-001 1.7072E-001 6.2115E-001
9.0653C-001 1.6322E-001 6.1805C00!
9.2009E-001 1.4500E-001 6.1050E-001
-1.5000E-001 1.4500E-001 6.10S0E-001
-1.2924E-001 1.5925E-001 6.2475E-001
-1.0031E-001 i.6840C-001 6.3390C-0C1
-5 1832E-002 1.R096E-001 6 4646E-001
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9.3407E-003 1 ¥990LE-001 6 SSHE-VUT
5.7204C-002 1.9439L001 6.5989C-001
1.26S6E-001 1 9844E-001 6 6394E-001
2.0263E-00!1 2.0112E-001 6.6662E-001
2.6934E-001 2.0172E-001 6.6722E-001
3.7576C-001 2.0190C-001 6.6740C001
4 6685SE-001 2 0207E-00! 6 67S7E-001
S.1813E-001 2.01S9E-001 6.6709E-001
3.9762E-001 2.0142L-001 6.6692L-001
6.596SC-001 1.9939L-001 6.0489L-0G |
7 1007E-001 1 9711E-00] 6 A260E-001
7.5354E-001 1.9231E-001 6.5781E-001
T.9188E-001 1.3392E-001 6.5142E-001
8.3669L-001 [.7932C-001 6.4482L-001
8.624SE-001 1 7120E-001 6 3670E-001
8.9249E-001 1.6468E-001 6.3019E-Q01
9.0653E-001 1.5894E-001 6.2344E-001
9.2009L-001 1.4500C-001 6.1650C-001
-1 SO00E-001 | 4S00E-001 6 10SOE-00]
-1.2924E-001 1.5271E-001 6.2911E-001
-1.0O3IE-001 1.5766E-001 6.4107E-0U1
-5.1832E-002 [.6446L-001 6.5748L-001
9.3407E-003 1.6930E-001 6 6916E-001
$.7204E-002 1.7173E-001 6.7503E-001
1.2656E-001 1.7392L-001 6.8033E-0U1
2.0263C-001 1.7537C-001 6.8382E-001
2.6954E-00! 1.7S70E-00! 6 R461E-001
3.7576E-001 1.7579E-001 6.8484E-001
4.6685E-001 1. 7589001 6.83506E-001
S.I813C-001 1.7563C-001 6.8444E001
S9TRIE-001 | TSSIE-00] 6 R422E-001]
6.596SE-001 1.7444E-001 6.81STE-Q01
7.1007E001 1.7320E-001 6.785¥L-001
7.5354C001 1.7061C-001 6.7232C001
7.9188E.001 1 6715E-001 6.6397E-001
8.3669E-001 1.635TE-001 6.5534E-001
8.6245L-001 1.5918E-001 6.3474E-001
8.9249L-001 1.5565L-001 6.3622L001
9 0653E-001 1 SISSE-001 6.2872E-001
9.2009E-001 1.4500E-001 6.10S0E-001
-1.5000E-001 1. 4500E-001 6.1050E001
-1.2924C-001 1.4500C-001 6.3065C-001
-1.0031E-001 1.4500E-001 6 4359E-001
-5.1832E-002 1.4500E-001 6.613SE-00!
9.3407E-003 1.4500L-001 6.7399E-001
5.7204C<002 1.4500C-001 6.8034C-001
1.26S6E-001 1.4S00E-001 6 R60RE-00!
2.0263E-001 1.45Q0E-00! 6.8987E-001
2.6934E-001 1.4300E-001 6.9072E-001]
3.7576L-001 1.4500L-001 6 9G96L-001
4.668SE-001 1 4500E-00! 69121E-001
5.1813E-001 1.4500E-001 6.9054E-00!
S.9762E-001 1.4500L-001 6.9029L-001
6.5965C-001 1.4500C001 6.8742L«101
7 1007E-001 1 4S0CE-001 6 R419E-001
7.5354E-001 1.4500E-001 6.7741E-001
7.9183E001 1 4500E-001 6.6838L-001
8.3669C-001 1.4500C-001 6.5903C-0C1
8.6245E-001 1 4S00E-001 6 47S6E-00!
8.9249E-001 1.4500E-001 6.3834E-001
9.0653E-001 1.4500E-001 6.3022E-001
9.2009C-001 1.4500C-001 6.1050L-001
-1.S000E-001 | 4S00E-001 6 10SOE-N01Y
-1.2924E-001 1.248SE-001 6.10S0E-001
-1.O031E-001 1.1191E-001 6.1050k-001
-5.1832C-002 9.4145C-002 6.1050C-001
9.3407E-003 8.15S08E-002 6 10S0E-001
$.7204E002 7.51S9E-002 6.1050E-001
1.2656E-001 6.9420E-002 6.1050E-001
2.0263C-001 6.5635CL-002 6.1050C-001
2.6954E-001 6.47R0E-002 6 10¢0E-00]



3.7576E-001 6.4336E-002 6.1050E001
4.6685C001 6.4292E-002 6.1050L-001
S 1813E-00! 6.4963E-002 6.10S0E-001
5.9762E-001 6.5208E-002 6.1050E-001
6.5965E-001 6.8077E-002 6.1030E001
7.1007C-00t 7.1313C~002 6.1050E001
7.S354E-001 7.8089E-002 6.10S0E-00!
7.9188E-001 8.7125E-002 6.10S0E-001
¥.3669L-001 9.6463E-002 6.1050E-001
8.6245C-001 1.0794L-001 6.10S0E00!
29249E-001 1 1716E-001 6.1GSOE-00!
9.0653E-001 1.2528E-001 6.10S0E-001
9.2009E-001 1.4500E-001 6.1050E-001
-1.5000C-001 1.4500C-001 6.10S0C-001
-1 2924E-001 1.2639E-001 6.0279E-001
-1.0031E-00! 1.1443E-001 5.9784E-001
-3.1332E-002 9.8016E-002 5.9104E-001
9.3407C-003 8.6341LC-002 5.8620C-001
$.7204E-002 8.047SE-002 5.8377E-001
1.2656E-001 7.5173E-002 5.8158E-001
2.0263E-001 7.1676E-002 3.8013E-001
2.6954C-001 7.0886C-002 5.7980L~001
3.7576E-00! 7.0661E-002 5. 7971E001
4.6685E-001 7.0436E-002 5.7961E-001
S.1813E-001 7.1056E-002 5.79¥7E-00 1
$.9762C-001 7.1281E-002 5.7997C-001
6.596SE-001 7.3933E-002 5.8106E-001
7.1007E-001 7.6922E-002 5.8230E-001
7.5354E-001 ¥.3182E-002 5.8489E001
7.9188C-001 9.1530E-002 5.8835L001
R3669E-001 1.0016E-001 $.9193E-001
8.6245E-001 1.1076E-001 5.9632E-001
%.9249£-001 1.1928E-001 5.9983SE-QV1
9.0653C-001 1.2678L-001 6.0295C-001
9 2009E-001 1.4500E-001 6.10S0E-001
-1.5000E-001 1.4500E-001 6.10SOE-001
-1.2924E-001 1.3073E-001 5.9625E-001
-1.0031C-001 1.2160C-001 5.8710C-001
-5.1832E-002 1.0904E-001 5.74S4E-001
9.3407E-003 1.0010E-001 5.6560E-001
5.7204E-002 9.5614E-002 3.6111E-001
1.2656E-001 9.15S5TE-002 5.5706E-00 1
2.0263E-001 8.8880E-002 5.5438E-001
2.6954E-001 8.8276E-002 5.5378E-001
3.7576E-001 ¥.3104E-002 3.5360E-001
4.6685C-001 8.7930C-002 5.5343C-001
$.1813E-001 8.8405E-002 5.5391E-001
5.9762E-001 8.8579E-002 S.5408E-001
6.5963E-001 9.0607E-002 5.561 IE001
7.1007C001 9.2895C-002 5.5839L-001
7.5354E-001 9.7687TE-002 5.6319E-00!
7.9188E-001 1.0408E-001 5.69S8E-001
8.3669E-001 1.1068E-001 5.76 1 8E-001
8.6245C-001 1.1880C-001 5.8430C-001
8.9249E-001 1.2532E-001 S.9082E-001
9.0653E-001 1.3106E-00! S.9656E-001
9.2009E-001 1.4500E-001 6.1050L-001
-1.5000C-001 1.4500C-001 6.1050L-001
-1.2924E-001 1.3729E-001 5.9189E-001
-1.0031E-001 1.3234E-00! 5.7993E-001
-5.1832E002 1.2554E001 5.6352E-001
9.3407C-003 1.2070C-001 5.5184L-001
$.7204E-002 1.1827E-001 5.45S97E-001
1.2656E-001 1.1608E-001 5.4067E001
2.0263E-001 1.1463E-001 5.3718E-001
2.6954C-001 1.1430E-001 5.3639LC-001
3.7576E-001 1.1421E-001 5.3616E-001
4.6685E-001 1.1411E-001 5.3594E-001
S.1¥13E-001 1.1437E-001 5.3656E-001
5.9762C-001 1.1447C-001 5.3678L-001
6.596SE-001 1.1556E-001 $.3943E-001

7.1007E-Q01 1.1680E-001 5.4242E001
7.5354L-001 1.1939C-001 5.4868L-001
7.9188E-001 1.2285E-001 5.5703E-00!
8.3669E-001 1.2643E-001 5.6566E-001
¥.6245E-001 1.3082E-001 5.7626E-001
8.9249CL-001 1.343SC-001 5.8478C-001
9.06S3E-001 1.374SE-001 5.9228E-001
9.2009E-001 1.4500E-001 6.1050E-001
-1.5000E-001 1.4500E-001 6.1050E<001
-1.2924C-001 1.4500E-001 5.9035C-001
-1.0031E-00! 1.4500E-001 5. 7741E-001
-5.1832E-002 1.4500E-001 S.596SE-001
9.3407E-003 1.4500E-001 5.4701E001
5.7204C~002 1.4500C-001 5.4066C-001
1.26S6E-001 1.4S00E-001 5.3492E-001
2.0263E-001 1.4500E-001 5.3113E-001
2.6954E-001 1.4500E-001 5.3028E-001
3.7576L-001 1.4500C-001 5.3004C-001
4.6685E-001 1.4500E-001 5.2979E-001
5.1813E-001 1.4500E-001 5.3046E-001
5.9762E-001 1.4500E-001 5.3071E-001
6.5965C-001 1.4500C-001 $.3358C-001
7.1007E-001 1.4500E-001 5.3681E-001
7.5354E-001 1.4500E-001 5.4359E-001
T.9188E-001 1.4500E-001 5.5262E-001
8.3669C-001 1.4500C-001 5.6197C-001
8.624SE-001 1.4500E-001 S.7344E-00!
8.9249E-001 1.4500E-001 5.8266E-001
9.0633E-001 1.4300E-001 5.907¥E-001
9.2009E-001 1.4500C-001 6.10S0C-001
-1.5000E-001 1.4500E-001 6.1050E-001
-1.2924E-001 1.2485E-001 6.1050E-001
-1.0031EQ01 1.1191E-001 6.10S0E-001
-5.1832E-002 9.4145C-002 6.1050L-001
9.3407E-003 8.1508E-002 6.1050E-001
5.7204E-002 7.5159E-002 6.1050E-001
1.2656E-001 6.9420E-002 6.10S0E-001
2.0263L001 6.563SE-002 6.1050C-001
2.6984E-001 6.4780E-002 6.1050E-001
3.7576E-001 6.4536E-002 6.10S0E-001
4.66835E-001 6.4292E002 6.10S0E-001
5.1813C-001 6.4963C-002 6.1050E-001
$.9762E-001 6.5208E-002 6.1050E-001
6.596SE-001 6.8077E-002 6.10S0E-001
7.1007E-001 7.1313E-002 6.1050£-001
7.5354CL-001 7.8089L-002 6.1050C-001
7.9188E-001 8.7125E-002 6.1050E-001
8.3669E-001 9.6465E-002 6.1050E-001
8.6245E-001 1.0794E-001 6.1050E-001
8.9249E-001 1.1716E-001 6.1050C-001
9.0653E-001 1.2528E-001 6.1050E-001
9.2009E-001 1.4500E-001 6.1050E-001
-1.3000E-001 1.4500E-001 6.1050E-001
-1.2924LE-001 1.2639C-001 6.1821C-001
-1.0031E-001 1.1443E-001 6.2316E-001
-5.1832E-002 9.8016E-002 6.2996E-001
9.3407E-003 3.6341E-002 6.3480E001
5.7204C-002 8.0475C-002 6.3723C-001
1.2656E-001 7.5173E-002 6.3942E-001
2.0263E-001 7.1676E-002 6.4087E-Q01
2.6954E-001 7.08¥6E-002 6.4120E-001
3.7576L-001 7.0661LC-002 6.4129C-001
4.668SE-001 7.0436E-002 6.4139E-001
S5.1813E-001 7.10S6E-002 6.4113E-001
3.9762E-001 7.1281E-002 6.4103E-001
6.5965C-001 7.3933L-002 6.3994L-001
7.1007E-00! 7.6922E-002 6.3870E-001
7.5354E-001 8.3182E-002 6.3611E-001
7.9188E-001 9.1530E-002 6.3265E-001
8.3669L-001 1.0016C-001 6.2907C-001
8.624SE-001 1.1076E-001 6.2468E-001
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8.9249E-001 1.1928E-001 6.2115E-001
9.0653C-001 1.2678C-001 6.180SC-001
9.2009E-001 ! 4500E-001 6.1050E-001
-1.5000E-001 1.4500E-001 6.10S0E-001
-1.2924E-001 1.3075E-001 6.247SE-001
-1.0031E-Q01 {.2160C-001 6.3390L-001
-5 1832E-002 1.0904E-001 6. 4646E-001
9.3407E-003 1.0010E-001 6.5S40E-001
3.7204E-002 9.56 14E-002 6.59%9E-001
1.2656L-001 9.155TE-002 6.6394E-001
2.0263E-001 8. 8880E-002 6 6662E-001
2.6954E-001 8.8276E-002 6.6722E-001
3.7576E-001 8.¥104E-002 6.6740E-001
4.6685C-001 8.7930C-002 6.675TC-0C1
S.1813E-001 8 840SE-002 6.6709E-001
5.9762E-001 8.8579E-002 6.6692E-001
6.39635E-001 9.0607E-002 6.6489E-001
7.1007E-001 9.2895E-002 6.6260C-001
7.5354E-001 9.768TE-002 6.5781E-001
7.9188E-001 1.0408E-001 6.5142E-001
8.3669E-001 1.1068E-001 6.44¥2E-00]
8.6245C-001 1.1880C-001 6.3670C-001
8.9249E-001 1.2532E-001 6.3019E-001
9.0653E-001 1.3106E-001 6.2444E-001
9.2009E001 1.4500E-001 6.1050E-001
-1.5000L-001 1.4500C-001 6.1050C-001
-1.2924E-001 1.3729E-001 6.2911E-001
-1.0031E-001 1.3234E-001 6.4107E-001
-3.1¥32E-002 1.2554E-001 6.5748E-001
9.3407E-003 1.2070L-001 6.6916E-001
5.7204E-002 1.1827E-001 6.7S03E-001
1.2656E-001 1.1608E-001 6.8033E-001
2.0263E-001 1.1463E-001 6.83¥2£-001
2.6954L-001 1.1430C-001 6.8461C-001
3 7576E-001 1.1421E-00! 6.8484E-001
4.668SE-00! 1.1411E-001 6.8506E-001
S.1813E-001 1.1437E-001 6.8444L-001
$.9762L-001 1.1447E-001 6.8422C001
6.596SE-001 1.15S6E-001 6 R1STE-001
7.1007E-00! i.1680E-001 6.7858E-001
7.5334E-001 1.1939E-001 6.7232£001
7.9188L-001 1.2285L-001 6.6397C-001
8.3669E-001 1. 2643E-001 6.5534E-001
8.6245E-001 1.3082E-001 6.4474E-001
8.9249E-001 1.3435E-001 6.3622E001
9.0653E-001 1.3745C-001 6.2872L-001
9 2009E-001 1.4S00E-001 6.10S0E-001
-1.5000E-001 1.4500E-001 6.1050E-001
-1.2924E-001 1.4500E-001 6.3065E-001
-1.0031C-001 1.4500C-001 6.4359C-001
-5.1832E-002 1.4S00E-001 6.6135E-001
9.3407E-003 1.4500E-001 6.7399E-001
5.T204E-002 1.4500E-001 6.8034E-001
1.2656C-001 1.4500C-001 6.86508C-00!
2.0263E-001 1 4S00E-001 6 89R7E-001
2.6954E-001 1.4500E-001 6.9072E-001
3.7576E-001 1.4500E-001 6.9096LL01
4.6685C-001 1.4500C-001 6.9121C-00!
$.1813E001 1.4S00E-001 6 20S4E-001
5.9762E-001 1.4500E-001 6.9029E-001
6.596SE-001 1.4500E-001 6.8742E-001
7.1007C-001 1.4500C-001 6.8419C-001
7.5354E-001 1.4S00E-001 6.7741E-001
7.9188E-001 1.4500E-001 6.6838E-001
8.3669E-001 1.45300E001 6.5903E-001
8.6245C-001 1.4500C-001 6.4756L-001
8.9249E-001 1 4500E-001 6.3834E-001
9.0653E-001 1.4500E-001 6.3022E-001
9.2009E-001 1.4500E-001 6.10S0E-001
ZONL T="\TR"
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DI=(SINGLE SINGLE SINGLE )

5.146SE-001 1.3000E-001 9.1500E-001
5.0317C-001 1.6472C-001 9.1SOOL-001
4 8901E-001 1.6065SE-001 9.1500E-001
4.7521E001 1.5580E-001 9.1500E-001
4.3736E-001 1.5337E-001 9.1500E-001
4.0720CL-00! 1.5016E-0G! 9.1500E-001
3.7S70E-00! 1.S016E-00t 9.1S00E-001
3. 0000E-00!1 1.5016E-001 9.1500E-001
5.1465E-001 1.X00VE-001 9.1500E-001
$S.0317C-001 1.6472C-001 9.0352C-001
4.83901E-001 1 606 SE-001 9 0352E-001
4.7521E-001 1.5580E-001 9.0352E-001
4.3736E-001 1.5337E-001 9.0352E-001
4.0720C-001 1.5016C~001 9.0352C-001
3.7570E-001 1.5016E-001 9.0352E-00!
3.0000E-Q01 1.5016E-001 9.0352E-001
5.1465E001 1.3000E-001 9.1500E-001
5.0317E-001 1.6472C-001 9.0352C-001
4.8901E-001 1.606SE-001 8 9180E-001
4.7521E-001 1.5580E-001 8.9180E-001
4.3736E-001 1.5337E-001 8.9180E-001
4.0720C-001 1.5016E<0Q1 8.9180C-001
3.7570E-001 1.5016E-001 8.91R0E-001
3.0000E-001 1.5016E-001 8.9180E-001
5.1463E-001 1.8000E-001 9.1300E-001
5.0317C<001 1.6472E-001 9.03S2L-001
4.87201E-001 1.606SE-001 8.9180E-001
4.7521E-001 1.5580E-001 8.8228E-001
4.3736E-001 1.5337E-001 ¥.8228E-001
4.0720C-00!} 1.5016C-00! 8.8228L-001
3.7570E-001 1.5016E-001 8.8228E-00!
3.0000E-001 1.5016E-001 8.8228E-001
5.1465E-001 1.83000E-001 9.1500E-001
5.0317C001 1.6472C001 9.0352C-001
4.8901E-001 1.606SE-00! 8.9180E-001
4.7521E-001 1.5S80E-001 8.8228E-001
4.3736E~-001 1.5337E001 8.7434E-001
4.0720C-001 1.5016C-001 8.7434L-001
3.7S70E-001 1.5016E-001 8.7434E-00!
3.0000E-001 1.5016E-001 8.7434E-001
5.1463E-001 1.30005-001 9.1500£-001
5.0317C-001 1.6444C-001 9.0352C-001
4.83901E-001 1.5930E-00! 8.9180E-001
4.7521E-001 1.5708E-001 8.8228E-001
4.3736L-001 1.5280E-001 ¥.7434L-001
4.0720C001 1.4345C-001 8.7434L-0C1
3.7S70E-001 1.434SE-001 8.7434E-001
3.0000E-001 1.4345E-001 8.7434E-001
5.1465E-001 1.3000E-001 9.1S00E-0U1
S.0317CQ01 1.6444C-001 9.0352C-001
4.8901E-00! 1.5930E-00! 8.9180E-00!
4.7521E-001 1.5708E-001 8.8228E-001
4.3736E-001 1.5280E-001 8.7434E-001
4.0720E-001 1.4345C-001 8.6103C001
3.7S70E-001 1.434SE-001 8.6103E-001
3.0000E-001 1.4345E-001 8.6103E-001
5.1465E-001 1.3000E-001 9.1S00E-001
S.0317C-00!1 1.6444C-001 9.03S2E-001
41.83901E-001 1.5930E-00! 8.9180E-00!
4.7521E-001 1.5708E-001 8.8228E-001
4.3736E-001 1.52¥0E-001 ¥.7434E-001
4.0720C-001 1.4345C-001 8.4980C-001
3.7S70E-001 1.4345SE-00! R 4980E-001
3.0000E-001 1.4345E-001 8.4980E-001
5.1465E-001 1.3000E-001 9.1500EQ0 !
S.0317E<001 1.7186C-001 9.0352C-001
4.83901E001 1.6T36E-001 8.9180E-0C1
4.7521E-001 1.6586E-001 8.8228E-001
4.3736E-001 1.6101E-001 8.7434L-001
4.0720C-001 1.5994L-0G1 8.4980C-001

3.7570E-001 1.5994E-001 ¥.49%0E-001
3.0000L-001 1.5994E-001 8.4980E-001
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8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.6472E-001 9.2648E001
1.1099CE-001 1.6065C-001 9.3820C-001
1.2479E-001 |.SS80E-001 9.4772E-00!
1.6264E-001 1.5337E-001 9.5566E-001
1.92%0E-001 1.5016E-001 9.3566E-001
+.2430C-001 1.5016E-001 9.5566L-001
3.0000E-00! 1.5016E-001 9.5566E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.6444E-001 9.2648E-001
1.1099C-001 1.5930L-001 9.3820L-001
1.2479E-001 1.5708E-001 9.4772E-001
1.6264E-001 1.5280E-001 9.5S66E-001
1.9280E-001 1.4343E-001 9.5566E-001
2.2430C-001 1.4345C-001 9.5566E-001
3.0000E-001 1.434SE-001 9.5566E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.6444E-001 9.2648E-001
1.1099C-001 1.5930C-001 9.3820C-001
1.2479E-00! 1.5708E-001 9.4772E-00!
1.6264E-001 1.5280E-001 9.5566E-001
1.9280E-001] 1.4343E-00] 9.6397E-00]
2.2430C-Q01 1.4345C-001 9.6897E-001
3.0000E-001 1.4345E-001 9.6897E001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.6444L-001 9.2648E-001
1.1099E-001 1.5930C-001 9.3820C-001
1.2479E-001 1.5708E-001 9.4772E-001
1.6264E-001 1.5280E-001 9.5566E-001
1.92%0E-001 1.4343E-001 9.85020E-001)
2.2430E-001 [.4345C-001 9.8020C-001
3.0000E-001 1.4345E-001 9.8020E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.7186E-001 9.2648E-001
11099001 1.6736E-001 9.3820L-001
1.2479C-001 1.6586C-001 9.4772C-001
1.6264E-001 1.6101E-001 9.5566E-001
1.9280L-001 1.5994E-001 9.8020E-001
2.2430C-001 1.5994C-001 9.8020C-001
3.0000E-001 1.5994E-001 9.8020E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.7522E-001 9.2648E-001
1.1099C-001 1.7379C-001 9.3820C-001
1.2479E-001 1.7379E-001 9.4247E-001
1.6264E-001 1.6601E-001 9.5566E-001
1.9280E-001 1.7257E-001 9.3020E-001
2.2430C-001 1.7257C-001 9.8020C-001
3.0000E-001 1. 7257E-001 9.8020E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825E-002 1.7522E-001 9.2648E001
1.1099C-001 1.7379C-001 9.3820C-001
1.2479E-001 1.7379E-001 9.4247E-001
1.6264E-001 1.6601E-001 9.5566E-001
1.9280E-001 1.7257E-001 9.6897E-001
2.2430C-001 1.7257C-001 9.689TC-001
3.0000E-001 1.725TE-001 9.6897E-001

8.534¥E-002 1.3000E-001 9.1500E-001
9.6825C-002 1.7522C-001 9.2648C-001
1.1099E-001 1. 7379E-001 9.3820E-001
1.2479E-001 1.7379E-001 9.4247E-00!
1.6264E-001 1.6601E-Q01 9.5566E-001
1.9280C-001 {.725TE-001 9.5566C001
2.2430E-001 ! 7257E-00! 9.5566E-001
3.0000E-001 1.725TE-001 9.5S66E-001
8.5348E-002 1.3000E-001 9.1500E-Q01
9.6825C-002 1.7822C-00! 9.2648L-001
1.1099E-001 1.7379E-001 9.3820E-001
1.2479E-001 1.7379E-001 $.4247E-001
1.6264E-001 1.6601E-001 9.5566E-001
1.9280C-001 1.6601E-001 9.5566L-001
2.2430E-001 1.6601E-001 9.5S66E-001
3.0000E-001 1.6601E-001 9.5566E-001
¥.5348E-002 1.3000E-001 9.1500E-001
9.6825LC-002 1.7822C-001 9.2648E-001
1.1099E-001 1.7607E-001 9.3820E-001
1.2479E-001 1.7479E-001 9.4247TE-001
1.6264E-001 1.7286E-001 9.4247E-001
1.9280C-001 1.7186C~001 9.4247C-001
2.2430E-001 1.7186E-00! 9.4247E-001
3.0000E<001 1.7186E-001 9.4247E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825C-002 1.7822C-001 9.2648C-001
1.1099E-001 1.7714E-001 9.2648E-001
1.2479E-001 1.7536E-001 $.2648E-001
1.6264E-001 1.7300E-001 9.2648E-001
1.9280C-001 1.74S7TE-00} 9.2648L-00 1
2.2430E-001 1.7457E-001 9.2648E-001
3.0000E-001 1.74S7E-001 9.2648E-001
8.5345E-002 1.8000E-001 9.1S00E-001
9.6825L-002 1.7886E-001 9.1500C-001
1.1099E-001 1.7814E-001 9.1500E-00!
1.2479E-001 1.7750E-001 9.1 500E-001
1.6264E-001 1.7679E-Q01 9.1500E-001
1.9280L-001 1.7457C-001 9.2648C001
2.2430E-001 1.8000E-001 9.2648E-001
3.0000E-001 1.8000E-001 9.2648E-001
8.5348E-002 1.8000E-001 9.1500E-001
9.6825C-002 1.7886C-001 9.1S00C-001
1.1099E-001 1.7814E-001 2.1 SO0E-001
1.2479E-001 1.7750E-001 9.1SO00E-001
1.6264E-001 1.7679£-001 9.1S00E-001
1.9280C-001 1.7457C-001 9.1500C-001
2.2430E-001 1.8000E-001 9.1S0CE-001
3.0000E-001 1.8000E-001 9.1500E-001
ZONE T="MK82mn"
1-22, J-36, K-1.+-POINT
DT=(SINGLE SINGLE SINGLE )
2.0000E-002 1.1000E-001 8.6000E-001
2.5130E-002 1.3080E-001 8.6000E-001
5.1100C-002 1.3500C-001 8.6000E-001
.2300E-002 1.3720E-00! 8.6000E-00!
1.0600E-001 1.4020E-001 8.6000E-001
1.3300E<001 1.4140E-001 3.6000E-001
1.6900C-001 1.4190E-001 8.6000C-001
2.0100E-001 1.4350E-001 ¥.6000E-001
2.3300E-001 1.4350E-001 8.6000E-001
2.6400E-001 1.4350E-001 ¥.6000E-001
3.0S00C-00! 1.4300C-001 8.6000C-001
3.4400E-001 1.4280E-001 8 6000E-001
3.8200E-001 1.4090E-001 8.6000E-001
4.1900E-001 1.3770E-001 8.6000E001
4.4500C-001 1.3600C-001 8.6000C-001
4.7500E-001 1.3300E-001 8.6000E-001
4.9100E-001 1.2940E-001 8.6000E-001
3.1700E-001 1.2580E-001 3.6000L001
5.3700C-001 1.2150E-001 8.6000C-001
$.3700E-001 1.2150E-00! 8.6000E-001
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5.6200E-001 1.1934E-001 8.6000E-001
5.6200C-001 1.1000C-001 8.6000E-00 |
2.0000E-002 1 1000E-001 R 6000E-001
2.5130E-002 1.2780E-001 8.4930E-001
5.1100E-002 1.3140E-001 8.4710E-001
8.2300E-002 1.3330C-001| 8.4600L-001
1. 0600E-001 1.3590E-001 R.4440E-001
1.3300E-001 1.3690E-001 8.4380E-001
1.6900E-001 1.3740E001 8.4360E-001
2.0100C-001 1.3870C-001 8.4280C-001
2.3300E-001 ! 3R70E-001 & 4270E-001
2.6400E-001 1.3870E-001 8.4280E-001
3.0500E-001 1.3830L-001 8.4300E-001
3.4400C-001 1.3820C-001 8.4310C-00!
3 8200E-001 1 36S0E-001 8.4410E-001
4.1900E-001 1.3380E-001 8.4570E-001
4.4500E-001 1.3230E-001 8.4660E001
4.7500E-001 1.2970L-001 8.4820C0C 1
4.9100E-001 1.2710E-001 £ SORTE-001
5.1700E-001 1.2450E-001 8.5379E-001
3.3700E-001 1.2110E-001 8.5701E-001
5.3700C-001 1.2110C-001 8.5701C~001
5 6200E-001 1.1801E-001 8.5519E-001
5.6200E-001 1.1000E-001 8.6000E-001
2.0000E-002 1.1000E-001 8.6000£-001
2.5130C-002 [.2780L-001 8.4930L001
5.1100E-002 1.3140E-001 R 4710E-001
8.2300E-002 1.3330E-001 8.4600E-001
LOGOOE-001 1.3590E-001 8.4440E001
1.3300C-001 1.3690C~001 8.4380C-001
1.6900E-001 1.3740E-001 8 4360E-001
2.0100E-001 1.3870E-001 8.4280E-001
2.3300E-001 1.3870E-001 8.4270L001
2.6400C-001 1.3870C-001 8 4280C-001
3.0S00E-001 1.3830E-001 R.4300E-001
3.4400E-001 1.3820E-001 8.4310E-001
3.5200E-001 1.3650E-001 $.4410L-001
4.1900C-001 1.3380C-001 8.4570C-001
4.4500E-001 1.3230E-001 8 4660E-001
4.7500E-001 1.2970E-001 8.4820E-001
4.9100E-001 1.3570E-001 8.4100E-001
5.1700C-001 1.3570C-001 8.4130L-001
5.3700E-001 1.3500E-001 8 4250E-001
5.3700E-001 1.2110E-001 8.5701E-001
5.6200E-001 1.1301E-001 ¥.5519E-QU1
5.6200C-001 1.1000C-001 8.6000C-001
2.0000E-002 1.1000E-001 8 6000E-001
2.5130E-002 1.2730E-001 8.4930E-001
5.1100E-002 1.3140E-001 8.4710E-001}
8.2300E-002 1.3330E-001 8.4000L-0U |
1.0600C-001 1.3590C-001 8.4340L-001
1.3300E-001 1.3690E-001 8.4380E-001
1.6900E-001 1.3740E001 8.4360E-001
2.0100C-001 1.3870C-001 8.4280C-001
2.3300E-001 1.3870E-001 8.4270E-001
2.6400E-001 1.3870E-001 8.4280E-001
3.0500E<001 1.3830E-001 ¥.4300L-001
3.4400C-001 1.3820C-001 8.4310C<0|
3.8200E-001 1.3650E-001 8.4410E-001
4.1900E-001 1.3380E-001 8.4570E-001
4.4500E-001 1.3230E-001 3.4660E001
4.7500E-001 1.2970C-001 8.4820C001
4.9100E-001 1.4650E-001 8.2850E-00!
5.1700E-001 1.4630E-001 8.2870E-001
5.3700E-001 1.4680L-001 ¥.2840E001
5.3700C-001 1.2110C-001 8.5701C-001
$.6200E-001 1.1R01E-001 8.5519E-001
5.6200E-001 1.1000E-001 8.6000E-001
2.0000E-002 1.1000E-001 8.6000E-001
2.5130E-002 1.2470E-001 8.4530C-001
$.1100E-002 1.2770E-001 8 4230E-001



¥.2300E-002 1.2930E-001 ¥.4070E-001
1.0600C-001 [.3140C-001 8.3860C-001
1.3300E-001 1.3220E-001 8.3780E-00!
1.6900E-001 1.3260E-001 8.3740E-001
2.0100E-001 1.3370L-001 8.3630L-001
2.3300C-001 1.3370C-00! 8.3630E-001
2.6400E-00! 1.3370E-001 8.3630E-001
3.0500E-001 1.3340E-001 8.3660E-001
3.4400E-001 1.3320E-001 ¥.3680E-001
3.8200C-001 1.3180L-001 8.3820C-001
4 1900E-001 1.2960E-00! 2.4040E-001
4.4500E-001 1.2840E-001 8.4160E-001
4.7500E001 1.2620E-001 8.4380E-001
4.9100E-00!1 1.4400E-001 8.2600C-001
S 1700E-001 1.4380E-001 8.2620E-00!
5.3700E-001 1.4420E-001 8.2580E-001
5.3700E-001 1.1812£-001 8.5188E-001
5.6200C-001 1.1660C-001 8.5340C-001
§.6200E-001 !.1000E-00! 8.6000E-001
2.0000E-002 1.1000E-Q01 8.6000E-001
2.5130E-002 1.2070E-001 8.4220£001
5.1100CE-002 1.2290L-001 8.3860C-001
8.2300E-002 1.2400E-001 8.3670E-001
1.0600E-001 1.2560E-001 8.3410E-001
1.3300E-001 1.2620E-001 ¥.3310E-001
1.6900C-001 1.2640E-001 8.3260C-001
2.0100E-001 1.2720E-001 8.3130E-001
2.3300E-001 1.2730E-001 8.3130E-001
2.6400E-001 1.2720E-001 8.31308-001
3.0S00E-001 1.2700E001 8.3170C-001
3.4400E-001 1.2690E-001 8.3180E-001
3.8200E-001 1.2590E-001 8.3350E-001
4.1900E001 1.2430E-001 ¥.3620£-001
4.4500E-001 1.2340C-001 8.3770C-001
4.7S00E-001 1.2180E-001 8.4030E-001
4.9100E-001 1.4150E-00! 8.2350E-001
5.1700E-001 1.4130E-001 8.2370E-001
5.3700L-001 | 4160C-001 8.2320E001
$.3700E-001 1.1299E-001 8 4890E-001
5.6200E-001 1.1481E-001 8.5199E-001
3.6200E-001 1.1000E-001 8.6000E-001
2.0000C<002 1.1000C-001 8.6000L-001
2.5130E-002 1.2070E-001 8.4220E-001
5.1100E-002 1.2290E-001 8.3860E-001
8.2300E-002 1.2400£-001 ¥.3670L001
1.0600C-001 1.2560C-001 8.3410C-001
1.3300E-001 1.2620E-001 8.3310E-001
1.6900E-001 1.2640E-001 8.3260E-001
2.0100E-001 1.2720E001 ¥.3130L-001
2.3300C-001 1.2730C-001 8.3130C001
2.6400E-001 1.2720E-001 8.3130E-001
3.0500E-001 1.2700E-001 8.3170E-001
3.4400£-001 1.2690E-001 ¥.3130E-001
3.8200C-001 £.2590C-001 8.3350C-001
4.1900E-001 1.2430E-001 8.3620E-001
4.4500E-001 1.2340E-001 8.3770E001
4.7500E001 1.2180E-001 ¥.4030E-001
4.9100C-001 1.2900E-001 8.3430L-001
5.1700E-001 1.2870E-001 8.3430E-001
5.3700E-001 1.27S0E-001 8.3500E-001
5.3700E-001 1.1299E-001 ¥.4890E-001
5.6200C-001 1.1481E-Q01 8.5199C-001
$.6200E-001 1.1000E-001 8. 6000E-001
2.0000E-002 1.1000E-0Q1 8.6000E-001
2.5130E-002 1.2070E-001 8.4220E001
5.1100C-002 1.2290L-001 8.3860C-001
8.2300E-002 1.2400E-001 8.3670E-001
1.0600E-001 1.2560E-001 8.3410E-001
1.3300E-001 1.2620£-001 ¥.3310E-601
1.6900C-001 1.2640C-001 8.3260:-001
2.0100E-001 1.2720E-001 8.3130E-001

2.3300E-001 1.2730E-001 8.3130E-001
2.6400C-001 1.2720C-001 8.3130CE-001
3 0SO0E-001 1.2700E-001 8.3170E-001
3.4400E-001 1.2690E-001 8.3180E-001
3.5200E-001 1.2590E-001 ¥.3350E-001
4.1900C-Q01 1.2430C-001 8.3620E-001
4.4500E-001 1.2340E-001 8.3770E-001
4.7500E-001 1.2180E-001 8.4030E-001
4.9100E-001 1.1913E-001 8.4290E-001
5.1700C-001 1.1621C-001 8.4550C-001
$.3700E-001 1.1299E-001 8 4890E-001
5.3700E-001 1.1299E-001 8.4890E-00!
5.6200E-001 1.14381E-001 8.5199£-001
5.6200C-001 1.1000C-001 8.6000C-001
2.0000E-002 1.1000E-Q01 8.6000E-001
2.5130E-002 1.1000E-001 8.3920E-001
5.1100E-002 1.1000E001 8.3500E001
8.2300C-002 1.1000E-001 8.3280L-001
1.0600E-001 1.1000E-001 8.2980E-00!
1.3300E-001 1.1000E-001 8.2860E-001
1.6900E-001 1.1000E-001 ¥.2810E-001
2.0100C-001 1.1000L-001 8.2650C-001
2.3300E-001 1.1000E-001 8.2650E-001
2.6400E-001 1.1000E-001 8.2650E-001
3.0500E001 1.1000E001 ¥.2700E-001
3.4400C-00! 1.1000C-001 8.2720E-001
3.8200E-001 1.1000E-001 8.2910E-001
4.1900E-001 1.1000E-001 8.3230E-001
4.4300E-001 1.1000E-001 ¥.3400E-001
4.7500C-001 1.1000C-00!] 8.3700C-001
1.9100E-00! 1.1000E-00! 8.4060E-001
5.1700E-001 1.1000E-001 8.4420E-001
3.3700E-001 1.1000E-001 8.4850E-001
5.3700C-001 1.1000C-001 8.4850C-001
$.6200E-001 1.1000E-00! 8.5066E-001
5.6200E-001 1.1000E-001 8.6000E-001
2.0000E-002 1.1000E-001 8.6000E-001
2.5130E-002 8.9200E-002 8.6000C-001
5.1100E~-002 8.5000E-002 8.6000E-00!
8.2300E-002 8.2800E-002 8.6000E-001
1.06U0E-001 7.9800E-002 8.6000E-001
1.3300C-00! 7.8600E-002 8.6000C~001
1.6900E-001 7.83100E-002 8.6000E-00!
2.0100E-001 7.6500E-002 8.6000E-001
2.3300E-001 7.6S00E-002 8.6000£-001
2.6400C-001 7.6500L-002 8. 6000E-001
3.0500E-001 7.7000E-002 8.6000E-00!
3.4400E-001 7.7200E-002 8.6000E-001
3.8200E-001 7.9100E002 5.6000E-001
4.1900C-00! 8.2300C-002 8.6000C-001
4.4500E-001 8.4000E-002 8.6000E-00!
4.7S00E-00] 8.7000E-002 8.6000E-001
4.9100E-001 9.0600E-002 3.6000E-001
5.1700E-001 9.4200E-002 8.6000C-001
$.3700E-001 9.8S00E-002 R.6000E-001
5.3700E-001 9.8500E-002 8.6000E-001
5.6200E-001 1.0066L-001 8.6000E-001
5.6200E-001 1.1000E-001 8.6000C-001
2.0000E-002 1.1000E-001 8.6000E-001
2.5130E-002 9.2200E-002 8.4930E-001
5. 1100E002 8.8600E-002 8.4710E-001
8.2300L-002 8.6700C-002 8.4600E-001
1.0600E-001 8.4100E-002 8.4440E-001
1.3300E-001 8.3100E-002 8.4380E-001
1.6900E-001 $.2600E-002 ¥.4360E-001
2.0100C-001 8.1300L-002 8.4280E-001
2.3300E-001 8.1300E-002 8.4270E-001
2.6400E-001 8.1300E-002 8.4280E-001
3.0500E-001 8.1700E-002 ¥.4300£-001
3.4400C~00! 8.1800E-002 8.4310C-001
3.8200E-001 8.3500E-002 8.4410E-001

E1l1

4.1900E-001 8.6200E-002 8.4570E-001
4.4500C-001 8.7700C-002 8.4660L-00 |
4.7S00E-001 9.0300E-002 £.4820E-001
4.9100E-001 9.2900E-002 8.5087E-001
3.1700E001 9.5500L-002 8.5379E-001
5.3700C-001 9.8900C-002 8.5701C-001
$.3700E-001 9.8900E-002 8. S701E-001
5.6200E-001 1.0199E-001! 8.5519E-001
5.6200E-001 §.1000L-001 ¥.6000E-0U1
2.0000E-002 [.1000C-001 8.6000C-00 1
2.5130E-002 9.2200E-002 8.4930E-001
S.1100E-002 8.8600E-002 8.4710E-001
8.2300E-002 8.6700L-002 8.4600E-001
1.0600C-001 8.4100L-002 8.4440LC-001
1.3300E-001 8.3100E-002 8.4380E-001
1.6900E-001 8.2600E-002 8.4360E-001
2.0100E-001 ¥.1300E-002 8.4280E-001
2.3300C-001 8.1300C-002 8.4270C-001
2.6400E-001 8.1300E-002 8.4280E-001
3.0500E-001 8.1700E-002 8.4300E-001
3.4400E-001 ¥.1¥00E-002 8.4310E-001
3.8200C-001 8.3500C-002 8.4410L-001
4.1900E-001 8.6200E-002 8.4570E-001
4.4500E-001 8.7700E-002 8.4660E-001
4.7500E001 9.0300E-002 ¥.4820L-001
4.9100C-001 8.4300C-002 8.4100C-001
5.1700E-00! R.4300E-002 8.4130E-001
5.3700E-001 8.5000E-002 8.4250E-001
5.3700E-001 9.8900E-002 8.5701E001
5.6200C-001 1.0199L-001 8.5519C-001
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5.3700E-001 1.1000E-001 9.81S0E-001
5.3700E-001 1.1000E-001 9.81 50E-001
5.6200E-001 !.1000E-001 9.7934E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 i.1000E-001 9.7000E-001
2.5130E-002 8.9200E-002 9.7000E-001
5.1100E-002 8. S000E-002 9.7000E-001
8 2300E-002 8.2800E-002 9.7000E-001
1.0600E-001 7.980QE-002 9.7000E-001
1.3300E-001 7.8600E-002 9.7000E-001
1.6900E-001 7.8100E-002 9.7000E-001
2.0100E-001 7.6S00E-002 9.7000E-001
2.3300E-001 7.6500E-002 9.7000E-001
2.6400E-001 7.6500E-002 9.7000E-001
3.0500E-001 7.7000E-002 9.7000E-001
3.4400E-001 7.7200E-002 9.7000E-001
3.8200E-001 7.9100E-002 9.7000E-001
4.1900E-001 8.2300E-002 9.7000E-001
4.4500E-001 8 4000E-002 9.7000E-001
4.75S00E-001 8.7000E-002 9.7000E-001
4.9100E-001 9.0600E-002 9.7000E-001
3.1700E-001 9.4200E-002 9.7000E-001
5.3700E-001 9.8500E-002 9.7000E-00!
$.3700E-001 9.8500E-002 9.7000E-001
$.6200E-001 1.0066E-001 9.7000E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.10G0E-001 9.7000E-001
2.5130E-002 9.2200E-002 9.8070E-00 1
5.1100E-002 8.8600E-002 9.8290E-001
8.2300E-002 8.6700E-002 9.8400E-001
1.0600E-001 8.4100E-002 9.8560E-001
1.3300E-001 8.3100E-002 9.8620E-001
1.6900E-001 8.2600E-002 9.8640E-001
2.0100E-001 8.1300E-002 9.8720E-001
2.3300E-00! 8.1300E-002 9.8730E-001
2.6400E-001 8.1300E-002 9.8720E-001
3.0500E-0Q1 8.1700E-002 9.8700E-001
3.4300E-001 8.1800E-002 9.8690E-001
3.8200E-001 8.3500E-002 9.8590E-001
4.1900E-001 8.6200E-002 9.8430E-0C1
4.4500E-Q01 8.7700E-002 9.8340E-001
4.7S00E-001 9.0300E-002 9.8180E-001
4.9100E-001 9.2900E-002 9.7913E-001
5.1700E-001 9.5S00E-002 9.7621E-001
5.3700E-001 9.8900E-002 9.7299E-001
5.3700E-001 9.8900E-002 9.7299E-001
$.6200E-001 1.0199E-001 9.7481E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.1000E-001 9.7000E-001
2.5130E-002 9.2200E-002 9.8070E-001
S.1100E-002 8.8600E-002 9.8290E-001
8.2300E-002 8.6700E-002 9.8400E-001
1.0600E-001 8.4100E-002 9.8560E-001
1.3300E-Q01 8.3100E-002 9.8620E-001
1.6900E-001 8 2600E-002 9.8640E-001

2.0100E-001 8.1300E-002 9.8720E-001
2.3300E-001 8.1300E-002 9.8730E-001
2.6400E-0C1 8.1300E-002 9.8720E-001
3.0500E-001 8.1700E-002 9.8700E-001
3.4400E-001 8.18300E-002 9.8690E-001
3.8200E-001 8.3500E-002 9.8590E-001
4.1900E-001 8.6200E-002 9.8430E-001
4.4500E-001 8.7700E-002 9.8340E-001
4.7500E-001 9.0300E-002 9.8180E-001
4.9100E-001 8.4300E-002 9.8900E-001
5.1700E-001 8.4300E-002 9.8870E-001
5 3700E-001 8.5000E-002 9.87S0E-001
5.3700E-001 9.8900E-002 9.7299E-001
5.6200E-001 1.0199E-001 9.7481E-001
$.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.1000E-001 9.7000E-001
2.5130E-002 9.2200E-002 9.8070E-001
5.1100E-002 8.8600E-002 9.8290E-001
8.2300E-002 8.6700E-002 9.8400E-001
1.0600E-001 8.4100E-002 9.8560E-001
1.3300E-001 8.3100E-002 9.8620E-001
1.6900E-001 8.2600E-002 9.8640E-001
2.0100E-001 8.1300E-002 9.8720E-00!
2.3300E-001 8.1300E-002 9.8730E-001
2.6400E-001 8.1300E-002 9.8720E-001
3.0500E-001 8.1700E-002 9.8700E-001
3.4400E-001 8.1800E-002 9.8690E-00!
3.8200E-001 8.3500E-002 9.8590E-001
4.1900E-001 8.6200E-002 9.8430E-001
4.4500E-001 8.7700E-002 9.8340E-001
4.7500E-001 9.0300E-002 9.8180E-001
4.9100E-001 7.3500E-002 1.001SE-000
5.1700E-001 7.3700E-002 1.0013E-000
5.3700E-001 7.3200E-002 1.0016E-000
5.3700E-001 9.8900E-002 9.7299E-001
5.6200E-001 1.0199E-001 9.7481E-001
5.6200E-001 1.1000E-001 9.7000E-001!
2.0000E-002 1.1000E-0Q1 9.7000E-001
2.5130E-002 9.5300E-002 9.8470E-001
5.1100E-002 9.2300E-002 9.8770E-001
8.2300E-002 $9.0700E-002 9.8930E-001
1.0600E-001 8.8600E-002 9.9140E-001
1.3300E-00! 8.7800E-002 9.9220E-00!
1.6900E-001 8.7400E-002 9.9260E-001
2.0100E-001 8.6300E-002 9.9370E-001
2.3300E-001 8.6300E-002 9.9370E-001
2.6400E-001 8.6300E-002 9.9370E-001
3.0500E-001 8.6600E-002 9.9340E-001
3.4400E-001 8.6800E-002 9.9320E-001
3.8200E-001 8.8200E-002 9.9180E-001
4.1900E-001 9.0400E-002 9.8960E-00!
4.4500E-001 9.1600E-002 9 .8840E-001
4.7500E-001 9.3800E-002 9.8620E-001
4.9100E-001 7.6000E-002 1.0040E-000
5.1700E-00! 7.6200E-002 1.0038E~000
5.3700E-001 7.5800E-002 1.0042E-000
5.3700E-001 1.0188E-001 9.7812E-001
5.6200E-001 1.0340E-001 9.7660E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.1000E-001 9.7000E-001
2.5130E-002 9.9300E-002 9.8780E-001
5.1100E-002 9.7100E-002 9.9140E-001
8.2300E-002 9.6000E-002 9.9330E-001
1.0600E-001 9.4400E-002 9.9590E-00t
1.3300E-001 9.3800E-002 9.9690E-001
1.6900E-001 9.3600E-002 9.9740E-001
2.0100E-001 9.2800E-002 9.9870E-001
2.3300E-001 9.2700E-002 9.9870E-001
2.6400E-001 9.2800E-002 9.9870E-001
3.0500E-001 9.3000E-002 9.9830E-001
3.4400E-001 9.3100E-002 9.9820E-00!
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3.8200E-001 9.4100E-002 9.9650E-001
4.1900E-001 9.5700E-002 9.9380E-001
4.4500E-001 9 6600E-002 9.9230E-001
4.7500E-001 9 8200E-002 9 8970E-001
4.9100E-001 7.8500E-002 1.0065E~000
$.1700E-001 7.8700E-002 1.0063E-000
$.3700E-001 7.8400E-002 1 0068E 000
$.3700E-001 1.0701E-001 9.8110E-001
5.6200E-001 1.0519E-001 9.7801E-001
5.6200E-001 1.1000E-Q01 9.7000E-001
2.0000E-002 1 1000E-001 9.7000E-001
2.5130E-002 9 9300E-002 9 8780E-001
$.1100E-002 9.7100E-002 9.$140E-001
8.2300E-002 9.6000E-002 9.9330E-001
1.0600E-001 9 4400E-002 9 9590E-001
1.3300E-001 9.3800E-002 9.9690E-001
1.6900E-001 9.3600E-002 9.9740E-001
2.0100E-001 9.2800E-002 9.9870E-00!
2.3300E-001 9.2700E-002 9.9870E-001
2.6400E-001 9.2800E-002 9.9870E-001
3.0500E-001 9.3000E-002 9.9830E-00!
3.4400E-001 9.3100E-002 9.9820E-001
3.8200E-001 9.4100E-002 9.96S0E-001
4.1900E-001 9.5700E-002 9.9380E-001
4.4500E-001 9.6600E-002 9.9230E-001
4.7500E-001 9.8200E-002 9.8970E-001
4.9100E-001 9.1000E-002 9.9570E-001
5.1700E-001 9.1300E-002 9 9570E-001
5.3700E-001 9.2500E-002 9.9500E-001
5.3700E-001 1.0701E-Q01 9.8110E-001
$.6200E-001 1.0519E-001 9 7801E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.1000E-001 9.70600E-001
2.5130E-002 9.9300E-002 9.87R0E-001
5.1100E-002 9.7100E-002 9.9140E-001
8.2300E-002 9.6000E-002 9.9330E-001
1.0600E-001 9 4400E-002 9.9590E-001
1.3300E-001 9.3800E-002 9.9690E-001
1.6900E-001 9.3600E-002 9.9740E-001
2.0100E-001 9.2800E-002 9.9870E-001
2.3300E-00% 9.2700E-002 9.9870E-001
2.6400E-001 9.2800E-002 9.9870E-001
3.0500E-001 9.3000E-002 9.9830E-001
3.4400E-001 9.3100E-002 9.9820E-001
3.8200E-001 9.4100E-002 9.9650E-001
4.1900E-001 9.5700E-002 9.9380E-001
4.4500E-001 9.6600E-002 9.9230E-001
4.7500E-001 9.8200E-002 9.8970E-001
4.9100E-001 1.0087E-001 9.8710E-001
5.1700E-001 1.0379E-001 9.8450E-001
$.3700E-0C1 1.0701E-001 9.8110E-001
5.3700E-00t 1.0701E-001 9.8110E-001
$.6200E-001 1.0519E-001 9.7801E-001
5.6200E-001 1.1000E-001 9.7000E-001
2.0000E-002 1.1000E-001 9.7000E-001
2.5130E-002 1.1000E-001 9.9080E-001
S.1100E-002 1.1000E-Q01 9.9500E-001
8.2300E-002 1.1000E-001 9.9720E-001
1.0600E-001 1.1000E-Q01 1.0002E -000
1.3300E-001 1.1000E-001 1 0014E-000
1.6900E-001 1.1000E-00! 1.0019E-000
2.0100E-001 1.1000E-001 1.003SE-000
2.3300E-001 1.1000E-00! 1.003SE-000
2.6400E-001 1.1000E-001 1.003SE-000
3.0500E~001 1.1000E-001 1.0030E~-000
3.4400E-00! 1.1000E-Q01 1.0028E-000
3.8200E-001 1.1000E-001 1.0009E -000
4.1900E-001 1.1000E-0C1 9.97T70E-001
4.4500E-001 1.1000E-001 9.9600E-001
4.75S00E-001 1.1000E-001 9.9300E-001
4.9100E-001 1.1000E-001 9.8940E-001



5.1700E-001 1.1000E-001 9.8580E-001
5.3700E-001 1.1000E-001 9.8150E-001
$.3700E-001 1.1000E-0Q! 9.8150E-001
5.6200E-001 1.1000E-00} 9.7934E-001
5.6200E-00! 1.1000E-001 9.7000E-001

E.3 Clean Wing
Lines

TITLE - “CF-18"
VARIABLES - “Z°
e
-
ZONE T+"Line 1"
I=11. J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 2.7202E-001 8. S608E-001
1.0000E ~000 2.6792E-001 8.570SE-001
9.1474E-001 2.6383E-001 8.5803E-001
8.2948E-001 2.5973E-001 8.S907E-001
7.4421E-001 2.5973E-001 8.5999E-001
6.589SE-001 2.5973E-001 8.606TE-001
$.7369E-001 2.6383E-001 8.6171E-001
4.8843E-001 2.658TE-001 8.6276E-001
4.0317E-001 2.6792E-001 8.6361E-001
3.1791E-001 2.7202E-001 8.6484E-001
2.3264E-001 2.7530E-001 8.6588E-001
ZONE T="Line 2"
1=10. J=1, K=1,F=POINT
DT=SINGLE SINGLE SINGLE )
1.0853E-000 2.6781E-001 9.1137E-001
1.0000E -000 2.6S81E-001 9.1641E-001
9.1474E-001 2.6180E-001 9.214SE-001
8.2948E-001 2.6220E-001 9.2648E-001
7.4421E-001 2.5779E-001 9.4825E-001
6.5895E-001 2.6180E-001 9.4916E-001
$.7369E-001 2.6421E-001 9.3947E-001
4.8843E-001 2.6581E-001 9.4317E-001
4.0317E-001 2.6781E-001 9.4712E-001
3.5201E-001 2.6781E-001 9.5681E-001
ZONE T="Line 3"
I=11, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+-000 2.7602E-001 3.7000E-001
1.0000E~000 2.7602E-001 3.7000E-001
9.1474E-001 2.7763E-001 3.7000E-001
8.2948E-001 2.8404E-001 3.7000E-001
7.4421E-001 2.9206E-001 3.7000E-001
6.589SE-001 2.9607E-001 3.7000E-001
$.T369E-001 3.0408E-001 3.7000E-001
4.8843E-001 3.0809E-001 3.7000E-001
4.0317E-001 3.161 1E-001 3.7000E-001
3.1791E-001 3.2413E-001 3.7000E-001
2.3264E-001 3.3054E-001 3.7000E-001
ZONE T="Linc 4
I=11. J=1. K=1 F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 2.8478E-001 5.0459E-001
1.0000E~000 2.8478E-001 5.0644E-001
9.1474E-001 2.8077E-001 5.0829E-001
8.2948E-001 2.8077E-001 5.1014E-001
7.4421E-001 2.8478E-001 5.1200E-001
6.589SE-001 2.8879E-001 S.1340E-001
$.T369E-001 2.9120E-001 5.1492E-001
4.8843E-001 2.9280E-001 5.1631E-001
4.0317E-001 2.9922E-001 5.1853E-001
3.1791E-001 3.0483E-001 5.2121E-001
2.3264E-001 3.1285E-001 5.2389E-001

ZONE T="Lmne 5"
I=11, }=1. K=1.F=POINT
DT=SINGLE SINGLE SINGLE )
1.0853E~000 2.945E-001 6.6587E-001
1.0000E -000 2.9291E-001 6.6587E-001
9.1474E-001 2.9050E-001 6.6S87E-001
8.2948E-001 2.8649E-001 6.6587E-001
7.4421E-001 2.8649E-001 6.6587E-001
6.3895E-001 2.8649E-001 6.6587E-001
5. T369E-001 2.8649E-001 6.4891E-001
4 8843E-001 2.90S0E-001 6 S459E-001
4.0317E-001 2.9451E-001 6.6032E-001
3.1791E-001 2.9852E-001 6.7926E-001
2.3264E-001 3.0172E-GO! 6.7532E-001
ZONE T="Lme 6°
[=11, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E~000 2.7884E-001 5.9784E-001
1.0000E ~000 2.7564E-001 6.1082E-001
9.1474E-001 2.7323E-001 6.2380E-001
8.2948E-001 2.6922E-001 6.3678E-001
7.4421E-001 2.6922E-001 6.7583E-001
6.5895E-001 2.7323E-001 6.8212E-001
5.7369E-001 2.7564E-001 6.8706E-001
4.8843E-001 2.7724E-001 6.7459E-001
4.0317E-001 2.8125E-001 7.0527E-001
3.1791E-001 2.8526E-001 7.1263E-001
2.3264E-001 2.8927E-001 7.1966E-001
ZONE T="Lmne 77
[=11. J=1, K=l .F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 2.6497E-001 6.9238E-001
1.0000E 000 2.6096E-001 7.0245E-001
9.1474E-001 2.569SE-001 7 1252E-001
8.2948E-001 2.569SE-001 7.2259E-001
7.4421E-001 2.569SE-001 7.3267E-00!
6.589SE-001 2.6336E-001 6.8894E-001
5.7369E-001 2.6657E-001 7.7460E-001
4.8843E-001 2.7138E-001 7.7879E-001
4.0317E-001 2.7699E-001 7.8780E-001
3.1791E-001 2.8100E-001 7.9458E-001
2.3264E-001 2.8902E-001 8.1380E-00!
ZONE T="Line 8"
[=10, J=1. K=1.F=POINT
DT=SINGLE SINGLE SINGLE )
1.0853E-000 2.6068E-00! 9.1018E-001
1.0000E~000 2.5426E-001 9.2653E-001
9.1474E-001 2.5266E-001 9.4288E-001
8.2948E-001 2.4865E-001 9.5923E-001
7.4421E-001 2.4865E-001 1.0156E~000
6.589SE-001 2.4865E-001 1.0200E-000
5.7369E-001 2.486SE-001 1.0030E-000
4.8843E-001 2.5266E-001 1.0167E~000
4.0317E-001 2.5426E-001 1.0303E~000
3.2643E-001 2.5907E-001 1.0702E-000
ZONE T="Lme 9"
I=11, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 2.3751E-001 1.2087E-000
1.0000E~000 2.2789E-001 1.2152E~000
9.1474E-001 2.1987E-001 1.2217E-000
8.2948E-001 2.1346E-001 1.2282E-000
7.4421E-001 2.1346E-001 1.2323E-000
6.589SE-001 2.1346E-001 1.2540E-000
5.7369E-001 2.1346E-001 1.2574E+000
4.8843E001 2.1346E-001 1.2625E-000
4.0317E-001 2.1586E-001 1.2654E 000
3.1791E-001 2.1185E-001 1.2682E-000
2.9233E-001 2.1 18SE-001 1.2691E-000
ZONE T="Lme 10"
I=13.J=1, K=1.F=POINT
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DT=(SINGLE SINGLE SINGLE )
1.0853E-000 2.9909E-001 1.3972E -000
1.0000E ~000 2.830SE-001 1.4134E-000
9.1474E-001 2.7103E-001 1.4333E-000
8.2948E-001 2.5499E-001 1 4488E-000
7 4421E-001 2.4297E-001 | 50S9E -000
6.589SE-001 2.3094E-001 | 4979E -000
5.7369E-001 2.1891E-001 1.506 TE-000
4.8843E-001 2.1089E-001 1 S187E~000
4.0317E-001 2.0288E-001 1.5316E -000
3 1791E-001 1 9646E-001 | SII9E -000
2.3264E-001 1.8844E-001 1.5398E -000
1.4738E-001 1 8844E-001 1.5477E -000
6 2119E-002 1. 8844E-001 | SSS6E - 000
ZONET="Lme 11"
[=12, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 1.7179E-001 3 7000E-00!
1.0000E~000 1.7981E-001 3. 7000E-001
9.1474E-001 1.8382E-001 3.7000E-001
8.2948E-001 1.9424E-001 3.7000E-001
7.4421E-001 1.998SE-001 3.7000E-001
6.589SE-001 2.1188E-001 3.7000E-001
5.7369E-001 2.1589E-001 3.7000E-001
4.8843E-001 2.2391E-001 3.7000E-001
4.0317E-001 2.2952E-001 3.7000E-001
3.1791E-001 2.3433E-001 3.7000E-001
2.3264E-001 2.3593E-001 3.7000E-001
1.8149E-001 2.3593E-001 3. 7000E-001
ZONE T="Lme 12"
1=12, J=1. K=1LF=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 2.1325E-001 4.1902E-001
1.0000E~000 2.0924E-001 4. 2968E-001
9.1474E-001 2.0683E-001 4.4034E-001
8.2948E-001 2.0683E-001 4.5100E-001
7.4421E-001 2.0683E-001 4.6166E-001
6.589SE-0C1 2.0683E-001 5.1300E-001
5.7369E-001 2.0683E-001 5.1300E-001
4.8843E-001 2.132SE-001 S.1300E-001
4.0317E-001 2.1325E-001 S.1300E-001
3.1791E-001 2.1325E-001 5.1300E-001
2.3264E-001 2.1325E-001 S5.1300E-001
1.6443E-001 2.1325E-001 5.1300E-001
ZONE T="Line 13"
[=12. =1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 1.9609E-001 6.5544E-001
1.0000E 000 1.9449E-001 6.6041E-001
9.1474E-001 1.9208E-001 6.6S3TE-001
8.2948E-001 1.896TE-001 6.7033E-001
7.4421E-001 1.8967E-001 6.51 1 1E-001
6.5895E-001 1.8967TE-001 6.6150E-001
5. 7T369E-001 1.8967E-001 6 8341E-001
4.8843E-001 1.8967E-001 6.9021E-001
4.0317E001 1.8967E-Q01 7.0265E-001
3.1791E-001 1.8967E-001 7.0734E-001
2.3264E-001 1.8967E-001 7.1203E-001
2.1559E-001 1.8967E-001 7.1299E-001
ZONE T="Lme 14*
[=12.J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E~000 1.6860E-001 7.9408E-001
1.0000E~000 1.6860E-001 7.9408E-00!
9.1474E-001 1.6860E-001 7.9408E-001
8.2948E-001 1. 6860E-001 7.9408E-001
7.4421E-001 1.6860E-001 7.9408E-001
6.589SE-001 1.6860E-001 7.9408E-001
5.7369E-001 1.7020E-001 7.7463E-001
4.8843E-001 1.7261E-001 7.8031E-001
4.0317E-001 1.7S01E-Q01 7.84SSE-001



3.1791E-001 1.7661E-001 8.0394E-001
2.3264E-001 1.7661E-001 8.0394E-001
2.1559E-001 1.7661E-001 8.0394E-001
ZONE T="Lme 15"

I=12, J=1, K=1 . F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 1.7S79E-001 6.5064E-001
1.0000E~000 1.6937E-001 6.6 T26E-001
9.1474E-001 1.7178E-001 6.8388E-001
8.2948E-001 1.7178E-001 7.0050E-001
7.4421E001 1.6777E-001 7.2198E-001
6.5895E-001 1.6617E-001 7.37S3E-001
$.7369E-001 1.6617E-001 7.467SE-001
4.8843E-001 1.6617E-001 7.6218E-001
4.0317E-001 1.6617E-001 7.8994E-001
3.1791E-001 1.6617E-001 8.0437E-001
2.3264E-001 1.661TE-001 8.1909E-001
2.1559E-001 1.661TE-001 8.2182E-001
ZONE T="Line 16"

1=10, J=1. K=1.F=POINT

DT=(SINGLE SINGLE SINGLE )
1.0853E+000 1.7158E-001 9.0881E-001
1.0000E~000 1.6597E-001 9.1232E-001
9.1474E-001 1.6036E-001 9.1583E-001
8.2948E-001 1.5394E-001 9.1935E-001
7.4421E-001 1.5234E-001 9.2222E-001
6.5895E-001 1.4993E-001 9.2588E-001
5.7369E-001 1.4753E-00: 9 2741E-001
4.8843E-001 1.4592E-001 9.3189E-001
4.0317E-001 1.4432E-001 $.3609E-001
3.4348E-001 1.4432E-001 9.3904E-001
ZONE T="Lie | 7"

[=10, J=1. K=1.F=POINT

DT=(SINGLE SINGLE SINGLE )
1.0853E~000 1.5836E-001 9.4753E-001
1.0000E~000 1.5436E-001 9.541SE-001
9.1474E-00} 1.4874E-001 9.6076E-001
8.2948E-001 1.4233E-001 9.6738E-001
7.4421E-001 1.4073E-001 9.7360E-001
6.589SE-001 1.3832E-00! 9.8030E-001
5.7369E-001 1.3591E-001 9.9132E-001
4.8843E-001 1.3591E-001 9.9710E001
4.0317E-001 1.3591E-001 1.0037TE~000
3.2643E-001 1.3431E-001 1.0078E-000
ZONE T-"Line 18"

I=11, J=1, K=1,F=POINT
DT=SINGLE SINGLE SINGLE )
1.0853E+000 1.2748E-001 1.2042E+000
1.0000E+000 1.1946E-001 1.2106E-000
9.1474E-001 1.1144E-00! 1.2170E-000
8.2948E-001 1.0743E-001 1.2234E-000
7.4421E001 1.0102E-001 1.2259E~000
6.589SE-001 9.9416E-002 1.2487E-000
5.7369E-001 9.5407E-002 1.2526E-000
4.8843E-001 9.1398E-002 1.2441E-000
4.0317E-001 8.7389E-002 1.2529E-000
3.1791E-001 8.3380E-002 [.2554E-000
3.0085E-001 8.3380E-002 1.2570E-000
ZONE T="Line 19"

1=13. J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 4.2117E-001 1.2356E-000
1.0000E~-000 4.1315E-001 1.2739E-000
9.1474E-001 4.0112E-001 1.3853E-000
8.2948E-001 3.8910E-Q01 1.4064E-000
7.4421E-001 3.7466E-001 1.427SE-000
6.5895E-001 3.6023E-001 1.4813E-000
5.7369E-001 3.4580E-001 1.4919E-000
4.83843E-001 3.3137E-001 1.5024E-000
4.0317E-Q01 3.1694E-001 1.5129E-000
3.1791E-001 3.0491E-001 1.5156E~000

2.3264E-001 2.9288E-001 1.5303E 000
1.4738E-001 2.8487E-001 1.5449E~000
5.3593E-002 2.8086E-001 1.5611E-000
ZONE T="Linec 20"
I=11, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E~000 1.9200E-001 6.6587E-001
1.0000E~000 1.9040E-00! 6.6587E-001
9.1474E-001 1.9040E-001 6.658TE-001
8.2948E-001 1.9040E-001 6.6S8TE-001
7.4421E-00] 1.9040E-001 6.658TE-001
6.589SE-001 1.9200E-001 6.6587E-001
5.7369E-001 1.9441E-001 6.6587E-001
4.8843E-001 1.9681E-001 6.6587E-001
4.0317E-001 1.9441E-001 6.6S87E-001
3.1791E001 1.9842E-001 6.6S8TE-001
2.2412E-001 1.9842E-00! 6.6S8TE-001
ZONE T="Line 21"
[=12, J=1, K«1LF=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 1.2368E-001 3.7000E-001
1.0000E~000 1.2368E-001 3.7000E-001
9.1474E-001 1.2368E-001 3.7000E-001
8.2948E-00! 1.2529E-001 3.7000E-001
7.4421E-001 1.2769E-001 3.7000E-001
6.5895E-001 1.3010E-001 3.7000E-001
5.7369E-001 1.3170E-001 3.7000E-001
4.8843E-001 1.3331E-001 3.7000E-001
4.0317E-001 1.3571E-001 3.7000E-001
3.1791E-001 1.3571E-001 3.7000E-001
2.3264E-001 1.3571E-001 3.7000E-001
1.9001E-001 1.3571E-001 3.7000E-001
ZONE T="Line 22°
[=12, J=1, K=1 F=POINT
DT=(SINGLE SENGLE SDNGLE )
1.0853E~000 1.10S8E-001 3.7897E-001
1.0000E~000 1.1058E-001 3.8698E-001
9.1474E-001 1.1058E-001 3.9498E-001!
8.2948E-001 1.1058E-001 4.0299E-001
7.4421E-001 1.10S8E-001 4.1099E-001
6.589SE-001 1.1058E-001 4.1900E-001
5.7369E-001 1.1459E-001 4.2700E-001
4.8843E-001 1.1459E-001 4.3501E-001
4.0317E-001 1.1459E-001 4.4301E-001
3.1791E-001 1.1459E-001 4.4370E-001
2.3264E-001 1.1219E-001 4.5502E-001
1.8149E-001 1.1219E-001 4.5S86E-001
ZONE T="Line 23°
[=12, J=1, K=1 F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 1.0417E-001 5.7537E-Q01
1.0000E~000 1.0096E-001 5.8224E-001
9.1474E-001 9.85SSE-002 5.891 1E-001
8.2948E-001 9.6150E-002 5.9599E-001
7.4421E-001 9.4546E-002 6.0286E-001
6.5895E-001 9.4546E-002 6.0973E-001
5.7369E-001 9.2943E-002 6.1661E-001
4.83843E-001 9.0538E-002 6.2040E-001
4.0317E-001 9.0538E-002 6.2814E-001
3.1791E-001 8.8132E-002 6.3922E-001
2.3264E-001 8.6529E-002 6.449TE-001
1.4738E-001 8.6529E-002 6.658TE-001
ZONE T="Lme 24"
[=12, J=1, K= ,F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 9.2424E-002 5.861TE-001
1.0000E~(00 8.8415E-002 5.9665E-001
9.1474E-001 8.8415SE-002 6.0713E-00!
8.2948E-001 8.6811E-002 6.1 760E-001
7.4421E-001 8.4406E-002 6.2808E-001
6.589SE-001 8.4406E-002 6.3856E-001
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5.7369E-001 8.4406E-002 6.4903E-001
4.8843E-001 8. 4406E-002 6.6076E-001
4.0317E-001 8.4406E-002 6.6124E-001
3.1791E-001 8.4406E-002 6.7422E-001
2.3264E-001 8.4406E-002 7.00S1E-001
1.3033E-001 8.4406E-002 7 0868E-001
ZONE T="Line 25"
[=12. J=1. K=LF=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 8.8397E-002 7.775S8E-001
1.0000E 000 8.0379E-002 7.8012E-001
9.1474E-001 7.6370E-002 7.8266E-001
8.2948E-001 7.2361E-002 7.8520E-001
7.4421E-001 7.0758E-002 7 8T74E-001
6.589SE-001 6.8352E-002 7.9027E-001
5.7369E-001 6.4344E-002 7.9281E-001
4.3843E-001 6. 2740E-002 7 936 TE-0O1
4.0317E-001 6.0335E-002 7.96 18E-001
3.1791E-001 5.7929E-002 7.9932E-001
2.3264E-001 5.6326E-002 8.0256E-001
2.0706E-001 5.6326E-002 8.0377E-001
ZONE T="Lme 26"
[=12, J=1, K=1.LF=POINT
DT =(SINGLE SINGLE SINGLE )
1.0853E-000 5.4147E-002 7.5216E-001
1.0000E~000 5.4147E-002 7.6012E-001
9.1474E-001 5.4147E-002 7.6808E-001
8.2948E-001 5.4147E-002 7.7604E-001
7.4421E-001 5.4147E-002 7.8400E-001
6.589SE-001 5.4147E-002 7.9196E-001
5.7369E-001 5.414TE-002 7.9992E-001
4.8843E-001 S.4147E-002 8.0799E-001
4.0317E-001 5.414TE-002 7.9487E-001
3.1791E-001 5.4147TE-002 8.1594E-001
2.3264E-001 5.4147E-002 8.2728E-001
1.9854E-001 5.4147E-002 8.3181E-00!
ZONE T-"Lme 27"
[=12, J=1, K=1.F<-POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E+000 7.3021E-002 8.0659E-001
1.0000E~000 6.9012E-002 8.1895SE-001
9.1474E-001 6.S003E-002 8.3132E-001
8.2948E-001 6.0994E-002 8.4369E-001
7.4421E-001 5.6985E-002 8.5606E-001
6.5895E-001 5.5382E-002 8.6842E-001
5.7T369E-001 5.0571E-002 8.8079E-001
4.8343E-001 5.6985E-002 8.8488E-001
4.0317TE-001 4.7364E-002 9.2914E-001
3.1791E-001 4.4959E-002 9.3444E-001
2.3264E-001 4.4959E-002 9.4103E-00!
1.8149E-001 4.4959E-002 9.61 7T4E-001
ZONE T="Line 28"
[=12, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E-000 6.2309E-002 7.3247E001
1.0000E~000 5.8300E-002 7.5646E-001
9.1474E-001 5.4291E-002 7.8045E-001
8.2948E-001 4.7877E-002 8.0444E-001
7.4421E-001 4.4670E-002 8.2843E-001
6.5895E-001 3.9859E-002 8.5241E-001
S.7369E-001 5.825SE-002 8.7640E-001
4.8843E-001 3.4247E-002 9.0928E-001
4.0317E-001 3.0238E-002 9.6387E001
3.1791E-001 2.8634E-002 9.7795SE-001
2.3264E-001 2.5804E-002 9.9036E-001
1.7296E-001 2.3823E-002 1.0099E-000
ZONE T="Line 29"
I=11, J=1, K=1 F=POINT
DT=(SINGLE SINGLE SINGLE )
1.0853E~000 -5.0329E-003 1.1273E-000
1.0000E-000 -9.0418E-003 1.1391E-000



9.1474E-001 -1.30S1E-002 1.1508E-000
8.2948E-001 -1.9465E-002 1.1625E~000
7.4421E-001 -2.26 T2E-002 1.1742E-000
6.589SE-001 -2.5077E-002 1.1859E-000
5.7369E-001 -2.9086E-002 1.1976E-000
4.8843E-001 -3.0690E-002 1.1830SE ~000
4.0317E-001 -3.0690E-002 1.2088E ~000
3.1791E-001 -3.0690E-002 1.2355SE~000
2.9233E-001 -3.0690E-002 1 2394E-000
ZONE T="Line 30"

[=13.J=1, K=1.F=POINT

DT=(SINGLE SINGLE SINGLE )

1.0853E~000 -5.3864E-002 1.3264E-000
1.0000E~000 -6.1882E-002 1.3418E-000

9.1474E-001 -6.5891E-002 1.3573E-000
8.2948E-001 -6.9900E-002 1.3727E~000
7.4421E-001 -7.3908E-002 |.3882E-000
6.5895E-001 -7.7917TE-002 1.4036E 000
5.7369E-001 -8.1926E-002 1.4191E-000
4.8843E-001 -8.4332E-002 1.3845E-000
4.0317E001 -8.5935E-002 1.471TE~000
3.1791E-001 -8.9944E-002 1.4843E 000
2.3264E-001 -9.3953E-002 1.4502E-000
1.4738E-001 -9.5SS6E-002 1.5093E 000
6.2119E-002 -9.7962E-002 1.5248E-000
ZONE T="Line 31"

I=13, J=1, K=1LF=POINT

DT=(SINGLE SINGLE SINGLE )

1.0853E000 -5.3321E-002 1.3166E-000
1.0000E~000 -6.1339E-002 1.3321E-000

9.1474E-001 6.5348E-002 1.347SE-000
8.2948E-001 -6.9357E-002 1.3630E-000
7 4421E-001 -7.3366E-002 1 3784E-000
6.589SE-001 -7.7374E-002 1.4143E+000
5.7369E-001 -8.1383E-002 1.4269E-000
4.8843E-001 -8.3789E-002 1.4022E-000
4.0317E-001 -8.5392E-002 1.4211E-000
3.1791E-001 -8.9401E-002 1.4745SE-000
2.3264E-001 -9.3410E-002 1.4871E-000
1.4738E-001 -9.5014E-002 1.SO087TE~000
6.2119E-002 -9.7419E-002 1.5192E-000

E.4 Stores Lines

TITLE «"CF-i8

VARIABLES = “Z"
-~
-y
ZONE T="Line 1

[=12. J=1, K=1,F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 4.1758E-003 8.0700E-001
5.6200E-001 1.2967E~002 8.0298E-001
4.8874E-Q01 2.0293E-002 7.9904E-001
4.1548E-001 4.0806E-002 7.9538E-001
3.4222E-001 5.9121E-002 7.9293E-001
2.6896E-001 8.1099E-002 7.9241E-001
1.9570E-001 1.0674E-001 8.031SE-001
1.2244E-001 1.2286E-001 8.1363E-001
4.9179E-002 1.3604E-001 8.2136E-001
-2.4081E-002 1.4337E-00! 8.2136E-001
-9.7341E-002 1.5070E-Q01 8.2136E-001
-1.7060E-001 1.5802E-001 8.2136E-001
ZONE T="Line 2"

I=12. J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 8.4762E-002 1.0305E-000
5.6200E-001 9.2088E-002 1.03S6E-000

4.8874E-001 9.9414E-002 1.0398E 000
4.1548E-001 1.0674E-00] 1.0466E~000
3.4222E-001 1.1407E-001 1.0400E~000
2.6896E-001 1.2139E-001 1.0353E-000
1.9570E-001 1.3238E-001 1.0247E 000
1.2244E-001 1.4337E-001 1.0196E-000
4.9179E-002 1.4703E-001 1.015SE-000
-2.4081E-002 1.5070E-001 1.0145E~000
-9.7341E-002 1.5070E-001 1.0136E-000
-1.7060E-001 1.5802E-001 1.0127E-000
ZONE T="Line 3"
1=12, J=1, K=1F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -5.296TE-002 9.497SE-001
5.6200E-001 -4.5641E-002 9.5S72E-G01
4.8874E-001 -3.831SE-002 9.6095E-00!
4.1548E-001 -2.6593E-002 9.6388E-001
3.4222E-001 -1.926TE-002 9.6684E-001
2.6896E-001 -1.0476E-002 9.6986E-001
1.9570E-001 4.1758E-003 9.7136E-001
1.2244E-001 1.8828E-002 9.7136E-001
4.9179E-002 3.494SE-002 9.654SE-001
-2.4081E-002 5.9121E-002 9.6024E-001
-9.7341E-002 7.3773E-002 9.6024E-001
-1.7060E-001 8.4762E-002 9.6024E-001
ZONE T="Linc 4"
[=12, J=1, K=1 F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 5.1282E-004 8.3802E-001
5.6200E-001 4.1758E-003 8.3802E-001
4.8874E-001 4.17S8E-003 8.4218E-001
4.1548E-001 4.17S8E-003 8.4763E-001
3.4222E-001 7.8388E-003 8.4913E-001
2.6896E-001 1.1502E-002 8.4913E-001
1.9570E-001 1.8828E-002 8.4913E-001
1.2244E-001 2.9817E-002 8.4913E-001
4.9179E-002 3.7143E-002 8 4913E-001
-2.4081E-002 6.2784E-002 8.4913E-001
-9.7341E-002 7.7436E-002 8.4913E-001
-1.7060E-001 8.4762E-002 8.4913E-001
ZONE T="Lme 5°
[=12, J=1,  K=1 F=POINT
DT=(SINGLE SINGLE SINGLE)
6.3526E-001 -6.8132E-003 9.0469E-001
5.6200E-001 -6.8132E-003 9.0469E-001
4.8874E-001 -3.1502E-003 9.0469E-001
4.1548E-001 S.1282E-004 9.0469E-001
3.4222E-001 1.7363E-002 9.0469E-001
2.6896E-001 4.8132E-002 9.0629E-001
1.9570E-001 8.8425E-002 9.1348E-001
1.2244E-001 1.1040E-001 9.1580E-001
4.9179E-002 1.2872E-001 9.1580E-001
-2.4081E-002 1.4337E-001 9.1580E-001
-9.7341E-002 1.5802E-001 9.1580E-001
-1.2664E-001 1.6168E-001 9.1580E-001
ZONE T="Line 6"
I=12, J=1. K=1,F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -5.8095E-002 9.0490E-001
5.6200E-001 -4.8571E-002 9.0469E-001
4.8874E-001 -3.9780E-002 9.0469E-001
4.1548E-001 -2.8791E-002 9.0469E-001
3.4222E-001 -1.7800E-002 9.0469E-001
2.6896E-001 -1.68S0E-003 9.0469E-001
1.9570E-001 1.7363E-002 9.0895E-001
1.2244E-001 3.4945E-002 9.1594E-001
4.9179E-002 5.5458E-002 9.1580E-001
-2.4081E-002 7.0110E-002 9.1580E-001
-9.7341E-002 8.4762E-002 9.1 580E-001
-1.7060E-001 9.57S1E-002 9.1580E-001
ZONE T="Lme 7°
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1=12, J=1, K=1.F=POINT
DT=(SENGLE SINGLE SINGLE )
6.3526E-001 -5.5897E-002 9.0505E-001
5.6200E-001 -4.8571E-002 9.0469E-001
4.8874E-001 -3.9780E-002 9 0469E-001
4.1548E-001 -2.8791E-002 9.0469E-001
3.4222E-001 -1.7802E-002 9.0469E-001
2.6896E-001 -3.1502E-003 $.0469E-001
1.9570E-001 1.1502E-002 9.0860E-001
1.2244E-001 2.6154E-002 9 1522E-001
4.9179E-002 4.8132E-002 9.1 S80E-001
-2.4081E-002 6.2784E-002 9.1580E-001
-9.7341E-002 7.3773E-002 9.1580E-001
-1.7060E-001 8.4762E-002 9.1580E-001
ZONE T~"Line 8

1=12, J=1, K=1F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -3.2454E-002 9.0469E-001
5.6200E-001 -2.5128E-002 9.0469E-001
4.8874E-001 -1.4139E-002 9 0469E-001
4.1548E-001 4.1758E-003 9.0469E-001
3.4222E-00i 2.7619E-002 9.0469E-001
2.6896E-001 6.2784E-002 9.0767E-001
1.9570E-001 1.0674E-001 9.1508E-00!
1.2244E-001 1.2872E-001 9 1 S80E-001
4.9179E-002 1.4703E-001 9.1580E-001
-2.4081E-002 1.5802E-001 9.1580E-001
-9.7341E-002 1.653SE-001 9.1580E-001
-1.7060E-001 1.726 TE-001 9.1580E-001
ZONE T="Line 9"

1=12, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
7.8178E-001 7.7436E-002 9.0330E-001
7.4515E-001 8.1099E-002 9.0608E-001
7.0852E-001 9.2088E-002 9.0469E-001
6.7189E-001 9.2088E-002 9.0469E-001
6.3526E-001 9.2088E-002 9.0469E-001
6.0596E-001 8.8425E-002 9.0469E-001
5.8031E-001 9.57S1E-002 9.0469E-001
5.9130E-001 1.1040E-001 9.0469E-001
6.0596E-001 1.1407E-001 9.0469E-001
6.3526E-001 1.1773E-001 9.0469E-001
7.0852E-001 1.1040E-001 9.0469E-001
7.8178E-001 1.1407E-001 9.0330E-001
ZONE T-"Line 10"

[=14, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
7.8178E-001 -2.146SE-002 7.9358E-001
7.0852E-001 -1.7802E-002 7.93S8E-001
6.3526E-00! -1.0476E-002 7.9517TE-001
5.6200E-001 -3.1502E-003 7.9816E-001
4.8874E-001 4.1758E-003 7.9913E-001
4.1548E-001 1.2967E-002 7.9913E-001
3.4222E-001 2.6154E-002 7.9913E-001
2.6896E-001 3.7143E-002 7.9913E-001
1.9570E-001 4.8132E-002 7.9913E-001
1.2244E-001 6.4249E-002 8.0026E-001
4.9179E-002 7.7436E-002 8.0321E-001
-2.4081E-002 9.2088E-002 8.0303E-001
-9.7341E-002 1.0674E-001 7.9973E-001
-1.7060E-001 1.2139E-001 7.9668E-001
ZONE T="Line 11"

I=14, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
7.8178E-001 4.7106E-002 6.7391E-001
7.0852E-001 -3.9780E-002 6.857T3E-001
6.3526E-001 -3.3919E-002 6.9745E-001
5.6200E-001 -2.5128E-002 7.0895E-001
4.8874E-001 -1.6337E-002 7.1833E-001
4.1548E-001 -3.1502E-003 7.2461E-001
3.4222E-001 1.1502E-002 7.3110E001



2.6896E-001 2.6154E-002 7.3771E-001
1.9S70E-001 4.0806E-002 7.4131E-001
1.2244E-001 6.1319E-002 7.43S8E-001
4.9179E-002 7 7436E-002 7.4358E-001
-2.4081E-002 9.2088E-002 7.4027E-001
-9.7341E-002 1.0674E-001 7.3365SE-001
-1.7060E-001 1.2139E-001 7.2704E-001
ZONE T="Line 1"
[=12. J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 4.1758E-003 8.0700E-001
5.6200E-001 1.2967E-002 8.0298E-001
4.8874E-001 2.0293E-002 7.9904E-001
4.1548E-001 4.0806E-002 7.9538E-001
3.4222E-001 5.9121E-002 7.9293E-001
2.6896E-001 8.1099E-002 7.9241E-001
1.9570E-001 1.0674E-001 8.0315E-001
1.2244E-001 1.2286E-001 8.1363E-001
4.9179E-002 1.3604E-001 8.2136E-001
-2.4081E-002 1.4337E-001 8.2136E-001
-9.7341E-002 1.5070E-001 8.2136E-001
-1.7060E-001 1.5802E-001 8.2136E-001
ZONE T="Lme 2"
I=12,J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 8.4762E-002 1.0305E-000
5.6200E-001 9.2088E-002 1.03S6E~000
4.8874E-001 9.9414E-002 1.0398E ~000
4.1548E-00! 1.0674E-001 1.0466E ~000
3.4222E-001 1.1407E-001 1.0400E 000
2.6896E-001 1.2139E-001 1.0353E-000
1.9570E-001 1.3238E-001 1.0247E-000
1.2244E-001 1.4337E-001 1.0196E~000
4.9179E002 1.4703E-001 1.015SE-000
-2.4081E-002 1.5070E-001 1.0145E-000
-9.7341E-002 1.5070E-001 1.0136E-000
-1.7T060E-001 1.5802E-001 1 0127E-000
ZONE T="Lme 3"
I=12, j=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-00! -5.2967TE-002 9.497SE-001
5.6200E-001 4.5641E-002 9.5572E-001
4.8874E-001 -3.8315E-002 9.609SE-001
4.1548E-001 -2.6593E-002 9.6388E-001
3.4222E-001 -1.926TE-002 9.6684E-001
2.6896E-001 -1.0476E-002 9.6986E-001
1.9570E-001 4.1758E-003 9.7136E-001
1.2244E-001 1.8828E-002 9.7136E-001
4.9179E-002 3.494SE-002 9.654SE-001
-2.4081E-002 5.9121E-002 9.6024E-001
-9.7341E-002 7.3773E-002 9.6024E-001
-1.7060E-001 8.4762E-002 9.6024E-001
ZONE T="Lmc 4"
[=12.J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 5.1282E-004 8.3802E-001
$.6200E-001 4.1758E-003 8.3802E-001
4.8874E-001 4.1758E-003 8.4218E-001
4.1548E-001 4.1758E-003 8.4763E-001
3.4222E-001 7.8388E-003 8.4913E-001
2.6896E-001 1.1502E-002 8.4913E-001
1.9570E-001 1.8828E-002 8.4913E-001
1.2244E-001 2.981 7E-002 8.4913E-001
4.9179E-002 3.7143E-002 8.4913E-001
-2.4081E-002 6.2784E-002 8.4913E-001
-9.7341E-002 7.7436E-002 8.4913E-001
-1.7060E-001 8.4762E-002 8.4913E-001
ZONE T="Line 57
[=12, J=1. K=1.F=POINT
DT =(SINGLE SINGLE SINGLE )
6.3526E-001 -6 8132E-003 9.0469E-001

5.6200E-001 -6.8132E-003 9.0469E-001
4.8874E-001 -3.1502E-003 9.0469E-001
4.1548E-001 5.1282E-004 9.0469E-001
3.4222E-001 1.7363E-002 9.0469E-001
2.6896E-001 4.8132E-002 9.0629E-001
1.9570E-001 8.842SE-002 9.1348E-001
1.2244E-001 1.1040E-001 9.1580E-001
4.9179E-002 1.2872E-001 9.1S80E-001
-2.4081E-002 1.4337E-001 9.1580E-001
-9.7341E-002 1.5802E-001 9.1S80E-001
-1.2664E-001 1.6168E-001 9.1580E-001
ZONE T-"Line 6"
[=12, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -5.809SE-002 9.0490E-001
S.6200E-001 -4.8571E-002 9.0469E-001
4.8874E-001 -3.9780E-002 9.0469E-001
4.1548E-001 -2.8791E-002 9.0469E-001
3.4222E-001 -1.7800E-002 9.0469E-001
2.6896E-001 -1.68S0E-003 9.0469E-001
1.9570E-001 1.7363E-002 9.0895E-001
1.2244E-001 3.4545E402 9.1594E-001
4.9179E-002 5.5458E-002 9.1S80E-001
-2.4081E-002 7.0110E-002 9.1 S80E-00!
-9.7341E-002 8.4762E-002 9.1 580E-001
-1.7060E-001 9.5751E-002 9.1 580E-001
ZONE T="Line 7°
[=12, J=1, K=1F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -5.5897E-002 9.050SE-001
5.6200E-001 <$.8571E-002 9.046%E-001
4.8874E-001 -3.9780E-002 9.0469E-001
4.1548E-001 -2.8791E-002 9.0469E-001
3.4222E-001 -1.7802E-002 9.0469E-001
2.6896E-001 -3.1502E-003 9.0469E-001
1.9570E-001 1.1502E-002 9.0860E-001
1.2244E-001 2.6154E-002 9.1522E-001
4.9179E-002 4.8132E-002 9.1580E-001
-2.4081E-002 6.2784E-002 9.1S80E-00!
-9.7341E-002 7.3773E-002 9.1 S80E-001
-1.7060E-001 8.4762E-002 9.1580E-001
ZONE T="Lmne 8"
[=12, J=1. K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
6.3526E-001 -3.2454E-002 9.0469E-001
5.6200E-001 -2.5128E-002 9.0469E-001
4.8874E-001 -1.4139E-002 9.0465E-001
4.1548E-001 4.17S8E-003 9.0469E-00!
3.4222E-001 2.7619E-002 9.0469E-001
2.6896E-001 6.2784E-002 9.0767TE-001
1.9570E-001 1.0674E-001 9.1508E-001
1.2244E-001 1.2872E-001 9.1580E-001
4.9179E-002 1.4703E-001 9.1580E-001
-2.408EQ02 1.5802E-001 9.1580E-001
-9.7341E-002 1.6535E-001 9.1580E-001
-1.7060E-001 1.726TE-0Q1 9.1580E-001
ZONE T="Lme 9"
1=12, J=1, K=1.F=POINT
DT=(SINGLE SINGLE SINGLE )
7.8178E-001 7.7436E-002 9.0330E-001
7.451SE-001 8.1099E-002 9.0608E-0Q1
7.0852E-001 9.2088E-002 9.0469E-001
6.7189E-001 9.2088E-002 9.0469E-001
6.3526E-001 9.2088E-002 9.0469E-001
6.0596E-001 8.83425E-002 9.0469E-001
$.8031E-001 9.57S1E-002 9.0469E-001
$.9130E-001 1.1040E-001 9.0469E-001
6.0596E-001 1.1407E-001 9.0469E-001
6.3526E-001 1.1773E-001 9.0469E-001
7.0852E-001 1.1040E-001 9.0469E-001
7.8178E-001 | 1407E-00! 9.0330E-001

E21

ZONE T="Line 10"

[=14, J=1, K=L.LF=POINT

DT =(SINGLE SINGLE SINGLE )
7.8178E-001 -2.146SE-002 7.9358E-001
7.0852E-001 -1.7802E-002 7.9358E-001
6.3526E-001 -1.0476E-002 7.9517E-001
5.6200E-001 -3.1502E-003 7.9816E-0C1
4.8874E-001 4.1758E-003 7.9913E-001
4.1548E-001 1.296TE-002 7.9913E-001
3.4222E-001 2.6154E-002 7.9913E-001
2.6896E-001 3.7143E-002 7.9913E-001
1.9570E-001 4.8132E-002 7.9913E-001
1.2244E-001 6.4249E-002 8.0026E-001
4.9179E-002 7.7436E-002 8.0321E-001
-2.4081E-002 9.2088E-002 8.0303E-001
-9.7341E-002 1.067T4E-001 7.9973E-001
-1.7060E-001 1.2139E-001 7.9668E-001
ZONE T="Lne 11"

[=14, J=1, K=1.LF=PODNT
DT=(SINGLE SINGLE SINGLE )
7.8178E-001 4.7106E-002 6.7391E-001
7.0852E-001 -3.9780E-002 6.8573E-001
6.3526E-001 -3.3919E-002 6.974SE-001
5.6200E-001 -2.5128E-002 7.0895E-001
4.8874E-001 -1.6337E-002 7.1833E-001
4.1548E-001 -3.1502E-003 7.2461E-001
3.4222E-001 1.1502E-002 7.3110E-001
2.6896E-001 2.6154E-002 7.3771E001
1.9570E-001 4.0806E-002 7.4131E-001
1.2244E-001 6.1319E-002 7.4358E-001
4.9179E-002 7.7436E-002 7.43S8E-001
-2.4081E-002 9.2088E-002 7.4027E-00!
-9.7341E-002 1.0674E-00! 7.336SE-001
-1.7060E-001 1.2139E-001 7.2704E-001



PPV LT A\ J )

LI s

-@Xouw

14
150mm
6

€ 1993, Appited Image. Inc . All Rights Reservec





