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NOMENCLATURE

A, B, C calibration constants

Ac cross-sectional area of crossflow

Aj cross-sectional area of jet

D test section diameter

d inlet nozzle diameter

dj jet inlet diameter

E hot-wire voltage

G pitch factor

K yaw factor

R jet-to-crossflow velocity ratio

RAM random access memory

Re Reynolds number

V = ( u,v,w) time-mean velocity in facility coordinates (x-, r- 	 -

a-directions)

x,r,9 axial,	 radial, azimuthal	 coordinates

Y vertical distance above jet

Z effective cooling velocity acting on a wire

YZ z 
correlation coefficient (estimated) between cooling

velocities

swirl	 vane angle with respect to facility axis

e traverse azimuthal	 angle

iii



^^J

Subscripts

i,i

rms

Superscripts

C)

summation indices

value at inlet to flowfield

root-mean-squared

time-mean average

fluctuating quantity

relative to probe coordinates
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CHAPTER I

INTRODUCTION

1.1 Deflected Turbulent Jets

Almost all flow phenomena of practical engineering interest are

turbulent and do not lend themselves easily to experimental, analytical

or numerical investigation. Deflected turbulent Jets are no exception,

involving fully three -dimensional flow phenomena. Power plant chimney

^i	

plums, cooling holes ejecting air from turbine blades, and the airflow

around VjSTOI aircraft in transition flight are examples of deflected

turbulent Jets. The present study emphasizes lateral injected Jets into

tubular cross-flow which may also possess swirl - a situation occurring

in gas turbine combustion chambers, as seen in Figure 1, and a more

complicated example of fully 3-D flowfields.	 When the disturbing Jet

is introduced into the crossflow, vorticity is added to the flow. The

circulation of this vorticity stirs the two fluids together as the flow

progresses downstream.	 Gas-turbine combustor designers utilize this

mixing phenomenon to promote rapid combustion and evenly mix the

products of combustion with cooler injected air, accomplishing this in a

compact space.1

1.2 Combustor Flowfield Phenomena

High-intensity combustion takes place in gas turbine combustion

chambers 2 . Whereas most fuel burning takes place in the primary zone,

1



2

_	 T

f

	
I

the secondary zone is where combustion is almost completed, and the

dilution zone is where further temperature reduction and uniformity is

achieved. In both can and annular combustors, lateral jets of cooler

air through round holes penetrate the flowfield. Some of these jets

amalgamate with the swirl-induced central recirculation region of the

primary zone and provide sufficient additional air for stoichiometric

conditions. Other lateral jets provide additional air to help complete

combustion in the secondary zone and to cool and evenly mix the products

in the dilution zone in preparation for the introduction of the flow in

the turbine. Similar problems arise in ramjet combustors. Clearly the

turbulent reacting flowfield is fully three-dimensional; the combustion

designer has a formidable problem in aerothermochemistry, and the

_E	 research and development task is to provide a route which leads to the
_	 p

accomplishment of design objectives more quickly and less expensively

than current practice permits. Recent conferences 2,3 and textbooks4

extensively review progress and problems in this area.

1.3 Present Study Objectives

The focus of the present study is to characterize the time-mean and

turbulent flowfield of a deflected confined turbulent jet, entering

laterally into tubular cross-flow which may also possess swirl. Part of

an ongoing research effort at Oklahoma State University, the ultimate

aim is to provide a data base for turbulence model advances used by

combustor designers. The specific objectives for this investigation

included:

1.
	

Flow visualization was used to highlight the important

features and structures of the deflected jet. 	 Neutrally-



buoyant helium-filled soap bubbles, smoke, and multi-sparks

are to be used. Flow visualization was used to characterize

one deflected jet without swirl (swirler removed) and with

swirler angles of 45 and 70 degrees.

2. A computerized data acquisition and reduction technique was

developed and implemented.	 Because of the large number of

data point locations and random nature of the fluctuating

velocities, a high-speed analog-to-digital data acquisition

system with a computer-controlled probe drive was designed and

constructed.

3. A six-orientation single hot-wire technique was used to map i

fully the time-mean and turbulent velocity flowfield. 	 The

data acquisition and probe drive system was used to manipulate

the probe and hot-wire voltages. Jet to cross-flow velocity

ratios of 2, 4, and b were used with no swirl in the cross-

f 1 Tv .

1.4 Outline of the Thesis

The first chapter of this six-chapter thesis is the introduction.

Deflected turbulent jets and their importance in engineering practice

are briefly described, emphasizing the significance of deflected jets in

combustor design. Finally the objectives of this study are stated and

Justified.

Chapter II presents a historical perspective into research in

deflected turbulent jets.	 The test section geometry and parameters

investigated by other workers are outlined. Past work at Oklahoma State

University into related combustor flowfield characterization is

3



discussed.

A complete description of the experimental facility and measurement

equipment is presented in Chapter III. The data arquisition and probe

drive system, des'gned specifically for this investigation, is fully

discussed.

The measurement techniques employed are discussed in Chapter IV.

Flow visualization via bubble, smoke, and spark-gap techniques is

described. The chosen single-wire multi-position technique is described

in light of previous workers g•11 sensitivity analyses.

Chapter V and VI are the concluding chapters of this effort. The

former presents results of the flow visualization and measurement

techniques. These results are discussed thoroughly; velocity plots are

related to flow visualization photographs. Chapter VI emphasizes the

main conclusions to be drawn from this investigation.

Tables III, IV and V present the time-mean velocities and

turbulence quantities in tabular form. 	 Figures 17-23 present flow

visualization photographs; Figures 24-41 are two-dimensional plots of

the time-mean and turbulent flowfield. 	 .

4
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CHAPTER II

BACKGROUND

2.1 Review of Previous Studies in Deflected

Turbulent Jets

A number of experimental investigations of the jet in a cross-flow

have been reported in the literature. As early as 1948, Callaghan and

Ruggeri 27 examined a heated 2000C air jet directed normal to the wind-

tunnel flow. The heated jet exhausted into the confined tunnel through

a sharp-edged or.ifice. Jet velocities from approximately two to seven

times the cross-stream velocity were investigated for penetration depth
r

and mixing.	 Thermocouple and pitot tube rakes were utilized well

downstream of the jet inlet to record penetration depth and mixture

temperatures. Ruggeri, Callaghan, and Bowden28 extended this work in

1950 to include square and elliptical orifices.

In 1952, Rugger1 29 extended his contribution to include various

angles (30, 45, 60, and 90 degrees) of injection. The angles required

that a tube be utilized to inject the jet, as opposed to a sharp;-edged

orifice.	 Ruggeri used Schlieren flow visualization to confirm his

measurements and commented on the wall effects of the wind tunnel.

Jordinson, 30 1958, was the first to determine experimentally the

trajectory of the jet cross-section and defined the jet axis as the line

connecting the points of maximum velocity. He also demonstrated that

the cross-section of an initially cylindrical jet is distorted into a

5



'horseshoe' shape by the cross-stream shearing action.

Keffer and Baines 31 , 1963, contributed some very carefully measured

velocity data. More importantly, they studied the turbulent structure

in the deflected jet and showed that similarity for a reasonably small

range of velocity ratios (4, 6, and 8) could be shown. Their work was

the first use of a jet-oriented coordinate system, relating the jet

centerline to tnat of a free jet. Pratt and Baines32 refined this work

to account for scatter in the previous data, and also demonstrated that

the profile of the jet is conserved as a mixture between circular cross-

section of random eddies and a pair of line vortices with small

turbulences.	 Pratt aid Keffer34 continued this investigation for

various injection angles (60, 75, 90, 115, and 135 degrees) to the main

flow. Finding differences between their jet trajectories and that of

Keffer and Baines31 , they recognized the importance of the jet inlet

velocity profile. In fact, their experiments used long tubular inlets

whereas Keffer et al used a simple orifice inlet in the earlier study31.

Some of the first work to examine multiple deflected jets is

represented by Norgren and Humenik 33 , 1968, intended to aid in the

design of short-length combustors. 	 As with the pioneering work of

Callaghan27 , they restricted their investigation to penetration depth

and degree of mixing for heated jets. It should be noted that this work

was one of the first basic research studies into turbine inlet

temperature profiles.

In 1973, Campbell and Schetz 35 developed one of the first

analytical models of a deflected jet and also verified this integral

method with experiments. Their model was successful in predicting flow

velocities and trajectories in buoyant, heated jets.

6



Kamotoni and Greber 36 were probably the first to study multiple jet

injection into a confined cross-flow.	 'rho single row of jets was

directed toward the opposite wall of a rectangular cross-section wind

tunnel. Most interesting of their conclusions was that the jets were

only mildly affected by the opposite wall, unless the jet directly

impinged upon that wall. Holdeman and Walker37 extended this work and

others to develop an empirical model predicting downstream temperature

profiles.

Chassaing, et a1, 38 in 1974, contributed works comparing several

zones of similarity of the jet in cross-flow problem. 	 Krausch and

Fearn4O contributed the first investigation into the properties of the

vortex pair associated with the jet in cross-flow.

The most detailed work thus far for a single deflected jet has been

that of Crabb, Durao and Whitelaw41 . Utilizing laser-doppler anemometry

in the region of the jet, their measurements extensively quantify the

velocity field with its associated turbulence and vortex pairs. The

only detraction is that the jet to cross-flow verity ratios of their

measurements are quite low -- 1.15 and 2.30. Most investigators27-33

have been in the range of 4-10 times the cross-stream velocity as this

approaches the dilution jet case more closely. The ratio of 1.15 would

fall slightly above the region of film cooling. A tubular inlet was

used to inject the ,het perpendicularly into a large wind tunnel.

The work of Rathgeber and Becker39 is representative of few

investigations dealing with jet injection into a cylindrical cross-

section flow.	 They investigated relatively small diameter jets as

compared to the cross-flow diameter (cross-flow to jet diameter ratios

between 17.2 and 50).	 These measurements quantify mixture and

7
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trajectory data, but do not deal with turbulence details.

Table I provides a ready comparison of the historical background of

Jets in crossflow. The table outlines parameters and techniques used by

various investigators and the variables measured. Note, for example,

the number of investigators using an orifice to inject the jet where the

velocity profile would be hard to quantify.

Research motivation is provided from many sources. Claus45 points

out that almost all previous investigators except Crabb, et ai 41 have

failed to fully report turbulence field, inlet velocity profiles and

vortex pair properties.	 His thesis is that all of these data are

extremely important to combustor modelers in confirming analytical

tools.

A recent (1979) review of the state-of-the-art in flowfields

modeling is provided by Lilley. 54 Holdeman and Srinivasan 3 present

comments on NASA-inspired modeling of dilution jets. References 49, 51,

and 53 may give the reader some idea of the diversity of analytical

flowfield modeling schemes now under development. 	 Additionally,

Schetz26 , 1980, contributes a review of the entire field of injection 	 -

and mixing in turbulent flow.

2.2 Past Work at Oklahoma State University

Recently, as summarized by Lilley5, experimental and theoretical

research has been completed on 2-0 axistric geometries under low

speed, nonreacting, turbulent swirling flow conditions, in the absence

of any lateral jets. The flow enters the test section and proceeds into

a larger chamber (the expansion 0/d = 2) via a sudden or gradual

8
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expansion (side-wall angle 4 - 90 and 45 degrees). 	 A weak or strong

nozzle may be positioned downstream to form a contraction exit to the

test section. Inlet swirl vanes are adjustable to a a variety of vane

angles	 with	 values	 of	 m - 0, 38, 45, 60 and 70 degrees	 being

emphasized.	 The objective was to determine the effect of these

parameters on isothermal flowfield patterns, time-mean velocities and

turbulence quantities, and to establish an improved simulation in the

form of a computer prediction code equipped with a suitable turbulence

model.

In conjunction with these research objectives, several experimental

techniques have been developed including:

1. Flow visualization, achieved via sti11 43 (for example,

see Ferrell, et. al . 43 ) and movie photography of

neutrally-buoyant helium-filled soap bubbles and smoke

produced by an injector. a

2. Time-mean velocities have been measured by Yoon 10 with a

five-hole pitot probe at low swirl strengths.

3. Turbulence measurements have been completed on swirling

(up to ^ - 70 degrees) as well as nonswirling flows using

a six-orientation single-wire hot-wire technique by

Jackson ll , enabling all Reynolds stress components to be

deduced.

4. An advanced computer code has been developed by Rhode8

and improved by Abujelala 12 to predict corresponding

confined swirling flows to those studied experimentally.



5. Rhode's$ tentative predictions have now been supplemented

by predictions made from realistic inlet conditions by

Abujelala12 for a complete range of swirl strengths with

downstream nozzle effects.

10
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CHAPTER III

EXPERIMENTAL FACILITY

In many experimental efforts, ready-made components are either not

available or prohibitively expensive. The facility described herein is

a result of many man-hours of student time dedicated to design and

construction.

3.1 Wind Tunnel

The test facility, dominated by the wind tunnel, is shown

schematically in Figure 2 of Appendix B. Air is induced to flow through

a large foam inlet filter by an axial fan. The fan is connected by way

of belts and pulleys to a seven-horsepower U.S. Motor varidrive. The

varidrive permits the fan speed to be adjusted from 500 to 2850 RPM.

The air is then forced into an expanding area section, where multiple

20-mesh screens and a section of straws are employed to straighten the

flow and significantly lower the turbulence intensity.

Before introduction to the test section, the air flows through an

axisymmetric nozzle with an area reduction ratio of 25. The nozzle was

built with a matching cubic radial profile, according to the method

described by Morel. The objective of this nozzle design is to produce

a low turbulence level uniform velocity profile before introduction to

the test section, with minimum adverse pressure gradient in the boundary

layer.	 The exit throat diameter of the wind tunnel is approximately

15 cm.

11



At the throat of the tunnel and before introduction to the test

section, a variable-angle swirler may be fitted. The swirler consists

of ten flat blades (with pitch-to-chord ratio 0.68) which may be

individually adjusted to any angle from 0 to 70 degrees. Sander13

provides detailed information and measurements related to the swirler

performance and swirler exit velocity profiles on this facility.

3.2 Test Section and Dilution Jet

The test section consists of a clear acrylic tube approximately 90

cm in length attached to the wind tunnel throat. Standard commercial

acrylic tube is used with 15.24 cm (6.0 in.) outside diameter, 0.318 cm

(0.125 in.) wall thickness. The inside diameter is therefore 14.61 cm

with a measured variation of ± 0.05 cm. To adapt the test section to

the wind tunnel throat (inside diameter 15 cm), an adaptor section was

machined to provide a smooth transition from wind tunnel thr,;at to test

section. Two test section tubes were constructed. Both test sections

have the dilution jet inlet located at x/D = 1.00 where x is measured

from the tube inlet. The first tube has a series of probe access holes 	 {

located at x/D = 1.00, 1.25, and 1.50 and at all six azimuthal locations

t
270, 300, 330, 0, 30 and 60 degrees as shown in Figure 3. The second

tube allows probe access to locations downstream of x/D = 1.50 (for

example x/D = 1.75, 2.00, 2.50, 3.00) and at any azimuthal angle. This

is accomplished via a tube rotation section, constructed from machined

aluminum rings, acrylic, and ball bearings as seen in Figure 4.

Laboratory compressed air at 6 to 7 atmospheres gauge pressure is

used to supply the dilution jet. For stability, the supply air lines

12
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are large and are routed through two line regulators with an

intermediate tank (volume approximately 0.006 m 3) to dampen line

oscillations. The second regulator was used to meter the flow rate.

After the second regulator, the air was routed through a Fisher and

Porter model 1OA1735A rotometer for monitoring of the volume flow before

introduction to the dilution jet. The dilution jet assembly, see Figure

5, consists of a stagnation chamber, flow straightening section, and the

jet nozzle. The stagnation chamber was constructed from 15 cm inside

diameter aluminum pipe and filled with plastic household scrub pads to

evenly distribute the internal flow. A hemispherical ly-shaped screen

and convergent transition smooth the flow into the flow straightening

section. Here the air flows through four brass screens for turbulence

reduction. The nozzle was designed according to the method suggested by

Morey and is constructed of fiberglass. The nozzle diameter is 0.10 of

the test-section diameter for a cross-flow to jet area ratio (A c/Aj ) =

100. Construction of the nozzle, a multi-step process, consisted of:

constructing a two-dimensional contour on a numerically-controlled

milling machine from a computer-generated profile, using the contour and

a hydraulic follower on a lathe to produce an axisymmetric male mold,

and forming the fiberglass nozzle around the male mold, with aluminum

flanges formed in.

Once assembled, the dilution jet was attached to the air line

coming from the rotometer and the nozzle was pressed into a special

acrylic adaptor which is permanently attached to the test section.



3.3 Hot-Wire Instrumentation

The sensing transducer used in this study is a normal hot-wire

probe, DISA type 55PO1. This probe has two prongs set 3 mm apart with a

Slim diameter tungsten wire between them. The exposed, effective length

`	 of the wire is approximately 1 mm, since the ends have been gold plated

to strengthen the wire and reduce end effects. The probe support was a

standard DISA 55H21 straight mounting tube. The anemometer used was a

DISA type 55MO1, constant-temperature standard bridge.	 The hot-wire

voltage was measured with the computer-controlled data acquisition

system, discussed in Section 3.5.Y	 ^	 l

3.4 Calibration Equipment

A small axisymmetric free jet was employed to calibrate the hot-

wire.	 The calibration jet facility consists of a contoured nozzle

similar in shape to the dilution jet and wind tunnel contraction. A

settling chamber and turbulence management section consisting of packed

straws is just upstream of the nozzle. The nozzle exit diameter is 34
W.

mm. Using the standard laboratory air supply, the calibration jet is

capable of producing Reynolds numbers up to 6 x 10 5 (based on throat

diameter).	 The air supply is thermally stabilized by virtue of long

indoor lines and is within ± 0.50C of the facility temperature. The air

is metered by means of a diaphragm valve and a Fisher and Porter model

1OA1735A rotometer. 	 The jet was calibrated using a pitot probe 1.0

nozzle diameters downstream of the exit plane. The temperature of the

Jet and the pressure before the rotometer were monitored during each

calibration to account for minor variations from the initial calibration

velocities.

14
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The hot-wire was placed in the potential core of the jet during

calibration. Utilizing a rotary table and two hot-wire support tubes

(DISA 55H151, DISH 55H153), the hot-wire was calibrated in the u, v, and

w directions as shown in Figure f.

Jackson 11 discusses in detail the merits of the chosen calibration

expression

E2 = A + BZ1l2 + CZ

which is shown in Figure 7 for the three probe calibration directions.

Figure 8 illustrates the pitch and yaw factors which will be discussed

in Chapter IV.

3.5 Data Acquisition and Probe Drive System

The probe drive, shown schematically in Figures 9, 10, and 11, was

specifically designed for these investigations. The probe is positioned

in the flowfield by two stepper-motors, one motor for rotation and the

other for translation. The probe is held within the square slider by a

cylindrical holder with 0-rings to grasp the internal walls at any

desired location. Both stepper motors step 200 times per motor shaft

revolution. The rotation motor is geared down 3:1 so that 600 motor

steps correspond to one probe revolution. For example, a probe rotation

of 30 degrees requires exactly 50 steps. The software does not allow

the probe to rotate in either direction more than one revolution to

prevent cable twisting and coiling.

15
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The translation motor is geared down 3:1 to a lead screw, which has

a linear gear ratio of 2.24 revolutions per cm (equivalent to 5.69 revs.

per inch) translation.	 The effective step count for translation is

therefore 1344 step; per cm (3414 steps per inch). 	 With gear lash

considered, the translation resolution is less than 0.03 mm and the

rotation resolution is less than 0.5 degrees. The mass of the probe

drive is approximately 3.9 kg (8.5 lbm) and is fastened to the test

section with a large rubber binding strap.	 Reference 57 provides a

detailed description of the probe drive and design philosophy.

An Apple II computer was used to sample the hot-wire voltage and

control the probe-drive stepper motors. A Burr-Brown SDM853 12-bit A/D

converter was utilized to convert the 0-10 volt hot-wire signals to 12-

bit digital words. The Apple II controls, via assembly code, the sample

times and accepts the data as two 8-bit words directly in RAM. Further
3

machine codes are used to reassemble the samples, take an average and

standard deviation and store the results. BASIC code, Table IV, is used

to reassemble these 8-bit words into decimal equivalent of 12-bit

resolution.	 The system resolution is 2.44 millivolts. 	 The data

acquisition sample rate was fixed at 1000 samples per second for 5

seconds. A higher sampling rate (up to 30 kHz) could be utilized with

more memory available. Reference 56 provides a detailed explanation of

the data acquisition system and the assembly codes used.

16



CHAPTER IV

MEASUREMENT TECHNIOUES AND ANALYSIS

4.1 Flow Visualization

Flow	 visualization	 is	 used	 for	 primary	 identification and

characterization	 of the	 flowfield,	 with	 three techniques	 being	 used.

Bubbles,	 because of their reflective qualities and neutral buoyancy in

the airflow,	 provide an excellent medium to determine the paths of the

flow trajectories. Smoke,	 because of its	 low comparative density and

its	 tendency	 to mix well	 in	 the	 flow,	 makes an	 excellent	 medium to

follow the	 flow and to	 accent	 the	 turbulent paths	 and	 recirculation

zones i n the f I ow. A more novel flow visualization technique employed

in these investigations is the multi-spark method. With this technique,

an ionized path is used to determine the relative velocity change from

the position of the electrodes. The basic rig set up is the same for

all three flow visualization techniques, however differences occur in

the type and quantity of lighting units, the camera time settings and

light exposure times.

4.1.1 Bubble Flow Visualization

The bubble generator and injection setup is shown in Figure 13.

The bubble generator is manufactured by Sage Action, Inc. It generates

about 100 bubbles per second. The helium regulator range is 0-207 kPa

(0-30 psi) and flows at a maximum rate of 2.67 	
-6 3

X 10 m /s. The maximum

17



bubble solution flow rate	 is 2.50 x 10-8 m3/s and the maximum air flow

rate	 is	 2.60	 x 10-4 m3/s. A	 helium tank	 and	 an air	 line	 both with

associated pressure gauges are connected to the bubble generator. The

SAI bubble flow solution (BFS) is inserted directly into a reservoir in

the bubble generator itself. The soap solution is pumped out of the

reservoir via helium. 	 Three lines from the bubble generator are

attached to the bubble injector head. 	 The head itself typically

consists of three concentric tubes. 	 The center one for helium, the

middle annulus is for soap and the outside annulus is for air. Each

line may be regulated by valves on the Gop of the bubble generator. A

hole in the sleeve directly below the nozzle is where the injector head

was inserted to inject bubbles parallel to the flow.

The maximum bubble flow rate is 15.24 cm 3/s. The slowest nozzle

velocity is about 4.2 m/s.	 From the equation QT - On
 + Q  where:

where QT - total volume flowrate, Q n - volume flowrate of the nozzle,

and Qb - volume flowrate of the bubbles, it was found that Qb/Qn -

0.0042; approximately one half of one percent. 	 Hence the bubble

flowrate has insignificant effect on the nozzle flowrate. The injector

heads are also streamlined to minimize turbulent effects.

Figure	 13 shows the helium-filled	 soap bubble	 injection

equipment. The lighting is approximately 3 m downstream of the test

section.	 A light curtain dial provides light curtains from 0-1.5 cm

wide through an adjustable slit and may be positioned to emit light

angles from 0 to 360 degrees. The lighting is on throughout the

photography session and the exposure time is determined by the camera

settings.

18
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`.	 The camera used was a Minolta SRI 200. 	 The films used include

Kodak Tri-X Pan 400 ASA black and white, Ilford 400 ASA black and white,

and Kodak color 1000 ASA film, with all of these giving excellent

results. The camera was positioned approximately 0.5 m laterally from

the test section and supported by a tripod. A low F-stop of 2 was used

for maximum light intake; the exposure time was set on B for a 5 second

count. These settings were chosen after much testing to accentuate the

bubble streaklines illustrating the flow trajectories.

4.1.2 Smoke Flow Visualization

The smoke generator and injection setup is shown in Figure 14. The

generator itself consists of a heating coil wrapped in steel wool and

surrounded by a metal box with a drip tray in the bottom of the box to

catch excess oil which may be drained out through a drain plug.

Attached to the metal box is a thermocouple which runs to a temperature

indicator outside the generator. 	 Internal temperatures may then be

monitored.	 The actual temperature of the heating coil may be 1500C

greater than the temperature gauge reading. Experiments have shown that

a temperature gauge reading between 250 and 3000C produces the optimum

amount of smoke for flow visualization.	 It was also found that the

temperature gauge must not exceed 350 0C or a meltdown of the smoke

generator gaskets will occur. The temperature is adjusted through a

rheostat which is generally turned up to 50% power and then reduced to

30% power for temperature stabilization. A valve above the generator

may be opened to drip more oil onto the heating coil as needed for smoke

generation.	 The air flow, which is metered by the rotameter, runs

through the smoke generator and up through the nozzle forcing the smoke
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through the identical path. A few drops of oil produces a considerable

amount of smoke and therefore has negligible effect on the previously

monitored flowrate.

The lighting device used for flow visualization consists of two

commercial flash units. One unit is a Vivitar 2800 and the other a

Sunpack 4220. The flash times may be adjusted on the units and the F-

stop varied according to the distance of the camera from the flashes.

Experimental results have shown that F-stop n 4 and flash time n

112000 s with camera settings of F-stop equal 2 and exposure time from

0.125 to 0.5 s produce the best pictures highlighting the flowfield

features. The flash units are in a black box with a slit parallel to

the test section and placed directly beneath and touching the test

section.	 The positioning was chosen to minimize glare and maximize

lighting through a vertical slit of light accenting a vertical cross-

section of the flowfield.

4.1.3 Spark-Gap Flow Visualization

The spark-gap equipment schematic and configuration is shown in

Figures 16 and 17. The pulse generating circuit and pulse transformer

is manufactured by Sugawara Laboratories, Inc., Tokyo. The equipment is

capable of producing pulse trains of up to 200 pulses at frequencies

from 1 kHz to 75 kHz. The output energy of the pulse is 0.05 to 0.5

Joules at voltages from 20 kV to 250 kV. As used in the present study,

the electrodes are placed on opposite sides of the test section,

typically one electrode above and one below the test section with a 15

c	 cm spark gap. Approximately 40 sparks are used with 0.5 J/spark at a

`	 voltage of 100 kV.	 Each spark pulse duration is approximately
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I us; time between pulses is approximately 1 ms.

When a high voltage source is sparked across an air gap, an ionized

path is created. Subsequent sparks will follow the current position of

this low-resistance ionized path.	 By judicious placement of the

electrodes in the wall boundary layer, where there is essentially zero

velocity (next to wall), several discharges can follow the original

ionized path as it moves with the fluid. It is necessary to have a low-

conductivity test section material (for example, acrylic) so as not to

interface with spark paths.

The spark itself provides sufficient lighting for photographs. One

camera (side view) is used for photographs with zero swirl. Two cameras

(side and end view) are used simultaneously in the swirl crossflow cases

to give added perspective to the three-dimensional features of the

technique.

4.2 Quantitative Measurements

In a turbulent, three-dimensional flowfield the main flow direction

may be unknown and conventional hot-wire or 2-0 Laser-Doppler techniques

fail to supply sufficient velocity vector information. To measure the

three velocity components and their corresponding fluctuations, a three-

wire hot-wire probe is often used. Few 3-D Laser-Doppler systems are in

use and are not cost-effective.

As discussed by Jackson il . the three-wire probe technique has

several drawbacks. 	 Three anemometers are required.	 A multiple-

orientation probe drive may be needed to align the probe with the mean

flaw direction.	 Because of the physical separation of the wires,

spatial resolution of the probe is poor.
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Multi-orientation of a single hot-wire is a novel way to measure

the three components of a velocity vector and their fluctuating

components.	 Kings$ modified a technique developed by Dvorak and
Syred. 59 This method calls for a normal hot wire to be oriented through
six different positions, each orientation separated by 30 deg from the

adjacent one.	 Orientation 1 is normal to the facility centerline,

orientation 2 is rotated ^O deg from this, etc. Mean ;nd rms voltcges

are measured at each orientation. The data reduction is performed using

some assumptions regarding the statistical nature of turbulence, making

it possible to solve for three time-mean velocities, the three turbulent

normal stresses, and the three turbulent shear stresses,

The six-orientation hot-wire technique requires a single, straight,

hot wire to be calibrated for three different flow directions in order

to determine the directional sensitivity of the probe. In the following

relationships, tildes ( N) signify components of the instantaneous
velocity vector in coordinates on the probe. 	 Each of the three

calibration curves is obtained with zero velocity in the other two

directions. The calibration curves of Figure 7 demonstrate that tie hot

wire is most efficiently cooled when the flow is in the direction of the

u component (which is normal to both the wire and the supports). The

wire is most inefficiently cooled when the flow is in the direction of

the w component (which is parallel to the wire).	 Each of the

calibration curves follows a second-order, least-square fit of the form

Ei = Ai + B,ui l2 + Ci ui	(4.1)



which is an extension of the familiar King's law. In this equation, Ai.

B i , and C i are calibration constants and u  can take on a value of

U, v, and w for the three calibration curves, respectively.

When the wire is placed in a three-dimensional flowfield, the

effective cooling velocity experienced by the hot wire is

Z2 
v + G2u + K2w2
	

(4.2)

where G and K are the pitch and yaw factors defined by Jorgensen 60 and

deduced from the calibration curves. Those for this particular probe

are given in Figure 8.	 Hence, equations for the effective cooling

velocity can now be obtained for each of the six wire orientations.

Simultaneously solving any three adjacent equations provides expressions

for the instantaneous values of the three velocity components (u, v, and

w in the facility x, r, and a coordinates, respectively) in terms of

the equivalent cooling velocities.	 It is then possible to obtain the

three time-mean velocity components and the six different components of

the Reynolds stress tensor in the manner described by Janjua 9 and

Jackson.11

The uncertainty analysis included a determination of the

sensitivity of the six-orientation hot-wire data reduction to various

input parameters that have major contributions in the response

equations.	 Table II summarizes the sensitivity analysis performed on

the data reduction program at a representative position in the swirling

flow with m = 38 deg.	 The table presents the percent change in the

output quantities for a 1% change in each of the important input

quantities individually, while the others are held at their standard
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values. For the data presented in Table II, only quantities calculated

from the probe orientations 1, 5 and 6 are used, for simplicity. This

combination was chosen because the mean effective cooling velocity

exhibited a minimum in orientation 6, and it is expected 58 that in this

case the combination 1, 5, and 6 will produce more accurate estimates of

calculated turbulence quantities. The data of Table II demonstrate that

the most serious inaccuracies in the measurement and data reduction

technique are in estimates of turbulent shear stresses, the most

inaccurate result being u w .

Previously, in his measurements of strongly swirling vortex flows,

King58 compared his time-mean velocity and normal stress measurements

with corresponding measurements obtained using a Laser Doppler

Velocimeter (LDV). He found excellent agreement indicating the validity

of the method. He was not able to compare shear stress measurements in

his swirl flow, however, because he was unable to use his LDV for this

purpose.	 In fact, despite the existence of advanced multicolor LDV

systems, and their use for shear stress measurement, no one has yet

reported their use in highly swirling flow situations:	 certainly not

over a range of swirl strengths as reported in Reference 22.

In the nonswirling confined jet case, results for time-mean

velocities u and v, normal stresses u'rms and v'rms and shear stress

7'v 	 compare very favorably (see Reference 21, Figures 7 and 8) with

those of 'Chaturvedi. 61	He used a crossed-wire probe for the shear

stress measurements.	 So also did McKillop14 for nonswirling confined

flow in the same facility as Jackson and Lilley. 22 Results, with and

without exit nozzles, are in good agreement for the above quantities, as

can be seen in Reference 14, Figures 21 through 28.
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In the swirling confined jet case, 11 comparison with Janjua and

McLaughlin 63 for a moderate swirl strength in an identical facility was

made. They made triple-wire hot-wire measurements in a flow with an

inlet swirl vane angle f = 38 deg., using analog-to-digital signal

conversion and computer data reduction. 	 For this purpose, it was

necessary to know in advance the local time-mean velocity vector

direction; the data of Yoon and Lilley 18 (five-hole pitot probe) was

used for this purpose.	 Their measurements 63 of time-mean velocity

compare very well with those of Reference 18 and hence of References 21,

22, and 62. Measurements63 of the three normal Reynolds stresses and

the three shear Reynolds stresses are compared at x/D = 0.5, 1.0 and 1.5

with the six-orientation single-wire measurements of Reference 22.

There is excellent agreement (see Reference 63, Figures 10 through 18),

indicating again the validity of the present measurement technique. It

appears to be an extremely viable, cost-effective technique for

turbulent flows of unknown dominant direction.	 Probe interference

appears not to be a major problem. 	 Results are useful in recent

prediction studies for confined swirling flows.18,64,65

For the study of the technique presented by Jackson and Lilley559

Figure 5 through 9 of Reference 55 summarize measured values for the

five representative situations in a turbulent flowfield. Each figure

presents facility coordinate time-mean velocity, normal and shear stress

values obtained with each of the five probe holder vs facility

configuration possibilities of Cases 1 through 5. Case 1 is where the

probe is in a nonswirling flowfield with the probe in facility

coordinates.	 Cases 2 through 5 are where the probe is placed in

different	 probe-to-facility	 orientations	 both	 in	 swirling	 and
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nonswirling situations. A remarkable observation is that, in general,

the configuration is of little importance, results appearing quite

constant across the five cases.

On the other hand, production run results 9,11,21,22,62 
have used

the Case 1 configuration exclusively from each of the six possible

combinations of three adjacent wire orientations. This was because of a

lack of local flow directional knowledge; if this knowledge is available

it is expected 58 that the combination with minimum cooling velocity in

the central of the three wire orientations used will produce more

accurate estimates of deduced flow quantities.	 In any case, the

appropriate choice of wire orientation for minimum cooling velocity is

not known a priori.	 However, for the turbulence quantities more

confidence may be placed in the average of all possible wire

combinations.	 This smoothing has been used exclusively in recent

studies.9,11,21,22,62



CHAPTER V

RESULTS AND DISCUSSION

5.1 Flow Visualization

Figure 17 shows very short time exposures of smoke tracing the

extent of the deflected jet with jet-to-crossflow velocity ratio R of 2,

4, and 6 in parts a through c respectively. The exposure time is of the

order of 1 x 10-4 s, and vertical slit lighting is obtained with two

commercial flash units. The camera is positioned to the side to obtain

a view of the vertical rx-plane in the flowfield. Notice that as the

deflected jet velocity increases, so does the jet penetration across the

otherwise almost-parallel crossflow. Clearly visible are the turbulent

eddies - these are very structured near the injection location, and

appear to extend further downstream in the jet direction at lower values

of the injection velocity.	 Downstream of the deflected jet entry

location, in the lower part of the main flow, a sequence of what appears

to be eddies shed behind the lateral jet obstacle. A similar phenomenon

was reported by Chassaing et al.38

Figure 18, 19 and 20 present long-time exposures of bubbles tracing

the extent of the deflected jet with jet-to-crossflow velocity ratio R

of 2, 4, and 6 in each figure respectively. Each figure presents swirl

angles of 0, 45, and 70 degrees in parts a, b and c respectively. As

with smoke tracing, the bubbles show the increase of penetration with

increase in R. The bubbles, however, show the time-mean boundaries of
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the deflected jet. Clearly evident is the lack of penetration in the R

z 2 case; the R	 4 case crosses the test-section centerline at

approximately x/D	 1.4 where the jet enters at x/D a 1.00 and then

continues down the test section almost centered in the tube. 	 The case

of R a 6 rapidly crosses the centerline (approximately x/D = 1.2, where

the jet enters at x/D = 1.00), and continues downstream predominantly in

the upper half of the test section.

The	 swirl	 flow	 bubble	 pictures,	 shown	 in	 parts	 (b)	 and	 (c)	 of

Figure^	 18,	 19,	 and 20,	 illustrate the helical 	 path of the jet and the

strength of the precessing vortex core (PVC).	 In the case of	 70

degrees	 swirl,	 sufficient	 negative axial	 velocity occurs	 in	 thq PVC to

carry	 the	 bubbles upstream	 to	 the	 swirler	 face,	 regardless	 of	 the	 R-

value.	 For	 the	 cases	 of moderate	 swirl,	 45	 degrees,	 there	 is	 a

noticeable difference	 in the jet-to-crossflow interaction. 	 The jet	 in

the case of R = 2 appears to mix broadly with the centrally-located PVC,

indicated by the wide jet outline and broad PVC.	 The cases of R = 4 and

6 exhibit less immediate mixing with the precessing vortex core, tending

to disturb its presence as the lateral ly-injected jet penetrates across

the central part of the main flow, where the PVC would otherwise be.

The R = 6 case in particular seems to "wrap around" the central axis - a

smearing of bubbles can be seen on the tube inside wall. For the case

of strong swirl , 8 = 70 degrees, there is very little difference in the

flowfield between the different injection velocity cases. The cases of

R - 4 and 6, however, can be seen to slightly deflect the swirl axis at

approximately x/D 2.00 (jet enters at x/D 1.00). The case of R 6

does seem to lower the upstream penetration of the PVC, as exhibited by

a lack of bubbles.
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Figures 21, 22, and 23 present spark-gap flow visualization

pictures for the same cases of R - 2, 4, and 6, using the method

described in Chapter IV. These particular photographs were taken with

the electrodes positioned at x/D - 1.50 where the jet enters at x/D =

1.00.

In part (a) of these figures, the camera is positioned to the side

of the facility and a vertical rx-plane is observed. In the swirl flow

cases of parts (b) and (c), a second camera was simultaneously operated

from a downstream location to illustrate the 8-plane behavior of the

sparks. In these swirl cases, both photographs have been combined to

form a common picture. The respective cases R = 2, 4, and 6 with no

swirl exhibit the change in the flowfield from x/D = 1.50 and continuing

downstream.	 The case of R = 2 shows how the flowfield is merely

deflected upward by the entering jet. 	 The lower part of the arcs

apparently are deflected around the jet, away from the control plane,

hence a true 3-D effect on the photograph. The case of R = 4 shows

flowfield acceleration above and around the jet, which has its

centerline nearly corresponding with the centerline of the tube. The

'fold-over' just above the jet centerline probably corresponds to the

downflow around the jet as the jet displaces the crossflow in the upper

half of the test section.	 The case of R = 6 shows less uniform

behavior. The arcs do appear to define the upper bounds of the jet and

the turbulent region behind the jet.

The swirl flows presented in Figures 21, 22, and 23 parts (b) and

(c) are actually two photographs taken simultaneously by separate

cameras; the two negatives are combined to print a common picture.

Again, the electrodes were placed at x/D = 1.50, the lateral jet

M
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entering at x/D = 1.00. A wire was placed in the centerline of the tube

to prevent the spark from arcing to the tube walls and to help define

the tube centerline. The end views exhibit a great deal of reflection

off of the inside acrylic tube walls.

With moderate swirl (f - 45 degrees) the cases of R = 2 and 4 have

little affect on the swirl pattern shown with this technique. The swirl

pattern in the case of R = 6, however, is seen to be deflected by the

jet. The swirl strength seems to be enhanced in the lower part of the

test section by the additional momentum of the deflected jet. 	 With

strong swirl (0 = 70 degrees), the cases of R = 2 and 4 seem to

slightly inhibit the swirl strength, whereas the R = 6 case appears to

have little effect except to organize the swirl pattern.

5.2 Hot-Wire Measurements

The time-mean velocity and turbulence quantities for the three jet-

to-crossflow velocity ratios R - 2, 4, and 6 are presented in Figures 24

through 41. The situation with jet-to-crossflow velocity ratio R	 2 is

shown in Figure 24 through 29. Figure 24 has traverse angle e = 270

degrees, Figure 25 has traverse angle e = 300 de g rees, etc. Figures 30

through 35 are for jet-to-crossflow velocity ratio R = 4; Figures 36-41

represent ratio R - 6. Each figure is composed of twelve plots, (a)

through (1), of the data for one traverse angle a at all seven axial

locations (x/D - 1.00, 1.25, 1.50, 1.75, 2.00, 2.50, and 3.00).

Using Figure 30 as an example, it can be seen that the time-mean

and turbulent flowfields for the case of jet-to-crossflow velocity ratio

R = 4 and traverse angle e = 270 degrees are presented. Recall that

Figure 3 provides the geometrical relationship between the jet and the
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traverse angle e.	 For e - 270 degrees, as in Figure 30, the viewer is

seeing an rx-plane of the flowfield which passes through the test

section centerline and is normal to the lateral jet nozzle centerline.

The top (bottom) of each plot corresponds to the first (last) measuring

station, as shown in Figure 10.	 Tables III, IV, and V present the

actual numbers used to produce the plots.

Subparts a, b, and c in each of the Figures 24 through 41 present

the normalized time-mean velocity component magnitudes u/u o , v/uo,

and w/uo respectively.	 Subparts d, e, and f give the normalized

fluctuating velocity components (u^ msA 9	 vas/uo , and was/uo)

multiplied by 2. Subparts g, h, and i exhibit the three shear stresses

(u v , =w , and v w ) normalized by u o2 and multiplied by 2 for

plotting. Subparts j, k, and 1 provide the total velocity V =

u 2 + 
7
2 + w ) 112 , the axial turbulence intensity normalized by the

local mean velocity 
uI/_u 

and the normalized turbulent kinetic energy
rms

1(u r'2 + vrms + wrms)/uo2 respectively.

The plots were produced on a Tektronix 4006 terminal connected to

an IBM 30810 using PLOT 10 as the graphics control language. The data

are merely scaled and plotted point-to-point for each axial location.

The x/D scales also provide as the magnitude scale for each normalized

data point. For example, in Figure 24a, the values of u/u o at x/D =

1.00 are scaled such that values of a/u o = 1.00 are placed at x/D =

1.25. In this figure, the values of u/uo are very nearly 1.0 across the

traverse except near the centerline, where the flow decelerates just

because of the jet, which is slightly below this traverse for R - 2.0.

In Figure 24b, the values of v/uo are much less than 1.0, approximately

0.15, and are plotted as such.
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5.2.1 Jet-to-Crossflow Velocity Ratio R - 2,0

The velocity ratio R - 2 is represented in Figures 24 through 29.

Figure 27 provides the best perspective to visualize the flowfield: the

rx-plane shown (e - 0 degrees) in it is the same as used for the flow

visualization photographs, Figures 17, 18, and 21. Figure 27a shows how

the jet, which enters from the bottom of the plot at x/D - 1.00, affects

the axial velocity profiles. Figure 27b, the radial velocity plot, is

interesting in that the six-position technique '.s capable of accurately

measuring the jet velocity as it impinges on the probe pjkrallel to the

probe axis. Note that the techniques can only produce magnitudes; there

are no negative v velocities for instance. In Figure 27a it can be seen

that the R = 2 case has virtually no effect on the mean flowfield above

the centerline; this is borne out oy Figure 24a, the axial velocity

flowfield in the horizontal rx-plane across the centerline (traverse

angle e - 270 degrees).

The normal stresses, see parts d, e, and f of Figure 27, are spread

through the flowfield over a wider region than the mean velocity. These

and the shear stresses in parts g, h, and i are very low in magnitude.

Part 1 shows that the region of significant turbulent kinetic energy

extends only a short distance. 	 The total velocity magnitude, Figure

27j, is well mixed and evenly distributed across the test section by x/D

- 3.0. These observations for the R - 2 situation are not appropriate

at higher values of R.

The traverse angles e - 330 degrees and e - 30 degrees, show no

particular surprises for the R - 2 case. Figure 26a, the axial velocity

in the rx-plane 30 degrees from the vertical shows an interesting
^a

acceleration and then (at x/D - 2.0) deceleration in the mean flow

OP
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'	 affected by the lateral jet. 	 Figure 28a shoos an almost identical

configuration, indicating good symmetry about the vertical plane.

5.2.2 Jet-to-Crossflow Velocity Ratio R - 4.0

The jet-to-crossflow, velocity ratio R - 4, as can be seen in Figure

19, provides a flowfield which is more intricate than was the case when

R - 2. The centerline of the jet crosses the centerline of the test

section, 43 and smoke flow visualization photographs, given in Figure 17,

show that the turbulent eddies are large compared to those of R - 2.0.

Focusing attention on Figure 33a, which shows profiles in the

vertical plane through the centerlines of both jets, it can be seen that

the jet has a. marked effect on the mean flowfield below the jet

centerline, causing axial flow deceleration. The axial velocity at x/D

- 1.00 shows that the upstream flow has slowed to go around the lateral

jet on either side; the velocities on either side are greater, as seen

in Figure 35a (e - 60 degrees) or Figure 31a (e - 300 degrees).

Because the jet centerline crosses through the facility centerline,

Figure 30 (e - 270 degrees) provides insight into the structure of the

jet. First, parts a, b, and c show good symmetry. The jet centerline

was previously measured to cross the crossflow centerline at x/D - 1.35

by Ferrell, et al.43 This is seen to affect the tangential and radial

velocities first at x/D - 1.25. The axial velocity is not changed until

x/D - 1.50 where it exhibits a flat acceleration and then, at x/D -

1.75, a deceleration in the mean velocity. 	 This deceleration

corresponds to an increase in the surrounding axial velocity outside of

the jet. By x/D - 3.00, the axial velocity profile is relatively flat

again. In reviewing the tangential velocity profiles in part c of the
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figure, the most surprising fei;zure is the symmetry and uniformity of

the curves. At x/D - 1.75, 2.00, 2.50, and 3.00 the "gioil -wing" shape

of the profiles is very likely caused by the data reduction results.

That is, the profiles should actually look like "normal probability

distribution curves" -- if negative values could be obtained.

Physically this means that the tangential velocity along the central

plane of the jet first rotates one direction, say clockwise, outside of

the jet, and then the other direction, say counter-clockwise, inside the

jet.	 The normal stresses, Figures 30 parts (d) and (e), exhibit the

expected peaks at the crossover. Note the dual peak in the u-direction

normal stress, Figure 30d, at x/D - 1.75.

There are some problems with the measurement technique and

assumptions in signal interpretations in some regions of the flow. The

normalized axial velocity in Figure 33a, shows a large value below the

jet centerline, x/D - 1.25. The shear stress u w /u o shows a very large

and erroneous value at the same location, and is related to the

erroneous value of the mean axial velocity. These erroneous values have

been faithfully presented along with the rest of the data.

5.2.3 Jet-to-Crossflow Velocity Ratio R - 6.0

The jet-to-crossflow, velocity ratio R - 6 case dramatically

exhibits some of the behavior expected of these deflected jets.

Examining Figure 36a, which gives data in the horizontal plane, it can

be seen that the jet centerline crosses the facility centerline at

approximately x/D - 1.15 to 1.25.	 The axial velocity has a marked

depression inside the jet and a large acceleration around the jet sides,

as if the crossflow were passing a solid body. 	 Figure 36c is quite
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interesting in that it appears that all of the profiles could cross the

zero line if the method would account for negative values.

As for the R - 2 and R = 4 cases, the plot that displays the data

next in an interesting format is the traverse in the vertical plane,

with 8 - 0 degrees, Figure 34.	 As with the previous two cases, the

axial velocity profile can be used to locate the jet centerline.

However, the total velocity profile, given in part (j) of the figure, is

actually more accurate in locating the maximum velocity centerline.

Providing testimony to the accuracy of the technique is Figure 39b,

where the radial velocity 71u 0 is seen to asymptotically approach the

normalized lateral jet inlet velocity as the probe is lowered toward the

jet exit throat. Unfortunately, the shear stress plots, given in parts

(h) and (i ) of the figure, show that the technique is very sensitive to

erroneous readings and probably to dwell time. The sensitivity of this

technique to input variables was discussed in Chapter IV and was the

subject of analysis by Jackson.11

5.2.4 Assessment of the Measurement

The six-position hot-wire technique is remarkably reliable in

measuring the the time-mean velocities for the flowfields in this

investigation.	 As evidenced in Figure 24, 30, and 36 for a - 270

degrees, it can be seen that the technique is repeatable in terms of the

flowfield symmetry.	 These figures display the lack of probe

interference effects as well -- the same measurements are obtained on

either side of the symmetry plane. Most surprising is the fact that the

technique can resolve the component direction even when that direction

is normal to the wire in all six orientations as also found in a
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directional sensitivity study- 55 The normal stresses are reasonably

reliable in that there are few large discontinuities in the data. The

shear	 stresses,	 however,	 exhibit	 less	 continuity,	 but	 the

discontinuities do exist in regions of large shear such as behind the

jet.

By using the maximum velocity magnitude to define the jet

centerline. Figure 42 displays the comparative centerline locations for

these experiments as compared to the infinite crossflow situation. 48 As

expected, the jet penetration for the confined cylindrical situations is

red+iced from that of the infinite crossflow situation, although low

values correspond to jet injection velocities for which the confining

boundaries have little effect.
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CHAPTER VI

CLOSURE

6.1 Conclusions

Experiments have been conducted to characterize the time-mean and

turbulent flowfield of a deflected turbulent jet in a confining

cylindrical crossflow. Jet-to-crossflow velocity ratios of 2, 4, and 6

were investigated, under crossflow inlet swirler vane angles of 0

(swirler removed), 45 and 70 degrees. Smoke, neutrally-buoyant helium-

filled soap bubbles, and multi-spark flow visualization were employed to

highlight interesting features of the deflected jet, as well as the

trajectory and spread pattern of the jet. A six-position single hot-

wire technique was used to measure the velocities and turbulent stresses

in the nonswirling crossflow case, as a demonstration of improved data-

acquisition capability. A computerized high-speed data acquisition and

probe drive were designed and constructed to manipulate the hot-wire and

4	 reduce the varying voltages to the statistical mean and root-mean-square

voltage. The voltages were then reduced to the time-mean velocity and

turbulent Reynolds stresses with a Fortran computer :ode.

The high-speed data acquisition system enabled three entire

flowfields to be characterized for time-mean velocities, normal and

shear stresses, for three different lateral jet injection velocities

into nonswirling crossflow. The multi-orientation technique worked well

for time-mean velocities, nc-mal stresses and most of the shear
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stresses.	 The extensive results are printed in tabular form and

presented in rx-plane plots, in a manner useful to flowfield modelers.

As expected, measurements confirmed that the deflected jet is

symmetrical about the vertical plane passing through the crossflow

axis. The jet penetration into the nonswirling crossflow was found to

be reduced from that of comparable velocity ratio infinite crossflow

cases.	 The flow visualization techniques enabled gross flowfield

characterization to be obtained for a range of lateral jet-to-crossflow

velocity ratios and a range of inlet swirl strengths in the main flow.

The swirl in the confined crossflow was found to deflect the jet from

its vertical course in a spiral fashion. However, the jet still gets

absorbed finally into the precessing vortex core (PVC) of the

crossflow. Evidence was also found that the jet can deflect the axis of

the PVC and hinder the upstream propagation of it toward the swirler.

6.2 Recommendations for Further Work

The stage is now set for even more complete surveys of the time-

mean and turbulence properties of deflected jets. Fundamental research

should be continued first with the addition of a second jet directly

opposing the original, and later with multi-jets at one axial station,

to complement NASA-Lewis work 1,3 in rectangular ducts. 	 For ease of

representation, a fully three -dimensional plotting technique should be

developed and implemented in addition to streamlining of the data

reduction technique.	 Equally important to more complete flowfield

investigation will be the capability to measure the turbulent

dissipation rate. A computer with larger RAM (random - access memory) and

faster clock speed would enable rapid signal analysis and interactive

^.E
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dwell time estimation to reduce further measurement time, as well as

enable dissipation rate measurements.
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APPENDIX A

M TABLES

TABLE I

PREVIOUS INVESTIGATIONS OF JETS IN CROSS-FLOW

JET	 INCIDENT	 JETCROSS-FLOW HLOCITY
REF.	 DIAMETER ANGLE 	 INLET	 VELOCITY	 RATIO	 GEOMETRY	 MEASURED	 TECNNiCK

( mm )	 STYLE	 (m/s)

21. 6.35,9.5 90 orifice	 •• 2-7 open penetration T/C and pitot12.7.15.9 parameters rakes

28. -- 90 square.ellip-	 46 2-8 open penetration T/Cand pitot
tical orifice and mixing rakes

29. 6.35.9.5 90.60. pipe	 71.6,121.9 1.9-5.7 open penetration T/C and pitot12.7,1S.9 45.30 and mixing rakes

3C. 12.7,25.4 90 orifice	 -- 4.6.8 open total press..

flow direction

31. 9.S 90 pipe	 1.5 4,6,8 open velocity, turb- oriented hot-
ulence intensity. wire
entra i mien t

32. 6.3S. O.S. 90 orifice 0.914.3.66 S,1S.26.35 open profiles and photographs
12.7 penetration

33. -- 90 pipe -- O.SS-2.20 multiple penetration T/C and total
jets and mixing press. probe

34. 6.35 45,60 190. pipe i.58 4.6.8 open trajectories, hot-wire
105.120,135 velocities

35. ANALYTICAL MODELING, NO EXPERIMENTS

36. 6.35 90 pipe/nozzle 6-9 2.8-8.5 square holes velocity and T/C and hot-

confined Loop. profiles wire

37. 6.3S-2S.4 90 orifice 15 1.61-S.67 2- dimensional penetration, T/C rakes
mixing

38. 40.0 90 pipe 3.4	 2.37.3.95. multiple velocity,t". hot-wire
6.36 jets similarity

profiles

39. 3.23.4.S7. 90 pipe 6,15	 2.4-12.4 confined penetration, marker
6.30.9.32 cylin- mixing nephelonetry

drical

channel

40. 101.6 45.60,75. pipe --	 a,8 open vortex pitot
90,105 strength probes

41. 25.4 90 pipe 12	 1.15.2.30 open detailed velocity LOA, X-wire,
and turbulence helium trace
field

42. ANALYTICAL MODELING, NO EXPERIMENTS
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TABLE II

EFFECT OF INPUT PARAMETERS ON TURBULENCE QUANTITIES IN THE
SWIRLING FLOW WITH 1 = 38 DEG. AT A REPRESENTATIVE

FLOWFIELD POSITION (x/D = 1, r/D = 0.25)

i CHANGE	 IN

i CHANGE IN TIME-MEAN AND TURBULENCE QUANTITIES

PARAMETER PARAMETER u v " urms vrmi wrms
77 u'-' Y

. W.

E 1 +1 +16.10 +0.66 +4.98 +15.75 -2.06 +2.75 +6.0 +51.43 +11.94

E 5 +1 +2.19 -2.21	 I +11.49 -6.50 +2.42 +12.89 +4.0 +14.29 +7.46

E 6 +l -10.59 -0.36 -9.50 -1.88 +7.07 -9.54 -6.0 -54.29 -11.94

E' +1 +0.27 -0.06 +0.14 +1.63 + 0.13 +0.39 +2.0 +2.86 +1.49

1rmS

E5 +1 +0.05 0.0 +0.14 0.0 -0.13 +1.57 0.0 0.0 +1.49

rms

E'fi
+1 -0.16 +0.18 -0.14 -0.63 +1.03 -1.08 -2.0 -5.71 0.0

rms

G +1 -1.02 0.0 -1.01 -1.0 010 -0.98 -2.0. -2.86 -1.49

K +1 +0.01 -0.04 +0.01 +0.01 0.0 +0.01 0.0 0.0 0.0

YzPZQ +1 +0.05 0.0 +0.14 -0.13 -0.13 -1.77 0.0 -2.8c +1.49

YZ 2
Q A

+1 +0.21 +0.01 +0.05 -1.63 +0.13 -0.19 0.0 -5.71 +1.49

r2Pia
+1 -0.16 +0.18 -0.09 +0.13 0.0 +0.69 -2.0 + 2.96 0.0
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OĈ S000 000000 000000 000000 00---0

— 000000 000000 000000 000000 000000 000000 N
O X
X

:3
r 0)'O r U) N rNmOmQ rr r0 — w (D	 —QN 0MNmv r 0-1n w Ulmr000wu) QNNO mm —m—m C)N U)0)	 m—S mm

wu)U)Nmf7 (1)	 to N0 wm Cl) vNw — P)f7r_Or mrrO000 OO r——O N_w_ 00C4MN —v E
N

080005 588808 500085 800000 800000000 >i"
000000 000000 000000 000000 000000 000000

c^rmw0 . W — wmw )nM MrM0MM )n000)r)t-r) N — c')Ou)0 QOVVN^w — mover wwmwwm M	 r)inQU) c')0 — Nwm inmcl)wmw CD00 Cl) rNw
N r—r Nw rU)Nv mr wrrmmr mmrmww wrrrrr —coo-•0)rC4. 5800o5 880008 888888 888888 888888 800088-

000000
......
000000

......
000000

......
000000

......
000000 000000

— U) w — N w r N m m w w m y— N — v - Q N r Q m — w r w w w N v Q N o m
r0 — wm — 0mf7rrm Cl) m — Nf7w (D r- m0mcnN —mOwm^wry— Mrz rrmr c7m rn w mm — m Ormw00r w1m'D rw rwrwwr8

- 880008...... 88^^o g. ... ?8808..... ;88888...... 888888. 585858......
000000 000000 )0000 000000 000000 000000

a 000000 000000 000000 D00000 000000 000000
w
T 080000r	 M	 M w

080000r	 M	 co w
080000r	 M	 M w

080000
co	 cv w

080000r	 co	 row 080000r	 M	 M w
N f7 Cl) NP)M Nf7M •.	 f7 ch P)(') NM f7

U) m N 0 N (7
w Q N N v

O N 0
00

0 
000 0

C C 0 0 0 0 0



LO  V 010m W MMNOM
MMOM Q wm- mmm
wr-vm^	 rNMONQ
QmOmO	 Nrro:m0m
00-0-- 0000-0
000000 000000

r- tDr OD tD

IntnNO CID m
Vmmrntn

000000
000000

Q--QmtD^
0)O-QtnlD
co r ^ P) (D

NIt)mC-M
00000

000000

wmmmn m WITMOm
to N m 0 to 	 -cc	 r to 0 q	 (7)
M M M N- O WMMOV N

8
C^v N C70)N-

00 m000 80000
000000 000000

Om ^tOr 2 V - M - tnm
r- 0 0 r-r0rn-m

O QNN V N m-OIn O)m
to tD- tn 	 OC^mmr-

00-N^O 00---0
000000 000000

m (D0LD- V co C4
OQ 0)- t0r cc(00)-Qr
m-tn0Nm Inmr Ta) r)
SOON-0 SS -MNO
000000 000000

Om(D Cl) N V
Nrrin tnQ
r min V 0)N

00 O	 O
000000

0-OOm-N r O N ( 14 N
r 0) co NO)
S8- NN 8
000000

N N In C^ N m
NI- -C7 Nm
(DOmr too)

8 	
0

000000

(D 0) 0) (n r tD
0) P) N c17 tD CD
(D mm r_ 0t-
S00 N ^8
000000

0) NQ r Cor In N LD m m In
C?)000M0 tDmr- 'Or- N

880°08 88008
000000 000000 CV

X

rVOtDCOO rmrNOCID ^7
0)m 0)t')r^ (D N'T 0 m M
CDWCOLnm inO-1wLPmp	 v
880 ^ mO8 800^00 -i

7
000000 000000

Y

N U) ^ CO CD Cn - N ^ ^ W Q I D to O m - C*) m to -)0 rr m In to C'7 M	 N In 0 0 1- N
Cl) v tD r C') co lD m O) C7 m r N r 0) m c'I 0 0) (') r WtD ^ r- m m r m Q ID N tD CO ^ 'C)

C')(D-N r Q r0tn O tDm 0-r NN V 0)NNON^ IDNQn In cO rmNQln -

00^--O 00-^-0 00^^-0 800-00 800000 88000
000000 000000 000000 000000 000000 000000

tDr 0)0).V tD Co 0to (D U')v V V 00) IT 	 mmmIn^t0 rNr 00) 0 0)nM 1n 0)m
v OON - n m^IDr N I!') lf)C)-(7m -NIDN mII'1 -mO-N^ Om v O)Q N
n-C')N ^r - OOm co- rmr rr0 mQ In to NtD mm (')--O rr O V C-0)
-rrtDmW tnr N mtn 	NQ f7lDf7	 m N--	 QNtn^	 NNN
00---0 00---0 80---0 800--0 80-00	 O - O
000000 000000 000000 000000 000000 000000

0 ma)Nr(N	 0)r (7) a) 	 Cl) Nm ON a)	 NN^QmCO to t^ mV ll')If') N tn lD O)t0Q
nNOmtC)Q mmNr- M - VOr-0	 V^^rin- .VVC)C-V to-0-T0m
mO V a)Mr- Inr QmNtD rr (D IT Om rm- -0)m iD - r- m r- tD tD O N(,4m

800008 880008 OOON OS 880 N 08 800N08 880 N 08
000000 000000 000000 000000 000000 000000

r 0)OmmO	
Q-	

- NMMN-- -C^ V Owm r OWO-m WON;-Ow m - NwD- -
V 0)m V - 0 QQlnN	 0701-QInV rC .)0)1- In 	 -0)NmN M W N r r^
tD In TD r- r TtD r mmr T r wr! a) W rru^tn wt- tDr tD - r tD to 0 ntD nn

888888 88€888 88888 888088 888N88 888088
000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000
080000 080000 080000 080000 000000 080000
I.- M C7 tD r m m tD r m m tD r C7 M t0 r O m m tD r Cn m wNmm 	NCo N 	N C7 m	 Nmm	 NmM	 NC')C7

to	 n	 0)	 0	 N	 V
tD	 C:	 0	 m	 N	 r
LO	 w	 t0

N	 N	 m	 1	 Q

0	 0	 0	 0	 0	 0
t	 I	 I	 I	 1

O

0m
N

8

C	
to

},	 r
c	 ^
O

w
	 U	 O

X

• I	 IOr)

W
J
cc
Q
I-

to
N

8

a

H

O

1

80



n

8

0Lo
N

8

lL
7
C m
y	 r
C
O
U	 ^

^	

X

0
LL,
J
co
Q

to
N

ui

g

a

r

^t

t
81

94 O

CD a) 	 to — v 0NtDr m corm" vmmmw:: mw^m0^
gggg Og gg 	- c'>inv — N tDr•m — N mom	 mr^u^c^Nv

......	 .8^b^^^......	 ..	 ...	 ......	 ....
000000 000000 000000 000000 000000

N mr N Ov —oNwr-mNv tDtOom I' ONW ^ v OMM OOr

	

cD^O ^^NwN gg 	 ^inra	 v v^D^	 ^covto

° ^^^8^^08 ^
v

 ^^^^8 8^^^
a 

g ^ 8
v

^^^^
000000 000000 000000 000000 000000

01n lD CO ln^ IDNmNrco tD ao Ow r w V  (D CC) tD to 0DQ t7 tD tDv

n8	 8§III8
000000 ooco^o 000000 000000 000000

000000 000000 000000 000000 000000.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
000000 001000 000000 000000 000000rr M f1) tD r f7 co t0 r 0	 ^ tD r co m t0 r O m m t0
N fo PI	 N(om	 Nfo f7	 Nt7r	 Nf7 f7

— T m v m 0

H NR8
wommg ow

f
g-

888i'88
r-WNN0m

lifl§ 8 8
L —

g
N	 n	 -- m

gg

^88^^8
r

Qgg
tD0(-)

^8^^	 ^ N
000000 000000 000000 000000 000000 X

1 1 1 78 H QMill

rrOtDm a

$
0§

oLrt

g

vtvm

^j

Q

 O0o0l
p

Om

$

NQ

^

—

j

N

00000

rug^tg^g

—N^j^g

N
N

3E
000000

000000 000000 000000 000000 000000 +
N

clNP1 m:'1r

1
M — Q W Or

1H OHi
rQ N0WGo

2 0
II1SO g

w tD QN mr0 Qin M NQO8 C ,4 _ L

8008 $8§ 0008^^ +
000000 000000 000000 000000 000000 N

E

Q
Q Q

N

Q 

0
0
 m L

nn 
^_

Lnn

(14 in r
QQ- 

r r
QQ
.-

-
QQC

QQ

_
Q t

w
g L

n

 O 
Q
Q

0 r) _m 

MQQOO

M - 0

:8:

mQ
Q
Q

O_ WQ

QQ Q
Q

NOOQ

Q
Q

- i

O O O S O O O	 O S O O
Q
O O O S O O O O O	 8 0 0 0 8	 0

000000 000000 000000 000000 000000

M i
	 Q	 N

	 0	 m	 r
to
	

0	 co

O	 ID
	

tD	 0v	 M	 m	 N	 N

CC

O	 0	 0
	 0	 0



O

N

8
N

cu
C	 Nr
C^
O	 ^
U	 \
^	 X

► ^	 O
Ln

w
Jm
Q
F-

N
N

g

ar
H

W

0m
m

0	 0
1	 1

r	 m
co	 00	 0
N	 N

N	 e
N
f^')	 v

N
0

O N
c	 O

tJ

T r N N r m 0 v m m r- r r N ^ v o n r r N N co N ^ m m r N N N m N N N^
^^D ^mmm Nr N N0^ NN IDNmN O) ^N m r N^olnNtp ov N(Dm8 g oo;o 8"808o8 § "8soo,1§8888 D^8 08H HOC'M
000000 000000 000000 000000 000000 000000

tDm`7 " (Dm mm ^mmW 0 m0m0N my m0Om ^lD mr N^ v m- Nmm
mmmv ^Dr 7mmNNm	 Ommr (D	 (D mr LP 	 N ^N V ON	 r my

a)LD Cl) (D_0	 mru)r)pn 
Bp

v1D NN 	 lDN D 8 88 p^ m

800000 80000 000008 008080 000080	 Oo0
8

000000 000000 000000 000000 000000 000000

r ^m 0w-a mrlDmmm wm r m0N wmv m0 N m v 0 r- Or rmvNmr

LO	 wIffill fifili Hl"M moil IWORI
000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000
080000 000000 080000 080000 080000 080000
r m m w r m m w r m m (D r m m w r m m w r m m w
N m m	 N m m	 N m m	 N m m	 N m m	 N m m

NOmm ^m
Nm m Om0

00000

tvwwmt- m
^ mmNOln

80008

mNmmO v
gmmr y ^

880008

r-0N —rr
I (.)c	 m

00000

Nvmv Nm
-- 0mv0

8a08o80

r-W0MNW
rr {w

888080 N
000000 000000 000000 000000 000000 000000

x

4" i-mmr
- mo:(: - N

Nm tL ^`-
N f: :

80^^ 8
0a)In ID Nm^^Or- v v

m W mr 0

80008

r0cv vmNr vNNm
mm0

hm
00000

wmm - wN
p Oo -

^ O v N
m

0o0o

r ^^^mwr oho"
vN mB

m8088

coW Nmmr
O

0

N "I

F
i

000000 000000 000000 000000 000000 000000 +
N

r 7mON^
NNmm N

QQ NIn!,

00

lDN V mm^
Nv m

ffi mm

0....

r mr-,NO
^	 ON N ^
8Q8 mmr Q8

000070......

momvwo
Nvm
Nmm

00000......

owm^mr
rv^ mNN
Q Q 	 v

8 00......

(DNNmwo
vNN

m >

008..	 ...

N
E

+
000000 000000 000000 000000 000000 000000N

N
E

rm0mwr-

80808

fl- ^vm^m
gg

800°^8

vwvwm
g
m

08888

m
g

^
g
n^m ^N

88888

m w 0 n	 t0

000-08

Wmmrr y

08008

7i

^^N
000000 000000 000000 000000 000000 000000

8 2

0.1

Z



OR

;r

83

tl

mwmmvm
W m wr LnM

vvommv
Ov Ommo

wNr	 y
wmm	 rO

Nv!^Oww
w 0	 0vm

Ovvrrmm
mr NrNw

w^rNmN
w NQN Lo CD

8 m NommN^-rOwv Ovm 0	 WO N m^'OT' U10:O:N
88	 888 888888 088888 0o8800 800000 8000008888.. 8888.. 8888.. 8888.. 8888.. 8888..
OOOJOO 000000 000000 000000 000000 000000

v (D v(14ll)N 0 M N r-	 0 wmwmm0 r0vmm- rOvmmv Ommmom
Lr)LP QNmCl)
y	 8

^r- mmmm

m8 8 8 §88
N ^  

u)amNQr
 

N w Q m yp fp7
- inmOmm
N m m co m rp

vmLnmOv
m- m y y O mmOvmw

yp y r y m N000000  080000 080880 800000 000000N
000000 000000 000000 000000 000000 000000

M- O w w mm^inmN N O v w m woyN--N - m m m v mmmmu^ y - -M r- m N
N mOU^mm

m r- m o m
mmmmo0

m o v r- v
Owmwu,m

8 88888 888888 888888 888888 880008880008...... ...... ...... ...... ...... ...... N
000000 000000 000000 000000 000000 000000

x

u> - mNru) m-0mr0 v- rmvw Nrm - ww mrm0 1*0 Omu)myy N

r- 888888 888888 88888 §8888$ 888888 880008 3i......
000000

......
000000

......
000000

......
000000

.8888.
000000

..	 .
000000 +O

x N
N

mwommw

888888

Nwmmwo

888888

(14 r- 	 tD

8888$8

y LnrmLnr

8 €888

Or- Ow wVq

8N8088

mwmr rm

888888

E

+^8.888. 8888.. 88.88. .	 8888 .88. . 888
 000000 0000co ocID000 000000 000000 C^j

N
E

r-rnr-N0m

-cc(DDN

-mr-ppp0MN r-00m8Ww_

8 0

0

00000

80_8OU8r 0Lf)NN8Lr)pWw y

8

_
8
p

mm
p 8

ry ^

8 v8O^08§8§. 000000 000000 000	 0 000000 '^ N.	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .
000000

mw -00
(
D rwmtna)r

8

y
g

r
g

v v 0in

88888

0
0

L
f
)0mmm

g

888888

Nmw
g

--rr

$88$88 888888 Iffill

vy mN Cl) 
v

r
g

 8$8888.
000000

......
000000

......
000000

......
000000

.....
000000

......
000000

ar 000000 000000 000000 000000 000000 000000
w
= 080000rr	 m	 mw 000000r	 m	 mw 000000r 000000 000000 000000

N m m N m m M	 mwN m m
r	 m	 mwN m m r	 m	 mwN m m r	 m	 mwN m m

In M N N m

\ 0 O
0 0 0 O 0 0

QJ

GU

w
J
cc
C
t-

:0



r^

3
O
J

LL-
V)
(/)
O
U

O
F-
F--
W O
r'7

C:> it
LL-

Q

Q O
O ^

Q
LLJ d'
Uz^
LtJ H
J '^
7 U
c0 O

7D w

'-a

W
J

cc

Q

M
Z
Q

Q
LtJ
fI
Li!
F.

M.

a,.

a— nt^ro Onwwm — — mm0)(Dm ('ItOwm vm r mm v m
-r N — N(D 0NNa)(D0 tD V O(1)oCl) In cowom0 m y (D0)NS

8 - U) — N — (D ^('l In In r(p r(n 0 w m w ^C)(n N 1(l Cn f7 —r Nv a
m r m (n	 mm 0) 0) 0) 0 0) 0 m m m m- O m 0)r r p m	 m r

S0)	 m0)JOOOOO 000-0 — 000 — ^^
o o
000000

-- - - - - - - - - - - - - - - - - - - - - - - -o	 0 

0m(mr00 0r-mm m0) 0000)8LnN t0-0r-mm vN-0-0)
Inr C) 0 ) NM 0)m m r N r r N Nm v) m Or(D tD (nm OD r (DC.)	 r-

O m v r 0)v co r m m r N v m 00	 0 N N O ^ ^ In N O
m m0)mr)mm OOrrmO NN0)vNf- —tnlnM0N

v N O w o o
vOrwoo

000000 - - OOO - - - 0 ^ - - - - - - - - 0- - ^ - O

0)C)m CF) r(1) vN - C)C, - WNmmON OMMV mm Cl) (DC)(7 -(')
(n o ln(') N Iln v T vin0^ ^DOmm o o mmwomm
tO N r NLDm rmma	 N D— (^v 0)1n

m08No0
r0)	 -NN (^cor v(')N8 0 0)m (^ m 0) - 0) r a m — -- m N 0) — N v m v v 4 m r m-- m

- 00000   0 0 0 0- -- 0-0 --^ PIN - O — N V m
------ ------ ------ ------ ------ 

vm0) -0) - oovmnm 0w wrr r y mr0 N r(n NOOMMM(nv 0	 a) min rN V 0) 0m r- v too v mr m r- m 0 t In r Nv
to 0 NC) — m (DOOmt m NW0M v v v 0(')r N^ C)r C)tn mm
r r (D OtDm ^C)W lD (D 0) NC)v o IDO M — M0MM ar OMmM
- -00000 -000)00 -0000- --0--- -- C-)vN(N

O
x p

Cl) In CC v m (D(D mNNm r mw r Om v m0 (Dm 0 Nv r Cl) m(')m-00(Nm0) 0)rr y —N— 0- -0 N0 (D V r y -a (1)mv v(*`¢+O tDW Cl) Or co mn()r-0N a - - -N0) r 000D00 m - r 000)
M) my - In	 v

0 0 0 0)S 0 to00 N - 0 N(D	 ^O) LI) N (D 0 v 0) (D N r N CO — W
- • O o m 0 0 - O O m G) 0 - o o 0) 0) 0 - 0 0 0) 0 8

- ---C)-- - - - O o - - - - O 0 - ^ ^ - O ^ -
ro

mrtD 00(D On (S - r- m w0 w 	 a m m- 0 00)0 LDNMCDN -fl- m Nln(') — N(n
-
v0N(-) Nrf/r') r( ( MMM vr a)v ^m 0)r

U) —m m 	 ar wr f^. r — I-o t ) mM — •? NN - r 0 NtD m(-' N 0
N C)vN(D N M m y m w N V 0 	 m 0 Na C)vN a0v 0) N —N	 N
- 0000)00 000C'00 0000)00 0000)00 000x)0

- - - 0--

00v inlnv Inmor)01n ONV0)-O nMMM 10M -N0ODMM
minommrr 0rr 0mmv m (o0)NNn In 0m0) - iv 0m0)Nr-

8 cowwmwm N -v 0v- N(')--r(n co r- N0)n0-(0
(nv N P) NN 0MN tD N — 0 V M N N N Inv N — NM v v(7)NNN

- m 0)0)mrm0 0)0)mrm0) 0)0)m rmm 0)0)nrmr
00000- 00000- 000000 000000 000000

c 000000 000000 000000 000000 000000
= 080000 000000

N O(')M
080000 090000 080000

H N (7 Cl) N(')m N M M NNM

v	 N	 O	 0)	 rn	 (n	 ro	 O	 m
D	 ^	 (D	 (D	 0
\	 v	 f7	 f7	 N	 N
Dc

0	 0	 0	 O	 0

84

a



8
m

0
N
N

8
N

^	 N^	 r
C

^	 O -C
O	 K

LO

U

O

W-
Jm
Q

N
N

8

H

O

D:

mN-NmN mwWor'm m-r QOm mmmmmm (DmmN- m mN-QON
ow m(Drm mN(D mvm Om(D -Nm O(DONrr Nr mr Om Nm(DOm-
0-(DmmO rrNNN^p lD f'7N V OlD mOm00- v N-OIDN N mN(DNN
W mNm- v- Nm -	 (D V V mmv mmr (D U)	 mmmr vN vm — m (D(Dmmmmmm mmmmmm mmmmmm mmmmmm mmmmmm mmmmmm
000000 000000 000000 000000 000000 00-000

mr-mOm m— r Q mm mNmNmm —(DNIDmv r vmmNN O(D(DN-r
mmmNmm ONNOmr NNm fr (Dm vmN00v NN In (D co N mmr mNm
OrOmNr mN —mNO mwr-Nm(D W-mN(D(D V Orrmm - NNQ(Dm
v m(D mmN r m vNrr m(Dr r IDQ O - mmm (D O Cl) mNOm m0m Cl) NN
0) a) 	 co co 	 co co 	 mmmmmm mmmmmm cc a)
00-000 000000 000000 000000 000000 OOOOOC

N r N- v m O N (D m r N m v m m v v r N (D N N v r m m N-- r m- m 0-m m m r- 0 (D m- m m (D v N- r m (D N m v N m- IT N m N-- - N r m m-
mmvnN(D NN (D mvm m(D mr 0  OvmNNm 0mvNr- r- a)r-- a) 	 - rmvmN CF) Cl) (DNV- mmN00m 00)0vNm mQrr - (Dm
m0NN-- mmmmmm (D r r r rr W  r r r(D r (D r r r(D rr rmrr

0----- 000000 000000 000000 000000 OOOOOC

vtD V Nmcp mmtDrrO NvmmmN m - NOmrr vN(DNmr v v OmNv
rr v m m N m rr r N- m 0 - v r r m 0 m-- v- m - r N- m 	 - Q (D N Q r
(0m0-mm (D(D(D - mm co r- N  r (D mm - m- r m0 (DOr	 O(1) W, Wm
r(D NNQN 0Nm0mv 0N(D N(Dr 0r-vmv N m v 0 - 0 m mN - (D rm
ON V NV N m- Nm - O rm mmmr (D l0(D(D(D(D rm(D (D N(D m (D WW N(D

0----- 000000 000000 000000 OOOOOC

O
Qm- m(DN r- CO 	 (Dr Or Nm - mN(Dr - (D mNmm0 CN m NOOrCr) N N r m (D r O m- O m mm N m m v O O v m m Q (D m- N m N -- m m N N(D co O v O m m m m- N- -- O Q (D N r m m m m m (D O n m Q O - N- Q m m
-mrmtDN vrmomm m- m(D N rNmN r N mNr(D(D m OO,O NO
N--- •-- mQ NvQQ NQ (D(D NN N - - NOm NcoWW DO mmvvQm

------ ------ ------ ------ -0000- -00000
ro

mr mmmN p mmW mN m0NNNW NmNNr m NN NIf,(DN N(D 0- mN
(D - ONr O 0(D0000 r Nm(Dr m (D Nr (DON -r mmmN WQ-m0-mNrOm	 N - (Dm co mvmm00 - ¢,(D8m(D - O^ - mm (D r- cm(D - mr m-	 rm(D rr mmNQ(Dr - N(D mO mmvOmr vrN -NO0Ommo,0 8mmmmm mmmmmm O - ovN- Om(D -mN 0Ormr,N
--000-  -00000 000000  ------- ---  N--

QO(nOvm (D--Nmm NQOrr- mom-mw Inv wr-mp -mm -NN
ON - NVIn (DV r(D m0 mrNmm- NNVrN- m 1NmN -N--O-
N-(DVNm m (Dm(Dmm mmmmmm vv-NVM N--Nrm (DQmNNQ
Nmr N - r O •- N(DOm mr LDr -m r m(Dr mN co 	 -7 (D- m m00NCl)
m mr rr m(D mmr r m(D CD mr In mN CD mrrrm GO mr r rm OD mrrrm
000000 OCO000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
000000 080000 080000 080000 000000 080000r m m(D r V m m(D r08	 C-) m(D r cc^) m m(D r Om m(D r vm m(D
N m m	 N m m	 N m Cl)	 N m m	 N m m	 N co) m

N	 m	 N	 0	 N	 m
(D	 v	 N	 N	 v
N	 O	

NO	
O	 O

0	 0	 O	 O	 0	 O

85

P̂ 	
r



C

C
O
C>

w
J
co
G

K,

n(Dmovm Wwo"00 mv(D V Ntn marl- o 	 Lo — mor.-OW Omr)NON
(Dmv-r-N NN - rom- Om00v (D —nNOnm nmOmom
v 0) (D (D Nr W rNm-0 tD — m v0 OWNlD	 Nrn N

001nvr- O to 0 0NN m (D(D—N0
Lo a)	 ry
a)0)88(7)U)

m--	 co0)00880)
(,)	 Ln--
000000

r ui u ) — Ln Ln
000000

0)r (,)	 nr
000800

mnNm Ulm
0000)00

00 --00 o ---- o ------ ------ ------ o -----

-0)tnNNr rtnrmtnm 0ir.NnLDLn )n-m000 nr)vm - tD ntomvmv
IT v LO IT y r v (1) Cl) mrm —M 0 Ln 110) owmWmm mwvmwm vmmmm0

O mNr v — r) mNmc') mm -nmtDC'> m m-O(Dmv m NOrmm -Wm(vv	 -
in 0MLf)form m	 mmo

m8m0)0)
-- — MWn LDm 00Lf)	 m

m0)m0)mm 0000)0000N m — 0 DM0r-000)00 -000)00 --00)00
ty

000000 -0-000 ---0-- ---0-- ---0-- ---0--

-Ov(Dmtn m-v-Nw NmmNN- OrtD-OLn m--Omm WNmO--
mN On r)0) 0)niDO (1)v Il)f7tnmLnN tDNI-v 0 N tw-	 Go N (D v Lnr) vm0

0 rv0) Ln n ul r- (D 	 NN — kD0 — v vv N — (D m mm 0O NN LO N 0U) to—Ln
O vv v (D(Dm mvro — (D(D — m v 0m(D - OLn — tnm - - 0W m — --(D Nr O0)mmmnm 0ma)mmm -000)0)0 --00)00 --omo- --00)0-N

000000 -00000 ---00- ---0-- ---0-- ---0--

m •-m-n0) n0v N m 0 NN (D V r) 0) r) — lD Nmn r	 -vr; N
m	 CN	 r-W 0Wvn00 ITM 0mclim r vvN0)n mintr)W	 OD

N W0 1r-n
0)NNm m N

L n
n

- NmN00
vvvlD v0

mv a)r) (7—
NN m rr)

nLn N 0 tD —
-Oto rN N

Ln 
(1) 

Lr. —m0)
Ov m (D N

— r vr	 to
-nmBNO

n	 NN0)m
- n W	 NO

-
-m(Dr tDm - m r(D0

8
--m mm-

:
:-Om O- - - 000 -- --Om--

-00000 --0O0- --000- -- -o-- ---0-- ---0--O
X

NlD 00(D V --0)n N r) r) lD n n 0 — n v mm m r) tn l0 — (Dm n 000 N(D
(D — Lo 	 0) (c --r omm tnn-tn-m N(D V N-pp v — N V m — 0()tn CO Lnm

O Mr) vm-Ln rtnv0)mm Otl,(Dmm (D mm Drtn8 mOOmON tn0)-c^c.)m
Ln OID- - n- -00(D 0)N -Otn Oro a) 0) m0)(Dm n0 0) CD 	 nW0)
- NOvv r ) o - - tDtnLn- - - m(Dm- DOOLDO- 000(D0- 000WOO

- - 000- - - O O O - --000- - - - 0 - - - - - O - - -,--0-- 

(O

0)r) Nv — v mNmmr 0 to r) N 0)( O m (Dmy(DN Wr- v m 0m00r-N
(DmNv On toOom—v0 0)NmmW8 mv0Ntom (7(D(7 NtD — v MMn tDv

Ln NLnu) f71nr mOOtnLnO mNV Ln(oLn - Ovvvv Ov(^rr)Ln ma(^r- v
N nv M, a) m n vN m 0 m (D0 vr.- mLnvnr)Ln 0)v vr 11 .1v m r) N a) 	T

-
O- OCN 0-0)0)n- O - - (D O- 0- (V U) 0 - NLnN- 0 - N Cl) N-

- - - O 0 - - - O O O - - - - tD - - ---0-- ---0-- ---0-- 

- Nv m) DN to v Wv0v OMOWOm Ln(D 00) LDN Om(DV v0) Ln-m 0)m LO
n LnLD N — m — r) (DN m W mv r)nm N mNN W (nm r) m vr) 0r) 1. 0Ln 0) -08 _vLDOtnLnm Nmv0mr) m- vvLn - rvtDO(D(D (^cDNN mm (^- (DLnmLn

— m m vLn r)r)(D r) LO v tD LnNnO Ln n0- N— to mm v m r) (D0)n0NN
•- 0)m (D(Dn0) 0) 0)(D Lnr(n 0)m(Dton0 a,0)nv 0)0 0) a) 0)0)0)m mm

000000 000000 00000- 00000- 000-0- OCO000

a 000000 000000 000000 000000 000000 000000
w 000000 080000 080000 000000 000000 000000
S nOm	 Cl)Q r Vm	 fl) (D n V(1)	 r]tD n Cr)	 m(D n Om	 r)tD n Oc')	 Cl) (D
r N()0) Nr)r) C.Xm N M m 04 

C.,
(N r)

Ln n m 0 N v
LD m 0 Ln n

O Ln 0 tD lD -
- N N M m v

m
0

1

0
1

0
1

0
1

0
1

0
t

86



.O

C

C
O
U

7

w
J
ma

r^mrNN mONOMO V NNN mO 0	 ow	 0 mm	 wrr W
G NNt^a m m V Ot') - N rtDOm^n lDtD mr B tD ^a	 mmLn
N tD mr ^D w mo m ry mm r^ 	 m r m^ mr ^ ^ m N^mw
tDavmNC^ tDtDtDmtDV tDacom	 r t^rNmrm mom-a0N	 N_ N- N- N N 11

000000 000000 000000 000000 000000

NmtDN00 Oammvm 0(D^rrt^ — w 11 vv m wm0rrmmNC — Nrm mt^rv^r NmNN V r ^— rl 0v0 NWM VMO
O Wco	 vmm 0NV ONO rtoN00 rr — N (D r fr) t7 r m tDmN
N OOtDry lD vNlD t') 0 vlD 00Nt^ tD-c70M0 rr-0; W W

N N N N m N N N N-- N N NN
000000 000000 000000 000000 000000

mNV 00)v (') vmm0tD Mr- MW	 p OMmtDC^m mvtD^t00
t^rmm 0r r)NmmtDN NmtDNN m0mv m m m-NNam

-0) m tD minr NO to ntD V mtDr 0m(D N m N N^f^mNm
S

mt')r
f')N t'fNN[']̂	 ^. L mN Or NP) a V Ow mN amr m y N NNNmN 

4.c
0- ^ ^ ^ ^ NN ^ ^ N(1) N- NN t') t)M04

N
000000 000000 000000 000000 000000

NM;Nmo wwwr-mw mNmvmm —W—;Mvm wmOm—O
co U) Wr- W	 LD tDmm0^v rmN mmr- m ^v - 

N mmvrr 0)m nmNmN ^t7^Nm^ N00 w0v mr r- mNr
r m If)l()N W r - aaamr wIDO^r0 m	 Vm G D rv M ;mN

C,	 N Nil) N- NN t7 t7N

000000 000000 000000 000000 000000 
O

Oxx

r t')Nmmr NtD V ONm a)W NN - V WMNOmro orool-W \
mNIDN V V P7m-tD V m Npvf^NM Nam:DV N -fin mN0

0 tn ll) N- V tD mNr mtOv v	 mN	 m N	 rNN V m	 -am ^>
N mt')ON V N TD 40MV N V NNV V M onmr mm N	 mNmv

_	 O --- -_-__- ------    N N	 ^
000000 000000 000000 000000 000000

I- S ONm V ;mr?mm NN t7N V m Nmm::v O N y r mmv
v1 tD tD Ov mNID^0N mvn 0vm Nrr -tnr V tD Otn0r

N - V ^^ mm N a Nm v N Om mm rr nms ln m V Nw;^ Wwo
N r rtnNOo lD tD lD ty NlD nrt^lD an mrNvalD ^mNN^N

000000 000000 000000 000000 000000

CmmvoN r V mtDN V r;vnv^ WNMMOM 0wmwM .0
Otnmvr- w N V mv t^.N vmmm o - T0000r Om- m 0 v
N^rtD ID0 mm0r nm -m V O	 N mm N tDtD NN E mv^8 N m r N r v O m m m m N m r m m O co m co m r- 00) N — r c^
N	 N N N 7 N -1 - - - -. N .- _ N - - N- - - - - N - N N -

000000 000000 000000 000000 000000

a 000000 000000 000000 000000 000000
w 000000 000000 000000 000000 080000= n0 t7	 r) tD rOt)	 M tD rO(o	 Cl) (D rOM rM	 CltD
H Nf') m N m t^. Nm m N f 1 N Nt7 m

v N 0 m r
r N m 0 co

O - tD w 0
\ v l7 t7 N N

0 0 0 0 0

8/



}

8
Cl)

0
N
N

8
N

W	 N^	 r
C

L)	 OC^
0	 x
U

0
N

w	 —
J
cc
Q

N
N

0
0

uj

a

H

R .

mmNm V (D ID NIDrmm
rNmc^mN rmr)r0(^
N - 10(14- -NNm(D()
vmvNm 7(l)rvmmr)r)V (.) 7N r)vNNNv

- m(D - Ov
m- rrNm

Nv0-(')0m-r Nn
V 7(D(D (D N

m r)U) - Nr
v - m — c a
v (D - m mm
NMr(1)NO
v 7 7 N v 7

w—

J

N V v-mN r N V N mm mmmm r (D r -mOmv r -tDr-M W MOmIDN-
r W 0N00 ONO - v m 7 m-m (D- O N r) v 00 m Lr) v cti Lo r) 	 2
rOmr) mm rrm0v m mmw N .-	 v mm(^mr) NNN V N m v NNr()r
m -r) - m m ONr m tD O r)--NP.n N mv N m N t^Ovr,m N mOO-NN
- N N N-- - N-- N N - N N N-- -- N N N- - NN Cl) N- - N N N-
000000 000000 000000 000000 000000 000000

mNr)Nm - r(D N(7 r)00- mrn0('^	 n 0v	 r-m0 r- v^	 c^t°^Oi r mm
O(D — (7N — (DtDr (DN r v m- r0 

N (^-O(D-N r)N-N m m On MN OrOv(D m 0 m - (DN (DN Om7 — N(7 Nm -mOm (^v-Om M com mr)N
O Nr y (Dr mv0v mm N V O (Dr- NOtDO0	 Nm(D-Om tD ON(')(Dm
NN NN — N — NNNNN — NNNNN — NNr) N — — N r)N — — r)C,4

000000 000000 000000 000000 000000 OOOOOO

Nv00 mr N 1-(^ NNmmr) O mr (D WV (D V m - ONm r V 0(D(DM
8N(Dnr- mm— N7m O V ON m tD m w m0	 0v— (Dm(D (7(!,V
mvtDNmN mm -v(om -vmOvO - mmw ON NM-Nn O m10000
(D r) -Omm (D V rf- (D V NvN m 	 ONNN N r)NOv mN Or m Or)
N N r)r) NN NN Nr) r)N NNN r) NN NNMmmN (`)NQ vNN NN r)v;N
000000 000000 000000 000000 000000 000000

mm(- -ON m0 M NON Omm - LPn (Dvm- Om Nmr r- (D m y a mrm
mN — mN r) N - ONm r)	 0 m00v N(D mNm7 r r-m0-N (D P,
r mm 7-N t CD Nm	 C) r  r r- Ov uN70r) mN(D m-r r)NNNm r,
r)r)N m NN (D r)Nm m m m00 (M1 mm (D mm0 — m rn r) mvN vmNm0N
mcw)v V v(1) N 

m 
v Cl) C*) 	 N M m M NN NN Cl) MmN NN C.)MM(14 Nh r)v r)m

000000 000000 000000 000000 000000 000000

O
rmr tD W-7 Om mm r-O 0
-mnNm tD (D - 0Nrm
m CF) m0(Dr Nr V CD r N
(-)Otncc tD(D mr-m0NO 1>
v 7 Cl) Cl) Mv	 v(1) r) v r) (o

000000 000000 000000 000000 000000 000000

womono NV m N W M Ommm (Dm O(DNO mm -Momm w NNNNNO
(DN -N NN r)(D tD M - m(D- Om:7 mom w oN 0- (D Orm r v  r)Nv

C.) r._ (DM NNmNI I	 mr)—mm0 r v mm — v 007 NNm NNf7N(D—
rrl^(Dc	 tD-ON V - rNr O w0) mm mr N m vmNr (D0) mm(D r Na)N----- M C14--N v C.) C14 N N v Nmn v M Ln0m 0 a N n 0 r O N
000000 000000 000000 000000 ^0---0 00-0-0

N -(DNN 0 N r-07 (D m0MC 14 0r mNOV MO mf- N N0m mmWr- mv
(Dm V 0N — a)0 OmN — O,LI ;rr (D r) (D N m tD Qm N — N V mr NNNOmN
m— Nm NN (D0MM " 0 mN r — ^ m V NmN V n 007NNO V rmn 0N
Omv OOm mmmomm a)(Dr)0, -0 Om 00 - (D a) (9) (DN 00(.)nNN
N — N N N O -- N N- 0 -- N — C — N— N N N — -- N ( 4 N — N N N N N-

000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000
080000 080000 000000 000000 080000 000000
r VM m (D rvM M (D nO M m 	 r O(1) r) (D r V(1) m 	 . -r) MtD
N m m	 N(7 r)	 14MM	 N(7 (1)	 Nr)r)	 N -)r)

N
(D
N

cy	

O

r)	 N	 N	 r)
C14	 C14 	 -1

0	 O	
NO	

0

0	 O	 O	 O	 0

88



c aj
. " , y

rinOmmr^ mNlnrm- N-r-wwm -ll1 - v NN N Ommmin mmwn wm
-NO-In 0(:?MPIm0 vV mmN- vm -m - In Novvmw Or')r-m

tDlnrnmmr v -mP)m- PIOmtoa) r0)	 - N m0 N om
;kn

8 m(^mv nm rvn cm0 rr7tDm-m -mrminr0 mN -mvr^
N-mv0W
PIrInlnlnro

NNNN NN
000000 000000 000000 000000 000000 000000

r N -mmm Nv m mm O nN f7 If1 f7m Or'1 OIn^ N ID ID	 f7 V In ^ m 11 Uir m
m 0 n N P) m O tD v N tD o ^ tD M ^ N(D - M N l̂pp n LP - tc v O v v c^ N- N u^ n

O NNminmv -In -mv N -ONmmm tDInIDO-N OD	 V r)O- m- rvOv
N mvtD- InN rr N mv v m NmN - l0 m- tDm inN N --v va OON{DVIn

NNN FINN --NN NN -N-N(V- 0-^-	 ^- --NNN- --^^^-N
000000 000000 000000 000000 000000 000000

- vm m P)rr N(D V P)mm vm mmm(1 ) W NC)M0W r y 0P) -m 0	 t- V r)M
m In q N N w vmOOr0 ^0V O0W v mfg ^0M Nv V W W	 oN^m
-minmNN m O	 V O- ma y tp lD0 mvtD Or m mr Wf.- m- om -(D8 min mmm r (1)cr	 00 InnNp-m vNrnln- t f7 0m 	m Inv r (7 0r
NNMm NN NN (7 mm N ^ NP) N- •-	 - N-- -- NN - N N-

N
000000 000000

0 
00 

00 
0 000000 000000 000000

Omr 0w m 0 w v mmN mm N (Dn r Ntr)v m- m mmV In^
CF) 0 Cl) CDwW wo- Orm m v m v m N r m m NmN

0w8Nn O
w0	 m- ID r 0mP5 ry

In tD m in - mr vv m N	 m 0	 W	 - N tD tD N - m mtn m In M q O r m r7tD-
n v mNm00 11	 1) 	 N tDOm	 rN U')m m mnm V n Nlnn tD NIP In m(Dm

NNm v (n C.) NNNVVN -- - PIN- - - O N- - -- - N- - -•--(V--
- 000000 000000 000000 000000 000000 000000p

x O

mN V pp m m0 o, tD -r m m N V r pp -0w N0In WONmOm m--tDry ^.
m-mm	 0 r- mvm -tD 0wm mmO tD m vPlmN (D LOW	 000 r-nrN-

0 r-n m -In mnNmm- tD 00 r-mNm ID rvw	 00 -ID PI mmO I>
to nrin - vm m NPI m n N ;M- V	 mr v tc -NN U)0 - Nmv -N v-mrm 0

NNP)Ir P)m -Nr7 {n PIN - - NNN•- ---v-- - -OP) - - -- ON- O

000000 000000 000000 000000 000000 000000

v - 0 - mo Om -minr m-Plmrr N v OGm00 - vPlvv v mvtD Dmm
mom m N- In m tDOvm NoOv v m tDO	 N mm fpm-M0m mmU)v0m

Ln P)NinWw(D mMr V w0 -P)-IDOP) mNtn tD mm t	 QMCC) v In t)	 00)V m
N mv0In vv v m y - UPI mON0n m P7 mm0 NV mm C l 0 m w  "jo;;v

. M(D Pl W -N N V NN -N V N v - -- N m P)- ---N- - -- • ON--
000000 000000 000000 000000 000000 000000

IDmtDInt OON V OO Ot-WO WP) PI V -tDNm vmv -mm wmmvv v
mm-In-r v v - minm mN00-ro Nv OlnOr Nvm	 0w - - mtnmm
omOmrin N	 In tD -n v NOmv m mmtD Olnv OvOm V v rvtD tD - N8 Om Nmmlr O	 tDN mrr -Ov -N I) 00mM0 W -O-rPIC^ -Ov tDrm
N- N N- - N N- P) - - N N N PI N- N N N N N- N N P) m P I - N N N m N N-
000000 000000 000000 000000 000000 OOON OO

000000 000000 000000 000000 070000 000000
N
w
= 080000r c) (n	 PI lD 000000r O M	 PI lD 0 8 0000r	 Cl)	 m tD

000000n O m	 m (D 080000n v M	 PI tD 080000n v PI	 r7 W
^- NP) n N Cl) m NP) m N mP) N r7 P) NP)P)

N r m O N v
tD m O P) m

p N O ID - tD
\

I
N N l7 m v

Ix
0 O O O O O

4

Q1
7
C
1,
C
O
U

c. 7

W
J
CIO

Q

c.

i
I

89



raj

8

0Ln
h

O
N

a
41̂	 v,
C	 r

C	 o0
U	 x

.^	 0Ln
W
_J
cna

h

g

a
W

0

r r)n 00r -v v M W V rr. M r N tp 0r Mtn- - m y rn 0 w (0
0ID0 co -N tD Now mm M to OO 0 )n Nv NM rM 0)N V m
O CID MmtnN a Om- -r MMOWOM MMOO M Of O NONOm
(D (D0 - <ntp lD1n Ql ntn	 ONG1- Q (D lD Mr n M ,n 0)m(D-M N

- 0 0 0 - 0 0 0 0 -^ 0 0 0 0 --0000 000 O O O
000000 000000 000000 000000 000000

n
Ov NN f7P)r f7v(D w or- WN , www W r- o Nm MW e N
N  rr - MnmmN 0(Dmo wr-- (n ON- ON (n IT LP C)0)

m(D m r- 0 (D coMNm (rm LO r- mNON 0 tlQr r) - N mw - Nm -
Q N,(1-rm NM -(Dm WNQNOM NM- M(D NWNNNM-0000 --000% --0000 --0000 -00000
000000 000000 000000 000000 000000

-P(D(D .To  )nr wn,m mvtn--O N - r r.mc, - m(D 0 vtDm-- ONM M v M r O n r-m v 0^ r) N r- (D O O O m r O- 0
M O) nr Nm r v NM r v (DOm - r T w--NmNM NmN- 0(DnOO,Ntp m nn-Mr0 vTm o 0- O-t mmo frnomwv^0000 -^-00- -O O- --000- 000000
000000 000000 000000 000000 000000

lf) r --m- M-0r-0 N 0 (D m-(D C) 0v r NMm -(p C) - N Q
C)0	 NlD m y - r (, - 4 (D (DO NWNMMC ) mv rU•, M V O))D
0)07 NtnvC) m — Q)v M 	 M M V t-	 01 (DNmvv (DODWM00)
N NOtD NM v e - e MU, r inM V Mr mlDN 7 Mr ::9 0000rmOfQ
--- 000  --- 0 0 0 ---00 0 --- 0 0 0     
000000 000000 000000 000000 000000

O1
UIrMOnM 0 m y M Mf	 wv 0-N	 0)M M 0)(n m My tD to -W v
M--N r N vry -m (D mNQNMr (D nr tDm Nr r m y v-om— o)— m rNv - 0MMMNln t- r.- 	 Nr rNM - -T 12
m C• 0- - r r - (14 N m C) N N- M CO O v N N M m m v N N N C 1
00-000 0--000 0--000 ---000 0--000
000000 000000 000000 000000 000000

(J

NrC)-mN (D r N O IDv m ow - -r, 00 0) N 0)- OD N (n,n m
r-0)M C)0 tD In N,!`vM y r V . 0) 0(D NV1 (n 0) (n 	 N 00N )n 0
tD V)-0N C) (nN- e 0)r M r 0)M(DN (D r M(D mr 01r 0)r (D m
P - ONN (D -(n MNN (D^ v NMM v -C NNN nNN-N-
000000 0+00000 000000 000000 000000
000000 (.00000 000000 000000 000000

(DLSr-0Nm M(n N V C ) - M(D - a) MN (D NON 0 N (D 0)-CDW tDrvrN80 0 N v (D 00 v00r- v N UCC) Lo 8 u)Nr - tD-
Mr v (n r - mtD tDm0 mwnomv MN CD	 NMN(D 0)v^ r v r r	 to N- 0	 - e N N M	 p v M (V N N- M v- N
000000 O vvv-	 0vv-a	 OOvvv- 00vae-
00000c, 000000 000000 000000 000000

000000 000000 000000 000000 000000
000000 000000 000000 080000 020000r M M (D r M M (D f.- M M (D r M M (D r M M (D
N M M	 N M M	 N M M	 N M M	 N M M

Q	 N	 0	 C)	 r
r	 to	 M	 0	 m

(D	 -	 (D	 0
v	 M	 M	 N	 N
O	 0	 0	 O	 0

90

V



i

Q1
7
C
T
C
0
U

W
J

^C

Q wr v m0 v w w 0-m w wr N h NtC wm0 w mr- v mm mwr hmw
C4 r) 	 N Ov r) CD LDr rN r)a)W	 v r mh wr -N mmm	 mw mm w v 0 N
Nv OOwh v - rNm- ^ v)mvr N ('f m - -hN (fir v h ow t•)Mr- m y v8 m v h h r w r v	 Q v- M-- h m h N N Q N r h m	 ^p O v

000 Oo8ot- 0- h0--0-'-	 - h00- --00 - ho	 N
-0000--

0 0

000000 000000 000000 G00000 000000 000000

v hhmmv NQ0m 0 - r)mh0)0r) hvwh - v m - mm hm mvr r - r)
r mN m hN O	 hmv w ht7r-0 f7m Q NN w N- h -P)	 P)- h m - Ow^0 c')^v-mv NSwv mO mtD V N v(^ ^t7mh v0 Or1N	 tr m-w hmm

N Nvhh- v mvQhv m mm ttpp -Or w 0mv r- r- N^ vvrr t7 t 	 'I
0000^J 000000 --00-- (vh00- h hh-0-h ---p-^

h
000000 000000 000000 000000 000000 000000

r-	 a) 0v0w0m wmwrm - nQ ow -N rmM00^ Nmmrah
w m h w- m to m r rh m r v ro m w m - m c O h (^ h r m w w r - m r r w m
wr-w-r f7 w h m h- 00vv8m vCV hN m(V m0r NOh r QmNNO8 tMN	 m	 v f4Ommm0 h -m0 ru)NhNN ^NN V -N 4O	 )r, Nmr
0 0 0 0 0 0 -- 000 ^ h n 0 0-- h h- 0- h N h- O h h -- 00^^N
000000 000000 000000 000000 000000 000000

mm7NC. NNNrrr- mvwr)hv mvMwmm NOONO - enr- hmrN
p mmr- v m --m0-m hhNwwh m0rr-O hNr)m0ON ---OOr

N r v- N w h h r (^ w Q h w N- w m a m o w N m- m v N m h 0 r) v v N O Nr mCN	 c v	 w.D	 M h mr (Dv v N O hv wm - (fi r Nv w
m

v w lD y r
00O- h - -- 00- h h -00 - h Nh- O -  h evh^ 0 	 N ^ -- Oh-

- 000000 000000 000000 000000 000000 000000
Q
K 0

t^) r CNm h W vm0(l NO--ON hOmO(r O m y Nr-No NWOMON \oN-hr v v r0 -mN -h7wmm Nhmr-ow mN-wr-v - hmwh(7
0 w0wm^	 m W CD C4	 N	 ) h a)	 M -m mmm - hv 0 i	 0m v 8Nvmh
N 000-wh mm0h0 to 0)mN7 mr C-4m cn r)r) W mr 0 v 0 m w	 w Nhm

- 00000 m N -0hh v m - O hm Nn -0h (7 vh-0- h (7 h- 0h-

000000 000000 000000 000000 000000 000000
^

U

a

r mr v00 w - h- hr m -h0mh hr hrww - '1 Cl) hm0 °-w h rm
r - -hmm NvmwCVN wvNwhm -tamw om woom pN

N -e^w To(,
o w o n mw
M	 -	 - N mn(1) wN V OOh M0)- mnv hw ^ OwNOf^

N (YNht^hh v- r)Nr)w r0 N^ 00 r- MNr- rn v wwm (D mm r	 m 4wr
000000 -^ 0000 m m 0 0- h v w h v m N h r v O w w

ow 
v O v v

OOCOOO 000000 000000 000000 000000 000000

N w co r- I D w w() C7 Nw O h r mNm OOQm m n mhh t7 NO 0 -(D mm cc
Mt')mmr r--m2 -. hmmowv -r-	 t') 0 ( -rru)r N	 N - h(7 m)	 n

O 8ww(Nmv (^.r-q C) v h hO.D vco	 -v mmm(1)mm -mr vwm
O v(V C:NOm wvNw00) mNr w mrto cc rr Nv MM wr r hOw

-
OOvv70 0OvvQO 0C`vv(n0 00	 m- 0 0 v v m - OOv vn^
000000 000000 000000 000000 000000 000000

a 000000 000000 000000 000000 000000 000000-
° 8° O m(°D °80°(1)W ° 80 00to 08 00 0 080 0 0 08000_
hf7 m hmm hmm Nrlm C. :v m (V r) P)

N M h h
W v h h v

0 N 0 0
NO NO

or
0 0 0 0 0 0

91

J



92

f .

W

7
C

c
O

Jm

N lt: Nr Nr -v fp m - m Wmin N W 0 N 0 N m W r-r 0mr -r -n	 r
nv f^0• mm - m^D rnn v CDN WV) r. r- - Nr n Om - v IV  Om	 V	 O

( j n N L: m m o
-

m v v m c, m ONNWMW n N 0 0 v- co (D N W m m - cc N n m-
O nt^Nr

oo--o8
---rr C . o

0-0000
nnm-n
--000^u

r m	 Nr r
--000

mr ^pN	 m--000
mr v Nnr
--0000

000000 000000 000000 000000 000000 000000

fn 0m m0 0Wr-0Nm rmmvnm 00r)f--r -Nmm0m NWOOnr)rm CD	 m -fDfDnfDm mmn-NJ ctnnrmm Of^mcomc^ nnNman
^ f^mW0 - M rr Mr- m0 r—r-m	 V" wwo vmn f-r pp00v rmW W - 0in rovtDC)mm n0mN -N vn,,pp - mm lPm0N - N DmOm t0 -mv00000000 0000 0 0 -- O O o U -- 0 0-- --- o-- -- O U--N

000000 000000 000000 000000 000000 000000

m8n-m^o NmmrNm am-mon n000nn rran C.Nm v 0GoWvr

8
m	 mmW mNN wcc

P fM V N- ^p
vnmrnG

lOfrmrmr)
-Nmvv r

-m	 m0n
On-On0

0%D '• C 	 mcn
nm ..'NN

m - m -w V
LD V lDm-Wfnmr m - v OmOnr- W	 0NNfD u)mnc^nfD V n V O n v c- nNnN-

O000- O - - - O O - - - - O - - - - - O - - - - - O - - - - - 0 - -N
000000 000000 000000 000000 000000 000000

- Wmw NNf- - O- to-n-r- OV NmVM -OON-v Nmm^nm60 l0 W r) I n m o r N v m r m m- O r m N n0 -  m O m m v n m T m m- on
)r, 0)m0v0)0 rNmnmW 0 M M	 v W 	 r) r N - -W 0v0 C -m vnNr -mm- mn (1)LD nvmr m^•1 (DNr m W v r N 0 N n- r: fl) vm v Onv-m

-
000-00 --- 000 - N N O-- - N N O-- - N N O- 0 - N N O^ 0
000000 000000 000000 000000 000000 oc00000

x p
mr nm - n nn0^t-pV v nmowom mm Wr4mp nrN - nm v m_ mcorn

-r-N W M-' WMOOIVD W a)oaiimcDr mmm Wr) umi W	 v WinNvOin n r) o r- W :: m n co	 ^p tD
Mr-MO V O
m v 0 ^y - m r r) m n m 0) lD - v WV r uD J O m 0 o ^ 3

00-0- . 0-0-00 ONf^pN- ONMON- o	 MON- ONMO N-
000000 000000 000000 000000 000000 000000

u
M V r nmv fDvnvlD v -mm- nm 1-MMa) -m OOr mvm P--	 V ppn
v no"Wo NmNm-r -W-ow, m-mr t^N t^WWWW p MV OOOm

n - vnr)r v O
,

W	 n mmv cDmn 0)mrm - WN tDf1)Nn00 MNmnnm
h Nmnrmv V MWNr n v NOmwo V mowm wnmr- rm WON -mw

-

O -N-N- 00-m-J 0O-fD00 0 N v N 0 Oor mmo oom , m 
OOOCOO 000000 000000 000000 000000 000000

nnen-- WTOMNO of- - r- N V n lDko	 "N mmmN-r mN - v 0m
UDm co m v Cvmm nmr wv- •7 Nv -0 - m- •n V fD0 vLn	 r) NN

O m-OnrO can- vv o ONrmvm Omww	 o NNNrNr v0-tDmmO ^rOor-W Nmt-ww" N-Om - N -Omom -Nrvn-

-
oOnVN -

mo o r-No
00	 mr,4- 00nr)-- 0OW(n	 - OOWf-N0 p00Nfn N

000000 000000 000000 000000 000000 000-00

a 000000 000000 000000 000000 000000 000000
^. 080000 080000 0 8 0000 080000 000000 00000
Z r	 n	 N fD r	 n	 n 10 r	 M	 m tD r	 r•	 (n m r	 n	 M lD r	 n	 r) lD
r r/Am Nr) m N(7M N toM Nri f7 Nf7M

u) r m O N v
%D m . c' n r

o n U co cD -
- N N m r) v

or
J O O O O O

^J

LGOO



GJ
7
C

C
O

w
J
Ib
Q
H

LC)
r

O
x

Om

N

LLJ

N

8

H

O

1

n
m
tDm

O

0

vr_
v
O O

93

^I

m

0
N

N

8
N

U)m m U1 r— r) t0 r tD Om - NM r) - r Ill w r r Nn U1(D101DW-rtomNr IT CD 	 m O U) r'- NOr co 8M rt^tD v w  Jr v tO In m0
ff tDrmn- WNmMMM 0 0 mv N0 NNvrmo
varmmtD Nr ON - m

I)m;	 t0
O- mvN vin0wwo rrwwr- D

000000 00---0..	 .	 . ------.	 ..	 .	 .	 . ------.	 .	 .	 .	 .	 . ------.	 .	 .	 . .
000000 000000 000000 000000 000000

r m U)w rm NmNwwrD mOt WWM M0)vr min N tD m- N m
rm-It)coN InvwwmN r-mNrr r wmOMmw mNr-mmo
- Nr-rr tD - rr 0Nr-m -mamma Nr- MCONm vvtD fl. lnln
m M-1 r In P) In in r- Om tO mm - v v 0 v arms mmr m—m
000000 000-00 00---- ------ ----N-
000000 000000 000000 000000 000000

a U)a NN- r) t- O NO (') mlfi f7 a)N0) -h U)W mr cIn U)0) Om
mmUlwon o 0 0 N - v r — mmNN tD - mNtDm rIDrOU)r
Or -m(Da) r (DL ) N Om Cl rNrrm m N r m mtD P)N Om LC) CIO
n— C7 In t7 — NN tDO(ON Ulv — m0ln 0 N r, m 0 N mmm0vm
0 0 0 000 O C ':) - 0 0 00---0 -^- N N- -- N N N-
000000 000000 000000 000000 000000

tD m f) r U)N Co OOm Om Ov mmv0 Mmin - Om N - m 0Nm
MOW-mN mmmmrU) U)C7m-WM -MN-Wo Ulmer v(D
Wr--U)CI)a) -r v ON m0mmmtD rmmCDW4P - tDNN V m

-Nv N- N N M w v N C7N In0 rM CID tDn-a0 mr tD a)W0
000000 000000 000-00 00-N-- --NNNN (\J
000000 000000 000000 1000000 000000 X

O
mtDlnr — v Om — v— )n — Mvr0v wwovwv 0wNIn — n \Om In(DN4) vam(1)-tD 008m—m m--00 0 mwvow m Cn
—— ON% — m a — vmN0 m_Nvwv m — InNm0 MCDWa) — M E—co— ---c^N— —	 ^vm mmvmvN (am—OOtO
000000 000000 000000 OOOOCO —O---O
000000 000000 000000 000000 000000

atDtO- -N mrmm0M N0vwr-m 0w0mmr ID0vm-r
Cl)— 	 Or U) mm mNN tD l0)m00 w  co r Nm rm - NmN mv

mmm oom mmm0Nm bCOM N 0)0 N - - Or 0 v - M 00w
Q(7--8 00000 pQ	 C7-88 - -

O	 0
a
000

NvN- NNNMN —
00 000000 000000

000000 000000 000000 000000 000000 

Nmr mtp r mNWr-r-0 t0- a00M v 00-W0) Ln	 NNN-
-rtD--tD vinmmww In Clvr mr v ar 0-0 W to r m -m
omrt7mt^ P t0wN0rr mmm-Oc') r wMr.- - r mmmin —v

088o80 888088 888000 880000 88NO000
000000 000000 000000 000000 000000

000000 000000 000000 000000 000000
080000 080000 080000 080000 080000r m m tD r m m tD r m m tD r m m w r m I) tD
N(7 N	 N1717	 vPf C7	 N (7N	 Nt' lv

m	 r
0	 mt0	 0
N	 N
O	 0



-74D

r-Omr(nr mmr-O(Dm
Nr c coo r Omr VOOmv(n — OmrOr
M — Nm — m 	N r)— N
000000 O 0000

000000 000000

(D r) U) O m
mtDO —mm-_(14_Nm_00
000000
000000

N v m v (7
rr)0 vN
^Omp mQ Ui
000000
000000

v— m(nmo (r(nmr(n0
Nr --mr (D N 0)W r)(D
r)0 N0)Nv_ 00Nr))r)v

000000 000000
000000 000000

8
tFmmvmN m w m)	 tD0 N00 r)^n - r0rr NN In— mv n N U')ON LO 0)N
--Wo Wm0 Von--W	 r-MMONm mm7 NNE fin;;p 	onww;m
)rtDm (o- nNLv	 00mmmm InNrrmtD m	 mmm mvmw w

W0Ln (Dr 0wv u)U) 0 w0 gq V LO 
in 

v(nvvvv U)W)V)-1 vv W)(Dv V U) in

000000 000000 000000 000000 000000 000000

r . n m m m r (D (n - ter m0
tnOtcvnt^ N^

N IDr U) rN —mry
N	 ^— 00 mm0mmm

N N N N N N — N---
N

000000 00 
000 

0

O(Dm(n0m
r) r) In vNN
mco LO(D(DN
OD m ^ "m

000000

mo(DO(ntD
(n — O(nr 0
N — v(n m
Cl) co

000000

-tD — mmm vm mm; w
m rf NN (ntD r --Or)v
N — v r)mm (D Oav IO

000000 000000

Nm W(1) mv cly W W y r v Nm0 (D N m O O ON(D m m  m — (nN OD r r NN mr V NMOO rr)mm NO a(n(D m)C) — COW V min- m)r) 0-r In r (D CO tD CD U)

8	
— (()N(n mrr0v v 0m m mmr- - m N — v r y r Ntov N(D if (D U,—(D (n r(nr rvmv nor - wv — ON--O 000000	 —	 MM--NN
t: N N N NN N NN N N N N N N N N N N N N N N N N N N N N N N N N N N N

N o00oco 000000 000000 000000 000000 000000

4J
N

C	 (`

C	 ^
O ^
U x

r +	 N

WJ
coQH

m
N

8

Q

H

O

I	 ^

co tD m  Nm vv Mvr — NWMO V m OMMWN— rmN0M	 N  r)U) rm
— r) In 0m m In — N — NN v NN m 0— V1tDm() r m v f7r r) LO 	 rr) 0 (1)Nr)a) LO 	 0Vm0)vr o)NmM(14	 0)c.)m00N (DU)(nv-- n(1)vr)M(D
m(n 00Nrr N)n)nr)!)v r- 0) 	 u))t)vv(nv n Cl) mvr)v -(n(n(n V N
NN C.)r)r) N MM r) Cl)  r) NN r ) r)r)m NNNNNN NNNNNN r)N NNNN N
000000 000000 000000 000000 000000 000000 X

O
M(1)m — vN v0 CID — r — -7 mWrr 0)v )nv — NUr m(D V U)N90 (D (n(nr)mr
r tDtr)	 m m — mNN 0 v Om — mm — r) mNlp N m (ND r--0 r — m — ON	 tor00n — m W (Drr (D(1) N — V0)MW vM(nv(nm --wC40w 0vr)rmr-
r y USN V m OD  tO tn (nv (r(r— (D 00 m (D)n)n(nm r — M V LO (n Ln m tDm(n0	 E
NNNNN — r ) r)(7 m m m V v V m v v vvvv V v v V mC.)(n v m  NNNv i

000000 000000 000000 000000 000000 000000

m0mv (n- 0m0r- m- r- vrr (n - M-(n 17MLn ommov- mrm0-(n
0a)oo mO -v(D-(DO NmMM Ul) v(nm (n-c^ c^m (DV0- (^Nmm(n(D
(D V r7(nr y o0 U)m rin mm N0 8 	u)—mN—r ONn(n (D (n mv (^m(D (n
(D r)r)C.)r)r) r v(n (Dm (D m m Nmm N(n r(n — N r)v Nr)v0 ::mWLn m(')000000 --0000 NN — — -- r)r)N(n V r) Nv NLr)U) 	 V w w0(1)

000000 000000 000000 000000 000000 000000

000000000000 000000 000000 000000 000000......	 ......	 ......	 ......	 ......	 ......
0 8 0000 0 8 1)000 0 8 0000 0 8 0000 0 8 0000 080000
n r) en Lo n r) M tD r m M tD r C.)M (D r M (-) tD n m rI (D
N r)r)	 Nr)M	 Nr)r)	 N(7 r)	 Nr)r)	 N  r)

U7	 r)	 NN	 Cl)

(n	 0	 N	 m	 0
O	 O

O	 0	 O	 o	 0	 O

94

01



95

0

R ,

O MNIn— v mr- r- w mr Nv0r-0m 0vr-00wN —m;mm
0r-8mw0
0000;

v — nr-;0
---^oN OOmmmo MONNVM OMNOMW

mlDrin ^m N V Qm	 N mmOr rnm NO)	 voN
1
"

0
Nr mr wr- wvmmp ID^^Inr ^ovc^NlnlD P)N — NPfQ 008N00 00 0 00 cn00000

000 000000000 000000 000000 000000 OOOrioo

wMWOW0 m y— c^NO — v Ir r wo ;Inmv vN Ovn^ Mm f-M V M pm
n NOmov tDmt wm rmmmmr OON^OV mo m 	mm m NNmm^D

O mm—Inln0 -r NN	 0 mNrt^ O) rIn	 v mm CcM-04 DN InrN — Orto mmr rmm
---

00THwwo
N N	 -- N

IDmI oo;
——-0	 0 00 WD lp Mvr lp

0 0 0 — 0 0
mmonmm
0 0 7— 0 0

N
000000 000000 000000 000000 000000 000000

IDm^WVN — or-^V — Mmminm — ;Ov;mc^ ;MmmN mowm
ID CO	 N - m rm—r r) r^ID—N^ f7 N CD 	 01N rt^m — o0

;w
w m mm	 N

v Q r c^v in I)(D ID 0 IDV 0  —N SID NM MM mN - Mr-0 mmomno8
^	 Lnm	 MIn a)Lf)0	 nv Olpv - ^Ip InmNm—r Ntormwm ^NOtpwNN N N N N N - N N N N N N N- O O	 O 0 0 0	 0 0 O p ^ ^ p O

N
000000 000000 000000 000000 000000 000000

[Vlp v v — m mmvv r- o lDlDm m mm V WN m V O on owmN mmo mr y
wrm0 , w mm	 r0v mwwmmrr VCD 	 (wNr vor- WWM — ^Mmg0

In m-m lD	 V mm	 A MID V Orm Om mminr WN MMON V N tGr O N OID
r In	 In WlDm IDN mIn V (7 w C7 ^v m — Nln mNf7N c')r Nln f7 — NlJI^ONNc^NNNN — NNNf7N O— NNN^ 000N	 0 OOON 00 000N00.	 .	 .	 .	 .	 .

000000
.	 .	 .	 .	 .	 .

000000
.	 .	 .	 .

000000 000000
.	 .	 .

000000
.	 .	 .	 .

000000
O
x

ccM — IlnMLn O — vinmv r) V mV — N OIDry N r- r- mmwr-v0
v0m;tDO mNOm;m WONmOm WNN V WM rvLf)	 M0 Mr-wMM0

0 rin0m Nr -1pf^N 00 m— QQInm lD^ mf7ar ^m f')mf7Q - varNv
Ifl r)MLOLnm V mmNmN A NmC')^ ^ O ^; InrinP) ^Inlnlnc :!C)vv V-

N M04 m C4m 0 7 M. m M. 04. 00M.m0. — 0. 0 —. N. —1 0 000N.00 000NOO
000000 000000 000000 000000 000000 000000

rVNNNID
avNNm

Or- 8 r-MW
Nm	 v0w

V;mVNID MVMmr,-;
mp f7:nr)M

^minm—N
Invr—mm

"c^ - wm8
0	 MOM

In pm -T 0)N^ mN r mmm
v o mo mm
N O mw m m 08 w MMr- V In — a f'1

N vvvVWN OoLIn VIn m NO
0 vamWa 8 N0NL N0

mp In 0w P)N

800')')00 000000O NIDVIDN O^InO OOr
000000 000000 000000 000000 000000 000000

W;: r- V P) r WONMON N r m^ r r yr (7 N C40 yr mw 00 r^NN mOrr Nln r m N^ 7wwN v w	 w m	 mm Nm r f7N^ r ^
.OID N ID-

vmv wm v

8 p m rmr^
000000

r 
cDw O)

p
m

8800
r
p

np t^n t_D
p
m

000 0 0
nr

p 
N r Dm

8 0 0x0 0
rrp tam e_mp88	 8000000 00

000000 000000 000000 000000 000000 000000

a 000000 000000 000000 000000 000000 000000rw 000000 000000 000000 000000 000000 0800002 rOm	 MtD rOm	 c)(D rOri	 mID rOM	 t.) ID rOm	 M  n	 M	 t)W
H Nr)m Nf7 C) Nf7m Nm M Nf7M N r) M

In r m O N V
w co 0 M In r-

0 lD ID —
\ N N r) fn Qm

O O O O O p

c

W
7
C•r
N
C
O

W
J
co
Q

N

X

O

N
E

7

ti



F	
-

N^ r NInN o (D (DMr 1D pmNmm (D oN r ^ n (D (D ^mm^^
Q m ^ N(^^- ^Nm^NID (Dn^pON^ m^QO(Dr M
'tD0^	 m rQrN (OV N mtD	 Qm tDrm p mtD

WNrQID
N(Onmm mg (n(DQrm(n tOmtp mmr M^m rom ^'O,mmr N 0 	 (11000000 000000 0^00^0 ^^0000 ^^^^Om

000000 000000 000000 000000 000000

1
m ^NMrr Om(D1D^ O^NpmO N00mm1D u^^rOQm
Nvvm 0 L v0 - 100 NN 10^rN vmmmm^ vrom(D^

0 Omm o ry ^(D (n Cl) MvMmN (n 0(n mmmm om0(D Oo
o vmo if) am o (nnmm (n (Dnmm^m MMNMMO ^v ^m^000000 000000 0000^0 ^0^^^^ ^^^^^N 000000 000coo 000000 000000 000000

NrMm	 m (r 0Nrm0 Nvr00(D r- N(D1D^0 N ^MN0M
-(Dmm8(D m vmmvm (DMNMWW mmvOOm 0rm^mtD

8 oo ^v (D(n mN^om0 m1D^oleo ^- Nmn- Olo
^m(DN ^ mmr	 (Dm v v^(Dom

; wmm
Ommo^ Nvnm^v

000000 000^00 00^^^0 O^^^^^ ^^^ ^N^N

i
000000 oc0000 000000 000000 000000

M^NOvm 0vv (D(n v Wr-0m;DM (Dm0(D(Dm v0^m N(n
v mm N mrm 0^(0 r N m w(nnr Nm mN (D0r ^ OM NV rM

0 1n CIA mm(Dm (D mo ^ (n^ (D Om mmv (DNm m^ (D m10^ m m ^
C ^ NNm^^ NNNW m N v y r CV ry M ^nM(nm r(pmrOtD

000000 000000 000-00 O^^^^^ ^ ^NNN^ N
000000 000000 000000 000000 000000

C ^ X
c \
U x O
v v000(n(D 0W NONm m (0v mNr v OMm mm co (D mr my

^OD N V (D 00 o rr 00mm ^ 0o0)mo mm^mM^ m ^ v mo m <n0 mtD mm0o Ir r(D V ^N mNm MOLD vmv'rr v(n r(D fr m E
►+ o N^

880008
^^ N N N^
000000

N N m m N^
000000

o m Q o v m
000000

N m^ N o r
^^^^^O

_ i

W ^J 000000 000000 0 00000 000000 000000 j
CD 
Q ^
F-

Nm(Drn(Dr om(Dmom m^mNm8 ON0Nnr MOmoor
M0(Dmrm m0 (n^or rONm0 ^v (n^rm rm(r m CID m

o M^ v' o m 1D m v N m in 0	 ^ o c^ M m M o r w^ (D m o M m m
N ON	 mN^

008000
 N

810D8'88 NO000008
N^N^

880;00
N^NNm^
000000

0'0000 000000 000000 000000 000000

m n a^ m^ M y (D O r o NNNON M Q m n N M r (D ^ N M m^
o% r- ^ m (D 1D mr v m 0Q mm v NmoQ (D MN m(n N(D

O Lf,	 -In m (Dn NW r ID m O_ ^(DV Nm (D (D^0^vr MNmr mm
p

-0; 8 "0 8 ;
  N

 08808'
^^ N m^ N

800000
^^m

SO
N

^
000000 OOON

000000 000000 000000 000000 000000t

a 000000 000000 0 1)0000 00U000 000000
w 080000 080000 0 8 0000 080000 000000= r	 m	 m (0 r	 m	 m W n	 m	 m (D n	 m	 m (D r 0 m	 m 1D
r N m m N m m N m m N m Cl) N m Cl)

Q N 0 M r
n (n m 0 m

O ^ (D 1D 0
\ Q m Cl) N N
ct

O 0 0 ' 0

96

0
slow -7	 -ffllkl



caj

r

- rr -U)r NMV W WN -r {n NoM mwwvm ID rlDr M - M m in tDmr V
OIA0	 w m w"mNwm tD m NMM V tp NrtO V -IDV-IDm MvMrva

8 rn8^NnA InC14	 NCl) N IAIDCNrO OIAOr^v NIA 00r-v
M	 - NM m NN N - nN

CD NO)rcl)
mmmvvm Mvvinr) m v^A M N (D o" on V o

-----0 ------ ------ .-.----- ------ ---- -N
000000 000000 000000 000000 000000 000000

mlD-r 0IA r	 wNr m - MmNmN - - Ln Lr)M r N O N r NM v Om N -IA
-Ln r V w m	 0MIn MwN V rm -m0-Om ommmmo MMmmoM

0 Lnmm-v In vNm-N 0wrNrr- -O0	 0 nr- ONO -9)rr vm-
Lr) InOnv M2 tOnNMNV mMVLnM {n rrMm w mminmm D LnVm{r(Dm

n
000000 000000 000000 000000 000000 000000

a-mM-(D mmvv v- mNN O N V -MNONM Mmmr (Dr tD OM-NC
O vv- O0 M-N-r r v NN IAmM v -(D -EDN Ln V r(Dmm

g - m vt0r V Or Ln - M r
M vm10w
Or v tD 0)M rLn mmr r v0 L, Ln N r (v N N In vN

In v tD r (DtD m Lr)	 vM- NMID V V LD OvIAr cD V - Inrm mto LnLn0-O-- . . N N N N
N

000000 000000 000000 000000 000000 000000

-(D --- m m V vNWN Or Om V r mmMr Nm -mom M V mm om DO
Ov r--O mmrmm- Inv M	 -N	 V mrmv r- mr- wm mw O N (D- Nm

Ln M- VtDOr - MrmO {n Mr -N-v Mm0rMn vOLnNVM mMrNV m
r Inm vtDT- mr^-- - m w 	 V mtD mvr r- 0m r y motAV mmmNOr

.

-

- - N N - N - - N N N - - - - - - - - - - - - - •- - - (V - - - - - N N - N
000000 000000 000000 000000 000000 000000 xO

X C
7

N r Or m r N(DMwU) - MO- - m- o r v omw wovr -V M OV OMM \
mO N- Nm V N	

-
---m

-o
00wI-m0 0 V	 001- mIn-mr W M- O(D N too - (DrNmr r r0 -tDM mm- W 	 N r M -m	 -V (D V N m Mln lD E

Ln ONmVVr Ln VmtD Ln In tOmMV NIn vor vLAr v -- mrn rm0-mV _L
N N N N n- M M M M M N N N M M M N N N N N N n N n N-- N N- N N- N
000000 000000 000000 000000 000000 000000

O
N{n V M(D- mm O:n m- m0NNN- M NMNmm OM V O- v M0 N0NO
tom V MmLn ;:0m000 V w0Nmr mLr)Lnr tD V wNMN(pm r Nm m m

Ln Lotn{n V Or rMmON- - LnmM{n(D vv - Lnmv - vNNOIn rLnrmNv
N ry -MMN mMM ID CD O(D OLD rr rr tom -(D MNr N - 0 _ mwmmM

000000 -- 0000 M N- - - - M M M V v M N v IA w tD V v v M V M-
000000

.....
000000

.....
000000

......
000000

.....
000000

.
000000

N m M - V M M m -m N m rmvr r-0 mM oln ov mm M tD Lnr) NM V MNm
Nm mlD V V CT) V)	 rm rN n0wa) v M V mm- v Ln, m0N Om000m
r V (D co m ^OMM

W
N8 oUmvOv

p
- mNID V m

pp
O - rp )t)m

pp
{
pp
n 0wp r

p-w
- 000000 000000 OCO000 OU0000 000000.	 .	 .	 .	 .	 . 800VO. .	 .	 .	 .	 .

00000C
.	 .	 .	 .	 .	 .
000000

.	 .	 .	
..000000

.	 .	 .	 .	 .	 .
000000 000000 000000

a 000000 000000 000000 000000 000000 000000
w
2

000000r O M	 mw 000000rM	 mw 080000r	 M	 M w 080000r	 M	 Cl) (D 080000
r	 Cl)	 M (D

080000r	 M	 M LD
F- N Cl) M N M M N M M N M M N M Cl) N M M

If) M N N M

O O O
O O 0 O O 0

41
S	 7

C

L-)
C
O
U

M.

W
J
m
Q

i

97

(D*-



N

X

O
7

N
E

- L

98

r^co MOM
mr In M 01D c-+mvOv 0

5	 r- m i:. cal m cal 	 1D 177 1D'o0'S^ O-O-x70

000000 000000

Cl) 0 N N T v
v rr Nr c; 0
Imn-00romm—000
000000

m—rrmm 1D
(D OD InpvmrmGtpoU)

NO
 0000
000000

1D 0? v m 0 wmmmrrr
0) N mr7	 r- r-

Ili rN trp m cyy r N ^Dv
00000 000000
000000 000000

0
N

N

8
N

417	 N
•'	 r

4
C	 OO	 ^
U	 x

..	 O
LP

w
—im
Q

U)
N

8

LLJ
a

H

0
C

Inmwoom Nrr U)-m WNN-rn mN V — m V mNr M N M minv -m/D
m Om MWN ID Ui? Ot -cD v m1D - 1D 0 1DOv mom vrNmow 1DMNMMM
MrNm M— vmvrmN mt' M M V V f7nMv0 MLflvm U) U1 mmrm mr7
vr—In—r^l a7vminNN — m --Nm mur al — — r l0w0rr r mn::9 Dv
--N — ^ --0--- — 0---0 000--- 000-00 00--00
000000 000000 000000 000000 000000 000000

N U) r- rmv Oal Ui m U1 v v N mr N - 0 v N-V1- m O m m NN M— U: N? m
rr0mmlD Inmr-w	 m 0 0m	 Oal-r OD 	 w  V N0 rrrvvMv
1D C'7Nmrr —al — Innln ^al r -Nll'7 N Om al00 N?m SlliO r— uimOv
v ui In O min NM V 1D0N	 rr rinM	 17w ui Nm NN In -MLn -N 1D NInN

— N-- — 0---- — 00--0 000--0 000 00 00000
000000 000000 000000 000000 000000 000000

co r m x7010 r r Nmvm mr 0)m00 rUi N U7 alm M w v r- Nr V r V v - m
M —OOmr00LDr-"W —mM-0 V 1D V mMM - MCOW—M0 NNwmN vwwmmmm
r- - — m 01n vv 0 co  w) 	w M-n m Mf-. M W —W Nn W W ON Ofn 1D 1D Ui-

— N — N — -- N --- O--N-- 000--0 000-00 000-00
000000 000000 000000 000000 000000 000000

Ulln O — n0 wor-mow v nmwo" Ommmow MO OM V N -rNmwvC) Nln v 	 m Nwmof,- r-w"00- co 	 000 0vr -m0 al r m ma wU1 CO U)f7 NN w0 m v to vOrorm m01.- w 	OMOW N V 10-Nnmm
mcomvm — OrO0 0 0ajw M N 0 -UiN-fl U) NNmrm	 - NUl V InN
- CN	 ^ ^ N N-- 00 ----  0 0 — N — O 000-00  000-00
000000 000000 000000 000000 000000 000000

O a o w n r m m m-- M M M N m 0 v m N co m N - N N n m m v y r v O N
V

1wwrD v m1DO N- MV NWO ,7 MrNrMN NmrvIom MWWN N V
0CY) U)Oal mar U) U)Nmv n r7rmC`IV U^ lDr1D m N M - MLnM. Mm

mWM n v - -Nm000	 Mv W vv -N0- r7 m	 - U7 r7 n- - U7(D V -
ONaI - cn	 O—NNN— 00N — NO OONNNo OON00 000NOO
000000 000000 000000 000000 000000 000000

NN V UIMv - v N N 0 0 m-U7 0 mw U) r w NIn Ui vmr Nmw Om - 10 mm
nOvmrm v 0 v - 0 w N -rNmN mvw rm mmp mv -mvwtl or- NOMw mr v0Nv wrr 1D nw wwr- my w) - m00 m rN Omry
800008 080008880008 880008 880'00 880c08
000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000
GS0000 050000 050000 050000 050000 050000

r m cal 0 r m m lD r n m rD r m cn 1D r m m m
N C.m	 Nr7N	 Nr7 r7	 Nr,m	 NMm	 Nr7M

N	 r	 m	 0	 N	 v
(0	 co	 0	 c'	 N
m	 0	 co	 m
-	 N	 N	 f7	 cn	 v
0	 0	 0	 0	 0	 0

1	 1	 7

0J	 -	 _ _^



(4)'] ']

.a

C

C
O
u

W
J
co
Q
F—

r — O —Mn P MMMON Nmmmr- m v 0 -0 V 0 N MW O MN
ON(D (D ()r I[1 mM(D V N 0C4MW - N V U)N0 ^((pp

S 0.-) n CY) W0 Nr(D--(0 N(DN — If)0
mMw U)(DO
v—(D(DM0 rr0 V f7O

N	 v'a r) MC .)Lr)	 Ln u)rr r0 rn mOaDoom 00000000000 000000 000000 000000 ----0—
000000 000000 000000 000000 000000

f7 O(pN V — —(D—v mm f7— U) V U)0 Nv ^0(7(7 m mU)m N(D
NN — (D U)0 N V 0)mmw M,wr.-U)m COWU)mv 0) vMO;) V (D

0 — c7nt7 m ^v (DU)v N )n	 V 00m ^(n0 — v m O — N(nm—
U) NNN(7(7— P)M(1)(D U)(7 U)U)U)n m(D 00)010010 M	 NON

000000 000000 000000 000-00 --^---
N...... ...... ...... ...... ......

000000 000000 000000 000000 000000

(7 r m 0 0 0 (7 r NU)(70 LO  tD r mm — N (N(D MN Nv U) 0(7 C.
uFm pp m r- van0(70 — rNONm m — (nN	 v

N tDO—Sn
N—Ov—c7

8 —000 -0
N'T

0vvrv0
—(7 (D (^—

vmrov - 0
MM (D NnM rr 0(D V (D

MMvnnv
NP) v0 N(700000 000000 000 00 000--0 ------N

000000 000000 000000 000000 000000

— Om()v (7 — 0)0)(70v 0(DU)--0 NU) Cl) )C)C)U) 0mrmc7P-
LO v(7 mm U) nc7(D(D 0)r NN00N U) Mnor - U) vn00 -

N OOONNO NNv (D 0)v — m N0) if) M Nmf71t) (Dv CIO (7) 	 ccn N — — (') ^ N — v (D •T N U) V W M 0) U) P) — r G) O (7
0000. 000000 000000 000-00 . N

000000 000000 000000 000000 000000O x

x O
(')0)(')v N IP) 11 r- MMO OON 0M r(D - 0 c70m V N —
v 0)r N N N V — M0MN (D—	 V v (D

(70m — OS
r (7 mv — v M v M — 0 0 N0 Ir v(D N r (C) mm 0) 0vr Om c7 m — U) (D mn (70(n E

N N
O

t^	 p N —0	 8008 ^^NN—
000000

N—NN P)^
000000

0(D r n((`v
000000 ai

000000 000000 000000 000000 000000

N(DmV — (7U 00r-U) r — V 0 W M —m V ONN Nr—NmN
0 — (Dmv mn0(7U O T-v 0  u)0 N00(D 0)01 w0 U)—(7v

LO w	 v M 0 w 0w0M'dv WOONNO mn coma (D —U)0_0 _ONN
888088 888088 888008 880008 000008— .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
00000

..	 .	 .	 .	 .
000000

.	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

v(DT-Om — WNNOMW a_ONOOO OOm(DNv rm (DO)rcn
V NW	 0 V Om(700m —(7(D(7U) (Dmom — N (7mv(Dn 0)InLnvvO- MMOMMV vvMO8 888080 858085 185080 880050 88 00050..	 .	 ..	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000 000000

a 000000 000000 000000 000000 000000
0080Mw 080088 00M088 050085 OQ80M8=
O
(7)- N	 M N (7 M

N M M
c(7N	 (7

vv
(7N	 (n

v N 0 0 n
r N M 0 m

O — U) U) 0
\ v N M N N

0 0 0 0 0

99

-y ray .
a



-O(D(DNV - V V mNm
-(Dm0)N O Olvmtnm(Dr N 0 m- m 0 W W N r O
v N--N — Q tD Nf1) N11'1
000000 -00000
000000 000000

r mt1)mrr
mrr)000)
0(Dmr)coN
(D Om O)t1)N
NN 00--
000000

t)mmm CO rr
v C11 MN1D
0(D t1) -

; 
N0)

m-1171 r to
N vNN(1)N

000000

• L 04,

I I

8

O
to

N

8
N

â
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^pÒ1$lnmcolp 8 mlarlor^ ^	 ^ ^ ^ ^	 ^ ^ ^ 0) ^ ^ O ^ ^ ^ O O O
vtaM-^ ^ ^ ^ ^ ^ ^ ^ ^

N.. .	 .	 .	 . .	 .	 .	 . .	 .	 .	 .
000000 000000 000000 000000 000.D00 000000

Nmrr vvW ^ ^m ^Nm N9OrM ^ MNmmar ^ InaO Q v 0)n0m0^^mminv ^ MmN f) n N 00 ^In	 ^In m 10 1n ^1000 mm^ Qm^
g m0r w mm min Nln ON

T '.
a vN MN V r m01a m0 NrmM	 In v 1010^ ^^

minm ^Oa mIam ^010 a {p N ^In tp O) vv 4 i Ip MMmNa InvMmvv
^^^ NN^ ^O ^N ^^ ^O ^N ^0 00 ^ N^O 00^^^O 00^^^0N
000000 000000 000000 000000 000000 000000

v)Nr m ^m IDNNM^ID O NNMMM MI Mv"w ^ 100mmm
m m lInncrom0 -u0McmvIp mcmocMVlNnlam Omlmnm M VNi m -a0vr

rMM mrMp
r-mncN

tv
N
n mrlD1D ^ 1D m ^OvlDO Wr- W nNtp ^{̂ppaNeomto

-1r0
coav ^^coN^ N N N^ N^ N N •- ^ ^ 0 ^ N^ O

N IVT"	 v
^ 0 ^ N^ O 0 0^ N O O 00 — N^ O N

C ^ 000000 00000 000000 000000 000000 000000 x
^ ^ O
c x
0
U mlr^mM0) ^NInMCCQ vMamr- N 0)mMrM V mmOOMN v0NOmM N.1 WMM 00a r-0In MN r r-N 0v ID0 Mvm^^ In t0 N0 lor r ^ ^ Ma InN E

0 N0)01n In in v ^v 100v N0 g NID ^ 8 0 N0 N 400v MN m 0)vMNr y _ L
1l1 1n 01D v ^^ C 01a^in ^ Nm^0 m 01 V a0)01ma MMmmr N ^ Nm W P/N

v MNMNM MN^M ^N N0^c'100 ^OON00 000N00 000N00
lfJ 000000 000000 000000 000000 000000 000000J
co
Q

OmN01n m In v OtD^N InlpnmNO mMV Ofrm MMV NMr NNM^In^
In

m mN m001n mt0O)O
ID O 	 MN m
M ^mIt0M

m^^ mm tp
ID 1D v ^^ O

T ;WC4M^
IRN ^ry lam tp ^Q 1a

1a^OQInN
NW)M mm^
M,W P- 	V

N ^ ^Mma^ 0 M M V NN mOmN 0 NMMin r M N 1p ^0N ^	 amv ^larrtDWr- Malnalnv 0^NvN^ 000v00 0OOOM00 OOON00^ .	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 . .	 .
000000 000000

InMMr- vW 1nrrMOM ^M4M.'00 v mwmvm ma^r N0 mm —Nvr
In NNV If)M mQ V O ^ ^ M rm ^mm Nnmrvm wm r 1p MM mm	 mtOCO

g mIDN WO^ mwmvmm or-MM MT N^mrO N MOM	 C4 ^m$10 ^^NammlDln ^N!8Ip v"O tIp tam — ^Nrnm MN ^ NmN^
^ 00 ^/D ^O 00^O^O OOOID00 COOID00 OOto00 O	 0N00

000000 000^00 00000 000^00 000000 000000

< 000000 000000 000000 000000 000000 000000
W 08 0 00 0 0 00 0 0	 0 0 0 0008880800 0 0 0	 0 2 r	 MM 1D r	 MM ID r M M 1D to- 	 M Mt0 r M 	MOOD

0	 0 0	 ODr M MtH N M M N M M N M M N M M N M M N M M

In r m 0 N v
to m 0 M N r

O N 0 W tD\ ^ N N M M a
at

O
I

O
I

O
I

O
1

O
1

O
I

131



13?

0coM	 Iq r m09	 v 0m 0;v tD v 0 vm — n —v Mr (D IV OM
NMO)U1v^ v o r E6 v)n MM0	 M M r)9p-NN(D (DNMWNO

(^ v U)mMNIlI r OM V -N v m- 0) v 111 01-M O -v
N

Mm-mN(D
o N m	 M a O N M M v r M- M N M M

M;
O
	

M M If7 N a N N	 N
M 000000 000000 000000 000000 000000

fl. (D1DM-M wm0m V v -0m	 0 — nmmv Or vMM(DM 0)
M me: r-0	 m M y vmmm r (D 1DO NlD mO M r r m (Dv N(fj Nr

O — MMNmm r Ml	 W1	 V MY 0	 M TmvM 0 N vin M 11 v-
Ifl -- NvM(p - a MMr U7 U) O 1(1Nm- mM rmo)vD̂ 1l2)	 l0)mN^^^^^^
N 000000 000000 000000 000000 000000

oowv - r M (Dmm -N Oomr- mr- Nv m mr- m vU)M O M O
mo — M O N (Dvvmom — m0(DMInMr,-;0 8 0

w0 V MOO r— U)N 1ll y -O	 MmN WMO(Q--{C
mnvm8t-
M—U)0)	 v

rMmrOlf) O1n m0) -0)9 Nv	 pQ1m )WNwo)	 r vMOV -vp - - - N - - - - N - - - N N - - — — NNN — - - N N N -n
000000 000000 000000 000000 000000

N(D r (D U)- - MNMm r-vv0M 0 - (D mr0 Wf- r MM 0)
0)0 V;; rtD M U) mv NN 0)0)mM C.)	 C4 	 Om (DM y r 0)v

N 1(101M 0) C14 m01 Ov -M O mU1N O(D -NM1f1 U)m 0)M V M-1()
P- v 0C,4	 V r Nrm (D (D M0	 MIC10) Ifl (DMN N T MNvr ro) CV

O - NNN - 0 -NNN ^'-NNN- --NNN- -NNNN-

—
X000000 OOOOOc: 000000 000000 000000

O O
x

Tr co m ID r- r0 N — N r r— N - mN My 0) r Nr I-- ca V)
M a)NN — M a) C4 —v O) N — V (DM(D N N(D — mmm(D 0) E

O - O(D Nr - (D(D V	 )r (D 00 G0 r 0) r- (DV M lw mm 0W m(D _ L
U') tD (DMoot mN (D ML-0 Nr (D Nm0 Om U)mr- r C.Lno)m-(D >

. O O--- 0 0— N M N — •- N M V M N N N M M. 7 N N N N N M N

000000 000000 000000 000000 000000
Q!

v 1<1 M(14rm NO Lr) — (7)7 Lnm 0)(v Lf)m (D mMWW 0)0 V N0N
00 0"W M (DN00OW m 0m0(D- MN-Nm0 — 0)	 mM r

N (D M 1()MMN mr (Dr MO 0U)-MMO r -Mr 0m -0)	 v MO
N NMNMNM MNf 0 V M tp 17)m- mr NUI M O)LF)U) co 	 (O N Of

000000 000000 00000 — ^NNN— MMV in 16—
000000 000000 000000 0001, 00 000000

ONON V — owvm-(D M) Dov — U1 In—v mrm OM(Dwmo
w m) TN O GNr r Ov O- ow w o MOOD-O mw omw-
m(Dlfl(Dmin U, U)Mm 0	 MO - v NU)O1v (D( mm	 w
ON — (•)O — p

m
 p

m

— 000000 —•	 N OO0000 000000 000000 000000
000000 000000 000000 001000 000000

000000 000000 000000 000000 000000
w 080000 000000 080000 000080 OQO)00
Z r	 M	 M U^ r	 M	 M W r	 M	 M w r	 M	 M (D r	 M	 M (p
H N M M N 

C', 
M N M M Nn M N M M

N 0 0) r
r N M 0 m

O (D (D 0
v M M N N

of
O O O 0 O

Q^
C

C
O
U

W.
W
J
coa

t

0L



CJ
7
C
N
C
OU

LLJ
JmQ

(7) In y r P)NNv V	 aDL•lNm v 0 P) - : P) M m Nmr-
rmNaDNtD NtDmmmN Nr- NP)a Om)r»^ V

L 0;6-.,wN
P)tomn0M mNmmv

g -PfNn v N N-N V L' ) v NP) v p Nm N r N m dN - ,q	 w0 v rm P) rn-
v	 NNeoO^^, Nt7arv0 O NNmP1N O-P1eNP)

.-- -? - - - m -NNV- m -aeLe---^--- - - - ^^- p - -- .-- 0----!

000000 000000 000000 000000 000000 000000

N OvN LDCIA 01 w 	 w N m LDOv mvN NO w NOr- r N 	 M0 0  r m Nr-
0NLD	 - N m NvN -lD - r -P) vr wv ww mm 10r P) n Nr v N LO O co tD

0 -mr f7N mT N O	 n PENN NmvN -- VNO-vr vNN a NM
N memmre tD C^NLDaN

V T Vv v 0 m LD0 Nmme < q in	 wm MNLDNN-T T - ^ - - - N - - - - - - - - - - - - - .- - - - - - -
C4

000000 000000 000000 000000 000000 000000

N m r f7 m r - r t0 N tD O m LD m:- - 0 7 r• 1- 0  N N 0 m- r N- m L7 N n N to
PfN n w mt, r - r N P)N m- m v N W W'7 t0 0m N P)m N L7-lD Nm vv n N
mNOm N V N- " Ow" m	 rm P)- WOMO V w8 Nto Pia Pr- nO -cv

"I n g 	 0
nm - m N 0 mo- m - C

MMO V NN
t'm0--r mmmmm P,

. -- N N N N - N N N N- -- N- N N - N N- N N -- N N N-N
000000 000000 000000 000000 00:.000 000000

P1 P)m0mm 0vWN 0- Ov P) mmm v 0 v v - v Pt M m N m - Q	 t0NM	 Na
NmIDN-m Nmr-t0N mmmNrm Mmwwo- -r vm" , r	 v ODMN

N r -mN V r P) m ONp mr NN m- m - m NQ) mtDr0N - 0	 r- w vCt- -mnmrm Now	 r—
LDN rNNNVN m -avONn tr -m0 N- r-	 0 N M 0 (V

• N- N N N- N N N N N N - N N N N N - N N N N N - N N N N --- N N- -
- X000000 000000 000000 000000 000000 000000

0 ^

X

N N mm P) - r rr LD aN MNNmv 0) rnvm vM 14 C4 LDw tD v 	 01 N
-Nr y m - P)mmNL7 m m0Nv 00 t- V) 	 NT NP)0LD N NN - N Ov E

ON
P) LDO- t^ r -r rNmr

-
NmNWW M wwmNvv 0(4" N W8	 m N VmN-	 ON	 0O v v	 m _ LN v r r O w

N NNN 	 N
m 0 N N m

N NN P1N N
v m m N- m
NN NP) P)N

N m- m- r
NN P)N P)N

w	 N a m
NNNNNN NP) NN C4

000000 000000 000000 000000 000000 000000
v

m PfN r aN N4m? To O m00Nvw 0w v; m0 O-N	 n0 NMO	 t0N
N NN 0N0 - v ^• -NN -LD NNN tp - v m y 0 w	 0	 w  wo"	 wr-

N Owv LLyy LDP) mvNr nv m0m W V N Nmm P)P)-• Nom	 nv N-m	 a P)
N am r-	 r- mr 0vvr m-O -Nm p n0N P)v aN0	 OO Npa	 Nr

VOW	 LON m	 wwkn c^vNaP) n aL^mcoMPf m	 m	 P)m vv c-	 an

000000 000000 000000 000000 000000 000000

0  CID P) r 0 NNmmmPf -N-LD0n mN0M M r M	 0 M N n NN --N
mm -N V P) m- P)- P N -to D- Nm 0)m m P) t0N N p' co 	 v OD(7)M 	 N

(i - m tam N f7 v	 -N- O mNNt0 Nm LD N tDr mt0 NW r n NN r N M- N e
o P1-• f7a PlN NPI NC'f Nc'1 Lp tp v v vv r mN- LtDpv a--P)Nm NOP>OmO

000000 000000 000000 000-00 O--N-C 0- - v - •.
000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000
to 080000 000000 080000 080000 080000 p00000
= r V P)	 PL to rON	 mLD rvm	 MLD r vm	 P)tD r c)m	 r) ID r pv P.	 P7T
/- N P)N NP)N NP) P) Nf7 Cl) NP) m NP) P)

N m N N P1
w v N N e

0 N 0 0
NO NO

CI

0 0 0 O 0 0

1^3

C+



134

O

v

C

C
0

WJ
coQH

mmmtnm0 NNmntOtD ,rN(ntnrtp m — tDm — N m—OtD — tn mVmvnm
VmVtDN ntDmtn — m mr — (DVV m (mm^n0 0 m mmtDtn tD(nm0m(0

OrNm0v l0mvtn — v Ntnmmm0 tnmmmmtn tnmN0-m vrrvvp8 — OOmNm mmnm — m —rm—rr m (00 — mtn tnmm—r in Nmtnrm
-----V COO — O — O — 00-00 00--00 — 00-00 —0000—m
000000 000000 000000 000000 000000 000000

to — (Dr
 — r

8ONmOv v — cncOCnN 0rvMmNin cnu cnmvm
V — vtnmm rmOtD—

coOcnmm m
vvm — rm mmm (D — V Ot.̂ m(DtD — rmmmOm

0 v — On mtn tD-0NOm Nt00mmv Nmw Invm — 0vmNr rrmmNm
to N —mmtn0 Omnmvr mrmvrtn mvm00v mtn — mrm m(DNNmm

------ — 0---0 000-00 000--0 00-000 00--00N
000000 000000 000000 000000 000000 000000

mpp — rm — mtnmOmm (o—mmmW Or-NMmr Ommmvw OmrVVNm0 — m Om (DON — mv mNVOr y mw0 — m c0 mmtn(DOV vamm — — 
mvNOrrm t0(0(DOmm tom(Dr-Nm — m — mOr Vwmwmm vtnmOmm8
mv(0r y 0 r — — tDnm mrN0ww —0	 vmm —vvt-N rto0vmN
------ -----0 — 0--00 — 0--00 - -00— 0- 00--00

N
000000 000000 000000 000000 000000 000000

mtn(nmmtD wmwv00 rmtnmvm rmrvto(D r — mam0 r- t-
aDmmONv — vtnmv — o) Twkc0m wNmmmv — rnmmv vm(Dr — tn

to — cow — Om m y min m— — mm mmN r — V WOW n — .t to rm mmm tD Om
r m(D — NWW mmtDm0 — mmNm0r 0r0(Dmtn m tnmm (0v vv0tn0v N

--NN-- ------ — 0---0 00--00 00--00 00--00
— X000000 000000 000000 000000 000000 000000

O 0
x

mr m m m m m (Dm tnmm mO tD r m — mmmmmm NM Nq 0 —r r Nm(D 0w (n
— (DON tn(D mNOM OO tnmm(OWN LO '7, Ommm LOW0,10M —m V V r V E

O —mtnN 00 mm vm mm 0 NvNrm mr V — tom Om to C. tnr cc rrN m(D
to ow0mrtn NmtDmmm Om0 — Om CLnmmm(D rvrC (D V mm CID m(Dm >— NNN—N n----- nO — N — O — 00-00 OOONOO 000-00— .	 .	 .	 .	 .	 .

000000
.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .
000000

.	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

(Dr — tn 0 — 0)0 to NNN NOmv tDN r tnmmr O N r(omm vNnr r -
Omtnv m  —r m Omw to m N tD tDN mm mNm(D nv c li W to Nr m m w

to N — m — mr (D(Dmmm m rm — vam toN (Dmco tn NO — vmm —rr-0W
N mOmm mm Or Nv m(V mom(D V V W 	 m to mtn to to tn(Dr m mnr r rN

vvv N vm mNvnmm — — NN— — 000NOO 000NOO 000-00
— 000000 OOOOOC 000000 000000 000000 000000

r00 W w0 rr mr m0 into tD m r tD tO r N —v N m NN mr 0 — v—(D(0 -
vmmvmrr mmvrmm mmNtnrO mrm NO(D Nm000 — (0nvmmr
(D m(D (D OV m (n Nmr to NO to vmm mtn v to mn

M OM 8 0;
nnVtn-08 mv ,nNwv mmrOmN Nmtnv—n —mvrN —N-- —N--

- 00 W N O...... 00-- N o...... 00-ONC OOOM OO...... 000-00...... 000000......
000000 000-00

......
000-00 000000 000000 000000

a 000000...... 000000.... 000000 000000...... 000000...... 000000....._
W
=

0 8 0000r	 m	 m (D
0 8 0000r	 m	 m tD

0 8 0000
r	 Cl)	 m m

0 8 0000
r	 m	 m (D 0 8 0000

r	 m	 m (D
080000
r	 m	 Cl) WH N m m N m m N m m N m m N m m N m m

LP r m O N v

(0
m

ro to O D ((0— n N m m v
cr

0
1

0
t

0
1

0
1

0
1

0
t



0

(a) I7rq

OOo^ow vNrmNm mvrr^0 (DNr(Dr^ Nmv (D
(DNrNm NOmrm(D rNV^rm mww	 Wl (DNrm8r
N mvr NO n m mm v (0 a)(DNmnm Nv v(D mm f')0v r) (D
m	 m m v m MO NM VM O NM N P) v m m N N v m m m) 0

000000 000000 000000 000000 000000

rNm lD mm NNr v 61)0) r N^ V mm rm ; mm m v0(D mmm
mOMMOW V n m y m— N rNNWM WD v V N(DN^
O;m(DNW NNV;mm mmN0^0

(N WNN
mmN r(Dm rO^mr	 rm

r vNr rm rN.,	 (— (0v mvN0n (D ^v (DNrN m(D(DIDIDv0—^^^^ 0^^^^.	 .	 .	 . 0—	 --- ^--.-^ .	 .	 .	 .	 .
000000 000000

.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000 000000

V r — N^r N V lD	 0)N ml0^v^v Nr^mNV ^rN(Cm-
00	 (D 0 vNNOm^ OONv mm tD mr vrm
N^ m^ mm m^ r	 nN mNmmNN ^mmN mN r lDm ^ lDm
vvm^m^ N(Dmv mtDmm — r Nrmmoo (D mm^N(D
O--N -- 0 -^ NN ^ o-- — C, ^.-^ NN Nty (D.	 ..
000000

.	 .	 .	 .
000000

.	 .	 .	 .	 .	 .
000000

..
000000 000000

(Dr mmmm rr Om(vw 0mm V NO 0) — CO m(DN Om 0 LNQ
v 0m co r) NP)m0 r; y r NN (Dv 0r- m (D WO NNNm
NrvOOm P)0)Nw V O rmoow O WMMON V
NOmN	 m

000wOV;
V	 N(0 V cow 11 	 Nm N — f')C.) mm mN V N(D V N0^ ^ N N O 0—"NN— O— N N N — — N N N N N — N N N N N

000000 000000 00000 000000 000000 X

O
7

mNmm mm mom(- mm 0Wv — '-0 mmm(DOm Nn mNmm VfN V — N m co V v co m n m m m N; gy m v r NM N0 (D m O N m N E
^Nm0r — NNO(D mr N0 co	 cn mNmmrr (Dr 0) 0Nm
Nvm(D ^m mmmr 0(D mrn mmO V W (D^ V m V lD — O(.7v0 3
0 0 0	 0 o O — N N 0 O — N m m — — N m m m N N m m m m m

000000 000000 000000 000000 000000
w

^mn^r— O^W O^ — Nvm N — Ov(Dm
^NNN

; W N
mn mmNN

;Wwwm —
mNmN^ O mlO mN V O r V Ov 0)(D

ONO V Nv v (D 0NNID ODD Om mm r OtD NNr (') v Nm ^v
^ Nm N — _ N 'a mm(Dmnm mm (NOmm

C,4 
V	 ^O0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 — N— O m m Q N v m

000000 000000 000000 000000 000000

r0r N r 0 rn NwD
N
;WM 0 N m	 m NOmNON m m N r m0

Nmr NNN v V n(DN OD (D V	 m mm	 m  vmmwww
^r V (D CO o m_ Omm V NmmN ON Np	Nm r-pm (D 0r-	 mp np8

w
pmm

8 00050 80000 0 88008 000008 000000
000000 000000 000000 000000 000000

000000 000000 000000 000000 000000.	 I	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
080000 080000 000000 080000 080000
r m m (D r m m (0 r m 0) W n m m w r m m (D
N m m	 N m m	 N m m	 N or m	 N m r)

m	 r-
0 	 m
(D	 ON	 N
0	 0

135

8

O
N

N

8
N

N
u.
(Dm

v
r_

v
O 0

O
m

m
0

7
C

C
0
U

W
J
co
Q
H

N
r

x

0
N

N
N

8

W
2 '
r

0



rn

IMME

8
m

O
m

N

8
N

N
7^	 r

C
^	 O
C	 ^
O	 x
U

v	 O
an

w
J

co
Q

F--

tn
N

ui

a

a

H

0

mi

J

•t.

mmtn-0 00VNvt- InO-f-0N 0 -w0-v rnvNva - rnmOrmm
Ov(D(Dvw 00-0m0 m1n0NVm VmVNVV - mrmmm - m0Nm-mNm(DVN mmrrnm mvmmm- In (Dmmtnn NnOm-m vNmmmm
O

.
nmNO OONVNC OOmvm^ OOmmmo ' - mvmO OONmNO

000000 000000 000000 000000 000000 000000

V TOterm ;^- MN V ^m(D to.. vm0(DmtD ^mmQ U`W mNW Vmv
m ^1ntoNm v mmmmtD lDmr a)CN0 r- 0) tnOr- Or OMO m V vNrr w co to r m0r Or N Ommr to (D mr m0m r V m m- mmm mN In
mm to(DN m NN(DrIf1N N mtn mNN mm (DmtDN Nm (D r mN	 m 10m

000000 000000 000000 000000 000000 000000

0OWC40M vNmNV - r-mmm(v VOIntDrN mmrr - r y _mvtDVr-
N vr (DOtn ^ v w 0toC\ (D CE) 1n N(D V to 0 Ln m to — m mmm N 	0 V to m
r (D O m N N 1 n U 1 m m N m t o V l D v m 	 m N O m m r r 1 t • 1 v r m r O n 1 n
tDm	 ^O (D mm V Om rr mm Om mrmNNm tDtnmmOr tear mr v

-- N N N N — — — N N —	 — N N —	 — N N — — — — — N — — — — — —
000000 000000 000000 000000 000000 000000

1-m^0m M^oomm N  tDr com NV co; !	 to 	 rrin rrN	 m^ vwr-(Dpp
^mr 00(D Nlntotomr - V mm V r CD CD 	 0 17000CID	 00 C4
Inrm0rry m(DVIn00 m Cl) Vlr tnv o000Nw rmmm0	 N NtDtDmNv - env -v0mr, W NNV(D (Dt y NOtnmtD - NOvrinN -rONOm N
N N N m N N N N N mN N N N N m N N N N N m N N N N N N N N N N N n-
000000 000000 000000 000000 000000 000000 X

O

	

O O rvO Inm — O (DO Nmc,4w m D vm(Dm0- tnmr mNN (p m - InOm	 tomr p tD n r or-mm IT ln m Nmmm —N V O(D0 rmm— mtDmrmm	 E
vmV -rN v, vmmm V Om1nNNm 1n1f1^ (D(D 	 N (D — wvrr m00eq m
m(D NNmV mmr Nr to to V 0 cm to In w 0)v0 (D Om Nm m mm; r mm 3nmmmmm mmmVmm mmvvmm mmmvmm mmmvmN mNmmnN
000000 000000 000000 000000 000000 000000

4-

m^ N^ V^ lDmmr mmmmmm mtnr t.,Wn r0 N r^m m wm om wr tnr0tp ON V mmtn V m^(Dv O mV (DOV - NNE V V 0 N-vm0mm U? MM N ww;r-1Dm maNmm m m-' NV — N w oom- v momrtom
r m mm m mr0 fl- W mNtoio v 0 N m (Drmr mmmmNr, NmCm m r
N (D(D(DtotD (D (DtDtDtD(D to N m(D w (D V to N to (D V m y W m w v (L In (D 0(DN

000000 000000 000000 000000 000000 00000

m V owmr momm V r- -mtnm8
co 

0 (DOvrr y - OOmry 0ww0N-m tp v ONv	 _O (D V O; (D a) 	 v U) -1 	 Ortnmmin vp-r V Nmmmmr(D -o V) n- OmmN 0W0cc00 mm- -Ntp tn a) nm^n^NNN^ V mNmNN mwvvmm tnrrm(Dtn V rOOmto Nwmmvw000000 000000 000000 000000 00-NOO co-n-0
000000 000000 000000 000000 000000 000000

000000 000000 000000 000000 000000 000000.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
080000 000000 000000 080000 000000 080000r m m W r Cl) m W r m m (D r V m m (D r O m m w r v m m wN Cl) Cl)	 N m m	 N m m	 N m m	 N m Cl)	 N m m

O	 N	 m
Clq	 IT

0	 O

U)	 m	 N
In	 0	 N

0

1

O	 O	 O	 0	 0	 0

f- 	 136



y	 1 L '

m- vNNm w	 r- mwN - rmvam ONMOOm I oVmmmm
tDmvNNO (D(Dommm mom(Dmv

NM8	 r-M
Om	 :: mw r(Dmmmr1 rvmvm(n

m (DN-N rr-vtD (D mm mN (nm 0)w	 0) (D rm,1(n 0) - mm mv WC4
m -m - m mr- N -r 0trmNm(D m(nmOwo mmmOnr mmmmr- m

-0---0 00---0 -00-00 000-00 000-00 000000m
000000 000000 000000 000000 000000 000000

nm-m-n m0N V (n'^ ') V rm-0 ID (0NN(DN N,1 OV CDID NU) mm(D m
-0	 N N V) m y -mmr rvm(nmr r,1NOmm wr-m lg r-m m(nvmm0

0 U)mv)Nv - (n,1VOm- O(^mmr(n vm0m N O mm0ru)m
u) - OV(nv0

8 rN)^t y
rNV m(nOvm(n rr 0) r) U1mmNmm (nOm -mm

-^O-^-O 00--00 00000 000-00 0-0-00
N

000000 000000 000000 000000 000000 000000

OU)Nr y r -tor V NN V (Drmmm NMOOmm -NrNr- rOOmNm
m N -m(VN m(DU)m NmmF)0N (DN V NOn n -mv0m 0mN0NN
mC)--mr 0 0-D ^ r " v-m-n m "V - m (nv rr t0-U) r m0- NN(D$ u)-)n r v0 mI— 	^)r Ov -(omv rmOvmN (nNmv(DN vmmm m N
^^^^^^ C•--O -G--00 00--00 00000 00	 -00N
000000 0000oV 000000 000000 000000 000000

mNCON0M 0 )'DN -m (Dr r mmm vmmr m 0 Or m V (nr mmr (D -T
m(DO)nm^ .	 ) f	 ^)(n- mmrcvvm - 0tnvNV m0-vNm v0(nrrm

10 U) C, 0.	 (D U) m(nC N0)0 rN 0 M W U) (D r(D V) (C m(D ry V 0 V - tO Nmm
n m	 v - InN rm ,1 (O-m - N-r m U) rmmr (D m mN m r(D N mmm lD fD- N7 - -N-- - O - --O -0--00 000 . 00 000-00 000-00

XC 000000 000000 000000 000000 000000 000000
O 0

C X
0

\

U 0	 U) lV V - mm VU) V - V mmV U)m -(D O)n 0 U) WV - mrN vNr v (Dv N
Om-Omm mr0 10mn mrm(n;0m m y --mv(N U) mN(nmN 0)mmm-m E

0 (D 0)t.- am- (D - V my - m mm vnvmr0 vC,)	 m Or- rmm
(n mm0 - m0 0 V M 0 N 0 ,1(D mmrr rm tD N 0V mN(nm(nN N- (n- 0 3

NNNm-N N- - N -^ -OONOO OOON00 000 N OO OOO N OO
W 000000 000000 000000 000000 000000 000000
J
m
Q

NNmW - m -n M  V V mn M  mn m - - r O0 0M 0 f- V 0 0 r m m(D
N-0000 r mm -Nr In Cl) tom V m m-mm mN m(n 0(D ON (DN m In(0m

U) - m r V mN Ulm m,1m tD r- C-4 	 m- NmNr(D V - r m mmr mN r N--N v)r(nm(Dm vr 0 -m- (Dr- vU)m NNmv r- N -- vmv - m-m-
U*) (10 NNVU)Vm OONv-0 000 ,100 000NOO OOm00

- 000000 000000 000000 000000 000000 000000

m(O mm N V m y V Or m Ulm 0 - vm N(D m N V O CD mN(D V - vNNmN mmvNmmr mrrmmr rr mmv0- (DVvvm,1 mrm mNO mvmomm
mm)na N(n n m0'(D mO- N -- r(D mm,1m tD to V (D (nn (n LL1 C4 r-g - Cl) N,1 r m - O r c0 - O- (n O m- O O N m N 0 p- m- 0 0 p- r- 0

- 00 - U) -0 00-m-O 000(n00...	 .. 000,100 O	 Dm00 OOC)N00.	 .	 .	 .	 .	 .
000000

.	 .	 .	 .	 .
000000 000-00

.
000-00 000000 000000

a 000000 000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0rw 080000 000000 080000 080000 080000 0800002 r	 m	 m (D r O m	 m (D r--	 m	 m w r	 m	 m (D n	 m	 m (D r	 m	 m (D
F N m m N m m N m m N Cl) M N m m N m m

N n m 0 N v
(D m 0 m N n

O (^ 0 (D t0 -
\ - N N m m v
C

0 01 01 01 01 01

137



8

0
N

N

8
N

Q)	 ^
7	 r
C

+^	 OC	 ^
O	 x

0LO
W
J
co
Q
1-

LON

8

a
H

0
K

Mn ?Wo;m Nmr(nr (D mN-Nrm MOOLOmm -r-N-OM-r^N (0maor-- - rmmmm O U7 m "Wo cvm00 V
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TABLE VII

COMPUTER CODE LISTING FOR REDUCTION OF HOT-WIRE

VOLTAGES

............................................................. 00000010

C • 00000020
C 00000030

C •	 COMPUTER PROGRAM TO C A LCULATF TURROLFNCE	 • 00000040

C •	 OUANTITIES USING THE	 FAPFRIMENTAL	 DATA 00000050

C •	 OBTAINED HY	 SIX ORIENTATION HUT-MIRE 	 ILCHNIOUE	 • 00000060
C 00000070
C 00000080

C VERSION OF	 OCT,1984 00000090
C •	 ' 00000100
C • 00000110

C • Cw-mDOO12
C •	 PREPARED BY: 000001 JO,

C SALIM	 I	 JANJUA 00000140

C MODIFIED BY 00000150

C GARY	 B.	 FERRELL	 • 00000160

•	 SCHOOL OF MECHANICAL AND AEROSPACE.	 FNGINFERINI: 00000170

C OKLAHOMA STATE UNIvfRSITY 	 • 00000180

C '	 STILLWATER OK	 74078 OCK000190
C 00000200

C -0000210
C ............................................................. X0000220
C 00000230

C 00000247
C 00000250

C 00000250
OIMENSI	 M(12).ER(12).AMECV(12).VAP(i2) 00000270
DIMENSIC	 IDUMO(6),IIPDl1MO(6),VMDUMO(6),VPDUMO(6) U000-0280
DIMENSION WMDUMb(6),WPDUMO(6),UVOUMO(6),UWDUMO(6). 00000290

• vWDUMO(6) 00000300
DIMENSION UMA(30).VMA(30).WML'30).UPA(30),VPA(30), 00000310

• WPA(30).UVSA(30),UWSA(30).VWSA(30).RADL(30).KE(30),AKF(30) 00000320
REAL KE 00000330
COMMON USAR,VBAR,WRAR,UPRMS,VPRMS,WPRMS, 00000340

• UVSS.UMSS,VMISS 00000350
DATA	 DIA,EITA/5.75.0 S/ 00000360
DO	 87	 [FILE-11,16 00000370
LOUT = lFILE • 42 00000380
REWIND	 TFILE 00000390
JMAX -17 00000400
IS-0 00000410
READ(IFILE, • )	 XDDIA.THETA,EMO 00000420
READ(IFILE. • )	 A1.B 1 .C1 00000430
REAO(IFILE. • )	 A2.82.C2 00000440
READ(IFILE. • )	 A3,R3,C3 00000450
WRI T E(10,1 41 2) 00000455

1412 FORMAT( 1H1 ) 00000457
yq, , P ( I ,	 ,9„1	 -.	 „il r.1 ...	 ,"1,,

1311 FORMAT(///,4x,'AxIAL	 POSITION,	 x/DIA	 ,./.a,/, 00000470
4X,'THETA	 -	 ',F6. 1 ,//) 00000480

WRITE(10.1111) 00000490
1111 FORMAT(/,4x,'THE	 CALIBRATION CONSTANTS 	 ARE:') 00000500

WRI7E(10. • )	 A1.8 1 .C1 00000510
WRITE(10. • )	 A2,82.C2 00000520
WRITE(10, • I	 A3,R3,C3 00000530
x-XDDTA • DIA 00000540
DO	 77	 ,If7nIINT- 1 , JMAX CY,XM)CS50

JCD2-JCOUNT /2 .0c,"555	 i
RFAD11FILE. • )((FM(I)	 Fn(I)), 1 • I.FI OVOCw!5ac	 11
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TABLE VII (Continued)

R •R[AL(9-J000NT) •0.300 00000510
RDOIA-R/DIA 00000580
IF((JCO2 . 2)	 EO JCOUNT)	 WRITE(10.1412) 00000595
WRITE(10.1312)	 RDOIA 00000590

1312	 FORMAT(// /,4X,'RADIAL	 POSITION,	 R/OIA	 •	 ',F7.4,//) 00000600
WRITE(10,1112) 00000610

1112	 FORMAT(/,7X,' MFAN 	 ANn	 R,M.S.	 VOLTAGES:',/) 00000620
i WRITE(10.1100)	 (EM(I),	 1 . 1.6) 00000630

WRITE(10.1200)	 (FR(1).	 1 . 1,6) 00000640
WRITE(10,112) 00000650

1100 FORMAT(GF9 4) 00000660
1200 FORMAT(GF9 4) 00000670

IS-I5 + 1 00000690
RADL(IS)-RDDIA 00000690
UMOI-(-6I • SORT(8 1• -2-4	 O•':1-(AI-EMO••2)))/(2.O-CI) 00000700
UMI-( -B1* SORT(B1- • 7-4.0 • CI-(A1-FM(1) •• 2)))/(2	 0 • C1) 00000710
UMO-UM01 • UM01 00000720
UM-UMI • UMI 00000730
DEU-81/(4	 0 • FM(I) 1 UM1) 4 CI /(2.0 • EM(I)) 00000740
UDEU-UM • DEU 00000750
UPOUM-ER(I)/UDEU 00000760
UMDUMO-UM/UMO 00000770
UPDUMM-UPDUM • UMOUMO 00000780
00	 30	 I-I,6 00000790
EM2-EM(I)-EM(I) 00000800
ER2-ER(I)*FR(.) 00000910
D-S0RT(82 •• 2-(4 • C2 • (A2-EM2))1 00000820
PHE-((-82*0)/(2-C2))••2 00000830

E DPHE-(2-EM(I)/C2)•(1-(82/0)) 00000840
G D2PHE-(1/EM(I))•DPHE*(8.821EM2)/D•-3 00000850
i C----------------------------------------------------------- 00000850

C ------------- LOCAL	 MEAN EFFECTIVF	 COOLING VELOCITY	 IS CALCULATED 00000870
C ----------------------------------------------------------- 00000880

AMECV(I)-PHF 4 0 S 0 D2PHE-ER2 00000990
C ------------------------------------------------------------ 00000900
C -------------- VARIANCE.VAR 	 IS	 CALCULATED-------------- 00000910
C------------------------------------------------------------ 00000920

VAR(T)-l(OPHF-••2)'(FR7))-((0 	 5 • D2PHE • ER2) •• 2) GOOOO930
AMECV(1 4 6)-AMECV(I) 00000940

` VAR( 14r- )•V/.R(1) 00000950
WR1TE(IO,IIO)	 AMFCV(I),VAR(1) 00000960

` 110	 ";aMAT(7x,'AMECV-',F7	 4,5x,'VAR-',F7	 4) 00000970
30	 CONTINUE 00000990

C ------------------------------------------------------------ 00000990
C -------------- MAIN CALLS THE	 SUBROUTINE CPYF	 TO CALCULATE 00001000

I C -------------- THE	 PITCH	 AND	 YAW	 FACTORS .------------------ 0000/010
C------------------------	 ------------------------------------ 00001020

CALL	 CPYF( Al,81,C1,A2,B2,C7.A3,83,C3,PF,YF) 00001030
C-----------------------	 ----------------------------------- 00001040
C ----------- PITCH FACTOR 	 AN7	 YAW FACTOR---------------------- 00001050

CC----------------	 ------	 -------	 ---------------------------- 00001060
WRITE(10,543)	 PF,YF 0(1001070

543	 F ORMAT(/,7X,'PITCH	 FACTOR-',F7	 4,3X,'YAW	 FACTOR • ',F7.4) 00001080
AL • PF • PF-YF-YF 00001090
O-PF • PF+YF-YF 0000110F'
WRITE(10.444)	 UMDUMO,UPOUMM 00004110

444	 FORMAT(/,7X,'AXIAL	 MEAN	 VEL/INLET	 MAX	 VFL-'.F8	 4,4X, 00001120
 AXIAL	 TUBS	 INTFN-',FR	 4) 00001130
WRITE(10.515)	 LIMO 00001140

515	 FORMAT( /.12X,'MAX	 INLET	 VFLOCITY-',F9	 A) 00001150
00	 222	 Ili -I.6 00001160

11-111-1
00001170

N•000R06 0	 11
CALL STOTZ(UDLIMO.WMDUMO,VMDUMO,UPDUMO.WPDUMO,VPOUMO. 00001190

•UVDUMO,UWOUMO,vw0uMn,N,II1) 00001200
C-------	 ---	 --	 -------------------------------------- 00001710
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TABLE VII (Continued)

C ----------------- MAIN CALLS	 THE	 SURROUTINE	 FMCV	 TO FIND	 THE 00001220

C ----------------- THE 	 MINIMUM COOLING VELOCITY	 AND	 THE	 TWO 00001230

C ----------------- ADJACENT	 ONES 00001240

C---------------------------------------------------------- 00001250

CALL	 FMCV(AMECV	 N,IP,IO.IR,II) 00001260
ZP-AMFCV(IP) 00001270

ZO-AMFCV(IO) 00001280
ZR-AMFCV(IR ) -0:w01290
IF(IQ GT	 6)	 IQ = 1Q-6 00001300
IF(IR.GT. 6) 	 IR=:R -6 00001310

C-----------------------------------------	 ----------------- 00001320

C ----------------- MAIN CALLS	 THE	 SUBROI)IINE,SEABC	 TO	 SET UP 00001330

C ----------------- THE	 EQUATIONS	 FOR	 AO,BO.AND	 CO------------ 00001340

C--------------------------------------	 -	 ---------------- 00001350

CALL	 SEABC(ZP,ZQ,ZR,IP,AO,RO,CO) 00001360
F= SQRT((AO••2)+(80••2)/3) 00001370

IF(CO.LT	 F • O/AL)	 GO	 TO	 222 VOOO1380

C ----------------------------- 	 ----------------------------- 00001390

C -------------- VELOCITY	 FUNCTIONS	 F1,F2.AND	 F3	 ARE	 CALCULATED----- 00001400

C--------------------------------------------------------------- 00001410
F1=SORT((1/AL) • (AO+F)) 00001420
IF((1/AL)•(-AO+F).LT.0)	 GO	 TO	 222 00001430
F2=SQRT((t/AL) • (-AO , F)) 00001440

F3 = SORT(CO-(O/AL) •; ) 00001450

IF(F2.EQ.0)	 GO	 TO	 222 00001460
C----------------------------------------------------------- 00001470

C --------------- MAIN CALLS 	 THE	 SUBROUTINE CDARC	 TO CALCULATE 00001480
C --------------- THE	 FIRST	 AND	 SECOND DIFFERENTIALS OF	 AO.RO, 00001490
C--------------- AND	 CO------------------------------------------- 00001500
C----------------------------------------------------------- 00001510

CALL	 COABC(DAP,DBP,DLP.U2AP,D2BP,02CP,DAO.DBQ,DC0.02A0.02BO. 00001520
• D2CO.DAR,DBP.DCR,D2AR,D28R,D2CR,ZP,ZO.ZR ,IP) 00001530

C ------------------- MAIN CALCULATES	 THE	 FIRST	 AND	 SFCONO 00001540
C ------------------- DIFFERENTIALS 	 OF	 THE	 VELOCITY	 FUNCTIONS 00001550
C ------------------- F1,F2,AND	 F3	 WITH	 RESPECT	 TO	 THE 00001560
C ------------------- SELECTED	 SET	 OF	 T14E	 THREE	 COOLING VELO 00001570
C ------------------- CITIES.--------------------------------- 00001580
C---------------	 ------------------------------------------- 00001590

Xi=F1 • F1 OOOU160C
X2=X1 • F1 000016io
X3 = 80/(I*AL • AL) 00001620
X4=X1/AL 00001630
X5 = (2 • X2)-(2 • FI • AO/AL) 00001640
XG = -(6 • X1-2 • AO/AL) 00001650
Y1=F2 • F2 00001660
Y2 = Y1 • F2 00001670
Y3 = 2.0 • Y2 + 2.0 • F2 • AO/AL 00001680
Y4=Y1/AL 00001690
Y5=-(6•Y1+(2.0•AO/AL)) 00001700
Z1 = F3 • F3 00001710
Z2 = Z1 • F3 00001720
Z3 = 2.0 . 72-2.0 • CO • F3 000017/0
Z4--(6 0'Z'-2	 0 • CO) 00001740
DF1P=(X3 . O8P+X4 • 0AP)/X5 00001750
DF2P-(X3 . OBP-Y4 • DAP)/Y3 00001760
DF3P = (DCP'(Z1-CO)+((O . O)/(AL • AL)) • (AO • DAP + (80 • DBP)/3))/Z3 00001770
DF1Q=(X3 • DBQ+X4-DAO)/X5 1)0001780
DF2Q = (X3 • D8Q-Y4 • DAQ)/Y3 00001790
OF3O-(DCQ • (ZI-CO) + ((0 . 0)/( AL • AL)) • (AO • DAQ + (80-080)/3))/Z3 00001800
OF1R = (X3 • DBR+X4 • DAR) /X5 00001810
DF2R-(X3 • DBR-Y4 • DAR)/Y3 00001820
DF3P-(OCR • (Z1-CO)^((O • U)/(AL • AL)) • (AO • DAR+(BO • DRR)/'i))/Z3 OOOOtA30
D2F 1P-((X(;•DF 1P • DF 1P)+(2.0 • F 1/AL)'(DAP • OF 1P4 - AP • Df 1P)+(02AP 00001840

• *X1/AL) + (1!(3 • AL • AL))'(DBP • OBP • 80-028P))/X5 t,Rh?01350
02F2P-((Y5 • DF2P •DF2P)-(2.O • F2/AL)-(DF2P •DAP+DAP'DF2P)-(Y1 •D2 00001950

• A r /AL) + (ORP* pRP+RO • D2PP)/(3.O*AL • Al))/Y3 00001870
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TABLE VII (Continued)

D2F3Pw ( ( Z4'UF;lM`U ► JV) + Y' 	 -V^r	 -%L- Vvv--ll
• -CO) • D2CP+((O $ O)/(AL • AL))*((AO*n2AP+DAP'DAP) + (DBP*DBP 00001890
*+80*D2BP)/3))/Z3 0000190Ci
D2F10 = ((XG'DrIO-DF1Q)+(2.0*F1/AL)*(DAQ*DF10*DAQ*DF10) + (D2A0 00001310
**X1/AL) + (1/(3.0*AL*AL))*(DBQ*DBO*80*0280))/x5 00001920
D2F20 = (lY5*OF20*OF20)-(2.0*F2/AL)*(DF20*DAQ + DAQ*DF20)-(Y1*D 00!)0193n

• 2AQ/AL)+(D80*DBQ+60*02BQ)/(3 0*AL*AL))/Y3 000C1940
D2F30 = ((Z4*DF30*DF30) + 2.0*F3*(DF30*DC.Q*DCO*DF30)-(DCQ I PC0) 00001950

• +(Z1-CO) • D2CQ+((O*O)/(AL*AL))*((AO*D2A0+DAQ*DAQ)+( 00001960
*DBO*OBO+80*D l6Q)/3))/Z3 00001970
D2FIP=((X6*DFIP*DFIP)+(2.O*F1/AL)-(OAR*DF1R*DAR-DFIR)*(1)2AR 00001980

•• X1/AL)+(1/(3.0*AL*AL))*(DBR*DBR+80*D26R))/x5 00001990
02F2R = ((Y5*DF2R*DF2R)-(2.0*F2/AL)*(DF2R • DAR + DAR*DF2R)-(Y1*D 00002000
*2AR/AL)+(DBR • DBR+80*0288)/(3.0*AL*AL))/Y3 00002n10
D2F3R=((Z4*DF3R'DF3R)+2 	 O*F3*(DF3R*DCR + DCR*DF3R)-(OCR*DCR) 00002020
`+(ZI-CO)'02CR+((O*0)/(AL'AI))*((AO*D2AR*DAR*DAR) + ( 00002030
*D8R*D8R + BO*D28P.)/3))/Z3 00002040
D2F1PQ = ((x6'DFIP*DF10)+(2.0*FI/AL)*(DAP*OFIQ+DAO*DFIP)+(xt 00002050

• 'D2AP0/AL)+(1/(3.0*AL*AL))*(DBP*080+80*D2BPQ))/X5 00002060
D2F1QR=((X6 . OFIQ*DF1R)+(2.0*Ft/AL)*(DAQ*DFIR+UAR*DFIO)*(X1 00002070
**D2AOR/AL)+(I/(3 O'AL*AL))*(DBO*DBR*80*D26QR))/X5 00002080
D2FIPR=((X6*DFIP*DFIP)+(2.0*FI/AL)*(DAP*DFIP+DAR*DFIP)+(X1 00002090

' • 02APR/AL)+(1/(3.0*AL*AL))'(DBP*DBR+BO*D2BPR))/X5 00002100
D2F2P0 = ((Y5*DF2P-DF20)-(2.O*F2/AL)*(DF2P*DAQ+DAP*DF20)-(YI 00002110

• 'D2APQ/AL) + (1,(3.0*AL*AL))'(DBP'DBO*BO-02BPQ))/Y3 00002120
D2F2QR = ((Y5*DF20*DF2R)-(2.0*F2/AL)*(OF20*DAR+DAO*DF2R)-(Y1 00002130

•• 02408/AL) + (1/(3.0*AL*AL))*(D60*DBR+60*D2BOR))/Y3 00002140
D2F2PR = ((Y5*D F 2P*D F 2R)-(2.0*F2/AU *(DF2P*DAR+DAP'DF2R)-(YI 00002150

•• 02APR/AL) + (1/(3.0*AL*AL))*(DBP*DBR + BO*D28PR))/Y3 00002160
02F3P0 = ((Z4*DF3P*DF3Q)+2.0 + F3*(DF3P*OCQ*DCP*DF30)-(OCP*DCO) 00002170

•+ (Z1-CO) • D2CP0+((0*O)/(AL'AL))*((AO*02APQ + OAP*DAO)+( 00002180
'D8P*DBO + BO'D28P0)/3))/Z3 00002190
D2F3QR = ((Z4*DF30*DF3R)+2.0*F3*(DF3Q*DCR+DCO'DF3R)-(DCQ*DCR) 00002200

' + (Z1-CO)*D2COR+((O . 0)/(A(-*AL))*(IAO*D2AOR+DAQ*DAR)*( 00002210
*D80-DBR*80*D28QR)/3))/Z3 00002220
D2F3PR=((Z4*DF3P'DF3R)+2 0'F3*(nF3P*OCR+DCP*DF3R)-(DCP*DCR) 00002230

* + (ZI-CO)*D2CPR + ((O*C)/(AL*AL))'((AO*D2APR+DAP*DAR)*( 00002240
*D8P*OBR+80*D28P P )/3))/Z3 00002250

C------------------------------------------------------------ 00002250
C --------------------- MAIN CALLS 	 THE	 SUBROUTINE	 COVAR	 TO 0000')70
C ----------------------- CALCULATE	 THE	 COVARIANCE	 BETWEEN	 THE 00002280
C ----------------------- SELECTFD 	 COOLING	 VELOCITIES.------- 00002290
C-------------------------------------------------------- 00002300

AKP0 = 0.9*SQRT(VAR(TP)*VAR(IP+I)) 00002310
AKOR =0.9*SQRT(VAR(IP+I)*VAR(TP+2)) 00002320
AKPR =0.81*FITA*SQRT(VAR(IP)*VAR(TP+2)) 00002330
AKQP=AKPO 00002340
AKRO = AKQR 00002350
AKRP=AKFR 00002360

C----------------------------------------------------------- 00002370
C -------------------- MAIN CALCULATES	 THE	 AXIAL.RADIAL.AND 00002380
C -------------------- TANCENTIAL	 MEAN VELOCITIES	 ----------- 00002390
C------------------	 ---------------------------------- 00002400

UMEAN =F 1 + 0.5*(02F1P'VAR(IP)+02F10'VAR(IP+1)+D2FIP-VAR(Ir*2)) 00002410
'+D2FlPO*A7CPQ+D2FIOP*AKQR+D2FtPR*AKPR 00002420
WMEAN-F2 +0.5*(1)2F2P*VAR(IP)+D2F20*VAR(IP+1)+D2F2R*VAR(TP*2)) 00002430
*+D2F2PQ*AKP	 *02F20R*AKQR*D2F2PR*AKPR 00002440
VMEAN = F3 +0.5*(02F3P*VAR(IP)*02F30*VAR(IP + 1)+D2F3R*VAR(1P*2)) 00002450
*+D2F3PQ*AKPO*02F30R*AKQR*D2F3PR*AKPR 00002460
UPI = DFIP*DF I P*VAR(IP)*DF1Q*nF10'VAR(IP*i)+DF1R*DFIP*VAR(IP 00002470
**2) 00002480
UP2 = DFIP*DF1Q*AKPO+DFIP*DF1R*AKPR*DF1Q*DFIP*AKOP*DF1Q*DFIP*A 00002490
*KOR + GFIR*DFIP*AKRP*DFIP*DF/Q*AKRO 00002500
UP3 = 0.5*(02F1P'VAR(IP)+02F10*VAR(IP+1)*02FIR*VAR(IP*2)1 00002510
UP4 = 02F1PQ*AKPO+D2FIQR*AKOR+02FIPR*AKPR 00002520
UP5'UP3*UP4 00002530
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TABLE VII (Continued)

UPRMS2•UP1+UP2-UPS**2 00002540
WP1=DF2P*DF2P*VAR(IP)*DF2Q*DF20*VAR(IP+1)+DF2R'DF2P*VAR(IP 00002550
'+2) 00002560
WP2-DF2P*DF20*AKPQ+DF2P*DF2R • AKPR*DF20 1 DF2P • AKOP+DF20 1 OF2R'A 00002570

• KQR+DF2R*DF2P*AKRP*DF2R*DF2Q*AKRQ 00002580
WP3-0.5*(D2F2P*VAR(IP)+D2F20*VAR(IP*I) +02F2R*VAR(IP*2)) 00002590
WP4-D2F2PQ*AKPO*D2F2QR*AKOR+D2F2PR*AKPR 00002600
WP5=WP3*WP4 00002610
WPRMS2=WPI*WP2-WP5**2 00002620
VP1=DF3P*DF3P*VAR(IP)+DF30'DF3Q-VAR(IP*1)*DF3R*DF3R*VAR(IP 00002630
*+2) 00002640
VP2'DF3P*DF30*AKP0*DF3P*DF3R*AKPR + D F 3Q'DF3P'AKOP+DF30*DF3P*A 00002650

• KQR+DF3R*DF3P*AKRP+OF3R*DF30*AKRO 00002660
VP3 =0.5*(02F3P*VAR(IP)*D2F30*VAR(IP*1)*02F3R*VAR(IP*2)) 00002670
VP4=D2F3P0'AKPQ+D2F30R*AKQP+02F3PR*AKPR 00002680
VP5=VP3+VP4 00002690
VPRM52 = VP1+VP2-VP5'*2 00002700
UV1=DFIP'DF3P*VAR(IP)*DF1Q*DF30-VAR(IP+I)*DFi p -nF3P-VARIIP 00002710

* 4 2) 00002720
UV2=DF1P*DF30*AKPQ+DFIP'DF3R'AKPR + DFIQ'DF3P'AKQP+OFIO'DF3R*A 00002730
'KQR*DFIP*DF3P*AKRP*DFIR*DF30*AKRO 00002740	 r
UV3 =0.5*(D2F1P*VAR(IP) +D2F1Q*VAR(IP+1)+D2F1R • VAR(IP+2)) 00002750
UV4*02FIPQ*AKPQ+U2FIOR*AKQR+02FIPR*AKPR 00002760
UV5-0.5*(D2F3P*VAR(IP)+D2F3Q*VAR(IP+1)+D2F3R*VAR(IP+1)) 00002770
UV6 = D2F3P0*AKPQ*02F3QR*AKQR+D2F3PR'AKPR 0000270,
UVPB-UV1*UV2-((UV3+()V4)*(UV5 + UV6)) 00002790
VW1*DF3P*DF2P*VAR(1P)+DF3Q*DF20*VAR(IP*1)*DF3R'DF2R*VAR(IP 00002800
*+2) 00002810
VW2 = DF3P*DF20-AKPQ + DF3P-OF2R*AKPR+DF30*DF2P*AKOP*DF30-DF2P*A 00002820

• KQR+DF3P'DF2P*AKRP*DF3P*DF20-AKRO 00002830	 y
VW3 = 0.5*(D2F3P*VAR(IP)*D2F3Q*VAR(IP*1)+D2F3R*VAP(IP*2)) 00002840
VW4=D2F3PO*AKPQ*02F30R-AKQR*D2F3PR*AKPR 00002850
VW5 = 0.5*ID2F2P*VAR(IP)*02F20*VAR(IP*1)+D2F2R*VAR(IP*1)) 00002860
`!W5 = 02F2PQ*AKPQ+02F20R*AKOR*02F2PR*AKPR 0000287C
VWPB = VWI+VW2-1(VW3+VW4)*(VW5*VW6)) 00002880
UWI = DF1P*DF2P*VARIIP)*DFIQ'DF2Q*VAR(IP*1)+OFIP'DF2R*VAR(IP 00002890
'+2) 00002900
UW2=DFIP*OF2Q*AKP0*DFIP*DF2R*AKPR*DFIO*DF2P*AKQP*DFIQ*DF2P*A 00002910
'KOR+DFIR'DF2P*A:ZQP+DFIR'DF20*AKRQ 00002920
UW3 = 0	 5*(D2F1P'VAR(IP) + D2F10'VAR(TP+I)*D2FIR*VAR(IP*2)) 00002930
UW4=D2F1PQ*AKPO*D2FIOR'AKOR*02F1PR*AKPR 00002940
UW5 = 0.5*(D2F2P*VAR(IP)+02F20'VAR(IP*1)+D2F2R*VAR(TP*1)) 00002950
UW6=02F2PQ*AKPQ+02F20R*AKQR+F+2F2PR*AKPR 00002960
UWPB-UWI + UW2-(((1W3 + UW4)*(UW5 + UW6)) 00002970
UOUMO(111)*UMEAN/HMO 00002980
WMDUMO(111)=WMFAN/IIMO 00002990
VMOUMO(I11)=VMFAN/UMO 00003000
IF(UPRMS2.GT.0.0)	 UPOUMO(I11) = SQRT(UPRMS2)/UMO 00003010
IF(WPRMS2.GT	 0.0)	 WPDUMO(111)=SQRT(WPRMS2)/UMC 00003020
IF(VPRMS2.GT.O.0)	 VPDUMO(111) = SORT(VPRM52)/UMO 00^03030
UVDUMO(I11) = UVPB/UMO**2 00003040
VWDUMO(I11)-VWP8/UMO*'2 00003050
UWOUMO(Illl = 0WP6/HMO'*2 00003060

C---------------- ---------------------------- 00003070	 i
C- ---MAIN CALLS T HE	 SUBROUTINE AVRG TO COMPUTE 	 AN 00003080
C-	 ---- ENSEMRLE	 AVERAGE OF	 THE	 TIME-MEAN AND 00003090
C ------ TURBULENCE	 OUANTITIFS -----------	 ----- 00003'Un
C --------------- ----------------------------- 00003110
222 CONT1NUt 00001120

CALL	 AVRG(UDUMO.VMDUMO, 1."•iDUMO.UPDUMO,VPDUMO,WPDUMO, 00003130
*UVOUMO,UWOUMO,VWDUMO,N) 00003140
UMA(1S)-UBAR 00003150
VMA(IS)-VBAR 00003160
WMA (I S) = WSAR 0003 170
UPA (I S )-U PRMS 00(X)3IP0
VFA(1S) • VPRMS (xr3l014J
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TABLE VII (Continued)

WPA(IS)-WPRMS vuvvo[vv
UVSA(IS)-UVSS 00003210
UWSA(IS)-UWSS 00003220
VWSA(IS) • VWSS 00003230
AK-((UPRMS •0 2)*(VPRMS • '2)*(WPRMS •• 2))/2 00003240
KE(IS)=AK 00003250
AKE(IS)-UPDUMM 00003260

112	 FORMAT('	 ) 00003270
WRITE(IO.112) 00003280
WRITE(10.1000)	 URAR,VRAR,WBAR 00003290
WRITE(10,2000)	 UPRMS.VPRMS,W(`RMS,AK 00003300
WRITE(10,3000)	 UVSS.UWSS.VWSS 00003310

1000	 FORMAT(/.'	 UBAR=',F7.4,7X,'	 VSAR=',F7.4,7X,'W8AR=',F7,4) 00003320
2000	 FORMAT(/.'	 UPRMS-',F7.4,7X,'	 VPRMS=',F7.4,7X, 00003330

•'WPWMS-',F7.4,7X,'K=',F7.4) 00003340
3000	 FORMAT(/,'	 UVSS=',F7.4,7X,'	 UWSS-',F7.4,7X,'VWSS = ',F7.4) 00003350

77 CONTINUE 00003360
999	 CONTINUE 00003370

C	 ... . *.• 00003380
C	 ....• 00003390

DO	 127	 I	 =	 1	 ,	 JMAX 00003400
WRITE(IOUT,129)	 RADL(I).UMA(I),VMA(I).WMA(I),UPA(I). 00003410

1	 VPA(I),WPA(I).UVSA(I),UWSA(I).VWSA(I).KF(i),AKF(I) 00003420
127	 CONTINUE 00003430
129	 FORMAT(4F9.5,/.4F9.5,/,4F9.5) 00003440
87 CONTINUE 00003450

STOP 00003460
END 00003470

C 00003480
C 00003490
C 00003500
C 00003510
C 00003520
C . **** .. * ......... #	 ........... * ...... 00003530
C ----------- THIS	 SUBROUTINE	 SETS	 TURBULENT	 QUANTITIES	 TO 00003540
C ----------- ZERO	 AT	 THE	 BEGINING OF	 EACH	 ITERATION 00003550
C..........• .......................•....................... 00003560

SUBROUTINE	 STOTZ(UDUMO.WMDUMO.VMDUMO,UPDUMO,WPDUMO, 00003570
• VPDUMO.UVDUMO,UWDUMO,VWDUMO,N,I) 00003580
DIMENSION UDUMO(6),WMDUMO(6),VMDUMO(6).UPOUMO(6),WPDUMO(6) 00003590
DIMENSION VPDUMO(6),UVDUMO(6),LIWDUMO(6),VWDUMO(6) 00003600
UDUMO(I)=0 0 00003610
WMDUMO(I) = 0 0 00003620
VMDUM0(I) = 0.0 00003630
U PDUMO(I) = O.O 00003640
WPDUMO(I) = 0.0 00003650
VPDUMO(I)=0-0 00003660
UVDUMO(I)'0.0 00003670
UWDUMO(I) =0.0 00003680
VWOUMO(I)-0.0 00003690
RETURN 00003700
END 00003710

C 00003720
C 00003730
C 00003740
C . * ................	 ........	 .......... 00003750
C 00003760
C	 THIS	 SUBROUTINE	 FINDS THE MINIMUM MEAN EFFECTIVE 00003770
C	 COOLING VELOCITY AND THE TWO ADJACENT TO	 IT. 00003780
C 00003790
C** ........................ *** ................ 00003800
C 00003810
C 00003820
C 00003830
C 00003840

SUBROUTINE	 FMCV(CV,N,IX,IY,17,I1) 00003850

165

Q



M	 ^

TABLE VII (Continued)

DIMENSION CV(50) 00003660
IF(CV(2).LT.CV(1))	 GO	 TO 20 00003870
IF(CV(3).LT.CV(1)) 	 GO	 TO 30 00003880
IF(CV(4)	 LT.CV(1))	 GO	 TO 40 00003890
IF(CV(5).LT.CV(1))	 GO	 TO 50 00003900
IF(CV(6).LT	 CV(1)1	 GO	 TO 60 00003910
IX=6 00003920
IY . 1 00003930
I2-2 00003940
GO TO 100 00003950

20 IF(CV(3).LT	 CV(2))	 GO	 TO 30 00003960
IF(CV(4).LT.CV(2))	 GO	 TO 40 00003970
IF(CV(5)	 LT	 CV(2))	 GO	 TO 50 00003980
IF(CV(6).LT.CV(2))	 GO	 TO 60 00003990
Ix=1 00004000
IY = 2 00004010
I7 = 3 00004020
GC TO	 100 00004030

30 IF(CV(4).LT.CV(1))	 GO	 TO 40 00004040
IF(CV(5).LT	 CV(3))	 GO	 TO 50 00004050
IF(CV(6).LT.CV(3))	 GO	 10 60 00004060
IX-2 00004070
IY=3 00004090
IZ=4 00004090
GO TO 100 00004100

40 IF(CV(5).LT.CV(4))	 GO	 TO 50 00004110
IF(CV(6)	 IT	 r,V(4))	 r,0	 TO 60 00004120
I x = 3 00004130
IY-4 00004140
iZ = 5 00004150
GO TO	 100 00004160

50 IF(CV(G)	 LT.CV(9))	 rn	 TO 60 00004170
IX=4 00004180
IY = 5 00004190
IZ = 6 00004200
GO TO	 100 00004210

60 I x = 5 Or?004 2 20
IY = 6 00004230
I7=1 00004240

100 Ix = IX 4. II 00004250
IF(IX	 GT	 6)	 IX=IX-6 00004260
IF(IY.GT.6)	 IY-If-G 00004270
IF(IZ.GT.6)	 I7 = IZ-F 00004280
IY=IX+1 00004290
IZ = IX+2 00004300
RETURN 00004310
END 00004320

r 00004330
C ...•• ...................••••.••..•......••....•...••..• 00004340
C 00004350
C THIS SUBROUTINE CALCULATES THE PITCH AND YAW 00004360
C FACTORS USING THE	 THREE-DIRECTIONAL CALIBRATION 00004370
C CONSTANTS. 00004380
C 00004390
C ...............•.•...... ............................... 00004400
C 00004410

SUBROUTINE	 CPYF(Al,51,C1,A2,B2,C2,A3,83,C3.PF,YF) 00004420
E = 3.0 00004430

10 W1 = 83 •• 2-4.0 • C3 • (A3-E' • 2) 00004440
IF(W1.LT.0.0)	 GO	 TO	 20 00004450
E-E*0 05 00004460
GO TO 10 00004470

20 E • E-0.05 00004480
W1 • (-83 + SORT(83 •0 2-4.0 • C3 • (A3-E •• 2)))/(2.0 • C3) 00004490
W •W1 • W1 00004500
V1-(-92*SOR T (R2 •• 7-4.0 • C2 • (A7-F •• 7111/(2.0 • C2) 000n4,510

+	 166

0



TABLE VII (Continued)

v -v1•v1
U1 = (-B1+SORT(B1 •• 2-4	 0•C1•(A1-E••2)))/(2	 0 • C1) 00004530
U-U1 • U1 00004540
PF-V/U 00004550
YF =V/W 00004560
RETURN 00004570
END 00004580

C 00004590
C ..................................................... 00004600
C 00004610
C	 THIS	 SUBROUTINE	 SETS EQUATIONS FOR AO,BO,AND CO 00004620
C	 DEPENDING UPON THE	 SET OF THE THREE COOLING 00004630
C	 VELOCITIES CHOSEN. 00004640
C 00004650
C ..................................................... 00004660
C 00004670

SUBROUTINE	 SEA8C(A1.A2,A3.K,x,Y,7) 00004680
IF(K	 EO	 1)	 GO	 TO	 15 00004690
IF(K.E0.2)	 GO	 TO	 25 00004700
IF(K.E0.3)	 GO	 TO	 35 00004710
IF(K.EQ.4)	 GO	 TO	 45 00004720
IF(K.EQ 5)	 GO	 TO	 55 00004730
IF(K.E0.6)	 GO	 TO	 65 00004740

15	 X-A2-2-A3-2 00004750
Y=- 2 	 O'A1 •• 2+3.0 • A2 •• 2-A3 •• 2 00004760
Z = A1 •• 2-A2 •• 2+A3" 2 00004770
GO TO	 105 000U4780

25	 x = A1 •• 2-A2 •• 2 00004790
Y=- (A1••2)+3.0•A2••2-2.0•A3••2 00004800
Z = A1 •• 2-A2 •• 2 + A3 •• 2 00004810
GO	 TO	 105 00004820

35	 X= A1 •• 2-2	 0 • A2" 2 + A3 •• 2 00004830
Y = A1 •• 2-A3" 2 00004840
Z = A1 •• 2-A2 •• 2 + A3 •• 2 00004850
GO	 TO	 105 00004860

45	 x=-(A2•12)+A3••2 00004870
Y--2.0•A1••2+3.0•A2`•2-A3••2 00004880
Z-A1**2-A2 •• 2+A3 — 2 00004890
GO TO	 105 00004900

55	 x--(A1••2)+A2•-2 00004910
Y=-(A1••2)+3 .0•A2••2-2.0•A3••2 00004920
Z•A1••2-A2••2+Al-- 2 00004930
GO	 TO	 105 00004340

65	 x--(A1••2)+2.0•A2" 2-A3 •• 2 00004950
Y=-(A1••2)+A3••2 00004960
Z = Al* • 2-A2 •• 2+A3 •• 2 00004970

105 RETURN 00004980
END 00004990

C 00005000
C ... *** . * ................................................. 00005010
C 00005020
C	 THIS SUBROUTINE CALCULATES 	 THE	 FIRST	 ANn SECOND 00005030
C	 DIFFERENTIALS OF	 THE	 FUNCTIONS AO.BO ,ANO CO WITH 00005040
C	 RESPECT TO THE	 THREE	 CHOSEN MEAN EFFECTIVE	 COOLING 00005050
C	 VELOCITIES. 00005060
C 00005070
C ......................................................... 00005080
C 00005090

SUBROUTINE	 CDAPC( A1 ,B1,C1,A21 .821,C21,A2,82,C2,A22,822.C22. 00005100
• A3,R3,C3,A23,P23,C23,X,Y,7,K) 00005110
IF(K.EO	 1)	 GO	 TO	 16 00005120
IF(K EQ 2)	 GO	 TO	 26 00005130
IF(K.EO	 3)	 GO	 TO	 36 00005140
IF(K.E0.4)	 GO	 TO	 46 00005150
IF(K FQ 5)	 GO	 TO	 56 00005160
IF(K.FQ	 (;)	 CO	 TO	 6r, 00005170
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TABLE VII (Continued)

16 A1 .0.0 000051AO
81 • - 4 • x 00005190
C1^2 • '. 00005200
A21 .0.0 00005210
821-4.0 00005220
C21 = 2.0 00005230
A2 = 2.0 • Y 00005240
B2-6.0 • Y 00005250
C2--2.0 • Y 00005260
A22 = 2.0 00005270
B22 = 6.0 00005280
C22=-2.0 00005290
A3--2.0 • Z 00005300
B3--2.0 • Z 00005310
C3 = 2.0'Z 00005320
A23 = -2.0 00005330
B23=-2.0 00005340
C23=2 0 00005350
GO TO	 106 00005360

26 Al=2.0 • X 00005370
B1=-2	 0 • X 00005380
C1-2.0 • X 00005390
A21=2.0 00005400
B21=-2.0 00005410
C21 = 2.0 00005420
A2--2.0 • Y 00005430
B2-6.0 • Y 00005440
C2--2.0 • Y 00005450
A22-2.0 00005460
822 . 6.0 00005470
C22-2.0 00005480
A3 =0.0 00005490
83--4.0 . 7 00005500
C3=2 0 • Z 00005510
A23 .0 00005520
B23 = -4.0 00005530
C23 . 2.0 00005540
GO TO	 106 00005550

36 Al-2 0 • X 00005560
81 = 2 O • X 00005570
C1 = 2.0 • X 00005580
AV-2.0 00005590
821 = 2.0 00005600
C21 = 2.0 00005610
A2--4.0 • Y 00005620
82 = 0.0 00005630
C2 = -2.0 • Y 00005640
A22 = -4.0 00005650
822 . 0.0 00005660
C22-2.0 00005670
A3 = 2.0 • Z 00005680
83--2.0 • Z 00005690
C3 = 2.0 • Z 00005700
A23 = 2.0 00005710
823--2.0 00005720
C23 . 2.0 00005730
GO TO	 106 00005740

46 Ai-0.0 00005750
81--4.0 • X 00005760
C1-2.0 • X 00005770
A21 = 0.0 00005780
821--4.0 00005790
CV-2 0 00005900
A2--7.0 • Y 00005AIo
82-n n • Y Nxy), 870
C2 • - I .O • Y 00009A3n
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TABLE VII (Continued)

A22 : -2.0 00005840
822 . 6.0 00005850
C22

.
-2.0 00005860

A3=2.0 • Z 00005870
83 = -2.0 • Z 00005880
C3 = 2.0 • Z 00005890
A23-2.0 00005900
823--2.0 00005910
C23=2.0 00005920
GO TO 106 00005930

56	 Al--2.0 • X 00005940
81- -2.0 • X 00005950
C1=2.0 • X 00005960
A21 = -2.0 00005970
821=-2.0 00005980
C21=2.0 00005990
A2 . 2.0 • Y 00006000
82 . 6.0 • Y 00006010
C2=-2.0 • Y 00006020
A22 = 2.0 00006030
822=6.0 00006040
C22=-2.0 00006050
A3 = 0.0 0000606('

- 83--4.0•Z 000060?0
C3=2.0 • Z 00006C80
A23 = 0.0 00006090
823=-4.0 00006100
C23 = 2.0 00006110
GO TO 106 00006120

66	 A1 = -2.0 • X 00006130
61 = -2.0 • X 00006140
C 1 - 2 .0 • X 00006 150
A21=-2.0 00006160
821=-2.0 00006170
C2 i = 2 .0 -XMG 180
A2=4.0 • Y 00006190
82 =0.0 00006200
C2--2.0 • Y 00006210
A22 = 4 0 00006220
B22 = 0.0 00006230
C22=-2.0 00006240
A3--2.0 • Z 00006250
B3=2 .0 • Z 00006260
C3 = 2.0 • Z 00006270
A23=-2.0 00006280
823 = 2.0 00006290
C23=2.0 00006300

106 RETURN 00006310
END 00006320

C 00006330
C 00006340
C 00006350
C

'
00006360

C ..................•.............. ........................••..... 00006370
C 00006380
C THIS SUBROUTINE CALCULATES THE COVARIANCES BETMFFN THE 00006390
C VELOCITY FLUCTUATIONS USING A METHOD SUGGESTED BY KING 00006400
C 00006410
C****.**.... ................................... 00006420
C 00006430

00006440
C 00006450
C 00006460
C 00006470

SUBROUTINE	 COVAR(CV.V, N. IG, ZP ,20,7R.AVPQ.AKOR.AKOP.AKOR,AKRP 00006480
• ,AKPQ.FTTA) O0O0r4C0
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TABLE VII (Continued)

DIMENSION CV(50),V(50) 00006500
EITA = 0.8 00006510
DO	 15	 I=1,6 00006520
CV(I*6)-CV(1) 00006530
V(I*6)=V(I) 00006540

15 CONTINUE 00006550
IF(V(IP).LE.0.002)	 GO	 TO	 108 00006560
ZETA1 = SQR1(7P**2-2.0*ZQ**2*2.0*ZR**2) 00006570
ZETA3=SQRT(2.0*ZP**2-2	 0*ZQ**2+ZR**2) 00006580
PI1 = CV(IP+3)-ZETA1-0.5*((1/CV(IP+3)-ZP**2/CV(IP+3)**3)*V(IP) 00006590
•-(4.0*ZQ**2/CV(IP+3)**3+2.0/CV(IP+3))*V(IP*1)+(-4.0*ZR**2 00006600
'/CV(IP*3)'*3+2.0/CV(IP+3))*V(IP+2)) 00006610
PI3 = CV(IP + 5)-ZEIA3-0.5*((2.0/CV(IP + 5)-4.0*ZP**2/CV(IP + S)**3 00006620
•)*V(IP)+(-2.0/CV(IP+5)-4.0*ZQ**2/CV(IP+5)**3)*V(IP+1)+(1/CV( 00006630
•IP*5)-ZR**2/CV(IP*5)**3)*V(IP+2)) 00006640
Al=-2.0*ZP •• 2*EITA/V(IP*1) 00006650
B1 = 6.0*ZP*ZQ-(ZP*EITA/(ZO*V(IP* 1 )))*(PI1*CV(IP+3)**3-PI3*CV 00006660
*(IP*5)**3) 00006670
C1 = PI1*CV(IP*3)**3-2.0*PI3*CV(IP+5)**3 00006680
IF(B1 • *2-4.0*A1*C1.LT.0)	 GO	 TO	 57 00006690
AKPQ1=(-B1+SQRT(B1**2-4.0*A1*C1))/(2.0*A1) 00006700
AKPQ2 = (-B1-SQRT(DI**2-4	 O*A1*C1))/(2.0*A1) 00006710
RPQ1=AKPQ1/SQRT(V(IP)*V(IP+1)) 00006720
RP02-AKP02/SQRT(V(IP)*V(IP+1)) 00006730
IF(ABS(RPQ 1 ).GT.1)	 GO	 TO	 17 00006740
GO 10 27 00006750

17 IF(ABS(RPQ2).GT.1)	 GO	 TO	 37 00006760
AKPQ = AKPQ2 00006770

27 AKPQ=AKP01 00006780
GO TO 47 00006790

37 AKPQ=0.9*SQRT(V(IP)*V(IP*1)) 00006800
47 AKQR-(2.0*CV(IP)*CV(IP + 1)*KPQ+PI1*CV(IP*3)**3-PI3*CV(IP + 5) 00006810

***3)/(2.0*CV(IP41)*CV(IP+2)) 00006820
RQR=AKQR*SQRT(V(IP+1)*V(IP*2)) 00006830
IF(ASS(RQR)	 GT.1)	 AKQR=0.9*SQRT(V(IP+1)*V('P Q )) 00006840
AKPR=EITA*AKPQ*AKOR/V(IP*1) 00006850
GO TO	 107 00006860

57 AKPQ =0.9*SORT(V(IP)*V(IP+1)) 00006870
AKQR = 0.9*SQRT(V(IP*1)*V(IP+2)) 00006880
AKPR=EITA*AKPQ*AK0R/V(IP*1) 00006890
GO TO	 107 00006900

108 AKPQ = O 0 00006910
AK0R = 0.0 00006920
AKPR=O 0 00006930

107 AKQP=AKPQ 00006940
AKPQ°AKQR 00006950
AKRP=AKPR 00006960
RETURN 00006970
END 00006980

C ------------------------------ ------------------------ 00006990
C ---- - THIS SUBROUTINE CALCULtTES THE ENSEMBLED AVERAGE 00007000
C ---- - OF	 THE	 TIME-MEAN AND TURBULENCE	 QUANTITIES-------- 00007010
C ------------------------- ----------------------------- 00007020

SUBROUTINE	 AVRG(U,V,W,UPR,VPR,WPR,UV,UW,VW,N) 00007030
DIMENSION	 U(6),V(6),W(6),UPR(6),VPR(6),WPR(6),UV(6),(1W(6), 00007040
*VW(6),IN(9) 00007050
COMMON UBAR,VBAR,WBAR,UPRMS,VPRMS,WPRMS,UVSS.UWSS.VWSS 00007060
UBAR*0 00007070
VBAR*0 00007080
WBAR=0 00007090
UPRMS*0 00007100
VPRMS*0 00007110
WPRMS .O 00007120
UVSS*0 00007130
UWSS*0 00007140
VWSS-O 000071SO
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TABLE VII (Continued)

DO	 10	 1 . 1.9 00007160
1N(I) = 0 00007170

10 CONTINUE 00007180
DO 20 J = 1,6 00007190
IF(U(J).LE	 0)	 GO	 TO	 30 00007200
UBAR = UBAR+U(J) 00007210
IN M -I N(1)+1 00007220

30 1F(V(J).LE	 O)	 GO	 TO	 40 00007230
VBAR=VBAR+V(J) 00007240
IN(2)-IN(2)+1 00007250

40 IF(W(J).LE.0)	 GO	 TO	 50 00007260
WBAR = WBAR+W(J) 00007270
IN(3) = IN(3)+1 00007280

50 IF(UPR(J)	 LE.0)	 GO	 TO	 60 00007290
UPRMS = UPRMS+UPR(J) 00007300
IN(4)-IN(4)+1 00007?10

60 1F(VPR(J)	 LE	 0)	 GO	 TO	 70 00007320
VPRMS-VPRMS + VPR(,)) 00007330
IN(5) = IN(5) + 1 00007340

70 IF(WPR(J).LE.0)	 GO	 TO	 80 00007350
WPRMS°WPRMS+WPR(J) 00007360
IN(6)-IN(6)+1 00007370

80 IF(UV(J).LE.0)	 GO	 TO	 90 00007380
UVSS = UVSS+UV(J) 00007390
IN(7)-IN(7)+1 00007400

90 IF(UW(J).LE	 O)	 GO	 TO	 100 00007410
UWS; = UWSS + Uw(J) 00007420

-

IN(8)=1N(8)+1 00007430
100 IF(VW(J).LE	 0)	 GO	 TO	 20 00007440

vwSS = VWSS+Vw(J) 00007450
IN(9) = IN(9)+1 00007460

20 CONTINUE 00007470
DO	 25	 I=1,9 00007480

25 IF(IN(I).E0.0)	 IN(I) = 10000 00007490
UBAR=UBAR/IN(1) 00007500
VBAR = VBAR/1N(2) 00007510
WBAR = WEAR/IN(3) 00007520
UPRMS = UPRMS/IN(4) 00007530
VPRMS = VPRMS/IN(5) 00007540
WP RMS =WPRMS/IN(6) 00007550
UVSS-UVSS/IN(7) 00007560
UWSS = UWSS/IN(8) 00007570
VWSS = VWSS/IN(9) 00007580
RETURN 00007590
END 00007600
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APPENDIX B
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Figure 1. Typical Axisy!metric Gas Turbine Combustor.
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Figure 9.	 S chematic of P robe Drive.
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Figure 10.	 Probe Drive Mounted on Test Section.
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Figure 12. Data Acquisition and Probe Drive System.
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Figure 13. Bubble Generator and Injection Setup.
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Figure 14. Smoke Generator and Injection Setup.
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a) R = 2.0

b) R = 4.0

C) R = 6.0

It

, I

Figure 17.	 Smoke Flue Jisualizat i o n Tor Jet-to-Crossflow

Velocity Ratio P = ? . rj, 4.0, 6.0.
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Figure 18.	 Bubble g low Visue.lizati ,j rn `ur .ieL-L,)- Lr,;ssfiow
Velocity Ratio R = ?.0, Swirl Vine
: = 0, 45, 10.
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a) d=0

b) ^ = 45

c) : = 70

)F POOH Qom..-•

Figure 19. Bubble Flow Visualization for Jet-to-Crossflow

Velocity Ratio R = 4.0, Swirl Vane Angle
= 0, 45, 70.
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Figure 20. Bubble Flow Visualization for Jet-to-Crossflow

F	 Velocity Ratio R = 6.0, Swirl Vane Angle
(D = 0, 45, 70.
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Figure 21. Spark-Gap Flow Visualization for Jet-to-Crossf,ow
Velocity Ratio = 2.0, Swi r l Vane Angle

= 0, 45, 70.
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Figure 22.	 Spark-Gap Flow Visualization for Jet-to-Crossflow

Velocity Ratio = 4.0, Swirl Vane

Angle	 = 0, 45, 70.

193



a) ^ = 0

b) : = 45

c ) ¢ = 70

40

CkIClfidtt1-	
L1i`Y)F p40R QUF

Figure 23. Spark-Gap Flow Visualization for Jet-to-Crossflow
Velocity Ratio = 6.0, Swirl Vane

Angle	 0, 45, 70.
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Figure 24. Time-Mean and Turbulent Flowfield, R = 2.0, Traverse

Angle P= 270 Degrees.
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Figure 25. Time-Mean and Turbulent Flowfield, R = 2.0, Traverse

Angle 1— 300 Degrees.
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Figure 26. Time-Mean and Turbulent Flowfield, R = 2.0, Traverse

Angle 0 = 330 Degrees.
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Figure 30. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle 6 = 210 Degrees.
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Figure 31. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle r = 300 Degrees.
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Figure 32. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle n = 330 Degrees.
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Figure 33. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle 0 = 0 Degrees.
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Figure 34. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle	 = 30 Degrees.
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Figure 35. Time-Mean and Turbulent Flowfield, R = 4.0, Traverse

Angle e = 60 Degrees.
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Figure 36.	 Time-Mean and Turbulent Flowfield, R = 6.0, Traverse

Angle 0 = 210 Degrees.

243



t
	 7

t `4

0.5	 1 0

r/D	 F

-0.5

x/D
1.5	 2.0	 2.5	 3.0i.

i	 I
I

d) urms/uo x

0.5
r/D

-0.5
e) arms/uo x 2

0.5

r/D

-0.5
f ) w 	 /u x 2rms o

Figure 36. (Continued)

244

.r

M.
	

oil



a^

g)	 u'y'/u0 x 2

0.5

r/D
0

-C.5

x/D
2.5	 3.0

0.5

r/D

-0.5	
h) u'w'/u0 x 2

0.5-

r/D
0.

-0.5
i ) y W /^ 2 x 2

Figure 36. (Continued)

1 '	 245

JI



I+

A

,0

x/D

0.5	 1.0	 1.5	 2 .0

r/D
0-----

-0.5
J1	 _ (u2 + v 2 + w2)1

/2
/u

0

0.5

r/D
0---	 --- ---'

M-0.5
k) arms/u x 2

0.5

r/D
0

-0.5
1	 2	 2

^) 2 (arms + arms + Wrms2) x 2

Figure 36. (Continued)

246



x/D
0.5	 1.0	 1.5	 2.0	 2.5	 3.0

i
r/D

-0.5
a)	 u ho

.•.

0.5
r/D

p---

-0.5

i

b) v /u0

0.5	 i

r/D
	

i

-0.5
C) w ho

Figure 37. Time-Mean and Turbulent Flowfield, R = 6.0, Traverse
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