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SUMMARY

The intention of this report is to demonstrate the utility of the | 4
flow visualization water tunnel in the field of experimental fluid dynamics |
and also provide guidance to its prospective users.

A brief description of the facility and its ancillary equipment is
followed by a short description of the flow visualization techniques.

To emphasize the diversity of subjects tested in the water tunnel,
a list of typical experiments and a number of photographs are presented.

SOMMAIRE

L’objet de ce rapport est de démontrer ’utilité du tunnel hydro-
dynamique de visualisation des écoulements dans le domaine de la dynamique
des fluides expérimentale et également de fournir certaines indications utiles
a ses utilisateurs potentiels.

Une courte explication des techniques de visualisation utilisées est
complétée par une bréve description de Pinstallation et de ses équipements
auxiliaires.

On présente également une liste d’essais types et quelques photo-
graphies pour souligner la diversité des problémes pouvant étre analysés a
I'aide du tunnel.
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FLOW VISUALIZATION WATER TUNNEL — ITS CONSTRUCTION AND CAPABILITIES

1.0 INTRODUCTION

In the field of fundamental and applied fluid dynamics, particularly in aerodynamics, there
are many situations in which it is difficult to picture the exact nature of the flow field. The Flow
Visualization Water Tunnel provides one experimental solution to this problem. In general design it
resembles a small wind tunnel, and although water rather than air, is the working medium, it has long
been realized that the flow properties of liquids are similar to those of gases, as long as the gas velocities
to be simulated are low in comparison with the speed of sound. The advantage in using water for sub-
sonic flow visualization is that the path of the flow is easily made visible by illuminating tracer particles,
dye filaments or hydrogen bubbles suspended in the water. The low velocities generally used in the
water tunnel make possible direct visualization of both steady and unsteady flows. With adequate
lighting, photography is also relatively simple and produces striking results.

The technique has limitations. The combination of small model and low fluid velocities (less
than 10 feet per sec) limits the Reynolds number to rather low values. Fortunately, the kinematic
viscosity of water (the ratio of molecular viscosity to density) is about 1/15 of that of air at normal
room temperatures and hence the Reynolds number is 15 times greater in water than in air at the same
scale and speed. However, its value will generally be lower than that achievable in large wind tunnels
and still lower than the Reynolds numbers of aircraft in flight or large non-aeronautical structures
exposed to natural winds. This limitation must be constantly borne in mind in the interpretation of
experimental results.

The simplicity of the water tunnel and the extreme clarity and detail with which it displays
real flows in two and three dimensions make it a useful laboratory facility for both fundamental and
applied fluid dynamics investigations. This report describes the National Aeronautical Establishment
Water Tunnel and briefly reviews a number of experimen‘s that have been carried out by National
Research Council Canada personnel and by industrial users.

2.0 GENERAL DESCRIPTION OF THE NAE WATER TUNNEL

The NAE’s Flow Visualization Water Tunnel, located at the National Research Council
Canada, Montreal Road Laboratories, in Otiawa, has a rather colorful history. It was designed and
buiit in 1939 at the AERODYNAMISCHE VERSUCHSANSTALT, GOETTINGEN, Germany and
throughout World War II remained a research facility in the services of the German Aircraft Industry.

After the war, under the operation code named ‘““Surgeon”, which involved dismantling and
appropriating certain German industries by theAllies, the tunnel was shipped, via RCAF Enemy
Equipment Unit to Canada and finally found a permanent place at the Low Speed Aerodynamic
Laboratory of the NAE. An extensive modernjzation program took place in 1960, greatly improving
the tunnel’s performance and extending its operational versatility.

The water tunnel resembles a conventional closed circuit wind tunnel, is constructed of mild
steel sheeting and contains 350 gallons of water. The working section component spans the gap between
the 4 to 1 contraction and the return leg duct. The working sections dimensions are — width 10 inches,
height 13 inches, length 32 inches. Glass plates form the front and the bottom sides, while the back
wall contains a 10.25 inch diameter turntable, with a retaining ring, calibrated in degrees. Removable
plates close the working section on top, thus preventing the surface disturbances from reaching the
model. Figure 1 gives the general view of the facility with its ancillary equipment and control panel.

In most cases the models are mounted internally on the turntable, with the angle of attack
adjusted from the outside. A string attachment offers alternative support. Schematic drawings (Figs. 2,
3, 4) give the prospective user an idea of how their models can be installed, There is room for impro-
visation — for instance models of snowplow truck or a section of a city are mounted on the top plate,
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hanging upside down, since the light source is beneath the bottom glass plate. By placing a large mirror
under the working section, the model’s underside can be viewed; another mirror located downstream
shows the rear portion of the model and the flow in a plane normal to the free stream.

Water is circulated by a 15 inch diameter, four-bladed, cast bronze propeller, situated in the
return leg of the tunnel and driven hy a 6.35 hp,240v dc motor. Water velocities in the working section
are infinitely variable from 0.2 feet per second to 10 feet per second, and accurately governed by
means of a Ward Leonard motor speed control. These velocities correspond to a range of Reynolds
numbers per foot of 1.3 X 104 to 6.5 X 105 at water temperature of 20°C. For the tunnel velocity
calibration chart see Figure 5 and for Reynolds numbers, Figure 6.

The inverted manometers measure the speed of the free stream. A kercsene/water mano-
meter for velocities up to 5 feet per second and the second, an interconnected air/water manometer
for velocities up to 10 feet per second. Both are linked to the pressure tap outlets at the tunnel con-
traction.

Water temperature may be varied from 8°C to 30°C providing a range in Reynold number
for low tunnel speeds. This is particularly helpful when dye filament is used as the visualization medijum.
In one example, for the flow over a fuselage, the Reynolds number was increased by 36% at the same
tunnel speed. Since ambient temperature of the water from the mains veaches 22°C during the summer
months, it is not always possible to realize lower Reynold numbers. A turbulence damping screen,

18 inch X 14 inch constructed of .01 diameter copper wire is avaiiable for installation at the entrance
of the working section. To eliminate the boundary layer of the working section’s floor, an electrically
operated moving ground board may be inserted.

Blowing or suction on the models can be accomplished with the aid of a pump, which draws
water from mains or recirculates the water from the tunnel. This task is performed by the Ingersoll
Rand water pump, which has a capacity of 60 gallons per minute. The blowing or suction mass flow
is measured by a standard orifice connected to mercury manometers (see Fig. 7). Two compressed air
outlets with regulated pressure 0 to 30 and 0 to 80 pounds per square inch are located close to the
working section. Two more air outlets, 100 psi pressure are close by. The air is being used as a bubble
producer for visualization, to run the air turbine for powered models or as a supply jet for fluidic
devices. The water pump blowing and suction circuit and the air pressure circuit are shown in Figure 8.
All operating controls are centralized in one console with gauges, valves and manometers within the
immediate vicinity.

The various models tested over the years cover a wide and diversified range: aeroplanes,
automobiles, trucks, blimps, bridges, buildings, ships, snowmobiles, combustion chambers, sports
stadiums, propellers, airfoils, ellipsoids, cylinders, fluidic devices, etc. Since the flow past the models
is subject to constraint, it is advisable to limit in size the bluff body type models to a frontal area of
less than 5% of the working section’s frontal area and normal lifting wings spanning the tunnel to a
chord of 2.5 inches.

To avoid blockage of the light from certain regions of the flow field, in most cases the
models are fabricated from transparent materials such as plexiglass, although some were made of
wood, brass or aluminum. Non-transparent models are usually painted black to reduce glare, unwanted
reflections.

3.0 FLOW VISUALIZATION TECHNIQUES

A very explicit and simple flow visualization technique involves observation of highly
reflective tracer particles, suspended in the water, illuminated by an intense light source. For this
purpose, aluminum powder has been found most suitable. The amount of aluminum powder injected
into the water is arbitrary, but experience has shown that the effect of reflected light (and hence the
photographic exposure) varies widely with the quantity of powder in suspension. It is therefore
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desirable to keep the amount of aluminum constant from test to test, so this particular variable can be
eliminated from photographic considerations. This has been accomplished by using a standard light
meter {0 monitor the reflected light when saturating the water with aluminum powder. The figure of
3.2 candles per square foot has been chosen as permanent value for all tests (see Fig. 9). For examples
of aluminum method, see Figures 10 through 19.

In some cases, when perusal of the local detail of flow is desired such as in jets, boundary
layers, wakes, the flow must be made visible only in those regions, Widely employed method is to use
fluorescent pigments dissolved in water and introduced at appropriate locations into the flow around
the model. This is accomplished by emission of dye either through tiny holes distributed along the
body of the model or through probes which can be accurately positioned in different points of the
working section by means of a traversing gear arrangement. These dyes are synthetic, inorganic chem-
ical, with the property of emitting visible light of constant intensity when exposed to a uniform source
of radiant energy of the proper wave length. A commercial product, called FLUORESCEIN (Anacheima
Chemicals Ltd), which yields a bright green filament is most commonly used in a concentration of
three grams to four liters of water. Contamination of the main flow is slow and it is possible to run
tests of two to three hours duration without serious loss of contrast between the filament and its
background. For some tests more than one colour of dye is required. Multicoloured water dyes,
manufactured by Shannon Luminous Materials have been successful because of their vivid colouring
and brilliancy, particularly when exposed to ultra-violet light source (see Figs. 23, 24 and 25). Deploy-
ment of colour dyes, illuminated by a mercury vapour lamp is demonstrated by Figures 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37 and 38. Use of ceramic spheres and polystyrene beads as tracers has been
investigated, but the process proved to be inferior to aluminum particles method, because spheres and
beads tend to settle on the bottom of the tunnel, thus upsetting uniform and lasting concentration, so
important for photography. Air bubbles seemed to work well with a model air cushion vehicle, re-
maining in the vortex cores or in the fluid rotation.

The phenomenon of electrolysis of water, where hydrogen is produced at the cathode and
oxygen at the anode provides a satisfactory method of production of continuous filaments of tiny
bubbles applicable to flow visualization. Since the volume of hydrogen generated is twice as large as
that of oxygen, hydrogen bubbles are most frequently used for flow visualization. Their buoyancy
does not seriously impair the technique.

A platinum wire cathode, 0.005 inch diameter crimped by passing between a pair of meshing
gear wheels was mounted at the upstream end of the working section. The anode was grounded to wall
of the tunnel. The passage of an electric current from a 100 volt, 1.5 amp dc power supply produced
a large quantity of tiny hydrogen bubbles along the length of the cathode wire. Then the bubbles are
swept towards the apices of the kinks in the wire and from there released into the flow forming parallel
filaments, which follow the streamlines of the flow (Fig. 20). In another case, a flat plate delta wing,
made of brass was painted over, except along the leading edge. The area devoid of paint served as the
bubble producer, and with the wing at small incidence to the flow, the hydrogen bubbles were caught
in a rolling motion generated by the leading edge, vortex shed from the exposed edge of the wing
(Fig. 21).

The principal source of light used to alluminate the flow in the working section consists of
a high pressure quartz mercury vapour lamp, 12 inches long rated at 1200 watts and enclosed in an
air-cooled housing. This assembly is locat2d on a calibrated grid, under the transparent floor of the
working section. The light is projected upwards and focused through half cylindrical plastic lens,
forming a vertical plane of light, 1.5 inches wide at the bottom and 0.75 inch at the tunnels top.
Normally, the models are viewed with the plane of light parallel to the direction of the flow. The
oblique mirror behind the working section reveals the rear portion of the model, looking upstream,
with the light plane relocated normal to the flow. For examination of the bottom side of the model,
the lamp housing is placed in a cage outside the front glass window. In this manner, a horizontal plane
of light is obtained and the model can be viewed in a large mirror underneath, canted 45°.
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The lamp operates on external frequencies of 60, 120 and 180 cycles per second. Since the
light flashes twice per cycle, particles in the flow are illuminated at the rates of 120, 240 and 360
times per second, providing an accurate timing method over the complete range of water velocities.
This intermittent flashing causes a particle to appear as an interrupted streak on a photograph, thus
supplying the displacement and time information from which flow velocities can be calculated.

Interesting photographic results have been realized by the introduction of so-called “black
lights”. These are the lamps which produce primarily near-ultraviolet radiant energy in the 320-380
millimicron range, and when directed at the fluorescent elements, create a brilliant glow enhancing
the variegation of colours. Other available lighting media include photofloods, electronic flash and
strobes. ’

4.0 PHOTOGRAPHY

1. 35 m/m M3 Leica with direct vision finder Visoflex II; lenses -— Elmarit 90 m/m £2.8,
Sumicron 90 m/m 2.0, plus, for extreme close-up application special adaptors, permitting
to focus as close as 14 inches from the subject.

2. 4 X 5 Graflex Graphic; lens — Lenar 135 m/m £4.7, plus, Land Polaroid attachment.
3. 16 m/m Arriflex Movie Camera.

4. 16 m/m Mitchell Movie Camera.

Special heavy duty Linhoff tripod allows to mount the cameras in every conceivable way
around the working section. A wide range of 35 m/m films has been extensively tried for optimum
results. Good pictures have been taken with moderate to high speed panchromatic films. Most com-
monly used films for black and white photography are Kodak Plus X and Kodak Tri-X, and for color,
Kodak High Speed Ektachrome (daylight).

The Flow Visualization Laboratory has a well equipped dark room for processing the most
commonly used black and white films and enlarging facility able to produce prints up to size 11 X 14
inches. Thus photographic results may be obtained with little delay for qualitative inspection and
analysis.

5.0 SOME PROBLEMS INVESTIGATED IN THE WATER TUNNEL

A 1/2 inch diameter cylinder in two dimensional flow demonstrates the wake structure —
the formation of regularly alternating vortices, sometimes called ‘“‘the vortex street” (Fig. 28). This
periodicity occurs in the Reynolds numbers range frequently encountered in the field of engineering
and science. Reference 1 indicates the analysis of the above phenomenon and its implications in wind
induced oscillations of structures.

The water tunnel observations of the flow around a 3-1/2 inch, 3-bladed propeller with its
axis of rotation normal to the free stream revealed, at high advance ratios, that the wake is composed
of two main trailing vortices and a third lying between these (Fig. 18 and Ref. 2). In case of a wing
submerged lifting fan two areas of interest were investigated: a) the nature of interactions between
the fan and the airfoil, thereby, providing some comprehension of the flow deviations that cause the
large lift, drag and pitching moment increments (Ref. 3); b) the interaction between the wing and the
fan efflux (Ref. 4). A typical photograph is shown in Figure 10.

The salient features of te rolled-up vortex sheets shed from the side edges of a flat plate are
clearly defined in Figure 21 (also Ref. 5).
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Observation of the vortex wake of a lifting fuselage, similar to those on rear-loading transport
aircraft disclosed that, for negative incidence, the flow adjacent to the body and in the wake was com-
posed of two separate vortices. Estimates were made of the vortex strength at two different Reynolds
numbers; the vortex strength seemed to grow nonlinearly with incidence (Figs. 29, 30 and Ref. 6).
Suction was used to control circulation about a two-dimensional airfoil with a zap-flap and helped to
eliminate the turbulent wake, by turning the flow through large angles, with a large increase of lift
(Ref. 7).

The exact nature of the flow over a ship’s structure was required in connection with the
design of stacks, which would disperse the smoke clear of the decks and also to determine the location
in the distorted flow field where velocities were the same as the undisturbed flow velocity (Ref. 9).

An unpleasant discovery occurred in the high-speed icing wind tunnel. An intense noise,
emanating from the heat exchangers developed, threating to endanger the structural integrity of parts
of the tunnel. To visualize the interaction between the tubes of the heat exchanger, several arrays of
one inch diameter acrylic rods were positioned in the water tunnel. The photographs were taken by a
camera moving at the same speed as the free stream (Ref. 11).

The proposed refinement of the design of a bridge originated after exposing two models of
sections to flow visualization (Fig. 15). The comparison of the flow over the two sections show that
the original section displays a large wake and a separated flow region on the upper surface near the
leading edge. The flow over the improved section, equipped with edge extensions remains attached to
the upper surface, and forms a narrow wake. Consequently, the drag from the improved section is
much smaller (Ref. 12).

In the initial stages of development of the fluidic velocity sensors, the modus operandi of
the supply jet making its impact on the receivers was of great importance. The jet was made visible by
injection of the fluorescent dye into the pressure chamber (Fig. 31 and Ref. 13).

To determine the extent of turbulence in a cascade jet logic element, a transparent model
incorporating 11 jet outlets was built. In this device, it was demonstrated that, which turbulence
exists within the principal cavity, the jets and their interaction are laminar (Ref. 14). In Figure 24
the supply jet is shown impinging on the receiver where dynamic head is imposed. The second picture,
Figure 25 shows the supply jet being deflected by a control jet with the resultant loss of total head
impinging on the receiver (Ref. 15),

The characteristics of natural low-level winds and their effect on the environment were the
subject of intensive studies in NAE wind tunnels. A water tunnel model, consisting of a row of bound-
ary layer generating three inch high spires at the upstream extremity and a group of 1-3/4 inch high
square blocks, simulating a portion of a modern city was assigned to visualize the flow (Fig. 34 and
Ref. 16).

Colour photograph in Figure 23 allows close observation of the deceleration of the flow on
the rear portion of the ellipsoid (Ref. 28).

A project for the U.S. Navy called for a study of the behaviour of four cycloidal propellers.
The moving colour picutres were taken by the camera rotating in unison with the propeller assembly.
Loss of bauxite dust from large ship unloaders was examined with two small scale models. Passive
aerodynamic fairings and suction by pumping reduced the dust loss by 90% (Ref. 22).

Original snowplow truck in operation, with high billboard at the back created high turbu-
lence. The snow cloud in its wake obscured vision for faster vehicles coming from behind, and pre-
senting grave danger. Turbulence minimizing configuration — removal of billboard, opening of back
gate, shaping down sand ballast and installing a deflector — has been devised and accepted by the
highway authority (Figs. 32, 33 and Ref. 24). ‘

Turbulent flow around a tractor trailer causes considerable drag and instability. To make the
flow more laminar, and thus reduce the drag, a cab deflector and rounding of the edges of the trailer
have been introduced. This resulted in a substantial saving in fuel consumption and improved handling
of the rig (Figs. 37, 38 and Ref. 24).
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A study of the acceleration of neutrally buoyant spheres in a uniform flowing fluid revealed,
that, after release, the sphere tends to overtake its own wake (Ref. 19).

Pursuant to experimental program in the 30 inch X 16 inch supersonic wind tunnel, inves-
tigating the effect of body vortices on dynamic and static cross derivatives of modern aircraft with
long forebodies, a water tunnel model was subjected to flow documentation process. The model was
sting-mounted on a movable section, allowing continuously to vary the angle of attack. Green and red
dye filaments visualized the body vortices; symmetric at the angle of attack of 26° and then when
the angle was increased to 45°, one of them, at random would hook over, forming an asymmetric
! pattern (Figs. 26, 27 and Ref. 21).

1 The three dimensional turbulent wall wakes produced by several basic obstacles,e.g.: a cube,
are being studied both analytically and experimentally. A visualization program in the water tunnel

{ was undertaken by visual observation, the flow conditions deduced indirectly from readings taken in
the wind tunnel. The flow pattern around and behind a cube is illustrated in Figure 12.

In co-operation with Hydro Québec, an extensive investigatior  *2ing made in the Low
Speed Aerodynamics Laboratory on the problem of sub-conductor gallc g of high voltage trans-
mission wires. The galloping is a result of the aerodynamic interaction ween cables, which are
mounted in bundles (Fig. 14).

Following are more examples, briefly described, to give poter 's further information
and insight as to the possibilities of the water tunnel’s capabilities:

1. A model of terrain was tested to render assistance in the investigation of an airplane crash.
It was suspected that the direction of wind may have varied rapidly with the altitude in the
valley.

2. Two standing vortices, discovered trapped within the section of a bridge indicated possible
cause of the bridge’s collapse.

3. Ventilator scoops on a bus,

4. Destroyer escort — turbulence over helicopter bridge.

5. Various aspect ratios of triangular and rectangular bluff bodies.
6. Wall jet in streaming flow (Ref. 20).

7. Station wagon — combinations of slats and skirts in an attempt to keep the rear window
clear.

8. Sports Stadium — suitable locations to plant trees, in order to shield the playing field from
the effect of ground winds.

9. Flow around the tips or air probes.

10. Flame tube of a turbo-prop engine — to improve the passage of gases, thus ensuring good
mixing (Fig. 19).

11. Downhill ski racer — preliminary examination to the tests of National Ski Team members
in the wind tunnel.

12. Interaction of hydro cables.

13. Another terrain model — investigation of a helicopter crash.
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14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.

30.
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Three types of U.S. Air Force transport aircraft — boundary layer separation (Fig. 22).
RCAF fighter airplane — the effect of eingine exhausts on the elevtors.

Bee shelter — new design for portable alfa-alfa beehives in open prairie environment.
Varous shapes of spires — generators of simulated ground boundary layer.

Tumbling airfoil — several models of the NRC’s Crash Position Indicator Unit.

Coal stock piles — different types of fence to prevent coal dust being blown off by wind.
Snowmobile — improved windshield and air scoops in front of the cockpit (Fig. 35).
Automotive cooling fan blade — visualization of vortex shedding (Ref. 23).

The formation of the trailing vortices or contrails has been demonstrated with the aid of the
vortex generator (Fig. 17 and Ref. 25).

Wing section of an insect for CBC TV show.

Model of an insect, actually flapping its wings.

Sand dollars — flattened disc like echinoderms — their shapes governed by flow of water.
Airship hangars — new concept of rotating shelters.

Rotating wind mill blades.

Various fluidic devices.

Flow over magnetic levitation vehicle.

Suitable fairings on a racing motorcycle (Fig. 36).
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FIG. 15: COMPARISON OF THE FLOW OVER BRIDGES

B L T e mmndtttin LI




HOLOH SNINOAVS :91 ‘OI4




nvagsmulll
e C tevve e e 5 C et e e e

HOLVYINIO X31HOA :L1°"Old

-27 -

S et e




H3773404d ONIL4IT HONOUHL MOTd ‘81 "Old

.28 -




(INION3 dOHd 08UNL) 38NL IWV T4 JHL 40 NOILIIS SSOHD :61 "Dl

-29.

[ L




.30-

JHIM WANILYd GININ AS A30NA0Hd SINIWVTI4 3788N8 NIDOYWAAH :0Z "Old




$3788N8 NIDOUYAAH A8 A3ZITVNSIA LITHS XILHOA :1Z '9id

-81-

- ————




NOILVHVd3S MOTd HIAVT AHVANNOY :22 '9id




MO7Td4 40 NOILLYY313030 — AI0SdIT113 €2 "Old

-33.-

. IR A = = e —




131 HIMOd HYNIWYT Q3LdNHYILNINN — INIWITI J1907 AINd 2 "'Old

-34 -




131 TOHLINOD A8 Q3LdNYHILNI 131 HIMOd — LNIW313 J1901 AINH :S2 'Ol

-35-

g3

LT N Y ——C QY AP v -




-36 -

TVIIHLINWAS SDILHUOA — ,SZ MIVLLY 40 ITONV — AGO83IHO4 ONOT HLIM L4VHIHIV NHIAOW :9Z ‘Oid




SO ——"— ]

TVIIHLINNASY SFOILHOA — S HOVLLY 30 ITIONV — AGO83HOS DNOT HLIM LIVHIHIV NUIAOW :£Z ‘914




. sii

13341S X31HOA :82Z ‘D14

-38 -




e o — ———rgee am - v e

M3IA 3QIS — 3DVI13SNd ONILIIT 40 NIVM XILHOA :62 'Oid 4




M3IIA HV3IH — 3D9VI3SN4 ONILIIT 40 INVM XILHOA :0€ "Old

-40 -




-41-

A o em At A S e b

HOSN3S ALIOOT3IA J1QINTA :LE "DId

Ce A T e i

[EEppp——

e e

ik




NOISH3A TVNIDIHO — XONHL MOTIMONS :Z€ "Oid

-42 -




NOISH3IA G3AOHINI — MINYL MOTdMONS :€E "Old

L N

S g




AL1D YIAO GNIM ANNOHD :vE "Otd




ITIHOWMONS :SE 'Old




-46 -

FTOAJUOLON AINITWVIHLS :9€ "Old




-47-

NOISHIA TVNIDIHO — HITIVHL JONYL :LE 'Did




-48 -

8YI NO HOLD3743d HLIM — H3TIVHL JINYL 88 "Old




- )
< N A
BY202 0% TN i | S€202 'ON DUN
[ 4 l
3 |
¥
¢ _ !
w \ |
k3
. |
4 ! |
3 : \ “piussard oae sydedoroyd jo sequinu B pug sjuswadxs [eadLy jo sy e ‘p d are sy yd jo 139 © pue sjusunsadxa {exdAy jo i ®
» ‘[Huum Jojem It Ul Peisay $12algns JO ANSieatp Iy} aziseydws O], . ‘[eUUN] 121BM Y} U1 PAlsA) FI0AlgNS JO ANsIaAlp Ay Iziseydwia of
|
‘sanbiuyos} uonEZIENAA MOY) OY) JO UOIIHLISIP LOYS B A4 PamO]|0] ‘sanbiuydsa) uonEZIEENAA MOy Y] jo uo1IdUISIP WOYS B Aq Pamo]i0}
! st juswdinba Lmeqoue sy pue L3108y i Jo uonididogep Jouy v 51 juaurdinba AmR[[loue 531 pue A1) an Jo uolidlasap jeuq v
|
*$108T 9AIOIS04d $11 07 doueping aplacad osje pue ‘s199n 3atdadsosd a1 01 JduepnB apiaosd onfe pue
t SNWeUAP pingj [MU2wLAdXa JO Plal) 9y} UL [JuUUN} 12]em GOTBZIENSIA MO saureukp pinj ([BUawiedxa Jo plal) JY3 Ul [aUuN] 13jEM UONEZIENSIA MO[)
: Yyl JO LU1IN ay) JTRISUOWIP 0F 1 Hodal Syl JO HOLTUMUT Y ) Y1 Jo AYnin Y3 NrNsUCWAP 0} §1 Wodal sy} JO UOIIUANW eyl
) OLTWTAVN DUN I OI9WTAVNDUN 11
WO ‘tyoizpoaqeq [ yeoy npnzpoaqoq 1
) “(samnily aut) “dd €6 "gRE I MY V'O 'Dizpoiqod ‘(samity ‘put) "dd g¢ 'Zge 1 1udy V"D "ixxzpoiqoq
- ‘uoliezIfensiaA Mol 2 SALLITIEVYAV) ANV ‘uoieZ{ENsiA mofd g STILITIEVIVO ANV
! | uonezifensia Moy — sjeuuny Jatey | NOLLINULSNOO SLI — TANNNAL HILVM NOLLVZITVASIA MOTd ¢ "uohiBzifensta mop - sjauuni dojem [ NOLLIIHLSNOD <LI - TANNAL 431VM NOLLVZITVASIA MO1d
- .
1 ! “JUSWYSIYRISY [BXINBUOISY [BUOIIEN "BPBUR)) [lIUN0) Y)Teasay [euoney “UAWIYSHGRISY [BXINBUGIAY [BUONIEN, "BpEUR)) [1OUNO)) YIRERaY [BUOIIRN
| AALAISSVIONN OL9HTAVN DUN AAT4ISSVIIND 01941 IVN "JUN
- — ey - = - - e e e m e e e - m L e e e e o e e e e . e e = e e - = e - = = -
{  §€80C 'ON JUN | GE€T0Z ON JUN
1
| -
3 [ I
! !
{ i
| 1
_ ‘patugsaad ase sydesdoloyd jo saquinu e pue sjuawsiiadxa [Raid4) Jo s e ! “paiussard are sydedoioyd jo requinu & pue sjuduwadxe [Bnd4] jo 81| B
| ‘1AULNT J9tem AUyl Ul palsa) $109lyns Jo K11SteA1p Ay} aziseyduls o], | ‘]auung 1alem U Ul PRSI s1algns JO Asieatp gy aziseydius o] b3
! ‘sanbiuyaal UOLIRZIENSIA M) oYl Jo uorjdilisap LIoys € £q pamo[iof  ( '$aNbIUYII) UOITEZI[ENSA MOy Y] JO UONdUISIP LOYS € Ay Pamaf{o) .,l.
| st wwowdinbo Areq(loue sy pum Kjor) i jo uotidiasep jouq v | st uawdinba Arepoue s pue AN[1%e; gy Jo uonduasep jauq ¥ T
t “S29sn oanleadsoid $it 01 souepind optacad osr pue | “sdasn aatiradsoud st 01 ouepind apwoad osje pue
' SHWRUAP piny JRUswLadXa JO plol) oyl Ul JoUUn] L)EM UDHEZIRNSIA MO} sanueudp pinl Jeluewzadxa JO Piat) oYl Ul |AUUNT 13JRM UOHEZIENSIA MO|j
41 JO AUMIN oyl ATRISUOWAP 01 S Modal Si) JO uoluaiut Ay, | Y1 JO £ 21 ensuowap 01 §1 wodas siyl Jo uoluMu AL
i OIFYTAVYN'DUN 11 { OlgYTAVN 'DUN 1l
} WO Mt atzpoigoq y N igtzpoagoq
sy 1 g6 2861 MY V'O pzposgoy | Sy put) dd g¢ g8e T Y ¥ £) "1mzpoaqogg
[ ‘uonRZIENSIA MOL ' SAILITIIVAV) NV ‘UOUEZI[ENSIA MO T SALITIEYEVD ANV
| "uotiezifensiA Moy — s{auun] 1leq 1 NOILLYYHLISNOD SLL - TANNIOL H4LVM NOILVZIIVASIA ROTd | TUOUIEZUENSIA MO) — spaUUNTINEM (| NOILXNYLSNOID SLI — TANNIL H31LVM NOLLVZI'TVASIA MOTS
i
! | ‘JUAWYSIYBIST [ENINBUOISY |EUCIIEN "BPEUE)) [LIUNO)) Y JRISIY [PUOIIEN
| AALISSYTIINN AALAISSVTINI Gl ¥T AVN IUN
1







