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CHAPTER !
INTRODUCT | ON
1.1 Combustor Design Phenomena

The function of the gas turbine combustion chamber, illustrated in
Figure 1, is to heat the air from the compressor up to the design maxi-
mum temperatﬁre. That is, the temperature that the combustion chamber
and turbine will stand without undue creep or distortion for a reason-
able period of time. The combustor must also give reasonably uniform
velocity and temperature distributions onto the leading edge of the tur-
bine blades. Compiete combustion to minimize the formation of carbon
particles and pollutants and ignition reliability at high altitudes are
both very important criteria for the efficient performance of a gas tur-
bine combustor.

To improve “lame stabilization and promote migihg between the incom-
ing fuel and the hot products of combustion, swirl is often imparted to
the incoming combustion air prior to entry into the primary zone, The
purpose of swir] is to assist in the creation of a toroidal flow reversal
to obtain high rates_of mixing. .This type of recirculation preovides bet-
ter mixing than might be obtained by other means, such as bluff bodies
. |

In design situatlions, the engineer has to analyze the swirling re-
circulating turbulent flow within combustors whose complexity is increas-

ed manyfold by the processes of combustion and heat transfer. At present




the combustor designer is faced with making only slight modifications to

present combustors because of the economic ]limitations of full~scale test-
ing of combustion chambers. Before a route can be provided which leads to
the accomplishments of design objectives more quickly and less expensive-

ly than current practice permits greater knowledge is required concerning

"the flowfields inside gas turbine combustion chambers.

1.2 The Present Research

In gas turbine and ramjet combustion chamber development, designers
are aided by both experimental and theoretical studies [2]. Both methods
of approach are complementary, theoretical modeling being aided by care-
fully chosen experiments [{3]., A major area of research need, with which
the present research work is concerned, is the measurement of time-mean
and turbulence pnoéerties in nonreacting swirling flow in various combus~
tor geometriés, 50 as to aid in the understanding and development of suit-
able turbulence models [4]. |

| Some recent researchers [5, 6, 7] have measured the time-mean and
turbutence properties of swirling flowfields in the presence of chemical
reaction. However, & more fundamental knowledge of the fluctuating velo-
cities and their cross-correlations for a variety of swirl strengths
under isothermal conditions is needed before the complex interactions. of
chemical reaction and turbulent mixing are fully understood. The present
research is restricted to isothermal flows.

The specific problem being investigated expérimenta]ly is concerned
with the steady turbulent Floﬁ of air in axisymmetric geometries under
low speed conditions. Specificallya flow exi;s from a roﬁnd-sectiOned

contoured nozzle with known velocity and turbulence distributions and




enters a round pipe With an expansion ratio D/d = 2 oc |, as illustrated
in Figure 2. The incoming air may possess a swirl component of velocity
via passage through an annular vane swirler with blades at angle ¢ to

the undisturbed flow direction. |(f swirl is present, the resulting flow-
field domain may possess a central toroidal recirculation zone (CTRZ).

In the sudden expansion case a corner recircuiation zone {CRZ) is provok-
ed because of the abrupt change in geometry of the boundary. It is well
known that both of these recirculation zones contain large turbulent
eddies which promate turbulent mixing. To simulate ramjet combustion
chambers, the test section may be equipped with a strong contraction noz-
zle of area ratio 4.

Of vital concern is the characterization of these turbulent, swirl-
ing, confined jet flows in terms of the effects of swirl strength, expan-
sion ratio, and downstream blockage on the time-mean velocities and Rey-
nolds normal and shear stresses. Realization that these flows also pilay
an important role in many other engineering applications has inspired ¢

definite desire for investigation in this area.
1.3 Experimental Investigation

Measurements of the time-mean and turbuylence characteristics of con-
fined swirling jet Flows are being used to aid in the evolution of turbu-
lence models for these complex flow situations. These measurements are
part of a larger ongoing project at Oklahoma State University into the
fundamental concepts of swirling flows in combustor geometries.

The present research has included flow visualization techniques us-
ing kerosene smqke and neutrally-buoyant helium-filled soap bubbles.re-

corded on still [8] and movie [9] photographs. Time-mean velocities in
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swirling and nonswirling confined flowfields have been found by use of a
five-hole pitot probe {8, 10]. Turbulence properties using the single
hot-wire multi-orientation technique [11} and a crossed hot-wire probe
[12] have been measured in nonswirling flowfields. The performance of
the annular vane swirler used In this report has also been studied using
a five-hole pitot probe [13]. Predictions of the flowfields correspond-
ing to the ones studied have been made using the measured inlet condi-
tions [14, 15, 16]. The predictions are achieved by using the STARPIC
computer code which solves the appropriate partial differential equa-
tions and simulates turbulence by means of the two-equation k-£ turbu-
lence model [4].

All this previous work has been performed using the low speed wind
tunnel, as seen in Figure 3, in the Mechanical Engineering laboratory at

Oklahoma State University. The facility consists of an axial-flow fan

whose speed can be varied., Numerous fine screens and straws produce flow .

in the settling chamber of relatively low turbulence intensity. The con-

toured nozzle leading to the test section has been designed to produce a

minimum adverse pressure gnadient on the boundary layer and thus avoid
any regions of separated flow within the nozzle. The test section con-
sists of either a 15 c¢m or 30 cm diameter plexiglass tube depending on
which expansion ratio is desired. Plexiglass was chosen so as to allow
accurate probe positioning and permit flow visualization. The substan-
tial size of the test section provides excellent probe resolution. The

swirler, placed upstream of the test section, consists of ten varjable

angle flat blades with a pitch-to-chord ratio of 0.68. Each individual

blade can be set to any desired aﬁgle between 0 and 80 degrees. Three

swirl flow types are investigated in the present study: nonswirling




1

flow (¢ = 0° swirler removed), moderately swirling flow (¢ = 3B and 45°)

and strongly swiriing flow (¢ = 60 and 70°).
1.4 Scope and Objectives

The focus of the present research is the measurement of time-mean
and turbulence propertle§ of a confined swirling jet. The measurements
provide a data base fos the development of turbulence models for these

flow situations. Measurements have been made for a full range of swirl

. strengths and geometric configurations over the entire flowfieldof inter-

est. Specifically, these objectives include:

1. Measurements of time-mean velocities and complete Reynolds
stress tensor to find the effect of swirl on a suddenly expanding con-
fined jet with an expansion ratio of 2. Swirl vane angles of 0 (swirler
removed) , 38, 45, 60, and 70 degrees are considered.

2. The effect of a strong contraction nozzle with an area reduc-
tion ratio of 4 located at two large chamber diameters downstream of the
jet exit is investigated. Time-mean velocities and turbulent stresses
are measured for three cases of swirl, ¢ = 0, 45, and 70 degrees.

3. A directionral sensitivity analysis is performed on the measur-
ing technique to detevmine the relative accuracy of the technique to ap-
proach time-mean velocity,

4, Measurements of time-mean velocities and Reynolds stfess tensor
in a nonexpanding confined jet flowfield (D/d = 1) to find the effect of
tke sudden expansion on three cases of swirl, ¢ = 0, 45, and 70 degrees.

5. Determ%ﬂation of the length scale of energy containing eddies
in suddenly expanding and nonexpanding confined jets. Theswirl strengths

of interest are nonswirling, medium, and strong swirl.
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CHAPTER I

REVIEW OF PREVIOUS EXPERIMENTAL STUDIES

IN RECIRCULATING FLOWS

Previous experimental work in axisymmetric recirculating flows pro~
vide an important background for this investigation. I[nformation regard-
ing nonswirling and swirling turbulent flows have been extensively re-
viewed. Technigues. in the measurement of turbulence are constantly be-
ing updated; these require reviewing for their applicability to the

present study., Noteworthy results are included in the summary where the

. emphasis is on manreacting turbulent swirling flows,

2.1 Confined Nonswirling Flows 1
\

One of the first researchers to make a thorough investigation into
confined nonswirling jet flow was Chaturvedi {17}, who measured the mean
velocity and pressure and characteristics of the turbulence in a confin-
ed jet with an expansion ratio D/d = 2. The mean Qelocity and pressure
measurements were made by pitot probe and stagnation tube, respectively,
Measurements of velocity head were made using a pitot tube of very small
diameter with a 15 degree taper machined internally on the leading edge.
This was due to reéions of high turbulence inten5ity or where the direc- -
tion of the velocity vector was unknown. The turbulence characteristics
were measurad first with a single hot-wire to determine u' and again

with cross-wires to determine the radial intensity v'; the measurements

&



also produced the turbulent shear U'v'. It was reported that the corner
recirculation zone (CRZ) extended to a length of two chamber diametars
downstream of the jet exit for the sudden expansion case with high turbu-
lanc intensities on the edge of this zone.

Many researchers have studied the recirculation zone behind a pipe
step [18-22], in particular, the reattachment length. Krail and Sparrow
[18] utilized an orifice in an electrically heated tube to create flow
separation with water as the modeling fluid. It was presumed that the
peak Nusselt number occurred at the reattachment point which they found
existed at 1.25 to 2.50 pipe diameters downstream from the onset of sepa-
ration, Their results agreed with those of Phaneuf and Netzer [19] in
that the reattachment langth was unaffected by the Reynolds number in the
turbulent range. Also, they found that the peak Nusselt number became
spread out into a broad zone for strong separations caused by large step
heights, This transition from a point to a broad zone occurred between
h/D=0.16 and h/D=0.25, where D is the pipe dianeter and h is the step
height, It was also found that increasing the step height moved the
peak point slightly downstream,

Back and Roshke [20] and Roshke and Back {21] also investigated the
reattachment length by visual observation in water flows. The diameter
expansion ratio used was 2.6 and a conical contraction section just up-
stream reduced the boundary layer thickness. Small 0.76 mm diameter
holes were located on the larger diameter tube one step height apart.
Reattachment locations were determined by slowly metering dye through
the holes and observing whether it moved ubstream or downstream.

Phaneuf and Netzer ['9] measured wall static pressure as well as

mean axial velocities behind abrupt steps where the expansion ratios
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were 0.303 and 0,195, They found that the reattachment zone spreads out
with both increasing Reynolds number (for a given step helght} and in-
creasing step height providing the Reynolds numher is in the turbulence
transition range, |t was further concluded that the point 0% maximum
heat transfer does not coincide with th: zone of reattachment apd further-
more it is dependent upon the inlet mass flux,

Three different step heights of 0.6, 1.6, and 2,0 were studied by
Ha Minh and Chassaing [22]. They measured the time-mean axial veloci~-
ties and the turbulence characteristics of the flow. Agreement between
hot-wire and pitot probe measurements were found to exist for the time-
mean velocities. The Reynolds stresses were successfully measured using
the rotating, inclined, single hot-wire technique, and their Eesults com-
pared well with previous studies [17]. ‘

Laser doppler anemometry was uséd by Mocn and Rudinger [23] to study
the behavior of recirculating flows. Even though an L.D.A. system was
used, only mean axial velocities were measured, particularly those found
in regions of recircutation. The L.D.A. system with the aid of a Bragg
celt could detect the velocity reversals in the recirculation region,

Johnson and Sennett [24] developed a measuring technique to deter-
“mine the mean and fluctuating velocity and concentration distributions
along with their cross correlations by using a laser doppler velocimeter.
This mathod was developed using coaxial jets in sudden expansions with
D/d = 2.07. A laser-induced flourescence technique was used to measure
the concentration of a flourescent trace_material;

Janjua [11] measured the time-mean velocities and complete Reynoids
stress tensor for an abrupt and gradual e#panding confiﬁed jet. The six-

orientation single hot-wire technique was employed in a confined jet of




expansion ratio 2, The resulfts obtained using this technique were found

to be in good agreement with those found by Chaturvedi [17].
2.2 Free Swirling Jets

Swirl can be imparted upon a flaw by many different means. Rose
[25] used a very simple method of producing swirl by rotating a pipe at
9500 rpm so as to provide an approximately fully-developed turbuient
flow in solid body rotation. By this means it was only possible to ob-
tain a8 relatively weak degree of swirl. Because of the low swirl number
invotved, Rose was capable of using a single hot-wire and an X-mzter in
the flowfield to determine the turbulence intensity components and the
direction of the flow velocities, respectively. He found a free Swirl-
ing jet, in contrast toc & nonswirling jet, that the jet spreads at a
larger angle, entrains fluid more rapidly, and consequently displays a
more rapid reduction of mean velo@ity and turbulence intensity.

Chigier and Beer [26] generated swirl by introducing varying propor-
tions of air through tangential ports whiie the remainder of the air was
introduced akially. General velocity and static pressure distributions,

form and shape of tie central toroidal recirculation zone (CTRZ) were ub-

tained for differing degrees of weak swirl and varying discharge nozzle - -

configurations,

Using a three-dimensional probe, Kerr and Fraser [27] found that the
jet mass rate, angle of spread, and the reciprocal of the axial velocity
ail vary linearly with the swirl number. They proposed that the swirl

number S be defined as
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where T is the nozzle torgue, G is the jet thrust, and De is the effec-
tive nozzle d.ameter.

Chigier and Chervinsky [28] carried out an experimental investiga-
tion on a series of swirling air jets. The swirl generator was composed
of axial and tangential air inlets. Measurements of time-mean values of
velocity and static pressure were made with a five-hole spherical impact
probe. With this instrument they found that there was a progressive de-
crease in the length of the potential core fﬁr.an increasing value of
dégree of swirl. |In addition, they noticed that for weak and moderate
swirl the velocity profiles are effectively similgr from an exial dis-
tancu of four nozzle diameters downstream of the jet exit. For stronger
swirling jets similarity is not achieved until a discance of ten jat dia-
meters has been reached.

iJsing a rotating pipe similar to Rose [25], Pratte and Keffer [29]
measured the time-mean properties, turbulence, and distribution of kine-
tic energy via means of fine pitot probes and single hot-wire anemometry,
Again this was possible because of the weak component of swirl velocity.

The most common and effective method of producing swirling flows is

"via use of vane swirlers. Mathur and MacCallum {30] conducted an evalua-
tion of swirler efficiency for both annular (with hub) and hubless swirl-
ers. Extensive presentation of velocity profiles and recirculation zone
geometfy was given as a function of the degreé of swirl. They found that
for increasiné values of swirl a central toroidal racircuiation (CTRZ) is
formed. This is caused when the adverse pressure gradient along the jet
axis cannot be further overcome by the kinetic energy of the fluid flow-
ing in the axial direction.. They also concluded that tan ¢ was a good

measure of swirl for jets issuing from vane swirlers.
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Syred et al. [31] concentrated on turbulence measurements in strong-
ly swirling flows via a single hot-wire six~orientation technique inside
the central recirculation zone, Local turbulence intensities were found
to be extremely high in and near the CTRZ. Measurements of all six tur-
bulent stress components snowed strong variations of absolute kinetic
energy levels and strong nonisotfopy of the stresses and associated tur-
bulent viscosity.

Claypole and Syred [32] studied the effect of combustion on tha
CTRZ using a dual beamrlaser. They found that combustion considerably
lowers the level of recirculation even at high levels of swirl. A broad-
er coverage of the measuring techniques and results for free swirling

flows can be obtained from Reference [33].
2.3 Confined Swirling Flows

Very little in the cpen literature has been written concerning tur-
bﬁlence measurements in confined swirling jet flows. The measurements
that have been reported have been made with highly expensive nonintru-
sive instrumentation. However, several researchers have reported on
time-mean veloci*y measurements within confined flows with swirl.

Mathur and MacCallum [34] studied the characteristics of a swirling
jet issuing into a model of square cross-section. They used an isother-
mal air model to obtain time-mean velocity pfofiles with a five-hole
pitot probe and a water model to obtain qualitative data. Mathur and
MacCallum found that the initial rates of spread of enclosed jeis is
more rapid than for free swirling. Also, that the central toroidal re-

circulation zone i5 much stronger in enclosed jets than free jets,
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Rhode et al. [8] measured the time-mean velocity properties again
using a five-hole pitot probe inside a swirling confined jet. By using
interchangeable expansion blocks with varying degrees of expansion angle
a with increcasing swirt strength, they found that the influence of o is
negligible for the CRZ. But the effect of the swirl strength was to
shorten the length of the CRZ and‘generate tﬁe existence of the CTRZ.
The length of the.CTRZ was theﬁ found to increase for increasing swirl
stréngthJ They aiso noted that on the jet centerline downustream of the
CTRZ a precessing vortex core (PVC} existed. This PYC then continued to
the exit of the test section. However, this study only included weak
and moderate swirl strengths. This work was extended by Yoon and Lilley
{10] to include higher swirl strengths and to study the effect of differ-
ent contraction nozzles placed at various axial locations in the test
chamber, They found that a strong cqntraction nozzle of area ratio 4
greatly affected the size and shape of the CTRZ and PVC,

Beltagui and MacCallum [35] completed a wide range of experiments
on annular and hubless swirlers with and without combustion. The expan-
sion ratios they used were D/d = 2.5 and 5.0 with varying degrees of
swirl, Mean flow and static pressure measurements were made with awater-
cooled five-hole spherical pitot probe. Their investigation concluded
that the maximum diaméter of the CTRZ is primarily a funcfion of the
cﬁamber diameter (approximately 0.65 chamber diameters) and only slight-
ly alters for varying degrees of swirl, by combustion or by_D/d ratio.

They also noticed that the presence of a central hub in the swirler had

little effect on the flow patterns.

) Usiﬁg an expansijon ratio of 0/d = 2 and a five-hole pitot probe,

time-mean veloclty measurements were made in a swirling isothermal and
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reacting confined jet by Syred and Dahman [36]. They studied the effect
of introducing bluff bodies into the jet on the size and shape of the
central recirculation zone., Also, they found that by increasing the fur-
nace exit diameter, only a small effect was noticed upon the asercdyna-
‘mics of the system. They also reported'that for Furna;es requiring low
calorific value gas, only medium swirl produced the desired recircula-
tion zone.

Baker et al., [7] and Hutchinson et al. {6] used laser doppler anemo-
metry to measure the values of mean velocity and tufbulence intensity in
the recirculation region of a swirling reacting flame. Methane was ig-
ﬁited at the burner and the flow then seeded with TiO2 particles to en-
hanca the light scattering. As flow reversals are found in swirling
flames, a frequency-shifting technique was used to solve the directional
ambiguity of the doppler signal. Both groups of researchers found high

“levels of turbulence near the exit of the jet for even a moderate swirl
" number.

Laser velocimeter measurements of a confined turbulent diffusion
flame burner was made by Owen [5]. Mean and rms turbulent velocity lev-
els were measured for axial and tangential components of the reacting
flowfield. He measured four different swirl strengths near the exit of
the burrer and‘found there was no significant variation on the time-mean
préfiles for increasing swirl. He also found that the turbulence is
high with significant deviation from isotropy over the initial mixing re-
gion of the jet. In this area large scale fluctuations decrease for in-
crease in swirl strength. A bragg cell ﬁas used for directional sensi-

tivity of the flow.
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Habib and Whitelaw [37] measured the time-mean velocities and direc-
tional turbulence intensities in a swfrling confined coaxial jet. Two
measuring techniques were used to measure the turbulence, hot-wire anemo-
metry, and L.D.A. The two methods were in close agreement even in the
corner recirculation zone. These researchers only used low values of
swirl strength; therefore, no central recirculation zone was formed.

Using a five~hole pitot probe and a single normal hot-wire, Vu and
Gouldin [38] measured the time-mean and turbulent properties of a confin-

ed isothermal coaxial jet under co-swirling and counter-swirling condi-

tions. . They found that levels of high turbulent fluctuations and large

dissipation rates characterjze the central flow region for both co- and
counter-swirl. They suggested that with chemical reaction the internal
structure of the recirculation zone is of much less importance to the
combustion process than the turbulent transport propertieé in the vicin-
ity of the CTRZ and the interjet shear layer. However, they reported
that no central recirculation zone was formed for the co-swirling case.

Gouldin et al. [39] continued this work with special emphasis on

~c6-swiriing flows with combustion, They found that with the presence of

chemical reaction a CTRZ was formed. This seems surprising as mass con-
servation requires axial flow acceleration with combustion and therefore
a favorable pressure gradient must exist over a portion of the test sec-

tion. Since the formation of the CTRZ requires an adverse pressure gra-

" dient on the centeriine, one would expect combustion to inhibit recircu-

lation zone formation. However, the researchers showed by application
of Bernoulli's.equation that the pressure on the centerline increases

with combustion.
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No PVC was found by Brum and Samuelson [40] in dilute swirl combus-
tors with or without combuystion. They suggest that the PVC is an arti-
fact of the modeling process and is not present in Full scale combustors
as dijution jets are present. The researchers found that ff onlty 70 par-
cent of the inlet air was swirled and the remainder used as dilution air,
no PVC existed.

The six-orientation single hot-wire technique was used by Janjua
et al. [41]) iﬁ an isothermal nonswirling and swirling confined jet with
an expansion ratio of 2, Measurements in the nonswirling jet compared
favorably with those of previous researchers t8, 17]. The swirling jet
resul ts presented were quite limited but djd show that around regions of
recirculation Iargé vafues of turbulence intensity and shear existed,
even for moderate swiri. The researchers also performed an uncertainty
analysis on the hot-wire technique. This involved changing certain in-
put parameters to the data reduction and determining the percentage
change-in output parameters. They found that the most inaccurate output
tefm was u'w',

Sommer [42] measured time-mean and fluctuating properties of con-
fined coaxial jets and found that a CTRZ did exist for the co-swirling
case. ‘He found that the recirculation zone consisted of a one-celled
toroidal vortéx characterized by low interpal swirl velocity, h?gh tur-
bulence intensity, and large turbulent dissipation rates.

The previous experimental work presented here gives a good indica-
tion of the levels of the properties that are quantified in this study.
However, before any direct cohparison ﬁan bg made between these réported
results and the present measured data, the flows must be similar. This

must ipvolve not only geometric similarity but also, and more importantly,
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the inlet flow conditions must be dynamically similar. This often in-
volves the use of a similar inlet contoured contraction nozzle and the

same nhumber and shape of swirl vane blades,

16




CHAPTER 11
MEASUREMENT TECHNIQUES AND ANALYSIS

Turbulence measurements In a complex flowfield have always been a
complicated problem encountered by engineers. In the past turbulence
phenomena have been discussed by various authors in detail and various
methods of turbulence measurements have been suggested [33, 43, 44]. One
of the most widely-used instruments to obtain turbulence quantities is
the hot-wire anemometer, the most common of which is the single hot-wire.
When used at a single orientation and in a two-dimensional flow with 3
dominant flow direction, a single hot-wire can measure the streamwise
components of the time-meaﬁ velocity and the root-mean-square velocity
fluctuations at a particular location in the flowfield. A two-wire
probe can be used to determine the time-mean velocities, streanwise and
cross stream turbulence intensities, and the cross correlation between
the two components of the velocity fluctuations [43, 45].

Hot-wire measurements in a complex three-dimensional flewfield are
considerably more difficult than in one- or two-dimensional flowfields
in which the mean flow is.predominantly in one direction. To measure
the three velocities apd their corresponding fluctuating components in a
three-dimensional flowfield such as encountered in combustor simulations,
a triple hot-wire technique is typically used.

The three-wire probe technique permits the necessary simultaneous

measurements from which three instantaneous velocity components can be
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determined. The appropriate signal processing can produce estimates of
mean velocity components and the Reynolds stress tensor. However, the
three-wire probe technique is very complex, requiringamulti-dimensional
probe drive to align the probe in the mean flow direction. Also, sophis-
ticated signal processing electronics is required to handle the three in-
stantaneous hot-wire voltages. Finally, because of the fact that three
hot-wires are involved, the dimensions of the instrument tendto be large,
causing poor spatial resolution.

in recent yeérs the use of single~wire multiple-orientation tech-
niques is rapidly growing in popularity. This is because of their abil-
ity to measure all the time-mean velocities and all the ccmponénts of
normal and shear turbulent.strésses in complex flowfields. The method
is very cost effective, requiring only standard Hot-wire electronics.
Assumptions regarding the nature of the turbulence are tﬁat it is sta-
tionary and that it follows a normal probability distribution. It is
for these reasons that makes the six-orientation, single hot-wire tech-

nique suitable for swirling confined jet flows.
3.1 Single-Wire Six~0Orientation Technique

Mul;i-orientation of a single hot-wire is a novel way to measure
the three components of a velocity vector and their fluctuating compo-
nents. A method devised by Dvorak and Syred [#6] uses a single normal
hot-wire oriented at three différent positions such that the center one 1
is 'separated by U5 degrees from the other two. The velocity vector at a
location is related to the three orthogonal components using pitch and .. :
yaw factors as defined by Jorgensen [47]. The data are obtained in the

form of mean and root-mean-square voltages at each orientation. Howaver,
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the measurements done with a single wire do not supply all the informa-
tion needed to obtain the turbulence quantities. Therefore, in addition
to a single wire, Dvorak and Syred used a cross-wire probe to obtain the
covariances between the voltages obtained at adjacent hot-wire orienta-
tions.

King [48] modified the technique developed by Ovorak and Syred. His
method calls for a normal hot-wire to be oriented through six different
positions, each orientation separated by 30 degrees from the adjacent
one. Mean and root-mean-square voltages are measured at each orienta-
tion. The datz reduction is performed using some assumptibns regarding
the statistical nature of turbulence, making it possible to solve for
the three time-mean velocities, the three normal turbulent 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 such a probe. The three
directions and three typical calibration curves are shown in Figures 4
and 5. Each of the calibration curves follows a second order, least
square fit of the form:

e2=a +807%+c.a, (3.1)
i l [ [ |

which is an extension of the commonly used King's law. In this equation,
Aj, Bi’ and Cirare calibration constants, and Gi can take on a vaiue of
u, v, and w for the three calibration curves, respectively.

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

tive cooling velocity experienced by the hot-wire is:

Z2 = 52 + Gzﬂz + KZQZ

(3.2)
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where G and K are the pitch and yaw factors defined by Jorgensen [47]

to be:
_ v(u and w = 0)
6 a{v and w = 0) ‘ (3.3a)
and
K = v(u and @ = () '
w(i and v = 0) (3.30)

which are evaluated from the three calibration curves (Figure 3) for a
constant value of Ez. Equation (3.3) shows that the pitch and yaw fac-
tors are calculated with the v component i = 2 in Equation {(3.1) of the
effective cooling velocity as the reference. Therefore, the calibration
constants used in Equation (3.1} are the coefficients in the € versus v

calibration of Figure 5, i.e., in a general flowfield:

2 1/2
E A2 + 82 2z + C2 z

with Z as given in Equation (3.2) above.

Figure 6 shows the pitch and vaw factors as a function of hot-wire
voltage determined from the calibration curve of Figure 5. Both factors
vary with hot-wire voltage, but the yaw factor is far more sensitive.
The sensitivity analysis discussed in the next section demonstrates that
uncertainties associated with the varying pitch and yaw factors do not
seriously af%ect the accuracy of the estimated flow quantities,

To carry out measurements in the confined jet flowfield, the wire
is aligned in the flow in such a way that_in the first orjentation the
wire is normal to the flow in the axial direction and the probe coordi-

nates coincide with the coordinates of the experimental facility. Thus,
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the six equations for the instantaneous cooling velocities at the six

orientations, as given by King [48], are:

2% = v+ 6u? + kWP (3.4a)

Zg = v2 + 02 (u cos 30° + w sin 30")2
2 ° : oy 2
+ K° (w cos 30° - u sin 30°) (3.4b)
Z§ = v2 + G2 (4 cos 60° + w sin 60“)2
2 ° . ar 2
+ K° (w cos 60° - u sin 60°) (3.4c)
Zi = v2 + szz + Kzu2 (3.4d)
z§ o vZ + 6% (w sin 120° + u cos 120°)2
2 . s oy 2
+ K° {usin 120° - w cos 120°) (3.4e)
2 2

=% 4+ 6% (wsin 150° + u cos 150°)
2 a [-] 2
+ K® {u sin 150° - w cos 150°) (3.4fF)

Solving simuitaneously any three adjacent equations provide expressions
for the instantaneous values of the three velocity components, u, w, and
v in terms of the equivalent cooling velocities (Z', 22, and 23, for ex-
ample, when the first three equations are chosen). It is then possible
to obtain the three time-mean velocity components and the three normal
turbulent stresses of the Reynolds gtress tensor, in a manner described
in Reference [41].

To determine the cross-correlations of the turbulent fluctuations,
a correlation coefficient has to be assumed. King [48] argued that if
two wires are separated by an angle of 30 degrees, the fluctuating sig-
nals from the wires at the two locations would be such that their con-

tribution to the cooling of the wire would be related by the cosine of
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the angle between the wires. This assumption leads to the following two

values of the correlation coefficients:

Yzpzq = €05 30 = 0.867 (3.5a)

Yzqzg = <05 30 = 0.867 (3.5b) .
To relate YIpzq with YZpzR and Yzpzg? King (48] introduced the following
relationship:

YZpZgr = "zpZq * YZgqZr (3.6)

where n is given a value of 0.8. A sensitivity aralysis presented in
Chapter VIl demonstrates that there is no significant error magnification
in the data reduction diue to the correlation terms.

To obtain measurements of the correlation coefficients in a swirl-
ing flowfield, a triple hot-wire and a time correlator would have to be
.used. Dvorak and Syred [46] used a double-wire in a two-dimensiona!

flow and found that the above assumptions are quite good.
3.2 Eddy Dissipation Rate Measurements

Studies of the energy processes in shear flows have all suffered
from uncertainty in determining the rate of turbulent dissipation., Hinze

[49] shows that this process can be expressed in cartesian coordinates by

' du} auJi du!
= U.E (Bx + 3xi) ij (3.7)

(where u; is the component of the fluctuating velccity in the X, direc-

tion). Assuming incompressible, homogeneous, small scale turbulence,

 Hinze reduces this equafion to the form:

I
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au; 2
£ =V ): (-a-x—-) (3.8)
J

iv)

Lawn [50] suggests that complete isotropy is not required for Equa-
tion (3.8), but the condition that the transfer of energy from one velo-
¢ity component to another be relatively small suggests that the normal
stresses due to these components be approximately equal. This condition
is defined as "'second class local isotropy'' by Bradshaw [43]. The assump-
tion does not neglect the existence of shear, and in fact includes an in-
herent nonisotropy by giving special emphasis on the mean flow direction,
This reasoning states that all the turbulent energy is initially produc-
ed in the component of the flow direction and is then distributed among
other components. This turbulent energy could be distributed by means
of the pressure fluctuations [50].

if Bradshaw's definition applies, and assuming that all the turbu-
lent dissipation occurs inthe mean flow direction, then Equation {(3.8)

reduces to:

aay”
E=15v (as)
where s is in the direction of the local time-mean velocity.
Invoking Taylor's hypothesis (a/Bt=5valas),that the fluctuations
at any point in the flowfield are caused by the whole turbulent flowfield

passing that point with a constant velocity ?, it follows that

g =15 v (34 (3.10)
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Heskestad {51] has suggested that the use of Taylor's hypothesis can
possibly overestimate the dissipation rate and therefore introduced a

modification to the convective velocity:

2 2 2 2 2

boguf™ A u! VIT 4ow? |
7 G GO (e 2 (3.11)

However, Antonia et al. [52] did not apply this modification to mea-
surements in the fully developed region of axisymmetric free jet at axial
locations greater than x/D = 40. They found that there was a linear de-
crease in dissipation rate for increasing axial location,

Laufer [53] used Equation (3.7) to determine the eddy dissipation
rate. He measured five of the nine contributions to the sum and assumed
that i?otropic-relations may be used to derive the remainder. His mea-
surements were performed in a fully-déveloped turbulent pipe flow, a re- 5
latively easy Flowfield. However, his resuits contained several fncoh- '
sistencies mainly because of the errors incurred while measuring five
different derivatives. Lawn [50] also measured the energy dissipation
in tﬁrbulent pipe flow. He concluded from his own and Laufer's results
[53] that Equation (3.8), which assumes complete isotropy, will not be
grossly in error if the pipg Reynolds number is greater than 9 xth. Any
slight errbrs that do exist could be attributed to poor high frequency
response of hot*wfres and to finite wire length. Isotropy is approached
aé'the Reynolds number increases énd is a good approximation at Re = 9x l ) j
10“. Ltawn [50] used Equation<(3.8) with a Reynolds number of 4 xth P
with a single hot-wire and then Equation (3.7) with a double wire; he | B

found that the results did not. show & great deal of scatter between the
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two methods, indicating that a single hot-wire could be psed at the lower
Reynolds number.

Habib and Whitelaw [S4] measured the dissipation rate in a confined
coaxial jet without swirl. They used the isotropic relationship of Equa-
tion (3.8) and compared their results with those obtained with the TEACH
computer code [55]. The researchers found that the calculated results
were a factor of two higher than the measured resulté. However, the mea-
surements were only of a preliminary nature and the authors concluded
that neither the precision nor the detail of the measurements were suffi-

cient for satisfactory appraisal.

In confined coaxial swirling flows, Vu and Gouidin [38] used Equa-
tion (3.10) to determine the dissipation rate. From this they were able
tc calculate the length scale of dissipation from the well-known k-¢ re-
lationship. In addition, estimates of the Taylor microscale and thé
Kolmogorov length scales were obtained using isotropic relationships and
the eddy dissipation rates. The fact that Vu and Gouldin [38] have no
cohparisons te make with their results in swirling recirculating flows
attests to the fact that accurate measurements in such a flow are quite
di fficult.

To void errors associated with tzking many turbulent derivatives,
rhe isotropic relatjonship of Equation (3.10) is used in this study to
determine the eddy dissipation rate. The high Reynolds.numbers emp loyed
in this project also gives another point in favor for usingthe isotropic

assumptions,
3.3 Contributien to Turbulence Modeling

The practical need of the turbulence measurements in swirling flows
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can be seen from studying the Reynolds equations. !n solving the Rey-
nolds equations For time-mean velocities, specification is required of
the turbulent stresses, usually via the turbulent viscosity pt. While
the molecular viscosity is a real property of the fluid, existing whe-
ther the fluid is in motion or at rest, the turbulent viscosity requires
some fiow of fluid to become effective and is thus not a property of the
fluid but a parameter of the fluid motion. This parameter describes the
bahavior of the turbulant stresses in terms of the time-mean velocity
gradients, implying the assumption that the turbulence transport is of

the gradient type. Although simpie models are availau'e for the

specification of Mo especially in boundary layer flows, for example,
they are not useful for recirculating flows.

Increasingly complex fiowfields are governed by increasingly compii-
cated equations for the time-mean préperties, which contain increasingly
more components of the turbulent (Reynolds) stress tensor. For example,
the incréasing number of components required are:

1. Nonswirling boundary layer flow--rx-component aniy;

2. Swiriing boundary layer flow--rx and rB componei®s;

3. Nonswirling axisymmetric recirculating flow-~rx, xx, rr, and 80
components;

b4, Swirling axisymmetric recirculating flow--rx, r8, x8, xx, rr,
and 98 componénts; |
with more complex flows requiring, again, all six components.

In nonswirling axisymmetric recirculating flow, the turbulent (Rey-
nolds).equations of conservation of axial and radial momentum may be
.séived {along with the conservation of mass [continuity] equation) so as

-

to obtain time-mean vailues of p, u, and v (time-mean pressure, axial and

e e e



radial velocities) throughout the fiowfield. The equations for u and v
contain only the foliowing components of the turbulent (Reynolds) stress

tensor 1:

o

au 2

Tax pu'lt = “ci‘i"'ipk' (3.12a)

Trrz"""z =2ut%§-?j.p (3.12b)
I 2 '

Tes = —pw' = -Zut%\'ei-gpk (3']2(:)
—_— 3 ]

-rrx = ‘{JUIV' = ut(—a-yr—“"'a"i-) (3'E1d)

which are usugily related by‘way of an isotropic turbulent viscosity p
to the appropriate compornents of strain {velocity gradients}) in the form
also shown. Incompressibility has also been assumed and the terms con-
taining div v have been omitted. Notice that the normal components also
contain the term —-23- ok (which is often omitted in practice) in order

that summation of the normal components and application of the continu-
2

ity equétion are consistent with the definition of k= (u'2+v' +w’2)/2.

If swirl is also present, coupled with the above is an equation for

conservation of swirl momentum from which the time-mean swirl velocity w

may be obtained throughout the flowfield. Additional terms also appear
in the other momentum equations. From the turbulence simulation point

of view, additicnal components of the turbulent (Reynelds) stress tensor

appear in the swirl equation:
T BW
i = mpuh! = 1, 2N .
. pu'w b = {3.13a)
T o= ~pviw! = pr 2 (X {3.13b)
rg ar 'r .
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These correlations are usually related by way of an isctropic turbulent
viscosity i1 to the appropriate components of strain {velocity gradients)
in the form shown on the extreme right hand of these equations. Thus
all six different components appear in the governing equations. Notice
that axisymmetry has reduced the cbmplexity, not only of the governing
equations themselves but also of the constitutive relations.

If isotropic turbulent viscosity is not assumed, different values
of u may be appropriate to different components of the turbulent (Rey-.
nolds) stress tensor 1. That is, a double suffix is added so as to indi-
cate the component in question. Then by analogy with Prandt]-Schmidt
numbers, viscosity numbers may be defined so as to relate other viscosi-
ties to the primary component of turbulent viscosity p = Mgt (This
particular one is chosen, since it is the only component which remains
in the governing equations of a nonswirling boundary tayer flow, on which
much previous research has taken plaée. Swirling boundary layers con-

tain u_o in addition to M and only one viscosity ratio appears.) Thus

8
one i5s interested jn whether or not the following viscosity numbers are

unity {isotropic) or not (nonisotropic):

Oyx ”/uxx (3.142)
o =l , (3.14b)
fog = W04, | (3.14c)
Oy = u/ure . (3.14d)
o0 = M ¥yg (3.13e)

There is some evidence that these values are not unity [31, §5], but gen-
eral recommendations are not available [56). The remaining problem.is

how the majn‘éompbnent of turbulent viscosity is to be specified by a
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turbulence medei. 0Qr, rather, the more complete questiion of how are all
the components of turbulent (Reynolds) stress to be specified, either
directly (advanced differential or algebraic stress modeling) or indirect-
ly (via the turbulent viscosity concept).

A turbulence model is a set of differential and/or algebraic equa-

tions for things like k, €, u;uj, u{m', ms , etc. which connect statisti-
cal properties of turbulence (corretations) with each other and with
terms appearing in the time-averaged equations of conservation of mass,

momen tum, energy, and chemical species. Auxiliary relations are like
— 2 -1
uiuj = -const k' & aui/ij {3.15a)

R = -const (mé ) pek (3.15b)

Models are classified according to the turbulent flux hypothesis
(whether.or not turbulent exchange coefficients are introduced) and the
“number of extra differential equatiens to be solved. If introduced, ex-
change coefficients have generally been assumed isotropic until recently,
even in flows with‘swirl, but recent experimental, inverse and predic-
tion works have disputed this for swirling filows. Briefly the choice

available isg:

1. Prandti mixing tength Wy = pl2 (ZA:n)]/Z;

2. Energy—}ehgth Fex = cp kzawl;

3. Differential stress modeling Dr_ /Dt=P _+D +R +¢ 5
(3 rx rx rx rx

I

Agebraic stress modeling Trx=-f (other 7's, k, e, A).
Here 4 is the time-mean flow rate of strain tensor, k and c are turbu—
lent kinetic energy and dissipation rate, and P, D, R, and e stand for

production, diffusion, redistribution, and.dissipation in the turbulent
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stress equation. The first two choices are examples of theories of the
exchange coefficient type; the second two are of direct stress specifica-
Lion type.

ﬁurrently two-equation energy-iength models are to be recommended
for application in practical engineering situations; in particular the
k-¢ model where ¢ = k]'S/z and £ is the mac}olength scale of turbulence,
Models of this type have been successfully modified and applied to swirl-
ing flows, even with nonisotropic assumptions [68, 59}. Recent relevant

work is discussed elsewhere [60]. Numerical and analytical inverse

solution of the turbulent swirl flow boundary laver equations (which
allow turbulence model development directly from time-mean experimental
data) have been useful For this purpose. Details of the general turbu-
lence mode! development in both nonreacting and reacting flows are avail-
ahie via recent conferences [61, 62].

The advantage of a turbulent kinetic energy TKE mode! over a simple
algébraic "Tocal' model is that solution of a PDE for k allows upstream
“historical’ influence to assert itself on the subsequent flowfield.
Appiication of several such models to flowfields of interest in sudden
expansion burners have been reviewed elsewhere [63]. For high speed tur-
bulent reacting f]dwg of specific interest to ramjet dump combustors,

two models show significant promise: the Harsha one-equation model [64]

‘and the Rodi two-equation k-& model [57]. Applications to reacting jet

"lows shows that both appear to be suitable [65]. More advanced turbu-
lence models, such. as those based upon the Reynolds-stress modeling ap-
proach, are not yet fully developed to warrant_theif use in recirculat-

inrg flowfield problems as encéuntered in gas-turbine combustors. In
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addition, such an approach will appreciably increase the computation ef-
fort.

Measurements of the complete Reynolds stress tensor and the time-
mean velocity gradients can lead to knowledge of the turbulent eddy vis-
cosities via use of Equations (3.12) and (3.13). Determination of the
rate of eddy dissipation in conjunction with the turbulent viscosity can
be used to introduce a numerical value to the constant term Cu in Equa-
tion (3.15). Typically, Cu is given the constant value of 0.09 in swiri-
ing flows. However, it has been shown that this value is unrealistic
and is more likely to be a function of the velocity gradients [66]. }he
measured data from this study will be used to obtain a relationship for

the values of Cu {67].
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CHAPTER IV
DIRECfIONAL SENSITIVITY ANALYSIS

The analysis is performed at any specffic flowfield location by ini-
tiaily placing the probe in a free jet such that the coordinate system
of the probe coincides with the coordinate system of the jet, as shown
in part {a) of Figure 7. Measurements a}e then taken by rotating the
probe in the manner of the technique just described. To simulate the ef-
fect of the Flow shifting its dominant flow.direction, the probe is ro-
tated by 8 degree about its z-axis, as shown in part (b) of the figure.
This rotation causes a misalignment between the probe coordinate system
and the facility coordinates. This discrepancy can be accounted for by
use of the Eulerian matrices described in section 4.1, In this configur-
ation, the measured time-mean values, normat and shear stresses are in a
éoordinate system oblique to the jet coordinate system. However, they
can be transfcrmed back to the facility coordinate system [68]. Notice
that‘the‘correct directional sense of the rotation must be followed so

© that sfandard coordinate transformations may be used on the probe data
so as to obtain facility coordinate data. Results shown later in Chap-
ter ¥l have been obtained in this manner.

To examine the directional sensitivity of the wire further, the
probe was subseguently rotated about its new x-axis, thereby forming a
compound angle between prgbe and the dominant flow velocity, as also

"shown in Figure 7, part (c). Again, the time-mean velocities and
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Reynolds stress tensor can be deduced in terms of the jet coordinate sys-
tem by the method shown in section 4.1, and the results and their accu-
racy are also discussed in Chapter VI.

Specifically, the directional sensitivity of the technique is assess-
ed at five flowfield situations for self-consistency using the following

five configurations:

Case | g = 0° ¢ = 0°
Case 2 B = ~45° ¢ = 0°
Case 3 g = -45° ¢ = -45°
Case 4 8 = -90° $ = 0°

Case 5 8 = ~90° ¢ = -90°

The above five probe/flow configurations are used at each of five
representative situations ih a free axisymmetric nonswirfing jet at x/d
= 0 {laminar in potential core reglon}, 3 and 10 {turbulent in shear
layer region) and in a free axisymmetric swirling jet at a locaticon in a
region of strong shear just downstream of the exit from a variable-angle
vane swirler with swirl vane angles of 45 and 70 degrees, representing
moderate and strong swirl cases. In these swirling jet cases, the probe
was [ocated just downstream 6f the swirler exit, outside of any regions
of recirculation: this part of the fFlow was chosen as it (s in an area
of rapid acceleration and is unlikely to contain any instantaneous flow
reversals which might cause erroneous readings. Specifically, the fol-

lowing five situations are used:

Situation A x/d =0 Nonswirling laminar region

Situation B x/d = 3 Nonswirling turbulent region

Situation € x/d = 10"~ Nonswirling turbulent region
33
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Situation D x/d =0 Swirling turbulent region with
swirl vane angle 45 degrees
Situation E x/d = 0 Swirling turbulent region with
swirl vane angle 70 degrees

These locations are illustrated in Figures B and 9. It will be seen later

that the sensitivity analysis assures users that knowledge of local con-
figuration of probe versus flow direction is not required a priori, and
useful results are forthcoming and relatively insensitive to specific

configurations.
L.} Coordinate Transformation

4.1.1 Rotational Matrices

To investigate the shifting of the dominant flow direction, the
nrobe holder versus local time-mean flow vector configuration is varied
through five different cases of interest. To relate probe coordinate
data back to the facility coordinatg system, use is made of Eulerian ro-
tational matrices. These make it possiSle to relate all time-mean velo-
cities and the full Reynolds stress tensor back to the faciiity coordi-
nate system after any axis rotation,

Any {x,v,z)-cartesian coordinate axes may be rotated about the X,
y, or z axis, respectively, by an angle 8, with corresponding coordinate

transformation matrices:

R 0 0
Rxs = Q cosf -5ing
0 sind cost
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[ cos® 0 sind]
Rye = 0 1 0

| -sind 0 cos @

[ cost -5ind o ]
R . =|sind cosd 0
z8

0 0 1]

For example, a rotation about the z*axis by angle 6 results in old (x,
y, z) coordinates of a point being related to its new (X, Y, Z) coordi-

nates via:

T AT
Ixy z] = R,q x v 2]

Similarly, velocity components {u, v, w) are related to (U, V, W) via
fuvwll =Ry (UVWT

in the notation of Figure | with velocity components

U, v, w in x, r, 8 Ffacility coordinates

u, v, w in X, ¥y, z probe Case 1 coordinates

G, v, W in X, y, z probe Case 2 and U4 coordinates
G, 5, " in ;, ;, z probe Case 3 and 5 coordinaves

the following relationships prevail.

L.1.2 Case |

The facility and probe Case | coordinates are coincident and

(u v w]T = [uv ;]T
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4.1.3 Cases 2 and 4

In this case, a rotation nf 8 degree is applied about the z-axis,

resulting in

It

-~ r "~ T
[uvw RzB [u v w)

which leads to

y Gcos 8- ¢sinag
v|=lu sin 8 + v cos 8
w w

From this the directional time-mean velocities in facility coordi-
nates can easily be inferred. The angle terms in the relationships are,
in-Fact, the directional cosines [69], whjch can be used to determine
tie stress transformations in terms of facility coordinates. The direc-
tional cosines between any new coordinate axes, for example, x, y, and

z, and the original coordinate axes x, y, and Z can be conveniently tabu~

lated as follows:

' XYz
XKikyompoon

Vit m 0,
zle m, h
St 3 3 3
These directional cosines (ki, m., n for i = 1, 2, and 3} can be used

in the general three-dimensional stress equations governing the trans-

formation of coordinates via [68].
T = hzt»n + m21»~ + n21n~ + 28 .M T~ + 2mN, Tas+2n, 8, T -
XX 1 xx 1yy 1 zz 171 "%y 171 'yz 171 "zx

Tyy = as above with subscript | replaced by 2
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T,, = as above with subscript | replaced by 3
Ty~ BiRTag Y MMty t MngTag * (ymy + apmdeos
+ (mpng + mpndrss + (ng2y + npndese
L as above with subscripts (1, 2} replaced by (2, 3)
T, = 25 above with subscripts (i, 2) replaced by (3, 1).

These relationships lead to evaluation of all the stress components in
facility coordinates, from corresponding data originally reduced in probe

coordinates.

L.1.4 Cases 3 and 5

To go from Cases 2 and 4 to Cases 3 and 5, a rotation of ¢ degrees

is applied about the nev x-axis, resulting in

(8 ¢4l = R, @ vl
and
fu v w]T = Rz8R§¢ [ﬁ ; @]T
which is
[u cosB - sind cos¢ + sind sing a

<N

vi=|sind + cos0 cosg - cosh sing
W

n

[ 0 sing cos¢

Again, this relationship permits time-mean velocity components to be con-
verted back into facility coordinates. The coefficient matrix defined
the directional cosines relating the two coordinate systems; these caﬁ

be used for normal and shear stress transformations in the manner de-

scribed in section 4.1.3.
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CHAPTER V
EXPERIMENTAL FACILITY
5.1 Calibration Equipment

A small axisymmetric free jet is used for the static calibration of
the Hot-wire. The calibration jet facility, shown in Figure !0, consists
of a seamless contoured nozzie geometrically similar to that of the flow-
field facility. A settling chamber and turbulence management section
consisting of packed straws is just upstream of the contoured nozzle.

The nozzle itself has a throat diameter of 34 mm and is :apable of pro-
ducing Reynolds numbers up to 6'x105 (based on throat diameter). The
air is delivered by a thermaliy stabilized compressed air generator and
rroduces air at +0.5°C to that of th2 wind tunnal. The air is control-
led t> the nozzie by means of a diaphragm valve and a Fisher and Porter
mcde! 10A1735A rotameter. This arrangement allows 30 cal ibration points_
to be read over a wide range of known velocities (found by independent
pitot probe measurements).

It is necessary to calibrate the hot-wire in a flowfield of known
properties. The one-dimensional low turbulence level (essentially lami-
nar) potentia! core of the free jet was utilized for this calibration.
The Hot-wiré‘is calibrated for three different flow direction, u, v, and
w,'as-shcwn‘fn Figure 5. Each of the three calibfation curves are ob-
tained with zero velocity in the other twe difectiohs. The calibration -

curves demonstrate that the hot-wire is most efficiently cooled when the
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flow is in the direction of the u component, whereas the wire is most
inefficiently cooled when the flow is in the direction of the w compo-
nent. The three orientations of the probe were made possible by use of
a rotary table and DISA 55H151 and 55H153 mounting tubes.

The familiar King's law relationship

e2 = A+ 82" _ (5.1

which is employed as a calibration curve in most conventional hot-wire
anemometry applications has considerable limitations. Perry andMorrison
{691 have shown that this relationship is only satisfactory for mean
velocities over a limited range. These researchers illustrated by dyna-
mic calibration that this form of relationship is only suitable for flows
with low turbulence levels. Typically, linearizers are used whick apply
the relationship of Equation (.,1) to the hot-wire output signal. The
values of A, B, and n are variable to suit individual wires. The limit-
ad range of application of suych an expression and its restriction to low
turbulence levels makes the use of lipearizers very undesirable in high-
ly turbulent flows since it could lead to cons}deréble errors.

Dvorak and Syred [46] found that the expression

2 1/2 +

£E° = A + BZ cz (5.2}

gave an excellent fit to obtained calibration data with a very small
standard deviation being obtained over a large velocitf range (1 to 60
m/s). Such a curve fit is a more realistic approach since the conven-
tional relationship of Equation {5.1) is based on the steady flow heat
transfer relationship and thus may well not provide an accurate descrip-
tion of the behavior of individual wires, A re]ationship of the form of

Equation (5.2) is used to fit a curve fit to the whole calibration curve
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using a least squares curve fitting technique. This curve thus allows
the instantaneous veiocity to wander over the entire range from zero up
to the maximum value seen in the flow without distortion.

A hot-wire does not record a true zero velocity voltage while under
calibration because of the thermal convection velocity induced by the
_bouyancy arising from the wire's own heat. Thus the zero velocity vol-
tage obtained during calibration is spurious and is not included in the
points used to obtain the curve fit.

A further point in favor of Equation (5.2} is made by Dvorak and
Syred [46]. They showed that a curve fit of this form from static cali-
bration data fitted very well the dynamic calibration data of Perry and
Morrison [69] and thus stated ihat dynamic calibration is probably un-
necessary. This is to be expected, as the diameter of the hot-wire is
very small (usually 5 um); therefore, the flow in the vicinity of thé
wire may be considered laminar. Thus the hot-wire sees a time-varying
laminar flow.in the turbulent fiow whereas in the calibration rig it
sees a time-steady laminar flow. This also explains the good approxima-
tion achieved by the expression in Equation {5.1) despite its having

been based on laminar heat transfer analysis.

5.2 Confined Jet Facility

The swirlipng confined jet testlFacility is shown schematically in
Figufe 3. Air flows through an axial flow fan whose speed can be adjust-
ed by means of a U.S. varidrive motor. The range of speed of the fan is
then 1100 to 3100 Fpm. The alr then enters a flow straightener and tur-
bulence management section, consisting of mesh screens and packed straws.

Next i5 the contoured nozzle leading to the test section. This
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axisymmetric nozzle was designed by the method of Morel to produce a
minimum adverse pressure gradient in the boundary layer to avoid the flow
unsteadiness phenomenon associated with local separation regions. The
throat of this contoured nozzle is 15 cm onto which an annular vane
swirler may be fitted. The swirler consists of ten blades which may be
individually set to any angle of interest. A solid hub of 4 cm diameter
is located at the center of the swirler with a streamlined nose facing
upstream, The downstream end is simply a flat face, simulating the geo-

metric shape of a typical fuel spray nozzle. More detailed information

concerning the swirler can be found elisewhere [13].

The test section itself consists of a 90 degree expansion block of
diameter 30 cm and width 3.2 cm, giving an expansion ratio of 2, A 125
cm plexiglass tube is then placed over the expansion block to provide -
the main body of the test section. In addition, another plexigléss tube
of similar legnth but 15 cm diameter is used to provide an expansion ra-
tio of unity. The substantial size of the test model provides excellent
probe resclution for the hot-wire measurements. .

The tesf section has the option of being equipped with a strong con-
traction nozzle of area ratio 4. This nozzle has a 45 degree slope fac-

ing upstream and can be located at any axial jocation. Alignment of the

contraction nozzle and test section with the wind tunnel is obtained wifh _ é
.the use of a laser beam.

| A manual traversing mechanism can be attached to the test section
as shown in Figureli. This mechanism.is equipped with a linear vernier
scale which is accurately readable to within +0.25 mm. This allows a
probe to be accurately traversed across the chamber radius.ﬁith the capa-

' bility of manually rctating a probe about its axis te an accuracy of
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+0.2 degree. A more detailed description of the confined swirling jet

facility at Okishoma State University can be found in Reference [15].
5.3 Hot-Wire Instrumentation

As mentioned previously, the six-orientation single-wire technique
employs standard e’=ctronic equipment for the determination of the time-
mean and turbulent stresses in the flowfield. The sensor used in this
study is a normal hot-wire probe, D!ISA type 55P01. This probe has two
prongs set 3 mm apart which support a 5 um diameter tungsten wire. This
wire is gold plated near the prongs to reduce end effects and strengthen
the wire. A DISA S m cable connects the probe support to the main bridge
ﬁnit( The anemometer used fs a DISA type 55M01, cons tant temperature
standard bridge. The mean voltage across the hot-wire is measured using
& Hickbk Digital Systems, mode! DP10C, integrating voltmeter with the
root-mean-square component of the voltage being measured using a Hewlett
Packard, model 400 HR, AC voltmeter.

To meastire fhe eddy dissipation rate and hence the dissipation
length scale, a special electronic analog device was constructed to time-
differentiate the fluctuating électrcnic signal. This device was assem=
bled using a 74) cperational amplifier and various capacitors and resis-
tors. A schematic of the differentiator is shown in Figurel2a. For the
device to effectively differentiatelat the required f}equencies, the
break fraquency of the instrument must be approximately ten times that
of the differentiating frequency. The plot of gain versus frequency in
-Figureléb shows that the cutoff frequency is not reached until after 20
kHz. The calculated break point of';he system is at a gain of 100; in

addition, a gain of unity was obtained from the differentiator at a
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frequency of 1.5 kHz, This is well within the range of frequencies to

be differentiated. The output voltage from the anemometer was first
passed through a DISA 55025 filter before analog differentiation, The | é
cutoff frequency setting for the wire is eritical, since too high set-
tings would inciude undesirable amounts of electronic noise and too low
settings would suppress high frequency components of the signal. The
settings were determined at typical locations in the flowfield by using
a Hewlett Packard 35B0A spectrum analyzer to identify regions of hiQh
noise. A unity gain follower was placed before the differentiator to
prevent any high impedance loading of the differentiator.

The mean square of the differentiated signal was measured using
Thermal Systems inc. true rms voltmeter, model 1076. This instrument

has a IMQ input resistance to attenuate the low frequency signals.
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CHAPTER VI
RESULTS AND OISCUSSION

Nonswirling and swirling nonreacting flows are investigated in an
arxisymmetric test section with expansion ratio D/d = 2, which may be
equipped with a strong contraction nozzle of area ratio 4 located at L/D
= 2. Thisrnozzle has a 45 degree upstream facing slope as described ear-
lier [10). Measurements have also been made in a nonexpanding test sec-
tion with expansion ratio D/d = |. The nozzle inlet velocities and Rey-
nolds numbers employed in this investigation are high enough to ensure
that the flowfields studied are under conditions independent of Reynolds
number variation. They corraespond approximately to conditions reported
in associated studies [10]. In each case, radial profiles of Interest~
ing properties at sfx axial locations are presented. All properties
shown are normalized with respect to the swirler inlet uniform axial
velocity U_o deduced independently from a measurement upstream of the
swirler. Finally, an accuracy and directional sensitivity analysis in-

volving the time-mean and turbulent properties of a round free jet has

been performed. Percentage changes of some of the important input para- -

meters and their effect on the calculated output quantities have been
studied. Five probe-jet axis orientations have also been used to simu-
late the shifting of sthe dominant flow direction and conséquentiy the
effectiveness of the hot-wire technique to measure the properties of a

strongly swirling flow whose local flow direction is unknown.

44




Deduced results from the measured hot-wire signals are presented in

Tables | through XXIil.
6.1 Effect of Swirl

6.1.1 Nonswirling Flows (0/d = 2)

Figure |3 shows time-mean and turbulence data fcr the nonswirling
flow. A nearly-flat axial velocity profile is seen in the entrance re-
gion of the test section. As expected, there is no measurabie swirl
velocity and only a small radial velocity. Although a corner recircula-
tion zone (CRZ) is present, there is no evidence of a central toroidal
recircutation zone (CTRZ). Indeed, there is no swirl-induced centrifu-
gal force to encourage its formation. The hot-wire anemometer cannot
sense flow direction; however, directional properties of the flow can be
inferred from ecarlier five-hole pitot probe data [10], and flow visual-
ization photography [9]. Nevertheless, the author has retained the posi-
tive values on all figures wherever possible uncertainties might exist.
The time-mean data show good agreement, within 5 percent, with that found
by Chaturvedi [17] in a similar test section, and with that found by Yoon
and Lilley [10] using a five-hole pitot probe in the same test facili;y
‘with identical flow conditions.

The maximum values of normal stresses appeaf on the shear jayer with
the axial fluctuation component dominating. Earlier resuits (171 indi-
cated that the axial turbulence intensity was iarger than the other two
components and ;hat the radia’ turbulence intensity was approximateiy
equal to the tangential turbulence intensity. This is confirmed in the

present study.

45

e —



The six-orientation technique produces positive values of shear
stress. However, in certain locations in the vicinity of recirculation
zones, the radial gradient of the axial velocity is predominately posi-
tive which is associated with neagative vélues of u'v'. Nevertheless,
all shear stress values in this document are plotted as positive. Be-
cause of the absence of velocity gradiénts in the x- and f-directions,
only one shear gtress (the.xr-componént) is significant in the nonswirl-
ing case. This shear stress, plotted in Figure 13, tends to be lower
than the earlier study [17]. It should be noted, however, that the shear
stresses are the most difficult turbulent gquantities to measure accurate-
ly in a complex flowfield. Uncertainties in measurements of time~mean
velocities and turbulence intensities are irncreased in the determination

of shear stresses.

6.1.2 Moderate Swirl (D/d = 2)

In confined swirling jet flows the axial and tangential time-mean
velocities dominate, as can be seen from Figures 14 and 15. The cornér
recirculation zone can be seen clearly at the expansion plane of the
test gection._:The CRZ is not seen at any other axial location, indicat-
ing that the swirling flow greatly reduces the length of the CRZ. Swirl-
ing flow produces a central toroidal récircu!ation zone which can also
be seen in the figures, The CTRZ appears to have a length of approxi-
mately 1.5 D. Downstream of this point on the Jet axis, indication is
given of a precessing vortex core (PVC) extending to the exit plane of
the test section. The PVC is defined as a region of low axial velocity
and high almost solid body rotaticn swirl along the axis, and is found

to be present in the swirling flows considered. Yoor and Lilley (o}
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also measured the time-mean swirling flowfield using a five-hole pitot
probe, and the present data are found to be in good agreement. The PVC
is most clearly observed in flow visualization studies using still photo-
graphy (8, 10] and videotape recordings [9].

The three normal turbulent stresses appear to be fairly isotropic
at all locations in the test chamber with maximum values occurring in
regions of recirculation and regions of high shear. It was found that
large-scale turbulence with big eddies occurs in recirculation regions
and that small-scalé turbulence with small eddies occurs in regions of
peak velocities. In the downstream regions of the test chamber, the tur-
bulence levels are low, with a more unifofm radial profile, indicating a
more developed nature of the fiow.

It can also be seen that all three shear stress components are sig-
nificant in swirling flows, as expected. The maximum values of shear
stress occur inthe thin shear layer regions but quickly dissipate in the
downstream_direction as the shear layer broadens. The stresses 37377u§
and ET;TVU§ are found td have large values close to the wall, because of

the steep axial and swirl velocity gradients.

6.1.3 Strong Swirl (D/d = 2)

Time-mean velocity profiles for the strongest swirl cases consider-
ed are shown in Figures 16 and 17. Almost ajl of the flow leaves the
swirler near the outer edge, producing steep velocity gradients in this
vicinify. High velocity gradients can also be seen near the wall, es-
pecially at x/D = 0.5. The strong centrifugal forces present in the in-
coming flow produce rapid outflow to the confining boundary; Both ceﬁ-

tral and corner recirculation zones can be seen clearly from the time-
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mean plots. However, it appears that the CYRZ is shorter for this strong
degree of swirl as compared to the moderate swirl case. In contrast,

the PVC gets wider as the swir! strength increases, as also foundin five-
hole pitot.probe data [10].

The normal turbulent stresses have increased in magnitude, consis-
tent with the increase in swirl strength, and still a good degree of iso-
tropy Is observed throughout the entire flowfield. The highest turbu-
lence levels again occur in regions of recirculation and on the shear
layers, It can also be seen that high turbulence levels are found in
the PVC,

The most dramatic effect of the increase of swirl is the large in-
crease crease in all three shear stress values. |t can be seen that
very high vaiues of shear stress occur in the shear layers and near the
walls. . The PVC also contains hich values of shear stresses and turbu-
lence levels. Overall, the values of shear stresses are higher than in

other swirl strengths considered.
6.2 Effect of Strong Contraction Nozzle

6.2.1 Nonswirling Flows

Time-mean and turbulence characteristics for the nocnswirling flow
with a strong contraction nozzle at L/D = 2 are presented in Figure 18.
The plots show that results vary only stightly from that of the corre-

sponding flowfield without a contraction nozzle (see Figure 13). The

_major difference appears to be a slight reduction in the length of the

CRZ. The measured time-mean flowfield compares favorably with previous

data [10].
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6$.2.2 Moderate Swirl

The effects of the contraction nozzle an the moderately swirling
flow with ¢ = 45 degrees are shown in Figure 19. The presence of the
contraction nozzle accelerates the flow and produces a strong favorable
pressure gradient over the entire flowfield of interest. This pressure
gradient conflicts with the adverse pressure gradient jnherent in swirl-
ing flows (associated with recirculation zones). Regions of positive
axial velocity occur near the centerline at all axial locations, The
central recirculation zone is now located In annular region around the
jet axis and is much smaller than in the corresponding open flowfield of
Figure 156, A narrow central core region is observed to extend through-
out the length of the test section with strong solid body rotation. Posi-
tive axial velocities now occur in this region, as opposed to negative
ones in the corresponding open-epded flow case; this and other time-mean
data are in excellent agreement with earlier experimental [10] and pre-
diction [4, 16] studies.

The directional turbuience intensities do not show any significant
increase in magnitude compared to the open-ended swirling flow. However,
the turbulent shear stresses are found to increase near tHe.jet axis as
the contraction nozzle exit is approached. This is because of the fairly
high turbulence levels in this region and the effect of strong velocity

gradients with which these stresses are associated.

6.2.3 Strong Swirl

For swirl vane angle ¢ = 70 degrees, measurements are given in Fig-
ure 20 with the strong contraction blockage located at L/D = 2. The

axial velocity near the axis is positive, though less so than in the 4%
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degree case of Figure 19, since the favorable pressure gradient has nui
to overcome an even stronger unfavorable pressure gradient., The central
recirculation region is now very small, extending in an annular region

to less than x/D = 1.0, considerably less than the no-blockage case of
Figure 17. At the axial station x/D = 1.0, forward flow occurs across
the whole test section. Very strong swirl velocity magnitudes and gradi-
,nts are seen, which contrast, sharﬁly with the corresponding open-ended
flow situation., A wide core region is again noticed along the jet axis
containing strong solid body rotation; movie photography reveals the pre-
cessing nature of this phenomenon. Again, time-mean data compare very
well with previous work [i0].

The normal components of the Reynolds stress tansor show an increase
in turbulence aleng the jet axis as the contraction is approached--more
so than in the 45 degree swirl case of Figure 19, but similar to those
found in the open-ended case of Figure 17, Now, larger values are found
near the axis, associated with the strong vortex core region. Shear
stress levels at the entrance to the test section tend to be slightly
lower for the blockage case. But the levels are an order of magnitude
higher in the core region near the contraction nozzle. Again, this is

because of the strong time-mean velocity gradients in this area.
{.3 Effect of Expansion Ratio

6.3.) Nonswirling Flow (D/d_= 1)

Figure 21 shows the very flat axial time-mean velocity profiles
associated with a one-dimensional flow. The flowfield is seen to be
homogeneous throughout the whole test section. This is because of pres-

sure losses diue to abrupt expansions being absent in the nonexpanding
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confined jet. Radial velocities are found to be present across the
whole test section. This was not to be expected as there is no expan-
sion of the flow in this case. These velocities are assumed to be an
errar of the six-orientation technique which is discussed later in this
chapter. No recirculation zones are evident at any section of the flow-
field, as expacted.

The successful design of the wind tunnel and contraction nuzzle is
evident by the low levels of turbulence intensity measured. The absencea
of time-mean velocity gradients and flow discontinuities also explains
the fact that all components of the Reynoids stress tensor are negligi-

ble.
6.3.2 Moderaﬁe Swirl {(D/d = 1)

Strong axial and tangential time-mean velocities dominate in the
nonexpanding confined jet. These velocitias were found to be approxi-
matelv twice as large as those in the correspending expanding Flowfield
(b/d = 2)., A momentum baiance across the test section indicates that
these increases in magnitude are to be expected [70]. These results can
be ceen in Figure 22. This is because the wall of the test section pro-
duces a favorabie pressure gradient across the entire fiowfield which
conflicts with the adverse pressure gradient within the swirling flow.
However, a core region around the jet centerline is found to centain
strong solid body rotation-and positive axial velncities. Evidence can
be seen from the time-mean velocity piots of the central hub of the
swirler. Negative radial velocities were expected and measured in this

particular flowfield.
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Directional turbuience intensities are found to be similar in mag-
nitude for this case as in the expanding flowfield (D/d = 2) except in
the entrance region. This is because of the lack of regjons of recircu-
lation normally associated with high turbulence levels. The turbulence
in this flowfield is primarily caused by passage of the air ghrough the
swirler and because of the velocity gradients, Because of these velo-
city gradients, shear stresses are significant throughout the entire
flowfield. The magnitude of these stresses were found to be comparabie

to those In the expanding case.

6.3.3 5trong Swirl (D/d = 1)

It can be seen from Figure 23 that the tangential time-mean velo-
city completely dominates the flowfieid. This strong swirl velocity pro-
duces a large core region with low axial velocity on the jet centerline.
This is because of the centrifugal forceg within the flecw, Again, no re-
circulation zones are presant within the flowfield. Radial velocities
have increased due to the increasz in swirl velocity.

The large gradients asscciated with the core region produce high
levels of turbulence intensity aleng the jet cenferline and correspond-
ingly a large increase in all of the shear stresses in this region.

Shear stresses in the entrance rggion of this fiowfield are much lower
than in the expanding case. Again, this is because of the lack of recir-

culation zones,
6.4 Turbulence Parameters

The eddy dissipation rate measurements have been performed in flows

with two different expansion ratios with three degrees of swirl, The
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levels «f confinement considered are with expansion ratios of D/d = 2
and | with swirl strengths of nonswirling, moderate, and strong swirl.
The measurements are obtained using the time differentiating technique
described in Chapter 11i. Estimates of the different length scales of
the flows can be obtained from the measurements of the dissipation rates.

The eddy dissipation length scale {macroscale) is estimated via:

) K372

E

?

the Taylor microscale is deduced from the isotropic relation:

1/2
k)

>

A= (15

snd fFinally the Kelmogorov lenath scale is given by:

(\) )
E

The eddy dissipation, €, has dimensions of L2/T3

, the same as velo-
city cubed divided by a length scale. At any axial station, the station
mean axial velocity (= UQ (d/D)z) and chamber diameter D are used for

this purpose, Accordingly, plots of

are given., The dissipation tength scale is nondimensionaiized with re-

spect to the test chamber diameter D.

6.4.1 Expanding Flowfield (D/d = 2)

Measu: ments of the turbulent diésipation rate in a confined, ex-

panding, nonswirling jet are shown in Table XII and Figure 2k, The
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plots show that most of the dissipation occurs on the thin shear layer
in the entrance region. As the shear layer spreads across the entire
test seétion, the corresponding dissipation rate follows. The dissipa-
tion rate is also seen tc be high in the CRZ. As expected, the dissipa-
tion rates in the essentially laminar portion of the potential core are
very low., These low dissipation rates in the laminar core region tend
to cause high values of length scale, as seen in Table Xlil. The length
scales are largest on the jet centerline, outside the potential core,
and then decrease as the test section is radially traversed. This i5 be~
cause theldissipation rartes are low on the centerling, then increase
radially; but the kinetic energy of the turbufence is somewhat constant
across the test chamber.

ilhen a moderate degree of swirl is introduced to the flow, the dis-
sipation rate is found to increase significantly Tn the entrance region
of the test section (Figure 24 and Table X1V). However, these values
are rapidly reduced in the downstream region of the chamber. This im~
plies that most of the production and dissipation of the turbulent esergy
is being performed in the entrance region of the test section where areas
of recirculation and high shear dominate the flow. On the shear laver
eddies are formed which contribute to the large rates of dissipation.
Within the recirculation zones large scale eddies cascade energy to its
smaller scaies which eventually leads to its sissipation.

The measurements of dissipation rate ih the entrance region of the
test section must'only be considered as qualitative as several sources
of error may be present at thése axial locations. In the recirculation
z0nes fhe time-mean velocity direction fs not well defined; therefore,

perfect alignment of the sensor in the mean flow directionis nqtassured.
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Two other distinct types of error were certainly present. The first was
discussed by Kovasznay [71] and is the one arising of loss of response
of the anemometer equipment to high frequency turbulence components. The
anemometer system has a cutoff frequency of approximately 30 kHz which
is below the freyuencies at which furbulent dissipation occurs. The mea-
sured dissipation rate must therefore be extrapolated to its full rate
by assuming a theoretical turbulence spectrum. Pao [72] suggested such
a spectrum but it has yet to be conclusive in free or confined shear
fFlows. Estimates of the Kolmogorov length scale indicate that it is much
smaller than the hot-wire iength. This leads te the second source of
error of havirig to average over the hot-wire length. Wyngaard [73] has
shown that the underesiimation of the dissipation rate is in the order
of & percent for the present flow conditions. As this is considered
within the scatter of the data, no hot-wire length corrections to the
measured data have been made.

The distribution of length scale for ¢ = 45 degrees can be seen in
Table XV. The table shows that low values of length scale can be expect-
ed for moderately swirling flows, especially in regions of high accelera-
tion. Further downstream the length scales are close to unity, indicat-
ing that the flow is probably of a more uniform nature. The low dissipa~
tion rates at the exit of the test section also lend te this conclusion.

fhe effect of increasing the swirler angle to 70 degrees can be
seen in Figure 24 and Table XVI. A note of interjection: the wind tun-
nel test facility cannot provide equal Reynolds number flows for all of
the swirl strengths censidered becauss of the blockage caused by the
swirler vanes, Therefore, the nondimensionalizing inlet velocity, Uo’

varies for each cf the swirl strengths, As this value is raised to the
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third power, this number becomes very significant and hence the change
in scales of Figures 24 and 25. Nevertheless, the dissipation rates in
the entrance reglon of the test section with 70 degrees of swirl are
still higher than the corresponding cases with 45 degrees and zero swirl.
Peak regions of dissipation stiil occur in the same regions as in the 45
degrees of swirl flowfield, but the reduction of dissipation rates across
the test sectioh is more rapid.

The dissipation length scales, shown in Table XV!1, are smaller
than the other flow cases considered, mainly because of the existence of

larger recirculution zones and greater shear,

6.4.2 Nonexpanding Flowfield (D/d = 1)

Eddy dissipation measurements in nonexpanding confined jets are pre-
sented in Tables XVI1] through XXti!| and Figure 25. The same scales are
kept on the axis of the plots to correspond to the expanding flowfield.
As can be seen from Figure 25, the eddy dissipation rate is greatly de-
creased for the nonexpanding flow, This can be explained by the fact
that there are no areas of recirculation present for any of the swir]l

“strengths considered. However, on the centerline of the test section
the dissipation rates are independent of expansion ratio for the swirl-
ing flows. This is because velocity gradients are present due to the
tangential velocity.

The dissipation length scales in the nonéxpanding flowfield tend to

be generally lower than in the expanding case but more uniform across

the entire test section. Table XX1{1 shows that these length scales are -

smaller than the test chamber diameter, indicating that turbulent dissi-

pation is occurring.
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6.4.3 Important Turbulence Properties

Other properties in turbulence modeling are the kinetic energy of
turbuience, k, and the turbulent dissipation length model, ¢. These are

defined by

k = (u‘2 + v w'z)lz

3/2

L= k%€

and can be obtained from data presented earlier, but are conveniently
deduced and plotted now.

Plots of the kinetic energy of turbulence for two varieties of ex-
parding flowfields for a range of swirl strengths are shown in Figures
26 and 27. These figures show that most of the kinetic energy of the
turbulence in the nonswirling expanding flowfield is occurring in the
dowristream regions of the test section away from the laminar-type flows
encountered in the entrance region. In the swirling flowfield high
levels of kinetic energy are observed in two distinct regions. One is
the entrance region wilhiare there are two thin shear layers. The other is
in areas of recirculation including the PVC.

In the nonexpanding flowfield the levels of kinetic energy are very
low in the nonswiriing flow. This is because of the absence of any time-
mean velocity gradients except very close to the confining wall boundary.
In the swirling flowfields energy levels are again fairly large in the
entrafice ragions and in the core region around the jet centerliine. It
can be seen from both Figures 26 and 27 that outside areas of recircula-
tien and shear the radial profiles of the kinetic energy are fairly uni-

form, indicating a developed nature of the flow,
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Figures 28 and 29, and Tables Xilt, XV, XVI|, XIX, XXI, and XXI|
show plots of the calculated dissipation ltength scale, in the expanded
and nonexpanded geometries, respectively. The accuracy of these plcts
is dependent upon the accuracy of the measuring techniques used for de-
termining the dissipation rate and the directional turbulence intensi-
ties. In deducing the kinetic energy of turbulence the root-mean-square
of the three turbulence intensities is measured. Therefore, any error
in these measured quantities is compounded in the determination of the
kinetic energy. |In calculating the dissipation length scale the kinetic
energy is raised to the power 3/2, this again magnifying any error inthe
measurements. Any errors likely to be found in the eddy dissipation
rate measurements have been discussed previousiy in section 6.4.1. It
is expected that the entrance region of the test section would be an area
of the flow to give the least accurate measureménts of the dissipation
rate. It can be concluded that areas of high shear and recircutation
(and hence high turbulence ]eVe]s) will produce the worst estimates of
dissipation length scales.

THe plots presented here show that the largest dissipation length
scales can be expected in the nonswirling expanding flowfield, especial~-
ly in the downstream regions where the kinetic energy is high and the
dissipation rate is fairly low. In the entrance regfon of the swirling
flowfield the dissipation rates are very high with most of the turbulent
dissipation quickly spreading over the entire test section. This leads
to small dissipation length scales in entrance regions of the flowfield.

In the nomswirling, nonexpanding flowfield the dissipation jength

,scales‘are very low across fhe gntire test section. This is because of

the very laow turbulence levels throughout the flowfield. For the
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swirling flows the length scales are smal! in the entrance region but
Increase in size inside the core region as the exit to the test section
is approached. This is bezause of the large values of kinetic energy
found in the core regions.

Overall, it is felt that these plots of the dissipation length
scale are indicative of the levels of turbulence transport found in swirl-
ing confined flows with the downstream regions of the test section giv-
ing the more accurate quantitative data due to the inherent problems of

hot-wire anemometry in the entrance region of the test chamber,
6.5 Uncertainty Analysis

The uncertainty analysis includes a determinaticn of the sensitiv-
ity of the six-orientation hot-wire data reduction to various input para-
meters which have major contributions in the response equations. Pitch
and yaw factors (G and K) are used in the response equations described
in Chapter |1l in order to account for.the directional sensitivity of
the single hot-wire probe. Figure & shows the pitch and yaw factors
plotted against the hot-wire mean effective voltage. Both the pitch and
yaw factors are functions of the hot-wire mean effective voltagé, but the
yaw factor is far more sensitive. A one percent increase In the hot-wire .
voltage reduces the pitch factor by 1.3 percent and the yaw factor by 56
percent. For the present study the values of these factors are chosen
at an average hot-wire voltage experienced in the flowfield. This was
appropriate since the output quantities {u, u;ms’ u'v', etc.) are only P
weakly dependent on the value of K. This can be seep in the data of
Table XXiV which summarizes an analysis performed on the data reduction

program at a representative position in the flowfield.




Table XXIV demonstrates the percent change in the sutput quantities
for a | percent change in most of the important input quantities. For
the data presented in this table, only quantities calculated from the
probe orientation combinatiocn 6, 6, and | are used, for simplicity. The
situation is that of a moderately swirling confined flowfield from a
swirl generator with vane angle of 38 degrees. In this swirling flow
orientation, b was the minimum of the six mean effective cooling veloci-
ties. King [48] has argued that the probe orientation combination ap-
proximately centered around the minimum effective cooling velocity pro-

duces more accurate estimates of calculated turbulence quantities than

do the other crientation combinations. However, all previously reported
data have been obtained by averaging all the six possible combinations.

It is not unusual in hot-wire anemometry to have the mean velocity
components and turbulence quantities that are measured be guite sensi-
tive to -~ .hges in mean hot-wire voltage. For interpretive purposes,
the mean hot-wire voltage variations can be thought of as being either
errors in measuring the mean voltage, or shifts in the individual wire
ca[ibrations due to contamination or strain ''aging' of the wire. The
data of Table XXV demonstrate that the most serious imaccuracies in the
measurement and data reduction technique will be in the estimates of tur-
bulent shear stresses, the most inaccurate output term being uwe.

As already discussed in Chapter |Il, an ad hoc assumption is made
regarding the numefica] values of the correlation coefficients used in
the deduction of time-mean and turbulence quantities. The results of
the uncertainty analysis (Table XXiV) show the time-mean and turbulence
quantities to be relatively insensitive tc variations in the correlation

coefficients. Therefbre, thre major ad hoc assumption made in the
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technique does not seem to have a qreat effect on the output quantities
compared to the effect of other input quantities.

The accuracy of the hot-wire technique is dependent upon two types
of input parameters. One set is the measured input data and the other
is the assumed data of the reduction procedure. The accuracy of the re-
sulting deduced values are from the d.c. voltages (El. ES’ E6)’ the rms
of the fluctuating voltages (E; ’ Eé s Eé ), the pitch and yaw

rms rms rms

fFactors (G and K), and the correlation coefficients (Yz 2 ). Each of

)
these quantities is not equally likely to have a 1 percent error. For

example, an error of |1 percent in the mean voltage is very large and is
more realistically in the order of 0.25 percent. However, it is useful
to appreciate the likely error in each of the input parameters, an assess-
ment of which is now given.

The quality of the measured input data of mean voltages and rms
fluctuating voltages depends upen the instrumentation used and the com-

plexity of the flowfield at the measuring location. |In laminar stable

flows, these values are likely to be very accurate {less than 0.25%),
whereas In turbuient shear regions the mean voltages are measurzble to L
0.5 percent and the rms voltages to 1.0 percent. Pitch and yaw factors.

are obtained from calibration curves through a sequence of measurements

made in a very stable flowfield in the potential core of the calibration
jet. They are not likely to be in error by more than ».2 percent.

The assumed input parameters of the data rgducticn, the correlation
coefficients, could be in error by as much as 5 percent. This is be-
cause in most turbulent flows the correlation coefficients are usually

not less than 0.8 and no greater than 0.9. As mentioned in Chapter (11,




the correlation coefficient vlaues of 0.867 are obtained from measure-
ments in 8 round free jet, a flow similar to the type being studied.

| Overall, the worst possible scenario would be the cumulative effect
of reinforcement of errors in these parameters as follows. In laminar
regions the maximum errors are: 9 percent for time-mean velocities, 15
percent for normal stress, 22 percent for shear stresses, and 55 percent
for the x8-component of the shear-stress tensor. In turbulent shear re-
'gions the maximum errors are: 18 percent for time-mean values, 2k per-
‘cent for normal stresses, and 29 percent for shear stresses, except 98
percent for the x6-component.

It may also be noted that absolute accuracy of the technique depends
also on the physical size of the probe interfering with the flow, the
position of the wire at each of iis-rise orientations, and the effect of
the dominant fiow direction on the measured cooling velocities. These
are assessed in the following section with section 6.9 conclu. ing the
discussion. On this basis, it is felt that maximum errors of 5, 10, and
I5 percent are realistic deviations from the true time-mean, directional
turbulence intensity, and turbulent shear-stress values over most flow-

field locations.

6.6 Directional Sensitivity Analysis

in Laminar Jet

The directional sensitivity of the techniéueis assessed at the five
jocations A through E (see Figures 0 and 9) corrasponding to five differ-
ent flow situations. The first of these is in the laminar potentional
core region, at x/d = 0 and r/d = 0. Table XXV give: the results wi;h

the probe coordirates aligned with facility coordinates, as Case | of
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Figure 7 illustrates. This is referred to as Situation A Case 1 with
analogous statements later. The time~mean velocities, nondimensionaliz-
ed with the jet exit velogity deducéd from an independent measurement,
are shown, In this one-dimensional flowfield the axial velocity is5 ex-
pected to be unity with the other two components of the velocity vector
to be equal to zero. Resulis using each of the six possible combina-
tions of three adjacent wire-orientations are presented, together with

the mean of the values. The standard deviation and its ratio with the

“mean are also presented to show the amount of scatter in the readings.

As can be seen, the error for the axial and swirl velocities are very
low for each combination. The radial velocity error tends te be larger,
possibly because of slight probe misalignment with the normal to the jet
axis. The mean of these quantities brings the datae to well within accep-
table limits.

Results of the probe heing rotated by 45 degrees about the z-axis
(as in Case 2 with 8 = -45°) are shown in Table XXVI. This is Situation
A Case 2. The probe coordinate system is now di fferent from the jet co-
ordinate system but the measured velocities can be rélated to the facil-
ity coordinates by use of the rotational matrices given in Chapter IV.
The values given in Table XXVI| and indeed all the tables are presented
in terms of the facility coordinate system. The results show that this
misalignment of the probe with the dominant flow direction still gives
excellent values of velocities in the laboratory coordinate system with
the use of any of the six possible wire combinations. Consequently,
averaging of the datalalso gives good results.

Rotation about the z-axis by -90 degrees to obtain Case 4 results

in no data being generated by the technique. This is because in a
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steady one-dimensional flowfield, al} the instantaneous cooling veloci~
ties acting on the hot-wire ave equal for all six rotatlons. As the
data analysis requires that their cooling velocities be subtracted from
ecach other (see Reference [411), all the output terms are deduced as
zero,

To further investigate the shifting of the dominant flow direction,
the probe was rotated twice (-h§° about its z-axis, foliowed by -45°
about its new x-axis) so as to conform to Case 3. The results of these
axis rotatioﬁs can be seen in Table XXV}i. Again the laboratory coordi-
naté deduced values and deviations from expected values are relatively
low, although not quite as good as in the previous casz. The advantages
of averaging can be seen in Table XXVII, where the under- anc/or over-
estimation of the velocities for the indlvidual positions are smoothed
- out after averaging.

Rotations of 8 = ~90 degrees and ¢ = -90 degrees were also carrind
oﬁt at the same flow location, thus obtaining Case 5. Tabie XXVII|
shows the results of these rotations, Good axial and tangential velo~
city values can be seen but with a decrease in the accuracy of the radi-

al velocity.

6.7 Directional Sensitivity Analysis in

Turbulent Nonswirling Jet

Similar rotations of the probe about its axes have been performed
‘on the shear layer of a free nonswirling axisymmetric jet at two axial
locations, x/d = 3 and 10, referred to as Situations B and C. At these
points in the flow the axial velocity dominates with a small contribu-

tion from the radial velocity. In axisymmetric jets -it is well known
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that the axia! directional turbulence intensity is larger than its other
two components [74]. The only sigiificant shear stress inthis flowfield
is the rx-shear. Tables XXIX and XXX, obtained with Case 1 probe con-
figuration in Situations 8 and C, confirm this. Incidentally, al! the
data presented in this study are a consequence of a typical set of read-
ings obtained from the hot-wire technique. If a large amount of scatter
is found in deduced results at a particular location, the problem is fur-
ther investigated and/or remeasured before being accepted as valid. Data
reported elsawhere [41] have been thoroughly analy; :¢ and checked for re-
peatability.

Tables XXIX and XXX are used as a standard for nonswirling flow-
field values at locations B and £, so as to be able to compare the re-
sults obtained from other probe configuration cases. However, the radial
time-mean velocity appears to be very large for this particuiar flow-
field and could possibly be in error. The coefficient of variation

“{6/x) is seen to be acceptable for most of the flow properties except

for the shear stresses. These large variatidns are caused by the shear
stressaes being two orders of magnitudes lowér than the time-mean veloci-
ties. Sometimes the data reduction will not resolve a particular para-
meter. This is usually the consequerce of subtracting-twb almost equal
effective cooling velocities as described earlier. If a large propor-
tion of the data {s not resolved from the different combinations of ccol-
ing velocities used, the parameter deduced is taken to be zero.

Results for probe configurations of Cases 2 and 4 for location B
are given in Tables XXX! and XXXII; corresponding data for 'ecation C-

~are given in Tables XXXII} and XXX!V. It .can be seen, from Tables XXX11

and XXXIV, that the Case 4 results give poor estimates of the time-mean
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radial and swirl velocities and underestimates of the axial components
of the velocity vector. This is expected because the time-mean velocity
vector js almost parallel to the hot-wire support axis, and rotating the
probe through its six orientations yfelds little effect on the sensed
data. This also decreases values of the axial turbulence intensity but
significantly inc}eases the other two normal stress components. Accep-
table values of the axial normal stress are obtained via 6 = -45 degrees
(Case 2 probe configuraticn) but again the tangential and radial turbu-
lence intensities are increased; however, not as significantly as in the
previous Case 4. Shear stress values for both Cases 2 and 4 are found
to be very poor with large coefficients of variation. Also, many =i the
turbulence guantities are not resoclved.

it would appear From these results that the sik;orientation hot-
wire technique is a poor tool to use if the flow is dominately in the

direction of the probe support, for,reasons just described, |If this

occurs, simply reconfiguring the probe holder versus flow direction can

overcome the problem,

Tables XXXV throungh XXXVII1] correspond to the last four tables, but
now probe configurations of Cases 3 and 5 are used at locations B (Tables
XXXV and XXXV!) and C (Tables XXXVI| and XXXVIII}. Now the time-mean
valocity components are seen to he in excellent agreement with the val-.
ues determined from the standard configuration of Case 1. The axial nor-
mal stress tends to be underestimated at x/d = 3 and overestimated at
x/d = 10, relative to the Case 1 calculations. The radial turbuience
intensity is consistently overestiﬁated-for both compound configurations
dnd both akial'locations. This could infer a failing of the hot-wire

technique. The tangential turbulesce intens)ty measurements are found
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to provide acceptable results. The dominant shear stress {the rx-compo-
nent) in this flow is found to measure very well in the configurations
of Cases 3 and 5, relative to Case 1 vatues. The coefficient of varia-
tion is not too large considering the magnitude of the numbers involved.
. The final components of the Reynolds stress tensor, although appearing
co be measurable, exhibit a great dez: ¢ scatter, perhaps indicating

that these values are close to zero.

6.8 Directional Sensitivity Analysis in

Turbulent Swirling Jet

Two free swirling jefs were considered for further assessment of
the hot-wire tecﬁnique. The air flow exiting from an axisymmetric noz~
zle of a wind tuiine) passes through a vane swirler with 10 adjustable
flat blades. The test facility and time-mean performance of the swirler
are described at length elsewhere [13]. For the present study the subse-
quent large chamber confinement was removed and the free jet flow alone
was studied, with swirl vene angles of 45 and 70 degrees being used.
Figure 9 gives the specific measurement lécations D and E used for mea-
sgring the U5 and 70 degree swirl situations, feSpectively. These loca-
tions are in the high shear region of the flow close to the swirler exit,
They were chosen since it was expected that all six components of the
stress tensor would be significant, thereby providiqg a good test of the
technique for their measurement. The hot-wire was éiso placed well away
from the “dge of the recirculation zone, so as tc avoid any instantane-

ous flow reversal on the wire. Rotations of the probe axes have been

performed conforming to Cases band5 only, for both of the swirl strengths. -
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The standard six-orientation technique in the configuration of Case
| produces the properties of both swirling jets as given in Tables XXX{X
and XL. As can be seen, all components of the time-mesn flow and the
Reynolas.stress tenser are evaluated. The two sets of results are not
quite at the same flowfield location because of the change in size and
shape of the recirculation zone as swirl strength increases. However,
the increase in the turbulent properties of tiz flow are clearly evident.
Rotation about the z-axis by -90 degrees to Case 4 probe configura-
tion causes a deteriorationrin the accuracy of the results obtained from
the technique, as inspection of Tables XL! and XLIi for 45 and 70 degrees,
respectively, shows. The axial and swirl time-mean velocities are still
‘fairly accurate for both Flowslbut;the_fadial velocity has suffered a
large increase (or decrease) relative to [ts measurement with Case I.
The nermal stresses deduced after the rotation appear to be reasonable
"except for the radial and swirl components in the strong swirl.Flow of
Situation E. These two components are greatly overestimated with aigreat
deal of scatter in the results. It is again Fe?t;hat these poor results
are because of the techpnique's inability to measure accurately flow
properties when the dominant flow direction is in the direction of the
probe holder. That is, when a large velocity is appfoximately normal to
the wire in each of the six measuring orientations, insensitivity re-
sults as discussed earlier. Correspendingly, the‘sheaf stresses also
show a reduction in accuracy, with all three components either over- or
'underﬁredicting the Case ] values. .
| The results of the compound angle of Case 5 are presented in Tables
XL1'1 and XLIV, respectively, for the 45 and 70 degree swirl cases: The

axial time-mean veloecity is seen to be good when compared to the standard
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case, but the other two components show a reduction in accuracy in these
highly turbulent flowfields. The inaccuracy of the radlal velocity has
been discussed earlier. The tiiree ﬁomponents of the turbulence inten-
sity appear to be fairly good with reasonable values deduced compared to
the standard Case | values. Again, however, the radial and tangential
components are less than desirable for the strongly swirling flowfield.
The shear stresses for the U5 degree swirl situation D are considered
good except for the u'w' term. 'This component is subject to great in-
accuracies for only slight errors in these input data, as described ear-
lier in section 6.5. For the strongly swirling flow (Situation E) the
measured stresses are not so good when compared with the standard Case 1
measurements. As these tables :ndicate, fhe time-mean velocities and
normal stresses are subject to error which is magnified in the determina-

tion of the shear stresses.
6.9 Assessment of the Technigue

General results of the present and previous studies are now assess-
ed in connection with the applicabilify, accuracy, and directional sensi-
tivity of the six-orientation single normal hot-wire technique.

Previously, in his measurements of strongly swirling vortex flows,
King {48] compared his time-mean veloci;y and normal stress ineasurements
with corresponding measurements obtained using a Laser Doppler Veloci-
meter. He found excellent agreement indicating the validity of the
method. He was not able to compare shear stress measurements in his
swirl flow; however, 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 them in highly
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swirling flow situations, certainly nét one over a range of swirl strengths
as reported in this thesis.

The present measurements have been compared with previously avail-
abie data whenever possible. |In the nonswir!ing confined jet case, re-
sults for time-n_an velocities u and v, normal stresses u;ms and v;ms,
and shear stresses u'v' compare very favorably (see Reference [41], Fig-
ures 7 and 8) with those of Chaturvedi [17]. He used a cross-wire probe
for the shear stress measurements. So also did McKillop [12] for non-
swirling confined flow in the same facility as the present research. Re-
sults, with and without exit nozzles, are in good agreement for the above
quantities (see also Reference [12], Figures 21 through 28). The larg-
est e?rors of approximately 15 percent occurred with the shear stresses
in regions of high gradients.

in the swirling confined jet case, comparison with Janjua and
McLaughlin [75] for a moderate swirl strength in an identical facility
has been possible, They made triple-wire hot-wire measurements in a
flow with an inlet swirl vane angle ¢ = 38 degrees, 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,[lo]'were used for this purpose,
Their measurements [?S] of time-wean velocity compare vary well, within
5 percent, with those of Reference [10] and hence of Reference [41]. Their
measurements {75] of the three normal Reynolds stresses and the three
shear Reynolds stresses are compared to x/D = 0.5, 1,0, and 1.5 with the
six-orientation single-wire measurements of Reference [41]. There is ex-
cellent agreement, with armaximum discrepancy of 8 percent (see Refef-

ence [75], Figures 10 through 18), indicating again the validity of the
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present mgasurement technique. It appears to be an extramely viable,
cost-effective technique for turbulent flows of unknown dominant direc-
tion, requiring only accessibility to the measurement location. Prﬁbe
interference appears not to be a malor problem,

For the present study, Figures 26 through 30 summarize measured
values for the five situations A through £, respectively. Each figure
presents facility coordinate time-mean velocity, normal and shear stress
values obtained with each of the five probe holder versus facility con-
.figuration possibilities of Cases | through 5. A remarkabie observation
is that, in general, the conflguration is of little importance; results
appear quite constant across the five cases.

On the other hand, present production run results have used the
Case | configuration exclusively. In those results, generally, ensemble
average of deduced results from each of the six possible combination§ of

three adjacent wire orientations has been used. This was because of

lack of local flow directional knowledge~-if this knowiedge is available, -

it Is expected [48] that the combination with minimum cooling velocity

in the central of the three wire orientations used will produce more
accurate estimates of deduced flow quantitieé. From results of the pre-
sent study for Situations A through E, Table XLV confirms this, especial-
ly for time-mean values. In any case, the appropriate choice oflwire
orientation for minimum cooling velocity is not known a priori. The
values givén'in this table coqld only be determined after the measure-
ment. However, for turbulence quantities and in the 45 and 70 degree

situations, more confidesice may be placed in the average of all poessible

wire combinations. This smoothing has been used exclusively in the pre-

sent study.
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CHAPTER VIt
CLOSURE
7.1 Conclusions

The present research is concerned with the time-mean and turbulence

properties of a low speed, nonreacting, swirling fiowfield. The measure-

ments have been performed in a nodel of an axisymmetric gas turbipne com-

bustor with varying degrees of swirl and géometry. The six-orientation,
single hot-wire technique has been used to produce measurements of the
time-mean velocities and complete Reynolds stress tensor in all of ;he
flowfields of interest. The turhu!ent_eddy dissipation rate and hence
the dissipation length scale have been deduced for selected Flowfields
via time differentiation of the Fluctuating hot-wire signal.
The existence, size, and shape of both the corner recirculation

zone and the central toreidal recirculation zone are affected by the de-

gree of swirl. Measurements show that increasing the swirl strength

- from zero to medium swirl produces shortened corner regions and the gen-

eration of a central bubble extending to approximately 1.5 chamber dia-
meters. downstream of the jet exit. -ln addition, a precessing vortex
core {s observed on the jet centerline which stretches to the exit of
the test section. Increasing the §wirl strength enlarges the central
zone and vortex core with negligible effect on the corner region.

The introduction of swirl tc the confined, expanding jet flowfield

greatly increases the turbulence properties of the flow. High levels of
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normal and shear stresses are found on the two shear layers in the en-
trance region of the test section. Dissipation rates are also found to
be large in the high shear regions of the flow. These rates reduce and
spread over most of the flowfield as the exit to the test section is ap-
proached.

Placement of a strong contraction nozzle at L/D = 2 with an area re-
duction of & causes a significant effect on the tlm?-mean swirling flow-
field. Central recirculation zenes are shoriened and axial velocities
along the entire jet axis become positive. The core regions become nar-
row with strong swirl velocities and gradiants. Turbulence levels and
shear stresses are found tv incrcase along the jet centerline near the
exit of the contraction nozzle but decrease slightly at the jet exit.

Ho recirculation zones are found to be present in the nonexpanding
fiowfield with uniform velocity profiles across the entire test section.
The swirling flowfields exhibit.strong tangential velocities compared
with the corresponding expanding flow. A core region is still evident
with almost solid body rotation alohg the axis. Turbulence laevels are
fouﬁd to be low for this flow except near the jet centerline where
strong velocity gradients are present.

The ~ccuracy and directional sensitivity of the six-orientation hot~
wire technique has been performed in axisymmetric and swirling free jets.
Variation of input parameters and their effect on the output data has
shown that the least accurate output quantities are the shear stresses,
in particular the €-component.

The directional sensitivity analysis has shown that the technique
adequé;ely measures the properties of a flowfield independent of the

- dominant flow direction except when the flow is predominately in the
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direction of the probe holder, with the six-orientations of the prebe
creating insignificant changes in kot-wire response. The analysis shows
that this component of time-mean velocity is inadequately deduced. GOnly

reconfiguration of the probe can overcome this problem a posteriori,
7.2 Recommendations for Further Work -

‘Fundamental regearch work should be continued in swirling flows in
several areas. First, the introduction of a round nonswirling jet into
the existing flowfield should be studied to enable a greater understand-
ing of the performance éf a gés turbine combustor. This would invelve !
measurements of the time-mean and turbulence properties of the resulting
flowfield. Second, the turbulent dissipation rate would have to ba de-
termined in such a flowfield before successful modeling of combustors
could be achieved. This may involve improving the existing technique to
account for the high frequency turbulence components and the averaging

!
over the hot-wire length. : i

14




(1]

(2]

i3]
(4]

(5]
(6]

[7]

[8)

(9l

(10]

(nj

REFERENCES

Lefehvre, A. H. ®Gas Turbine Combustion. New York: McGraw=-Hil},
1983.

Gerstein, M. (Ed.}. ‘'Fundamentals of Gas Turbine Combustion."
NASA-CP-2087, 1979. Workshop held at NASA Lewis Research Cen-
ter, Cleveland, Ohio, Feb. 6-7, 1979.

Lilley, D. G. "Flowfield Hodeling in Practical Combustors: A Re-
view.'" Journal of Energy, Vol. 3, No. 4 (1979), pp. 193-210.

Abujelala, M. T., and D. G. Lilley. ''Confined Swirling Flow Pre~
dictions.' Paper AIAA-83-0316. Reno, Nev., Jan. 10-13, 1983.

Owen, F, K. ‘''Laser Velocimeter Measurements of a Confined Turbu-
lent Diffusion Flame Burner.!* Paper Al*4-76-33, Washington,
D.&., Jan. 26-28, 1976.

Hutchinson, P., E. E. Khalil, and J. H. Whitelaw. '‘Measurement
and Calculation of Furnace-Flow Properties.'' Paper AlAA~77-
50. Los Angeles, Calif., Jan. 24-26, 1977.

Baker, R. J., P. Hutchinson, and J. H. Whitelaw. ‘''Welocity Mea~-
" surements in the Recirculation Region of an Industrial Flame
by Laser Anemometry With Light Frequency Shifting.'" Combus-

tion and Flame, Vol. 23 (1974), pp. 57-72.

Rhode, D. L., D. G. Lilley, and D. K. McLaughlin. '‘Mean Flow-
fields in Axisymmetric Combustor Geometries With Swirl,"
Paper AIAA 82-0177, 1982. AIAA Journal (in press).

Lilley, D. G. '"Turbulent Combustor Flowfield Investigation.'" {om-
bustion Fundamentals Research Conference, held at NASA Lewis
Research Center, Cleveland, Ohio, Oct. 21-22, 1982, pp. 152-
168,

Yoon, H. K., and D. 6. Lilley. "Five-Hole Pitot Probe Time-Mean
Velocity Measurements in Confined Swirling Flows.'' Paper
AlAA-83-0315, Reno, Nev., Jan. 10-13, 1983,

Janjua, 5. |. "Turbulence Measurements in a Complex Flowfield

Using a Six-Orientation Hot-Wire Probe Technique.'" (M.S.
thesis, Oklahoma State University, Dec., 198i.)

15




[12]
[13]
[14]
[15]
[16]
[17]
[i8]
(18]

f20]

[21]

[22]
[23]

(24]

McKillop, B. E. "Turbulence Measurements in a Complex Flowfield
Using a Crossed Hot-Wire.'' (M.5. thesis, Oklahoma State Uni-
versity, may, 1983.)

Sander, G, F., and D. 6. Lilley. !""The Performance of an Annular
Vane Swirler.'" Paper A1AA-83-1326. Seattle, Wash., June 27-
29, 1983.

Litley, D. G., and D. L. Rhode. A Computer Code for Swirling Tur-
bulent Axisymmetric Recirculation Flows in Practical Iscther-
mal Combustor Geometries.' NASA CR-3442, Feb., 1382.

Rhode, D, L. '"Predictions and Measurements of Isothermal Flow-
fields in Axisymmetric Combustor Geometries.'" (Ph.D. thesis,
Oklahoma State University, Dec., 1981.)

Rhode, N. L., D. G. Lilley, and D. K. McLaughlin. '"On the Predic-

tion of Swirling Flowfields Found in Axisymmetric Combustor
Geometries.'' ASME Journal of Fluids Engineering, Vol. 104
(1982), pp. 378-3B%.

Chaturvedi, M. C. ''Characteristics of Axisymmetric Expansions.'
Proceedings, Journal of the Hydraullcs Division, ASCE, Vol.
Bgl No. HY3 (|963): pPE. 6]"92-

Krall, K. M., and E. H, Sparrow. "Turbulent Heat Transfer in the
Separated, Reattached and Redevelopment Regions of a Circular
Tube.' Journal of Heat Transfer (Feb., 1966), pp. 131-136.

Phaneuf, J. T., and D. W. Netzer. Flow Characteristics in Solid
Fuel Ramjets. Report NPS-57Nt74081. Prepared for the Naval
Weapons Center by the Naval Postgraduate School, July, 1974,

Back, L. H., and E. ). Roschke, ''Shear Layer Flow Regimes and
Wave Instabilities and Reattachment Lengths Downstream of an
Abrupt Circular Channel Expansion.'' Jourr.| of Applied Me-
chanics (Sept., 1972}, pp. 677-681. '

Roschke, E, J., and L. H, Back. '"The influence =f Upstream Condi-
tions on Flow Reattachment Lengths Downstream of an Abrupt
Circular Channel Expansion.'' Journal of Biomechanic¢s, Vol. 9
(1976), pp. 481-483.

Ha ﬁinh, H., and P. Chassaing. ''Perturbations of Turbulent Pipe

Flow." Proceedings, Symposium on Turbulent Shear Flows.
Pennsylvania State University, April, 1977, pp. 13.9-13.17.

Moen, L. F., and E. Rudinger. ‘*'Welocity Distribution in an Abrupt-
ly Expanding Circular Duct.'" Journa) of Fluids Engineering
(March, 1977), pp. 226-230.

Johnson, B. V., and J. C. Bennett. ‘Welocity and Concentration
Characteristics and Their Cross Correlations for Coaxial Jets

16




1

[Eh

e

S

RO s

TS Ry e g g T T ey

e ey

R e e L i R L T T ST

AN

SRR SR L R T T Oy T TR R R R SR

2 ol i1

vy, Lol

in a Confined Sudden Expansion; Part 1: Experiments."” Pro-
ceedings, ASME Symposium of Fluid Mechanics of Combustion
Systems. Boulder, Colo., June, 1981, pp. 145-160.

Rose, W. G. "A Swirling Round Turbulent Jet.' Journal of Applied
Mechanics (Dec., 1962), pp. 615-625.

Chigier, N, A., and J. M. Beer. ''"Welocity and Static-Pressure Dis-
tributions in Swirling Air Jets lIssuling From Annuiar and Di-
vergent Nozzles." ASME Journal of Basic Engineering, Voi. 82
{Dec., 1964}, pp. 788-796.

Kerr, N. M., and D. Fraser. "Swirl-Effect on Axisymmetric Turbu-
lent Jets." Journal of the Institute of Fuel, Vol. 38 (Dec.,
1965), pp. 519-526.

Chigier, N. A., and A, Chervinsky. Experimental and Theoretical
Study of Turbulent Swirling Jets Issuing From a Round Ori-
fice. T.A.E. Report b6, Nov., 1965.

Pratte, B. D., and L. R. Keffer. "The Swirling Turbulent Jet."
Journal of Basic Engineering, Vol. 94 (Dec., 1972), pp. 739-
48,

Mathur, M. L., and N. R, L. MacCollum. "Swirling Air Jets Issuing
From Vane Swirlers. Part 1: Free Jets." Journal of the In-
stitution of {uel, Vol. 40 (May, 1976), pp. 214-22h.

Syred, N., J. M. Beer, and N. A. Chigier. '"Turbulence Measure-
ments in Swirling Recirculating Flows." Proceedings, Salford
Symposium on Internal Flows. London, England: Institution
of Mechanica! Engineering, 1971, pp. B27-B36.

Claypole, T. €., and N. Syred. 'The Effect of Combustion on the
Aerodynamics of Swirling Jets.' Proceedings, Symposium on
the Fluid Mechanics of Combustion Systems. Joint ASME/ASCE
Fluid Engineering and Applied Mechanics Conference, Boulder,
Colo., June 22-2k, 1981, pp. 137-143.

Beer, J. M., and N. A. Chigier. Combustion Aerodynamics, Applied

Science. New York: Wiley, 1972, (Reprinted by Krieger,
Melbourne, Fla., 1983.)

Mathur, M. L., and N. R. L. MacCollum. '"Swirling Air Jets lIssuing
From Vane Swirlers; Part 2: Enclosed Jets.'' Journal of the
Institution of Fuel, Vo!. 40 (June, 1967}, pp. 238~245,

Beltagui, 5. A., and N. R. L. MacCollum. ''Aerodynamics of Vane-
Swirled Flames in Furnaces.' Journal of the Institution of
Fuel, Vol. 49 (Dec., 1979), pp. 193-200.

11



f36]

(371

[38]

(39]

(40]

(41]

(42]

[43]

[44]

[45]
{46]
[47]
(48]

[49]

Syred, N., and K. R. Dahman. "Effects of High Levels of Confine-
ment Upon the Aerodynamics of Swirl Burners.' Journal of
Energy, Vol. 2 (Jan., 1978), pp. 8-15,

Kabib, M. A., and J. H, Whitetaw. '"Velocity Characteristics of
Confined Coaxial Jets With and Without Swirl." Paper ASME
79-WA/FE-21. New York, N.Y., Dec. 2-7, 1979,

Vu, B. T., and F. . Gouidin. "Flow Measurements in a Model Swirl
Combustor.' AlAA Journal, Vol. 20, No. 5 (May, 1982), pp.
642-651%,

Gouldin, F. C., J. 5. Depsky, and S. L. Lee. '‘Velocity Field
Characteristics of a Swirling Flow Combustor.'' Paper AlAA-
83-0314. Reno, Nev., Jan. 10-13, 1983.

Brum, R. D., and G. 5., Samuelsen. ''Assessment of a Dilute Swirl
Combustor as a Bench Scale, Complex Flow Test Used for Model-
ing, Diagnostics, and Fuel Effects Studies.' Paper AiAA-82-
1263. Cleveland, Ohio, June 21-23, 1982.

Janjua, S. I., D. K. McLaughlin, T. W. Jackson, and D. G. Lilley.
"Turbulence Measurements in a Confined Jet Using a Six-
Orientation Hot-Wire Probe Technique." AlAA Journal, 1983
(in press).

Sommer, H. T. "Swirling Flow in a Research Combustor.! Paper
AlAA-83-0313. Reno, Nev., Jan. 10-13, 1983,

Bradshaw, F. An Introducticn to Turbulence and Its Measurement.
New York: Pergamon Press, 197i.

Perry, A. E. Hot-Wire Apnemometry. New York: Oxford Press, 1982,

Wygnanski, |., and H., Fiedler. 'Some Measurements in the Self~-
Preserving Jet." Journal of Fiuid Mechanics, Val. 38 (1969},
p. 577.

Dvorak, K., and N. Syred. 'The Statistical Analysis of Hot Wire
Anemometer Signais in Complex Flowfields.' DISA Conference,
University of Leicester, England, 1972.

Jorgensen, F. E. '"Directional Sensitivity of Wire and Fiber Film
Probes.” DISA Information No. 11. Franklin Lakes, N.J.,
May, 1971, pp. 31-37.

King, C. F. '"Some Studies of Vortex Devices--Vortex Amplifier Per-
formance Behaviour." (Ph.D. thesis, University College of
Wales, Cardiff, Wales, 1978.)

Hinze, J. 0. Turbulence. 2nd edition. New York: McGraw-Hill,
1975..

18




[50]
(51}

[52]

(53]
[54]
[55]

[56]

(571

1581

{59]

(60}

[61]

Lawn, D. J. "The Determination of the Rate of Dissipation in Turbu-
lent Pipe Flow." Journal of Fluid Mechanics, Vol. 48 (1971),
pp. 477-505.

Heskestad, G. ''A Generalized Taylor Hypothesis With Application
for High Reynoids Number Turbulent Shear Flows.'' Journal of
Applied Mechanics, Vol. 32 (1985), pp. 735-739.

Antonia, R, A., B. R. Salyaprakash, and A. K. M. F. Hussein. '"Mea-
surements of Dissipation Rate and Some Other Characteristics
of Turbulent Plane and Circular Jets.'" Physics of Fluids,

Vol. 23, No. 4 (1980), pp. 695-700.

Laufer, J. The Structure of Turbulence in Fully Developed Pipe
Flow. NACA Technical Report 1209, 1956,

Habib, M. A., and J. H. Whitelaw. ''Welocity Characteristics of a
Confined Coaxial Jet." Journal of Fluids Engineering, VYol.
to1 (1979), pp. 521-529.

Gosman, A. D., and F. J. K. ideriah. TEACH-T: A General Computer

Program for Two=Uimensional, Turbulent, Recirculating Flows.
London, England: imperial College, Dept. of Mechanical &ngi-
neering, 1976.

Lilley, D. G. ‘Nenisotropic Turbulence in Swirling Flow." Acta
Astronautica, Vol. 3 (1977), pp. 919-933.

Launder, B. E., A, Morse, W. Rodi, and D. B. Spalding. ''The Pre-
diction of free Shear Flows--4 Comparison of the Performance

of Six Turbulence Models.' Proceedings, NASA Conference on
Free Shear Flows. Hampton, Va.: HNASA Langley Research Cen-
ter, 1972,

Liliey, D. G. 'Prospects for CLomputer Modeling in Ramjet Combus-
togs.“ Paper A1AA-80-1139. Hartford, Conn., June 30-July 2,
1980.

Lilley, D. G. "Swirl Flows in Combustion: A Review.' AlAA Jour-
nal, Voi. 15 (Aug., 1977), pp. 1063-1078. T

Tennankore, K. N., and F. R. Steward. 'Comparison of Several Tur-
bulence Models for Predicting Flow Patterns Within Confined
Jets." Proceedings, ASME/Pennsylvania State University Sym-
posium on Turbulent Shear Fiows. University Park, Penn,
April 18-20, 1977.

Murthy, $. N. B. (Ed.). Turbulent Mixing in Nonreactive and Reac-
tive Flow (A Project SQUID Workshop). New York: Plenum
Press, 1975. .

T

...M__....___._.__J____‘_.-.A__._..




(62]

[63]

(64]
[65]
(66]
(67]

(68]

(69]

{701
(Nl

[72]
[73]
[74]

{751

Combustion Institute/Central States Section, Fiuid Mechanics of
Combustjon Processes. Meeting held at NASA Lewis Research
Center, Cleveland, Ohio, March 28-30, 1977.

Harsha, P. T. "Kinetic Energy Methuds.' Handbook of Turbulence.
W. Frost and T. Moulden, Eds. New York: Plenum Press, 1977.

Harsha, P. T. A General Analysis of Free Turbulent Mixing. TR-73-
177. Arnold Engineering Development Center, 197k, -

Harsha, P. T., and R. B. Edelman. '"Application of Modular Model-
ing to Ramjet Performance Prediction.' AIAA Paper 78-9kk.
Las Vegas, Nev., July 25-27, 1978, '

Rodi, W. '"The Prediction of Free Turbulent Boundary Layers by Use
of a Two-Equation Mode! of Turbulence.' (Ph.D. thesis, Im-
perial College, University of London, Dec., 1972.)

Abujelala, M. A, 'Turbulent Swirling Recirculating Flow Predic-
tions."" (Ph.D. thesis, Oklahoma State University, in prepara-
tion.)

Yuan, 5. W, Foundations of Fluid Mechanics. Englewood Cliffs,
N.J.: Prentice-Hall, i967.

Perry, A. E., and G. L. Morrison. 'Static and Dynamic Calibra~
tions of Constant Temperature Hot Wire Systems.'" Journal of
Fluid Mechanics, VYol. 47 (1971), pp. 765-777. -

Gupta, A. K., D. G. Lilley, and N. Syred. Swirl Fiows. Tunbridge
Wells, England: Abacus Press, 1983 (in press).

Kovasznay, L. G. "Development of Turbulence-Measuring Equipment.''
NACA Th 2839, 1959.

‘Pao, Y-H. "Structure of Turbulent Velocity and Scalar Fields at
Large Wavenunbers." Physics of Fluids, Vol. 8 (1965}, pp.
1063-1075, : :

Wyngaard, J. C. ‘''Measurement of Small-Scale Turbulence Structure
With Hot Wires." Journal of Scientific lnstruments, Vol. |
(1968), pp. 1105-1108.

Corrsin, 5., and M, 5. Uberoi. Spectrums and Diffusion in a Round
Turbuient Jet. :@ NACA Report No. 1040, 1349.

Janjua, §. }., and D. K. McLaughlin. Turbulence Measurements in a
Swirling Confined Jet Flowfield Using a Triple Hot-Wire Probe.
Report D1-8178-02 from Dynamics Technology to NASA Lewis Re-
search Center, Cleveland, Ohio, Nov., 1982,

B0



0
n/n (e}

986.9°0 SE6I 970 TE6IE°0 9t356°0 6iiPEe 0 PETLE O 0GO00 "0
GTEQY O 189Z13°0 GOTER O gZ6%6°0 oreve’ 0 GSEESS 'O 005C0° 0
LBGESTO G988 0 6526870 VLZLGO S5CE6°0 Z6L26°0 0005070
L1660 BSILG0 B0SLB°0 Op296°0 ootTEe’0 TE196°0 005L0°Q
56135°0 6P6:i5°0 6p558°0 I 6656 © 00LIEO B5H86°0 00001 "0
§30455°0 S8LEY° 0 SLZEB O TELHE O v3Z16°0 LPI96°C Lile)->4 o]
1QuES "0 o6vay o ELIOL’T BSL P60 €I1TE°0 ZE196°0 0B0st "0
29E69P "0 TOGEL O i6169°C aToNE "0 rESO6° 0 zIG26°0 QOsStLy "G
] 68TV 0Q 686Tt 0 iTI09°0 . pSt6L T or6L8°’0 6655670 TOO0T O
SLC0v°0 BEOLE O OyOES'C 0zZLL9 D) L850L 70 FI5S6°0 oukeZ o

OvDSE " C T9LSE’Q eLs6r 'O LILIS'D 88LLS O 68100~ [ola ¢ L-TAME

81

ZOLOE O ZA9IE'0 9ZLI PO serlv’0 ZOSLE" O 18I0 0- QOSLE "0

05890 06s82°0 665IE'Q LTSEE"D oLIpL'G 830’0~ Og00Z "0

APPENDIX A
TABLES

96LET "0 BB0OSZ'0 G1G69L°0 ar96l "0 ZZ¥60"0- QLEECTO- QUSZE’O
6Z1ZT°0 ToLIT'o 19081 '0 vERLL O 86890° 0~ 6LBZOTO- 0QLSE"Q
' 660LY O 0580T°0 or99i G- SLETH "0~ €5080 ' 0- £0800°0- QOSLE' O

19EEI "0 ETSH 'O oLl "0~ 090 0- §9960°0- oTIr0 0~ oo0Gr "0

-3 4 - 0T gt 0 80 o0 u/y
a/x

T =P/0 *,0=¢ MO
ON 1Y INSNON Y04 ViVE 3INIINGUNL OGNV NY3W-3IWiL

1 378

R
-

SAPIL) (P

"
o

i AR AT

i
|
y
I
i
i
i
4
i
i
H
1
t
i
;

S ot i o & vl - st



- &,

o
n/A - (q)

#9982 "0 rE6E! "0 g9LI'O 0gi10C 0 £8.61°0 SPEOL" O 00000°0
EEOZE O POLOZT O LSEOT O 0zoL) 'O OlEBI O 650020 00520°0
9¥EEL "0 LEIPT O T6B61 0 1LEZT O 819;Z'0 EP9iIZ 0 C0050°0
vIEST O sZort o [(:1:s T o 99EOL "0 EBTIT O 1s91z'0 0eSL0"0
vLOPT O S969Z°0 EQ091 "0 56600 LLLOT°D SLLLLTO 00001 0
19P0Z "0 0049Z'0 T8S6L "0 S06IT"0 ErZyi O vISLI"O 00sZ1 'O
siig1'o OEOLI O S5EEZ°0 45561 "0 LETIT G €S9Z'0 00054 "0
08251 °0 RSEOZ O L6621 "0 9TTOL' O 6EEIZ"O SE86¢ "0 00521 'O
88851 O LZESH O 14BbE 0 toriIz-o 6vLZZ°0 . ©66®I O 00002 "0
L68ri ‘0 TLLOZT 0 EPlIIZ O 8880€C "0 BSI4ED G8SEL "0 006TE "0
LVELL'O 9958t ‘G 09663 "0 B6LSZ°0Q 5051Z°0 ££250° 0- 0005Z " 0
BLLE) 'O €rani "o 1208170 BELPZ D £9T0Z" 0 OvCsSO'0- 00SLT'O
64840 E9ERI "0 66681 0 LOPSE 0 LLLOL"O 10£80°0-  QOOOE O
PSURI O 0S4 O E9831 "0 98441 °0 9T080'0-  L1630°0-  0OSZE'O
LPZEI"O 1518470 L5051 "0 FriSEO LZBI0° 0-  S65L0°0-  QOOSC'O
S89¢1 'O SpSEi "0 TIBLITO-  901ZTi°O- - GLZPO'O-  €98GS0°0C-  OOSLE'O
¥ILYI -0 EEEPI "0 CSEZI'0-  Avili 0O-  98650°0- $9BL0°0-  0QOOOP‘O

5°C o't 51 0" S0 oo as/d

a/x
(penui3ucy) | 3gyy

82



Tﬂiﬁv;ézii
”i

- Sarn e —

o:mewz (2)

£8OEL O 64 PSE'O o0LLO O 0B5£0°0 £4810'0 8rIiI0°0 000000
BIEPT O tZEST'O 99L80°0C LpLzo 0 86710 0 LLi10o 00520 0
O06E£Z'0 VLTEL O SSEH0 0 098200 0Bri0°0 EZi10'0 00050 0
298ZEZ 0 9z95L°'0 6rIED"0 PESEOQ'O $09L0°0 ER010°0 GUSLO' 0
SVTET O ZOrsZ 0o vZ501 0 9ELED O SI610°0 9100 0000} "0
TELL O £GSEPE 0 LETEL 'O 0BOSO O Eresoo LLK1O'Q 005T4 "0
ZOSLZ 0 €S8ZL°0 18510 PLESO'O L1TTO'0 9Z110°0 000510
ZOZIZ'O 43 ZT 0 81410 orziL'o OLELO O 150i0°0 Q05L1 0
£y80T°0 190€2'0 89161 0 8L051 'O ZILG0 0 L1000 0000Z° 0
68102°0 9L8IT G 95L6l "0 zivel ‘o LOBPI O TTZIO'O OOSET "N
06L61°0 LBGE} "0 ecrel "0 I6PEL "D B8ZOB| ‘0 LG66EQ" O CDOSZ 'O
0c0e) ‘0 6CLBL 'O zOest "o LB8LEY 'O 69084 "0 LBZE0' 0 0054270
8999} "0 €BBLI O 649110 LZELL 'O ¥9G6Z4 "0 66VED'O co0CE "0
LIESI 'O LTI 6ELS1°0 6L6PF) O 58980°0 Br8Z0°0 00SZE'O
ZESLI "0 £9VZ1 "0 PESES O 6810 BES90°0 SE¥Z0° 0 O00SE 'O
81521°0 LSEEL "0 ZLSIL 'O Oorao) "o £1090°0 SOIE0'0  DOSLE'O
29601 "0 19614 °0 1S€0l "0 QOEDH "0 v39v0° 0 LOEZO'Q 0000K "0
sz o't sS4 o't S 0GC a/y

a/x .
{penutjue)) | 3IgvL

83



L A

°/"Ma (p)
STLOL 0 91901 "0 L6407 0 [R:1:F Aol ] 1125070 LOLO0° 0 . QOO0 O
vZSBO'O C6314° 0 ECELD'D 8iUED'O 86850°Q LESQO O 00szZ0° 0
1Z960° 0 L9E60°0 £L960°0 LOEZO"0 rLOLO'0 ETLOO' O o00s0°" 0
[+ N - telba] [olel:To Tt o] S66y0'0 ZESED'O SCHI0'0 6QB0OL -G 00SL0'0
6L980°0 o000 "0 TPLE0 0 096€0° D 8Zsio’0 1+0tO0°0 o001 ' 0
119900 reres°0 mhﬂmo.o ) L d:F 810 ] 980600 EZOIO°O oosZi "0
E6ZBC'O LSIEQ'O 9EOS0° 0O AG190°0 ZhPiO' 0O 669000 oMsg| ‘o
{LEOL "D €5990°0 r9880 o 9.980°'0 SLIE0° 0 05300'D OO5L1 70
0Z980'0 Ere0s 'O EGSLO'0 EBSDI "0 BrEEOQ O 80S510°'0 [alslaleFAMs]

S6ICL "0 EGY¥B0°0 LTBBO" O £6060°0 EOLS0" 0 EPINOO 008ZT O

84

SITE0°0 EEIOL "0 Trese o PPP30°0 80LSO O S6920°0 0005270
it8980°0 HELL0°0 Z1980°0 €Z160°0 RCO0EN "0 GLITO'Q GOG5LZ "
ZZve0'0 0L880° 0 £59L0°0 21080°0 LTI90°0 PLCEO O 0006E 'O
Lr0OBO°C CEGBG O BYEEBC O E4r90°0 6PLPOO EBLEQ’O 005ZE "D

Q6PLO" O LELLO O POESO O LEBROT0 689EQ°0 BTETO'O 000S€E "0

96650'0  LEISO'O  pEISC'O  BIZZI0'C  BELZO'O  OEBZO'O  OOSLE'O
OVELO'O  995.0°0  S0C90°0  BPLPO'O  680E0°0  ppOED'0  GODOY O
&g o'z s 1 ot 50 oo a/4
a/x .

(Panujivol) | 378wy



RS 2=

AR WT AN AN . Sy iy

o:\meB )

OFEEI "0 BZESI'O SZSYO'O  9L910°0  6L540°0  §3300°0C 000000
BE361 'O SFISI'0 826500 29610°0  OLE0D'0  bBAIOO'C  DOSZO'O
8SCV4°0  E!EZS1°0C CBESO'O 685100 PPEOC'O  peL0O'0  00OSO' O
9FOPI0 1016170 pI0S0°O  BLIZZO'O  LIOIO'O  6pLOO'O  OOSLO°O
LIEEN'0  1LLEF°0 LPILO'O SESZO'0 S0410°0C 19000 OOOOE O
899€1 'O E£69P4°0  96SLO'C  OIZEO'O  EI9SO'0C  SELOD°0  QOSTIO
1ZLTIO  1EIG°0 098500  EPOPO'O  OBE;G'O  01L00°C  000SL'O
OELEL'0  ZEPI'O  OLIILO0  OSILO'O  LBYZO'O  BY90O'Q  QOSLI O
TSEEI'O  SLivi'O 16601 °0  99001°0C  ZLBEO'C  IE200°0  ©OODZ'O
1LLZ4°0 OEIPITO EEHII'O OZEOL'O  9epBO'O  8LL00'0  OOSIZ O
§99Z8°C  919Z1'0  6SBZI'C PELTI'O  96L11°0  6pS90°0  00OSZ'O
2814370 OLIEI'O  [SLTI°O 643010  PEZIO'O  EEESO'O  0OSLZ'O
BOOOL ‘0 1pLZI'0  9.013°0 SE0LI'C  DIZ90°0  49ES0°0  GOOOE'O
L1960°0  99TZI'0  €5104°0  E€6B1I°0  CESLO'O  SLSp0°0  OOSZE'O
OESE0°0  S9Y60°'0 L0860’ O ViBBO'O  +,090°C  96v¥D'0  OOOSE'D
01£80°0  (S8BO'O  OZLIV'O  TYIL0°0 SLES0°0  CITIPD'O  OOGLE'O
TOPLO'0  6PELO'0 99YEBO'0  9/BB0'C  OOLEO'O  Z99EO'O 000D O

sz o'z &4 o 5°0 00 . a/d

a/x

(ponui3uo)) t 31gYL

85



aan (3)
|y800°'0Q I6LI0"0 CELOO O oZ000 "0 S0000°0 10000'0 00000 "0
SLvT0'0 8gprs0°'0 6P100°0 SE000 O L0000 0 LOOO0 " O 00500
€9600°0 BrirQ G [ele AL s o] »2000°'0 20000 °" 0 100000 200600
SZLIZG'D ELBIDO 1#100-0 FZTON0D aglon" o COoo00'0 C0sSL0'0
bPBIZTO 0O PIOIO 0 HLIO0' 0 CryO00° 0 L0000° 0 100000 G001 "0
sS8Z10°0 66L10°0 L2l A+ s 0] 590000 11igc0 0 10003 0O 00SEZ) "0
29600° 0 B9410'0 agcro0n' 0 cLO0N0°0 &0000 0O NOODO.C 000651 "0
OlLe00°0 SSEOQ0° 0O orso0 0 0sz00 "0 S3000° 0 WOOO0.0 QOSL1 "0
-4 F R R e ] 18240°0 9z800"'0 SEand o as0Qa 0 EQOCO' O 00000
6L800°0 TLROD" O 09900 0 6P900°0 ZIEQD O TOQ0G 'O 005TT 0
SL800°C §9800°'C thD0.0. LSB00'0O Z6300° 0 gOr0O0° O 00052°0
eCceno"0 arfio0 "Cc L6010°0 L1800 0 Lv500°0 050000 00SLZ" 0
vS5L00°0 BESCO O araoc o ag400°' o Q0000 0 8IN00 0 o00QE ' O
L1900°0 V6000°0 6LG800°0Q B8LYO0°0 QTZO0" 0 ETOO0'0 00GZE 'O
LTvOO'O pZpC0’0 ESEO0° O DQNO0.0 801000 8¢100°0 QOOSE"D
ZTE0O"0 HMNO0.0. ETHIO'O 6L100°0 S6000°0 820000 OOth.D
261000 QTZO0'0 PSEOCGTO w—_D0.0 18000°0 CTO00'O GOOUQ.O
e S°C o't S [« I 3 S0 [olars ] a/y
' a/x

{panutIuol} | 3gvL

-86



L

-

o:\: (&)

00SS0°0~  BITEN'O- HBIED'O ZOPS! "0~  LpSip'0O {ZST) "0~ oo
OSEBO°O-  TE6I1 0O~ DPIEBO'O 9BLG O~  LLTEE O £9PE€I"0- 005Z0'0
ETTLO'0-  9PIVO'0- OILS0°D TBEVF) "O-  150S5b°0 8¢8I "0~  000SO'0
TOLOL 'O L6TL0°0 808800 PZBPL O~ LivSPTO 6RBZI "0~  00SLD O
6£G8Z1°0 OLLbL'O 005410 EZTYTI 0O~  1EZLpb O L19SE"O- 000010
06ZEI 'O raLlvl O LIBE} O 91901 °0-  JEBSP O ELOVT O 0052Z4°0
5894170 vI6LL°0 0929i "0 STSLO'0-  19880°0 100490 0D0sSi 'O
LIEQZ'O ELIOZ'O L9521 0 16L50°0-  JEOSE O sbosl " 00SLi "0
TOGZTZ 0 E60PZ°Q 80661 "0 TLSTO 0~ IEPEYP'CO 5695} OOOON.O.
LS€E5Z°0 [114: ] LEOIT O OSLTO'O IrZip o PEEPS 00s5ZT"0
T60LT 0 099LZ°0 6PEEL' O Oi1lv0 0 L LOSE'O QEGHZ 'O 000SZ O
v948Z'0 EQTHZ O v90SZ "0 TS9L0°0 19L62°0 2Z¥20°0 005LT O
€08BZ 0 STEEHT O L0990 EPEZL O LPLOZ O L68V0°0-  OQGOOE"O
IBZ6Z 0 ZEEBZ O 86L9E° 0 PO66L "0 666G O OLPEQ O-  0QSZE'O
ZEEGT 'O 859420 IPEBE O LipLZT O iPPEE’O IOZED O~  OCOSE' G
rSe8Z 0 TS69Z°0 Treet o BISEE'Q biL19°0 PPPEQ O~  QOSLE'O
LOBEL 'O 93EPL’O 0o SLiLv 0 LIEBE O TOP80° OG- ooo0vro
0808Z "0 PSSET O 0o oo LOE6Z "} 96860°0~  00SZY'O

5°C o'z 54 o 50 00 a/d

a/x :

Z=P/0 ‘.88 = ¢ mo14
INITYIAS Y04 VYO IINIINGYNL ONY NYIW-3H) L

11 379vL

87




=8 T T E

- T e A e e

» & -

o)

/A (q)
06891 °0-  LpP93-0O~- 01961°0- €88LI°0- ISFILTO L9TLO O~ oo
OLPSL O-  9GI0T°0-  18S5viO- BZOAI'O- IEEOI O gOBRO"O-  DOSTO'O
GZPLI"0-  WLTIT'O-  949FL°0-  GIECT O~  1OPEOO 01€60°0- 000SO'D
400l *D- SIS0Z°O-  LBSPI O-  ELBLY'O-  1Z6B070 TLLEO Q- 005L0°0
90851 "0-  PSB6L 0-  TLOLIO-  L9p6L°0- 1160170 Ov0oOoL "0~ 000010
POBEL "Q-  9EPE) 'O~  0OPLI O-  LELOT Q- 1200170 THTET O 009SZI "0
18SPL"0- GibLL'O-  SZTHL "0~  E9G61°0-  LLTEO'C £660r°0 0005} "0
g0vZl"Q-  OE96) "0~  BPSELO- vGEBL O-  11660°0 ZI0BP O 005410
g€iv0i "0~ 96091 °0-  6TIZI'O0-  LOLOZ'O-  JETZLTO ZTLLSE'O 0000% "0
0SSEL"O-  GEELL'O- 9S00l "0~  LOPEL'0O-  1i960°0 8TRSP 'O 0DSTE O
LESE0 0-  LILSYO-  bILtLTO- 6961 'O~ 10BTLO 99€ZE O folals]-7 0]
BIPE0°0- TOSSE'O-  E€1THL0O-  OBELC'O- LIITITO (0T 4:1: 10 e] 0054270
62541 °0- +8991°0-  1ivl)'O-  LPSOT'O-  JEOPLTO 1g0vz 0-  COCOE O
gLEL0°0-  19Zp) 0- TPOSI'O-  SETPZO- iRl 7O g£1BET 0O-  QOGTE ¥
OLLLO Q-  ZSOELV'O-  BLESH'O-  TLEOT O-  HLZ2I'O EGTLT 0- 000SE'D
LEZOL 0- EPGLL'0- €108} 0-  SBZENO-  19¥81°0 EPTEL O~ oownn.o
0E2LO°0-  OB05) "O- 0'0 TeOLy "0- TBETE'O 1ZOBZ G-  0000F 0
OSPBO 0~  96p0} 'O- oo 00 LLTEEO 65TBT 0-  0OGSTP'O

5T o'z - 0t 50 o0 a/u

a/x
{panu3juo))

11 378vL

88



e - ey e o el

am (2)

26100 LGTEL 'O 9TZSZT'0 EETEL'Q V9EPD°O 8L810°0 0'0
EVEOZT'O LT TR A o] SLB8LTO TOSOZ "0 L19E€C) "0 8eEvZ0’'0 00st0"0
ELIBT O vLO06Z° 0 EBZEEOQ | 699Z "0 19€a1°0 6v0sS0°0 Qoos0 - Q
?90EE 'O EBGEYE D VZ92€°0 tSLIETD 1890T°0 LLERO'D QO5LO° O
90SGLE'OQ gzese" o CILLE O OUBEE"Q WOLOE" O TZ9E0'0 0000 "0
9550p°' 0 }GESE O VWEGE 'O SEEEE O 190ZE°G VOT9L'0 Q0sEL ‘0
graZe 'O OZI&r°0 65Z0FV° 0 }66VYE O [ -2-1: Tl 4] PBEBE 'O 0005} "0
LLQSP"O acesr"0 LSEQP O EGVOE O 1P LETD apgeZL’ O o054 G
8ZaoSy’'0 PEELSTO opagE 'O EGTYE’Q }OSBE O 249004 o000z "0
CZLPY 'O 19545°0 9RIBE" O EBSSE O LEVLE O OTSEG "0 OOmﬂN.O
B695P "0 95050 ﬂmmhn.o rOPPE O | #99E° O }2E£S+'0 000520
[el:T.4:3 -4 ] LIS60° 0 SH9.LE°0 QLIEE O I&L9E"O STLIVTO Q0GLE 0
LO8BPP 0O EQIGr-0 G6LESE'Q TO9PE 'O LLSGT O +aLoP°0 QOQ0E"Q
9.8pP°0 21080 TPase'Q SEBIE'C L LPOE O ErGSipP°O 00SZTE O
BZSEP 'O S698v°0 SiO¥E' O SLE60E° 0O } 9E6T 'O 9950y ° 0 0Q0SE O
TSLEP'O o] - FR-2 o] LTIEE'Q QLBET 'O 18¥0E" O ZESOV 0 O0OGLE D
EVLEV' O os89¢ "0 o0 L998C'0 LLLOY 'O O9LPE O Q000r "0
FASEP'O 1L969v°0 00 Q0 00570 Ba95ZC'0O O0SEZP -0

g'T o't s a4 50 00 a/y

a/x
(penuiiuel) || I18VL

89



n/Mn ()

EPLEL O L90vL°0 6TEBD O L56V) "0 116820 S6080°'0 00
[4:174 B¢ L9081 "0 9980i ‘0 [4:1: 19+ tEIPT O E11L0°0 00SZ0' 0
61260°0 60011 "0 LLL01 "0 PEFZI O 18L9Z°0 I65L0°0 0C0S0°'0
vEGE0 O 6ISZ1 0 1880} "0 ZEILO VOZLZ O SESHO'O 0054070
9EEBD O LTSI Q §iZ01 0 610440 3:Te]-7 s 1 8660°0 GoQ0L ‘o
LLLIQ O L9801 "0 BZOOI "0 20L01°0 (44258} ErEs -0 coszl ‘o
rOOBO" O 69S0i "0 bitlito 8Lv0) "0 ISE6ET 0 sivZ 0 00051 ‘0
§L880°0 10801 "0 8410 L8110 }SEEZ O 9EBOPZ 0 005L) 'O
554200 reEk) "0 bPLOL "0 9811 -0 I 590Z 0 ¥ £:1:T0 ] 00002 ‘0
80vBO" 0O 199010 60601 " LEOT) O }55ZT 0 TIEVL'O 005ZZ 0
OErLO"O OEZOI "0 BZSl -0 vOZZL "0 (X:E1% ) LBY8I "0 G005z 0
ETOL0 0 vSBE0°0 £8S11'0 BOLZI O (3T 4Ad¢) 656L0°0 005LT0
16900 8rasn o £860; 'O ¥S6EN "0 (¥ 44:TAN+] ZGS60°0 00CCE "0
¥r690°0 0L860°0 BLED) 'O SZE51 0 I9Zieo bELED O 005ZE°0
TTEIO O LESED'O 6LLIZi G LOE9L "0 HIE3E"Q E8660°0 COO5E "0
T0590° 0 EZ960°'0 mObu—wO ELIBL"O FSEPY O 1456800 O0SLE' O
PSS20°0 rara0- o 00 erioz o HIBEZS O £850! "0 o000 'O
S49%30°0 FS660°0 0°'C (ol +} VELISTO STTEL "0 COSZTY O

5°¢ o'z S 0y 5°Q 0'0 a/u

a/x

(Ponuiauog) 1y 378y

90



0, /54, (2)
91690°0  GE9EO'0  6S690°C  1BZHO'O  I9LE0'C  OLEEQ'O 00
8ZZ80°0  SBOZL'O  ELILO'O  WwZEED'O  ILBPO'O  SiIPO'O  0OSZO'O
€0480°0  BLb04°0  E6ELO°C  SLECL'O  1B0SC°0  PEIGO'O  0O0SO'O
€v060°0  LBLBO'O  LYZLO'G  ©IZE0'O  16ES0'0  110S0'0 0050’0
6L8.0°0  SBZOL'O  18vEO'0  LLE6O0'O 10800 LL6SO°O 0000 'O
€2€80°0  OIL}i'O  LELLO'O  19004°0C  iS6FO°0  OEKE0'0  00SZIO
86Z60°0  EZ00L'0  EIGLO'O  9PEOI'O0  19L60°0C  6TIEL'O  0O00SH'O
SEZ90'0  BOSBO'O  1OZBO'O  EE660°C  11S90°0  S@9VI°0  00SLL‘O
§96.0°0  BZYEO'O 156800  EO0660°C  168PG'O  6GEZI O 0000Z'O
06890°0  6Z0BO'0  BEGBA'Q  TISEO'O  4IpEO'O  IEOEL'0  OUSZZ'O
SO6L0°0  LZE60'O  89880°C  LES60°0  11650°0  6p6TI'0  O0OST'O
PSZLO'O  OONOL'O  €8PEO'C  9SVELTO 180900  TELLOTO  ODOSLZ O
TC990°0  BOTEO'C  18880°C  OI¥0L'O  1p690°0  ¢1980°C  000OC'O
vZES0°0  P6160°0  OpiE0'O  SI0IITO 1LE90°0  OELOLTO  00STE'O
¥0990°0  €E€840°0  TPEO0'0  8GZOL°O  1ZZOL'O  589DL°0 OO00SETO
£0§20°0  LpZ8O°0  CHPLO'O  B68041°0  15160°0  LSDI1°0  OOSLE'O
LISS0'0  00DLL0°0 0'0  O6%Ii°0  LOISO'0  SOPZL'O  000OP'O
L6310°0  €T2.0°0 00 0°0  Ib660°0  9TTIL'C  00SZY'O
5'Z o'z 54 o 50 0'0 a/y
as/x

(penutiucy) 1t 378Vl

97



,

Oﬁ\mEx_.3 AMV

SIZe "0 voLl Ly 0 BEESI "0 LGOPE "0 {5E91°0 THEPO'O 0'0
Q6EEL "0 6E2LL O 9E6E€4 "0 Zioet "0 $COLI "0 CEPFQ O 00820°Q
SE5TL 70 T69EL "0 Le6el "0 FILEL O LLLBL 'O SrEsSO O $)080°'0
6Z0Z1 "0 $80S1 "0 I¥BEL "0 06iv) 0 LiG61°0 996S0°0 VOSL0°0
€0801 "0 THZEL 'O EBOELI "0 2g8ir 'O VIEZLTO EPEL]I O 00001 ' 0
E3204 70 Co6TL 0 96ETZI ‘0 G559 "0 LLBEL O yrio "0 00SZ1 "0
Z0160°0 €LOE} O EEBZI D oserl "0 bPEOTO ESEVT O 00054 "0
hOanAO 2gZzZL "0 EpZTI 0 [s14-3 1 2 8] IELEL O BLIEZ'O NOSL1 "0
S8L80°0 sv8i ) 0 63614 "0 axivl "0 168810 LOorgo° o QO00T "0
LELBO O [4:3- TR ) [4:10] 4 kv) Q9€esL "0 I PEQTO vE860°0 JOSZTO0
£8CBO°0 BEVIL O 6lBL ™D ELLS 0 ILSIZTO £VFeTs'o 00050
OLLO O Lo 'o resStE "0 EFIOL'O LAGZZTO ZTIZTYL "0 COSLT'O
LrOBO" 0O OEE0L "0 tZGSH4 0 Z6591 "0 iZ8sz 0 66914 °0 CCO0E "0
OESL0°0 QOQL0I} "0 tEBOL O LESS1 'O 1968270 S00¢CI "0 J0SZTEO
PoZLOO 64001 70 L8511 70 €Z0LI 0 1TTPETO TLET) 'O CODEE "0
TavL0"0 L6660°0 L8470 L0094 "0 i8r8E°"0 TEITI 'O QOGLE'D
LSELO O OZEQL 'Q o0 6645470 1 986€°0 ELELL 'O oCoOOP "0
LP620°0 L8600 o0 00 165GE°0C $OrZ) "0 o0szr 0

3 4 [+ 2 4 51 04 70 [+ 4] a/d

a/x
(PanU13IU0]) 1| 3gvL

92



/e (6)

EBLOC D avrso0" O 00 GEIDOD"O 1ZTL00°0 TROOO O 0°'0
0SZ00"0 LO000°0 560070 Q0 1000 S1100°0 00SZ0 O
6viQ0"0 p9200° 0 avE00’ 0 01 4100° 0 LSOO 0 60100°0 Q00800
191000 69100°0C A0EQQ" 0 LZZO0O LrS00°0 goi 000 C0SL0°0
SEEOD D 0E900'0 0L6T0'0 ESZO0'O [WY-1s o R+ 62400°0 0o00lL "0
91000 6LEQ0D'D rerQ0 'O Z5Z00°0 I 8v00° 0O 896000 [0 ] A ]
PSEOD O CTS00°0 LPEQO'O TLSC0'0 HiEO0"0 v€810°0 OOOm—.O
CAro0’ 0 9ES00° 0 6CS000 gEPOO 'O 120070 €91 10°0 00SLE O
39€00° 0 QLBCO" O ryL00°0 0'0 1ZS00°0 {6E00°0 ooeoe "0
THEDD" O 689000 Po00° 0 00 19v00° 0 s1600°0 oOsET" 0
85E00°C 89500°0 1550070 SLEQOO 10500°0 ZICIO' O OOOmN.@
88E00° 0 pLEOO"O o900’ 0 EEQDO O 19¢00°0 LELQDO QOSLT' O
VLZOO'O TEPOO"C 61500°0 VHLOOT O FEEOO O E¥v00 0 OO00E 'O
aSpZO0 0 oS00 0 85s500°" 0 LESOO"Q LSHICTO SGp00 0O QO5cE"Q
EVCO0 0O 19L00°0 6ZGI0'0 L6900 0O 19600°0 Civ00'0 000sSE" O
=hmv00.0 16600°0 906000 T5910°0 LLLVO' O QBEQQ'D 00SLE"D
S0£00°0 TreEQd 0 0'0 TGO —hNNQ.O GvYsog 0 00o0r° 0
ELIQOO D greQ0° 0O o0 00 IriZTO"0 EL1900°0 00s5%r°0

q'T [+ 24 g 4 (o) 50 Q'0 Q/d

ar/x

{penuilucy) 1| 378vYL

(=

93




s

M:x.z_: (4)

LEVOO O BELOD O TIE00°G L0800 0 § £ Y] GEQDO 'O 00
£6300°0 ZOP00 -0 £68500°0 LBP00° 0 19610°0 P00 0 oomuo.m
9PEOD ‘O 58r00°0 859000 05500°0 }6EE0" O BETO0 O CC0S0° 0
S6T00°0 L P00 0 YPEDO O TL1900°0 L HOZO O 802002 0OSLO" O
y0Z0O0 0 £EZS00°0 Z££00°0 ELVO0°O LLOTO O OLIOO O 00001 "0
0SZON "0 1Z500°0 8PEO0 O 6LF00' 0D | S0T0" 0 a0 o 0052 "0
vEZOO 0 9EF00 0 PLPOO O £LP00°0 16910°0 EPEIO°0 CO0Gk "0
89200°0 riv00°'0 0iv00- 0 £1T00°0 1081C°0 801200 00SLL "0
0BZOD 0 TIPOO O LLP0O'D  TI000°D LEELD O EQCEQD O 0000T 0
6CEOD"O 65€00°0 LB8CO0°0 €T600°0 10210°0 PBE0D" O 005ZT° 0
TETOO' O 968000 o000 £0L00°0 18910°0 1821070 oosSz 0
61Z00°0 SYE00 0 S6r00°C 599000 LEELDO ¥Z100°0 00SLT O
66Z00°0 £9€00° () 89500°0 1 LL00"0 LEBIO O BEOC0 0 CO00E " O
BLID0'Q ZECOD' O 845000 06LO0"O +9L10°0 78100°0 00GZE" O
vet00° 0 L6Z00' 0 L9000 1940070 LICPO O EETO0"0 D00SE" 0
TLIGO'O 6682000 55L00°0 8LENOO L LBPC O SGEQO'O O0GLEO
vSI00°0 LEEDO O 0°0 LPOLG-O 16L90°0 EOV0O 'O 0oo0K " O
EEL00' 0 6200 0 0'0 oo VILLO'O HLEGD O 00&ZY 0

5T o'z ) 0} 50 09D a/u

a/x

(penutluol} || IM8vi

94




O

N:\..s_,., (1)
0Er0O ™0 oo LBEQD O L6010°0 165100 1EOQD O 0°0
LYECO O LET00°0 SYEOD'D S0€C0° 0 Lpi00 0 L9000°0 00520°0
£9800° O Tip00'0 £5600°' 0 2v500°0 .qmoo.o LTO00 0 000500
SPE00°' 0 rES00° 0 9Zr00°0  BEPOO'O 18300°C L1000 00SLO' 0.
LPEDD' O PLEOO'O  EOPOD'C. TOPO0' 0 FEEDD O EOSCD 0 00003 ‘0
*OLTO0 O rOPO0° 0 POECO Q L9ECO" O | 80000 58500°0 00SZ4 ‘0
81v00°0 63¥00°0 ~ LSECO'0 P00 0 LEVOOQ 808100 00054 "0
052000 S000C° 0 ZIECQ O SBPO0° 0O LZ500°Q PELIO'O 00SLL 0
EZEQO'O TSE00° 0 LPE0o' 0 S§VEQD'O LLEQO'Q SEB00°0 0000z "0
1ZELL O apr00° 0 Liv00'0 {5000 }SEQQ O LESOO° O 00&ZZ 0
80£00'0 £4500°0 SILECO O E9900°0 1OF00 " O 1 9600°C lelolel-T AL o]
OEEQO" 0 LB8500°0 OEVOD O LEECO O .Wvoo.o SYEQ0°Q 206LT' 0
LOECO O 89E00°0 BESOO 0 FPP00 T ISP00 0 052000 O0COE "0
PZTOO O 1£500°0 LTPOO D L1L00°0 106000 65SEQ0°0 008Z€ "0
B8LZO0 O 80v00°0 80+00 "G 60500°0 izhio"o 9GEQO°0  COOSE' O
112000 65000°0 S8E00°0 TEPOD 0 1PBO00 81200°0 OOSLE O
EPTO0'O TLFOD O 00 GEOIO' O tEELIOTO P00 0 (80,0, 0] R 0]
PSZO0O €9Z00°0 00 00 LLOZO'O ~ Q6ID0'0 QOSTY O
8°'C 0z s o' G0 00 a/y
o/x

{panui3uol) 11 319yl

95




o:x: (e}

S89Z90°0-  GOIEI'O-  688ZC°0 55040~ JTIEETO-  E6LL}O- " 070
6ETEQ"O-  @8ZI)'O-  pIBPO'D EPZEO°0-  S9IPETO- 98084 °0-  QOSZO'OQ
46910°0-  JEIE3 "0~  E9L90°0 S¢BOb 'O~  PZBZE'O-  L169)°0-  0O0S0°0
L8¥20'0 ZELYL'O- 611800 PLLBOTO-  BLOEE Q-  GPZLL'O-  O0GLO'O
00950°0 ZS494°0 8521470 B2180°0-  EOBIE Q- . pOS8EI'0 00001 "0
514800 99vEL 0 ¥EIZL D £9440°0-  lEBIE"O-  SEELE'O 00sZ1 "0
SERIL'O S6ESL "0 069v1°0 8156070~  SIDIE'C-  9G585°0 00051 ' 0
61055 "0 zoBit O EE6PSL°O SZOPO 0-  LS96Z'0- BrSro’1 00sLt 0
0ELBL 0 L10SZ°0 €L0L1 "0 PBEZO'Q-  ESYDT°C-  BYTEZ') 0000Z "0
VEGOT O 6ZEST' O 50881 "0 662Z0°0~  698ET°0- ESEIE"} O0LZZ 0
6LSEZ 0 9LvrE 0 5ZT&64 "0 M ezo'u LLTOZ O~  B5651°0 000sz 0
tBOSZ D 65TY¥ZT°0 516070 8B6V0° 0 8v201°0-  ELIND'0-  OOSLZ"O
‘sivaz-0 LTIPT O 980ET "0 L6680 0 ZiLiv 0 86L40°0- QOOOE'O
1zZzLT'0 TLZST O iZAPT O 686P1 "0 686920 PSEZO'0-  00SZE'O
TOPLT D 0G9EZ"0 8IpSZ°0 asrOT 0 0TTEY "0 SEFPO 0~  0NOOSE'O
£9v7LZ°0 BEIET O 1819270 yvi9Z 0 S6$65°'0 PELEQ O- - DOSLE O
BLELE'O LEYTT'O o0 VLIEE"Q SKrLLE'O 8B3€0°0- Q00O O

s'T o'z 51} ol 5'0 00 a/y

a/x

Z2=Pp/0 ‘.8% = b nol4
INITHIMS Y04 YiVG 3ININGYNL QMY NYIW-3IWIL

i1 378vL

96




o]
n/n - (a)

06651 "O-  ©BEZI O- OBEEN"O- . TPESH'O-  B5L2)°0- 68C11 " O- o0
650T8L'0-  Y1ipl-0-  SPEPL O-  LTPLLTO-  9ZLPIO-  BELE0°0-  00STO'O
EEES} ‘O- @991 0~  990EL 'O~  18Z9)°0-  S¥SLL'O-  1991L°0- QO0OS0'0
BSPEL “O-  D9ETL O- O066EL°0-  ©SI8Y 0~  G6YS)O-  19280°0-  005L0°0Q
EDSE: "O-  E981L°0-  bLBSE'0-  FL891°0-  JESS!TO-  6L661°0 00004 "0
VIEZL'O- 6BULLO-  LLEGIO-  180LITO-  SlipETO- 2 LLTTO ©0SZ) 0
§9144°0- EEOP:t O- OEDEL Q-  EBEOL O-  LSBEGL'O TEYLT'O 00051 °0
SZZEL 'O~  BrIZIO-  TPOEL O- OLVLI O~  LVIGI'O ¥191E°0 00544 "0
vEP0) "0~  OELZTI O-  BT9SL0-  OI6LI "0~  FL6LYTO SY8LT O 0000z 0
79080 '0-  €S8G0L'0-  9E4LLO- 9ESLLTO- 82681 °0 Z8L51'0 00&ZE°0
ZELTL O~  BULLL 'O~  4GELIO-  POLBLIO-  BEPIT'O 08T6) "0 0O0SZT 0
g9gZ) "0~ E6ZOL'O-  083FL°Q-  GOTOZ'O-  wPETIT O LLEOL O 005LZ°0
LGES) "O- 6991 0~  9LGTIT0-  YIPETTO- IPEVLTO SGEEL "0~  O00JE' O
SZOLY'O-  IGPEGTO-  LPIPLT0-  BSYOT 0-  LLBLZTO vELYPL'O-  DOSTE'O
GvET) ‘O~ ZEEGH'O- 96091 °0- QOLOZT O-  SBLEE'C OTIEL "O- ODOSE'D
Q0B ‘0N~  LELBO'O- O9ESI"C-  ESPEIT'O-  E€99EE°O OLEEL "0O-  DOGLE'O
SpLO}"0O-  OLS60°0- 00 GESOZ'O-  ISE9E°0  @10EL°0- 0O00P’ 0
ST oz -} o 50 (s ] /4
a/x .

(panuiluol} 111 378vY1 -

97




B | ®
R AT A

-
e

. CRNARSL N e

o...\s (*)
&6TOEL 'O Griv+ 0 80L91 'O 65r80°0 agez0" 0 vESLO 0 00
,5Lv8i 0 (44113 [73:1: 10T 4] LIEDT O BPEEO'O pLrSO°0 Q0520°0
PESTO 1600870 2,z92'0 pzZevi ‘o TETHO' 0 19690°0 000s0° 0
SSVEE O (41T spEdt 0 66691 "0 La0vs "0 65E£92'0 00LL0° 0
sTLEE'0 THLOT O QEITE'D gieve 0 6v99l "0 GOELL 'O 00004 "0
66L1°9D aiTLT O [=1:7.4 54 e zaLyT 0 SEQ8L 0 00zEL "0 0osZy "0
E00SY "0 S6LLT O ELSVE 'O E6PLETO 90T 0 g985GE "0 ooosl "0
tsLsy'0 605620 mmmmn.o 8108T°0 pELLETO [o]:13: FAM ¢ ooww-.o
G995y’ 0 EIvEE"0 L PSEE"Q g6aLT O asLLT O Nm—on.o 00002 ' 0
vLESY O 6800E° 0 THALE"C 68941270 6ES0L°0 humww.o fale 113 M)
eerse’0 eLLOE O GLELE O zZTOLT'O LE9G) O 651vE°O [a7v]ol-T )
gesry 0 £038C°0 LE9ZE' O pSEOT O 382TE6L "0 009TE 'O DosSLT 0
NS -3 ¢ ) g506T° 0 EIvZE O BLLiSZT 0 15v88°0 yGLTE'O OOQOn.o
OvEEY 'O L6860 2 11 1 o] VOESETO 016¥1°0 66L0E" O 00GLE" O
a0LER O 6916T°0C r866Z°C mm_mw.ﬂ 1 OpaZ 0 SE9BT O QoosE’ 0
1460 €588T°0 [o]:1-1:F AN 0S0ET G QEVYOE' O £OGLT O 0OGLE O
ocovit O 9aZ6Z 0 00 a6o1T 0 “PHEE’'O vpnmwno o000 0
ST 0T Sk [+ 2} &0 00 a/y
a/x
(panuilucd) 11} 378Vl

98




rd

oa\msﬂz )
oZEvpi-O  4ZOT}'O  TETOV'O  STEEI'O  EPSPITO  EESE0TO 0'0
£OOLL'O  99504°0  EPEEO'O  1EBILO  9EBEL'O  OE0GOTD 005%0°0
08180-0  E.560°0  OG9E0°0  9TION'O  VEIEI'O  SLEOI'O GOOS0 "0
110L0°0  14680°0  IEVE0'0  TSIEO'0  SZEEL'C  61wBL7O 005.0°0
cEES0‘0  E5880°0  PTLE0'O  TOSBO'O  VOEEI'O 9994170 00001 "0
Ov6S0'0  vEEEO'O  CEEBO'O  S6160°0  66LZ4°0  LZOGL'O 00SZ4'0
09£50°0  HEEBO'O  OSpE0'0  LOBBO'O  IEpTI’O  BEVELTO 00064 "0
»BSS0°GC  G9vE0°0  OBEGO'C  9v980°0  BI9ZI'0  bLTEITO 00SL} 'O
Ov190°0  69EEO'O  9EYED'0  68vE0°0  vLIEL'O  BYEELTO 0000%°0
90850°0  I£8L0°0  SEEE0'0  19660°0  Ov9EI‘O  LTON'O 00SZ¢ 0
p0Z90°0  OEOLO'O  BEI60°0  EIE60°0 L96vL°0  BOZEL'O  OOOSZ'O
a98s80°0  L6L90°0  9p560°0  S8S01°0  Ov9GiTO vZTELO'O0  00SLTO
poeEC'G  £988G°0  10660°C  PIEIITO  B6L6ZO goz10'0  OO0DOE'O
\BESO'0  TL690°C  pPZOL'O  19iEL'O0  9BLSTTO L9880°0  OOSTE O
69L60°0  OLYSO'0  pBSOL’O  BLEEI'O  S986T°0 GerL0'0  ODOSE"Q
»9950°0  IEpS0°0  O08BOI'O  EBCOSI'C  1E1+ET0  609L070 0OSLE"O
699600  LLZ9D'O 0'0  papei‘0  ESIGE'O  80820°0 0000F " 0
-3 - o'z 51 o'l 50 o0 a/4
asx

(penui3vol) 111 318YL

99




o swi
ngo A

®)

0TLBO'O 96L50°0 [A:Elels] 8008070 869L0'0 az150°0 0'0
1594070 LELO0"O S6L90°0 9ZTEO "0 ETVYBO'O 6Z550°0 00800
98630°0 81L20°0 B9€90°0 86816070 L8zL0°'0 §5190°0 coQs0 g
£08LO°0 0L890°0 ETER0°0 BTL80°0C za8LB80°0 oesr0 9 .oomho.o
6929070 ES890°0 §¥590°0 EGLBO O 08LL00 £vo80°0 ao001 "0
ETve0° 0 t8620°0 EGLLO G 80L80°0 60180 0 999110 00ST4 "0
68590°C 08ZS0°0 05LL0°0 L1880°0 TOEBO'O Lrivl "0 0008; "0
62090°0 L0LLO"O 968L0°0 9€060°0 18880 0 ZLEELV O 0osL) "0
LISLOTO 8rZL0’0 L99L0°0 666L0°0 90680°0Q 980¢i "0 0000z "0
881 L0°0 QveLd 0 6¢990°0 2({BB0°0 OELB0'0 SELOLTO QGRET 0
06Zr0°0 §19L0'0 TTOLO'0 Trre0 0 {GECL'O 68960°0 QoasE 0
LE62v0°0 tEvL0°0 qnvml.o 1S¢60°0 15614 °0 OBESD O 0054870
6608070 ¥PTo0°0 [02:3-4: 10 B0} '5€90) O G95€4 "0 91290°0 O0DOE 'O
PTLYOQO 6ZLI0°C §8180°0 80LE0D 806€1 "0 B85ZL0'0 NDOSZE'O
£69P0°0 EBO90°0 v69LO° 0 1620470 rSBSi "0 6SELD'O QQ0SE"0
PPLEOO £0820°0 ELbiO™C 98601 "Q PLBSL O 9ESLO 0 00SLE°0
TL950°0 Lypp0 0O 0o £9Tiy 0 TOELL O 9pLL0° 0 0000Y "0

S'Z o't S} [} 50 00 a/a

a/x

(penui3uol) 1ty 318YL

100

SR



®n/Mm (3)

BOSEL "0 pOGL1 'O EDELL 0 €6ZEL "0 S6060°0 84450°0 o'o
6%901 0 PLLOL O EOMLE! O S1THL O ZLSEO 0 LB690°0 005200
opLOL ‘0 vSTOL "0 OPQEL "0 L0410 BEOE0" O 8LE80°0 00DS0°0
861040 EELED'O rGiZL 0 L10TL'0 ELBO} O 0siLL0 005L0°C
b LERO O 6/£60°0 9lizZL 0 g1vZL 0 9G.01 " 0. 60510 00C01L "0
vIZHO'O £3680°'0 - TR ] vZeZi -0 9640t '0 SEBS) "0 005240
0z9L0'0 65980°0 880110 854Z1°0 52901 0 ovLTl 0 oo0ss "0
“LLLs0-0 no_mo.o 9TLOL 'O EVSTI O av0i} "0 LGELI'O O0GLL 'O
80690 C pO280° 0 86501 ‘0 GEET} ‘0 SpTTL O TIELL 'O 0000z 0
08590°0 08240°0 €050 "0 1BETI ‘0 88621 "0 6E6LO°O 00S2Z0
PES90°0 99E£L0°0 01E60'0 6091 0 (TR ] 9505} 0 nNOOST 0
£66190°0 €2690°0 964600 €00EL 0 GETLL O OLEHL 'O 00sLZ 0
901900 LoL90°0 TrL60° 0 OGEE} 'Q ZEEC2E'O EVTIL O O000DE "0
6L680°0 SL990°0 yeL60°0 TEEZI 'O TSL0Z 0 5950} 0 00STE O
81850°'0 zGL90°0 S5Z860°0 8T 0 9E6SZ O oo_o..o. QOOSE "0
8ZI90°0 05%90°0 LLEED O 96SEN "0 £99r2°0 96001 "0 00SLE O
06L50°0 TEY90 O 00 THGEL "0 G6EETT O 0110} "0 oooor "0

S°T oT &) o 50 o0 a/y

o/x

(panu)3uol) 11 378VL

101

R

>




Mu\.>.: (6)

TLIOO'O 19710°0 §5:00°0 98E0Q ‘0 LOS00 0 0930070 o0
Trioo’ o 0910070 88100°0 0°0 180000 SL300°0 00STC'0
LZTO000 &60z00°0 vSI100°0 82100°0 STYC0-0 L5L00°0 . 000500
TLID0'0 rTOO" 0 {Z900'0 L1TO0'0 TBEOD O S16Z20°C 005.0°0
1 8200°0 L6TO00°0 PSEQO’ O EQEQO" O ISEQD"O i v00°0 00001 "0
+6000°0 BLEQO O 0950070 ZTETOO'C $0S00°0 99L00°0 00SZ1 0
§5i00°0 £€5¢00°0 Zovo0'0 ros0Q - C 0s¥00° 0 LVYBOD O 0Q0s54 "0
LLLQO O TIE00D 'O S5r00°0 p6T00° 0 LEEQO"0 914070 00sLL "0
954000 °8Z00 "0 EEEOC O ErE0OD O E6PO0° 0 91010°0 0000zT "0
L0000 Lr100°0 QBeEQD'C - 1LTCOO £8E0CO° O EZECO'O O0SZT 0
Q1Z00"0 E£E9100°0 6ZEQD 'O -LOv00 "0 yOEQO O S56800°0Q Co0sE" 0
0Li000 CE; Q00 SEYCO°0 gSs€00° 0 6ES00°0 (9 IAv.c M) 00SLE O
VEZOOD'0 oTiIoNn' 0 0930070 pOSO0 "D TE0LI0'0 TOr00 0 OQ00E" O
1 4: T4 ) 85100°0 BEPOO O EBSO0 0 09Z10'0 T9L00°0 00SZE 0
1PIOD "D 1910070 rLZOO O LLPOO O 691070 PLIOD O CDOSE 'O
sSPZI0°0 Ze:00°0 £9Z00°C LLLODO L85Z0°0 11100°0 00sSLE" O
161000 8EZ00°0 00 ara00°0 8rTZ0O°0 | 68100°0 oo00r "0

S T o't sl [+ D] s°0 0'0 a/u

asx :

(penu13V0]) 1)) 3718VL

102




o

N_...\-_S.: ﬁCv

€LVOO O LEPOO™ O 08100 C 08100°0 TSL00' 0 09100°0 oo
»BZO0 0 868100°0 OPEOO' O 8rp0o0° 0 S6Z00°0 a0l 000 005200
8EL00°0 69Z00°0 CLEL A ors0o"0 TOEQO 0 arr00° 0 00800
191000 OrZ00°0 ore00 G ¥SPO0T0 LOS00° 0 £9€10°Q 005L0°0
IO 0 LPTOO' O LSECO O ors00°0 SSEO0H°0 LrZi0'0 00004 ' 0
TEI00'0Q 15200°0 6LEQD'O 9zYCo°0 LLV00 O r90L0°'0 005210
S0i00°0 202000 BTEOO" O PLT00°0 are0o 0 SFeio°0 000S1°0
51100°0C 19200°0 SLZ00'0 6ELOC" O IRO0T 0 81S10°0 006L1*0
Zrio0"0 85Z00°0 80E00° 0 081000 08€00°C BI600°0 Coo0T &
S8:00°0 TBIOD'O0 T6Z0D' O 96E00° 0 LBYOO'O 06r0D "0 o0sZT O
6L100°0 SPTOO- 0 LBZ00 0 €0T00" 0 16P00°0 2EP00°'0 000SZ "0
r6i00°0 LrI00°0 $9Z00°0 OEECO O Zv800°0 812000 (oo -FX ]
81100°0 €8100°0 BIE0D’Q €9500°0 9v500°0 {81000 0000E ' 0
60100°0 691000 SEEQD O 88000 6BEZ0O O LTIOO O 00SZE O
LEIOO'Q 8L100°0 LBEGO O r0S00°0 54500°0 0ZI00° 0 000sSE" 0
ETI00'0 6r100°0 1SP0C" 0O 86500°0 EE5Z0 0 LOZQ0" O OUGLE O
oLLon-0 09i00°0 o0 EIOI0" 0 8EYED' O #1T00° 0 0000% 0

5T o'z Sl o' S0 o0 a/y

a/x

(penuiiuol) 11} 378vL

T as a )

103




(o]
N:\.3.> (1)

185v00°0 LESS0°0 [4:14¢ e Igv] 79E00°0 o0 6900070 00
LTIOOO EIZ00°0 62200°0 iPe00°0 Coro0 0 9110070 Q08Z0°0
£8100°0 6TZC0°0 {LECD'O S6EZ0O0°0 L2400°0C reI00°0 c00s0°0
POEOD 0 9EZ00°0 53200°0 vrT00’0 1 8ZOC"C Ol IEQ'OD 00820°0
}SZ00°0 TTLO0 0 TIEOO'O +6200°0 S5p00°0 ZSECO°0 0000} "0
oLiQo" G EETO0° O 8SEQD O 60E00° 0 99ECO" 0 0BEQO’G s ol:T4 Ile]
vhwoo.o TTTO0n'0 LIEQO"O LIECQ7 O OBECD" O v9600° 0 anost' O
V10070 B6TO0°0 vS5Z00° 0 PSEOC'O TrZ00'0 _CETIDO OOmh_.O‘
6910070 0BEDD 'O 9pTO00 6EEO0° 0 S5200°0 £ESp00°0 o000t 0
v6100°0 L1000 81€00°0 Oleco’ 0 vazT00’'0 05Z00°Q Q05ZZ 0
16100°0 SET00°0 £9200°0 LEZOO'O &8200°0 $TLO0°O Q005T°0
85100°0 E0Z00°0 IEZT0O O SLEQD'O L1910°0 LGE00°0 00SLZ O
£0Z00"0 66100°0 9ZECD 0 6¥r00° 0 2530070 0LT00"0 OQOO0E " O
L9100°0 81G0"0 68TCO"0 O9ECL O 69500°0 ZOEQC D QQSTE'O
wmpoo.o 69100°0 tLTO0"0 86EQO°0 0L0I0°C CIz000 0005E"Q
TLICO 0 81T00°0 s2£00°0 899v00°0 9pZI0'0  §TZOO'O 00SLE"Q
8TzToo 0 QozTon" O 0.0. 6vBOC O #1510°0 ZOTCO 0 QQ0oP ' 0

52 o't S o1 50 0'0 a/d

a/x
{psnuiluol) 111 378vL

104




o)

n/m (e}

Lv0St "0~  PEEZH O~  GTSOT O~  £5912°0- GHELS"O-  LLG60°O- 00
£184370-  L9PPL°O-  ZESOI'O-  6955(°0- 09461 0~ GIELCO'O- OOSLO'0
SKIZI'O-  ZTOPPL'O- OE4ZI 0O- TETPI'O- ZSYOZ O- POEEQ O-  QO00S0°0
SL601°0-  $I6DI°0- B9EMO'0-  GESPL'O- GBZZZ'O- BE9Y0'O-  COSLO'O
9IELO O~  ZPOLO'O-  IEIS0O°0-  JETTIO-  VLEST'O- TE;LOO-  UO0OL'O
TEEZO'0- SIZPO°0-  1BL10'0 ZpOSO 0- @9TLZ°0- SPEZL'O-  QOSZH O
PZSI0°0 68¢10°0 LYEYC O 90120°0-  GBGBT'O-  9B9IZ © 0D0S4 'O
0v980° 0 T8Z90'0 GLS01°0  SGLED'O Te96Z 0-  LTO9B )  OOSLL 'O
S6804 "0 €800} ‘0 LITPL O LELLO O ITILT'O- GEOLO'E 0000z 0
PLLEL 'O B8EPL O 58P6 D 99960°0  G0GPT 0- PSIBE'T Q0SZT 0
614L4°0 988410 PZEEZ O EIETL O LEIVT O-  LLLBE'O  0OOSZT'O
veoIZ 0 TSEIZ'Q  BEIST'O PLYP) 'O  SBLEIO- TOBEBI 'O-  OOSLZT'O
LBEET 'O LVEDZ O LBPLZ' O E699) O Lt0980°0-  B6LSL'0-  OOOOE'O
e515Z2'0 Ev6ST'0 91882'0  ELL6L°O 681010  0S330°0- OOSZE'O
689920 86SLZ'0 T9L0£°0  SISZZ'0  9ESTZ'O  90990°0- OOOSE'O
SPIBZ'0  OSLET'U  B8LE0SO 9GILT°0  GIGBE'D €EELC O-  OOSLE'D
Lomez'o 6590€°C  9BPIE'D EEVIE'O  LIZEP'O 0’0 000OrO

Sz ot M ol 5°0- 00 o/

asx

Z =P/ ‘.09 = ¢ MDY
ONITHIMS Y04 VIV IINITNGYNL ONY NVIW-IWIL

AL 38Y)

105




°n/n (a)

9206} 'O-  BZ691 'O~ GSSEIO-  pAGE) O- 089412°0-  BZpIs O~ 00
Q9TLT 0O~ ESPIT'O- ¢0SOZ'0- @IMZ'O- EIEOEZ O~  OLCL O- OOSZO'O
i5¢81°0- ZEVOZ'O- BELYI'O- E60STZ°0- LVZITO- Z9pL°O- O00S0'O
BLSB) '0-  Ov09) 'O-  BIPELO-  SISET O- BLBZT°O-  ZEIELO-  Q05L0°0
VZZE)V "D~  OPOZTI'O-  LHILEO- hmmm..ow SZTTSZ°0-  100iT°0-  O00OI 'O
86SES "D~  TSETI"O-  S6654°0- 90LET'O-  LL08Z°C-  B89TT O 00sZ1 "0
B9EDI "0-  PSBIY'O-  LZESH O- PESSZ O- EBYEZ O-  ¥9HOE’ 0 00054 0
€8v0I "0~  S96EI"0-  bHPSIE O~  LSEIZ'0O-  401ST°0-  BLEBP'D 0052} "0
854510~  TEOZL'O-  iBSPL"O- ILSOZT O~  LSESZ°0-  1S685°0 0000z 0
VL6ZY 0~  POEBO O~  $9C94 Q-  SLSLT O- 99TBT'O-  ¥TIGE'D 00sZZ 0
8P0GO 0~  LBPSE O~ PIEEE"0O- 906GT°0- E€9Y0E°C- 9IELE'O- OOOGZT O
£9160°0-  BIYEOTO-  PILZI0-  IETST'O-  E6PECTO-  LVLOE'O-  O0SLT'O
E4920°0-  BZOLO'G-  OLOSL'O-  LB6ST'0- GZITYEO- BE99E°0- O0OOE O
LB690°0- OIZE0'G- TI9GL'O- SpE66L°O- 9ISBE'O- 6O8ZY'O- GOGIEO
9EEQt "0~ OBE60°0-  POVEL O- BGHOZ 0O-  LOLLE'O 9696F '0-  COO0SE'Q
9SEG0°0-  ST060°0-  €BBEL '0-  SLGPET 0-  699LE'Q ObPib O- OOSLE'Q
SEPO0° Y- BL960°0-  LPZELO-  JOEOZO-  LIIOP°O 00 cooor ' 0

8T [« 3 1 51 0 S0 0'0 a/y

o/x

(panugluol) Al I8vL

106




R,

%nm (9)

LEOTT 'O S6L54°0 SPELZ O 1T9YZ 0 o2vc0'0 L4190 [+ 2]
89TLL ' 0 EZB6L "0 LYE0E°0 EYZOEO h?@ﬂw.o €0LEL "0 00sZ0°0
arele’o SrHEE O A:1-14 o] (4T 4] ] 9EBBT 0 (€8T 0 ODQW0.0
olgLr’0 LSS0 2414 3] CEEDS 'O a162v°0 9ZraL "0 005£0°0
T5856°0 6695570 vEBES "D 9piZL O 9EESS "0 GIZETO on00L "0
BS0ES°0 OESYY'D 1EBLLQ VBLEL O Z6LTZ9O vZgyL 'O QOSZIL O
E9Loi 0 6860L°0 869LL 0 £6653°0 CEFL9°0 oovae°o OOONPLO.
PLGEL'O QCBESL O LyE08° 0 6yBLB" 0 EVIBO O ¥GIELTO oosL "0
memh.o SBLLLO BSELS°0O SY6L8°0 €9082°'0 PESLE"} o0o0T "0
S§50LL° O oLpaL 0 15218°0Q 510L8°0 1ETGSS 0 yeLlIBT) 00sZT 0
Lebtl O TELLL'O H0808°0 S6E98°0 OLZTED' O L6806°0C QoDsSZ "0
gEI8L’0 G9v9L°0 23p308°0 sZieB°0 62L09°0 LEQCDE O 00SLE 0
ga5v L ¢ E9ISL°O te6LL O 000EB O 6SEGS°0 0Z669°0 GO0O0E"Q
L892L°0 LOPEL O BrogL 0 s0818°C 609L5°0 t0688°0 QOSTE 'O
84 L0L"0 LESLL O arisL’'c ELZELO 90L05° 0 vO6Z8°0C QODSE O
£GRE9°0 z8569°0 S6GELD PSEBL D 599Z9°0 G6LLLL'O O0SLE"OQ
08sL9°0 vl589°0 LLSTLO LLSBLTO CEOTS O 00 . [alelalal g ¢]

[+ 1 o'z s’ [+ 50 [e ] +] a/y

a/x

(penuiiucl) Al 318VL

107




Oz\msﬂ: ®)
ELOIT O aps it 0 v9E6) "0 981ZL 0 TeLsl "0 59601 ‘0 00
95Ev1 'O a18vs "0 LBELL D 66EG) 'O ZEYSL O er8EL "0 00ST0" 0
61501 °0 LLEOY 'O 650410 60ppLO TT6LL 'O avzol 0 00050°0
TOZE0' 0 £59680°0C Z0Beso'o 99LT) "0 6ZPLL'O 989Z1°'0  005L0°0
BZTLLO'O 854 LO°0 €L0BO O OOEEL O (F11- T o] LTSS °0 00001 "0
ol0L0°0 69vL0°0 9TTHO O €Tt 0 60951 "0 LT ) 00G2Z1 0
660900 £5290°0 TaTio o BEL O LEEPLI O TCESL"0 alolol-T 0]
1 BYG0°0 16950°0 6L8L0'0 SIPEl "0 Qovrl 0 G0SBE O 005210
911500 vTOS0"0 ZSOLD'O LPLZLO 56971 °0 0806E 0 o000z ' 0
€ZSP0°0 S0LG0° 0 801 L0 0 LYPZL O 0BiISY O ZEIET O oomun.o
S0ZE0°0 096r0° 0 ¥86L0°0 392T4 "0 054910 06L4Z 0 D00SZ 0
L5950°0  HOESC'O £56.0°0 OLITL O 6058} "0 190r1°0 00GLE 0
€69950°0 2 L50°0 VL5600 864110 89151 °0 |9ZEL 'O QOO0E" O
£6vS80°0 T65S0°0 25980 ' 0 pBETI O LIQEZ' O LIV 'O 00SZE'O
gLLSO' O 50850°0 ZEPBO O PISEL "0 €E£09Z "0 OBEE) 'O COOGE 'O
9g1 900 CTrs0 O LGERO'Q ELLKPID B9LLE" O BOLSL "0 Oom.hn‘.o
80550°0 01650°0 9eeH0" 0 gvesi ‘0 OZPIE'O 00 0000F ' 0
5z oz S 0" 80 o'c a/8

ﬁ,\x

(panu1Iu03) Al 3F98VL

108



o:\mEﬂ> {®)
8901 "0 v080°0 6256070 9604 10 giyiL 0 LLVLOTO 0'0
DI ) ovs6e0°0 1604L"O 66C04 "0 ZTEEDO LTOLO O 00S20'0
L4TOLTO EELOLTO £2TE0°0 LESH) O +eBOL 0 TYEBD O 000S0" 0
99660°0 ELVLD O +L0BO0'0 99921 "0 LGB0} O LTZOV 'O 005L0°0
oTI60°0 rYER0 0 TEEBD' O L9191 °0 BZo9ZL'O 1966070 0000 -0
£€9180°0 81 950°0C 9B6SL0°0 LiLvi O iv&hL 0 LESZI'O o0s%1°0
802400 EL19C°O 05801 "0 OLBEL 'O QBEVI "D Qasst ‘o 000s1 0
ZLS90°0 LYTLO'0 LSTEL'O TLESL 'O B0O6p1 0 £95%T°0 cosLL 0
06090°0 £9690°0 o6LLL O 9LL51 70 £aLPL O vELEL "0 o000T 0
LEVEO'O TSPE0' O rLE80° O LEEEL 'O 16561 °0 LIEPT O Q05T 0
66451 "0 6Z611°0 BBLOL O gsstl Q 6EPS) 0 oLiLL 0 0005Z° 0
S08E0° O TI6L0°0 S9B60'D LBEPL 0 g66L1 "0 S6L84°0 ©0SLT O
891800 OESE0 O 60010 GEBEL "0 TOPLL 'O z9891 "0 0000E " O
06L90°0 6pZE0°C 99E60°'0 toa6rl "0 }9EB} 'O TS9LL 0 00sZE"0
ESTLOO £9EL0'0 S100L "0 B0LSL O LPSOT O 698810 00osE "0
TOSS0"0 54150°0 966L0°0 S5i5vL°0 6P0OIL°0  B6VEL O QOSLE O
«0S050°0 B8EE80°0 SZTLBOO S0IEL O 65¢81 "0 o0 oocor "0
(-3 ] ot - ) o'l &0 00 Qa/y
a/x

(penuiluo)) A 378V

(s

109



.

%S (3)

9eL81 "0 veT8L "0 L1180 SavS) 'O hmwww.o 63€CL1°0 00
TOBE: "0 Leivl 'O 6 "0 a508) "0 LEBBLLO TEL9Y 'O 005TO" 0
TPLTL O arLZiL o galre "0 ZyoOoT°0 gEEBL "0 519910 00050°'0
gese’ 'o GEGKL O Lerc) "0 L9LE) 'O #8G0T O ELZOHL 'O 005L0°0
51914 °0 BEGOL "0 LBELL'O TOLEL 'O (L FAsT ] g6G6L1 "0 ooaol "0
L6S0L "0 SLEDL O FAY {0 TN 4] CEBEL "0 10664 "0 nmwm—.o 00sTE "0
1158070 66800 LLEEOO L9681 °0 [T A TS EG5LET 0O Go0s "0
QBELD'O LOBLO O ges60°0 QEDH) "0 ESTEI "0 EQIEE O ObmhF.D
EVELO'O LIOLO"0 riv60°0 19L9) 0 £898) "0 EGOOT 'O QoooL ' 0
G800 EVYGLO 0 1610170 185910 yTO61 "0 SZR9L 0 [slel-Y A AL ¢]
F44=1: (s B el 880L0°'0C 8EL60°0 brzZal "0 9594z "0 EQ90E 'O [olelol-T e
£9980°'0 asi L0 0 I+101 "0 ESES1 "0 FAA-TAANN) POIL0Z 0 008LT O
9LE80°Q vLILO’O 1P9EDO 98954 “0 6O0OSZT°C 29061 0 O00CE" O
£6EBD O 66200 05960°0 918510 BLELZ D SpLLt 'O [s[6]-T A5 +]
19€£80°0 VODLOO EGEBO 'O 96651 0 TEBRT 'O EGZ91 "0 QODSE 'O
azied’'0 gegLLo o CZEGD' O ELGS1 "0 BSYOE" O 089l "0 0QSLE'OD
QLvLQ’O hhwwo.o @660’ 0 580440 LEIDE O o0 [s]alala] B o]

5z o't [ ¥ [o 2y S0 GO o/d

a/x

(panu)luol) Al 378VL

B

110




M:\.>.: (6) |

S6520°0 {11404 vEELO O TIO100 TPS00°0 18100°0 -0°0
Tyeoo'o ORECO 'O BESOO O 1T900°0 698000 650070 o0uTC O
26000°0 5€900°0 OCvYeo o 80600°0 66+00°0 L9EZ00°0 Q00S0" 0
SIey00'0 121000 800" 0 L5800°0 61800°0 L0800°0 Q0SL0°0
IZECO O Z&Y00°0 68100°0 S50L00° 0 £3Z410°0 51500°0 0000\ "0
ELZO0' O OV 200 0 SEY00°0 oTeo0 0 £€010°0 LOVIO'D  O0SZI'OD
SGI100°0 881000 TOYOO 0 8r0LO 0 18600°0 9L0410°0 onosi o
§53100°0 65000°0 oLIi0"0 €1510°0 88000 YEGSE" | 00sLL 0
60G00° 0 S6000°0 1IEQOD TLTIO'O 60800° 0 TTZVO'0 0000zT ' 0
99000° 0 ESEDO"O 05100°0 LedSLR O LEBOO™ O COSZ0O"0 00sZT 0
€v000°0 §9000°0 90L00° 0 rvE0U 0 €8500°0 Trevo 0 000sT 0
SPECD O vTI00 D S9%00'0 6EZ30°0O E9410°0 B8ELO0°C 005LZ'O
S6T00°0 51200'0 39$00°0 8Z800°0 S5L00°0 010100 Q000E’ O
L5T00°0 86E0D" 0O £BECD O 61600°0 B6610°0 561100 OQOSTE' O
SLEOO'Q +9Z00°0 16300°0 281100 BYLZO O LEEIO"O QOOSE " O
oUTo0' 0 SOEDO" O TEO10'0 vS210°0 s85¢0°0 95€10°0 00GLE"O
EOTUO 0 LTECOO Zi900°'0 6vTZO'0 L1TEZO' O oo cooar 0

-3 o't - o) &0 .0°0 a/u

a/x

{ponuiluol) Al 31g9vL

-~
—
—



J/amn  (u) :
£ESICO 91610°'0 z0B8ZO'0 996Z0°0 PEVIO'C 0190070 oo
1£500°0 STL00'0 CEECO'0  *1%110°0 054000 6Z010°0 005200
B8ECOD' O TTYOO 0 OFECO" O CEGI 0’0 ELOIO'O £8L00°0 Q0DS0° 0
tSE0D 0 69200°0 TLIOO'O | 6V00° 0 | 8600° 0 | LEOD O 0064070
ZTI00'0 68000°0 650000 £0EQQ 'O r1010°0 TEL00°0 00001 "0
£8000° 0 8ro00°0 LL000°0 6r000°0 0zTOI0' 0 BOEIO 0 00SZL "0
R8Z100°0 +OZO0 O 6E100°'0 8L500°0 vES00 O 06110°0 00051 "0
£E0100° 0 OoL10C" 0 £6200°0 0TLO0 0 6£900°0 SE8PO 0 005L4 70
LBODO O 6L000°0 TEI00'0 65500°0 TOLOO O 6E9S0°0 Qpooz "0
9L000°'0 S6000° 0 99zZ00'0 1 #900° 0 60900°0 LOETO O 005ZZ°0
TZTI00 0 8z100°0 arzo0 0 vi900°0 L1800°0 TOHSTO' O 000SZ 0
85100°0 FLI00°0 8620C° 0 64800°0 T8E00°0 95900°0 00SLZ°0
IELOOD' O 6€100°0 00EDQ O L1S5Y00°C are00 ‘0 6SP0D°0 O000E "0
¥510C°0 SPIO0'0 IZE00"O 9v¥500°0 06VI10°0 wvoooho OOSZE O
LTTO0'O LPl00'0 +0E00"0 19500°0 6p920°0 £6L00°0 0COS€°0
842000 S0Z00"0 orzo0°0 zrB00° 0 380€0° 0 ££500°0 O0SLE'O
802000 9E100°0 QOEOD " O 0zTE0D" 0 S8ZZ0°0 0’0 0000V 0
Sz o'z -] (L} S0 o0 a/d
asx

(penuiluol) 43 378v1

112



9 ..\_3..> u
A

vIGIO'0 BOSOC O €65v0°0. TIBDO'Q EOYO0 0 S1E00°0 00
EEODD° O TTTZOO'0 969000 65500°0 80E00°Q ZL540°0 00520°0
SLECG O 08400°0 62500°0 EEBOO O 80800°0 99200°0 000500
FES0O 0 S9€00°0 6IP00'0 Zra00°0 895800° 0 0LZOG 0 005400
85E00°0 TYECO" U LTY00'0 LTEO0°0 9E600° 0 8vECD O 0000} 0
apzO0 0 ZHECO 0 EBZ0OO O LLTIO O OELOO O LIEQO'O  0OSZ1'0
LSZOC'O v$E00°0 66200°0 vOEIO O LELOO O r9500°0 0o0s) ‘0
88100°0 E6LOO O 6LL00 0 8EZI0°0 LLB00' 0 FETTO'O o0sLL "0
58100°0 042000 SLEO0 0 86600° 0 vI800'0 ~  ZTLSZO'O o000z "¢
PBECO" O LSPO0° 0 TTS00 0 L6600 O S9B00° 0 90EIO" D ODSZZ O
6ESC0 0 LTEOD' O 65P0O0"0 68600°0 BEZI0°O BL1TO'O OBOSE 0
&58v00°0 EEZTOC'O LBEOD 'O 9EE00 "0 IZHIHO'O BEZI0'Q 005LZ 0
1 §E0D° 0 sopeo° 0 9GE00 "0 18800° 0 t L600°0 ZBOIO O OBOOE ‘0
6rT00'0 OrZO0 0 192000 BOY00 0 6T0I0°0 99900°0C  QOSZE'O
98100°0 €9100°0 €900 0 LBL00"0 vSRIOTO L80L0°0 0DOSE "G
ESTO0' O 6Z100°0 8EEC0"0 {EBCO"O 14070 BOLOOO 005L€°0
vELCO O 19400°0 TEZO0 O + LBODO 6Z610°0 0°0 0000V "0

sz o'z Sl o'y 50 o0 a/d

: a/x .

(panuiluol) A1 379VL

-113




(o)

n/n Amv

5100€ 0~ LEPET O~ _;.mmn.o.. B80LL) O~ SHIEC O~ r9594 "0- o0
6TIST°0-  ESEOT 0~ GBSV 0- ©v9G0I‘'0- E€1144°0- SBZEO'0- OOSZOO
9€TITTO0-  L0vOT°O- EBTE) 'O~  LEOZL'O-  VPEBSE O- SHOEQ'O-  QO0S0°0
0E0ZT "0~ 8IEVT O~ ONmm— L o OLSZI "0~ . Q0LEl " O- OE0k) "0- 00540°0
L90LI "0~  9L€84°0- TIV6) 'O~ 9pEI)I"0O- OBLTT'O- BTZOTTZ O- OO00L°0O
6ZEVI O~  TEYPI-O-  1069)°'0- SEWBO Q-  9ZSPZ O-  GSE9EO-  OOSZL O
L0L60°0- agrol "0~ TSPE) "0~ EEZYO Q- ELIPT O~ L1859T°0- 000sL *0
vBEF0°0-  029v0°0~  LEBLO O~ 96VS0°0 958EZ"0- 8868V O 00841°0
0SEVC" O 18220°0 IOPEO 'O~  QSZEL'Q LLBIZ Q-  SLTID') 0052Z°0
£950i "0 5584170 589T0°'0 vE60T 0 6181T°0- &109§°C oousz o
ETISL'O S0LL} 'O LGB0 O TIESZ O bSEZZ O-  pI969°4 005LZ°0
0T26l "0 ozZTTZ'C (N2 LIBLE'D 81061 "0-  VELSE'O-  O00OOE'O
6ELZZ'OD 0689Z 0 valL6l 'O PSZEE O LOLEL"O- GESIE'O-  OOSTE'O
05i.T°0 BLESZ O PESPT O SPOLE O 8£990°0 8SEET'0-  OO0SE'O
SLE6Z°0 1319€°0 ZPELL O OEIBE O T5TE0°0 BZEOZ 0- 0OSLE"O
SPZTE"Q VELIE O 1Z90E° 0 [4: 31 ] vOIEZ O 8P9EI "0-  000OP° O
OLBEE O TI9GE'O 9ZEEE' O 6TLZP O rEELIP O LZOVO Q-  OGSZr' O

52 [+ 2 574 [+ 2} 3°0 00 a/d

as/x

T=Pp/0 ‘0L = ¢ no4
ONITYIMS ¥04 VLIVG IINITNGYNL ONY NYIW-IWIL

A JTEvL

S €

114




=\> ADV
ar96Z "0~ o)est 0~ G89E4 "0~ LE9ET ‘O~ LEELY O~ memp.Ou o°C
LLHOE O~ 85)LT° 0~ 00ySsT "0~ 6PHET "0~ LEEQT " O- 86341270~ 005Z0°0
STysST O~ sTPeT O~ 8420270~ ESELE O~ LOEG} "0~ 6LBET O~ 000800
€gL9z 0~ 9geZT 0- . 6SI0T°0- L95L2°0- erLOT 0~ 0SELZ O~ 005L0°0
€909% 'O~ EETH} "0~ 0081 "0~ pLIOT O- pZIST O~ OEL9T 0~ 00001 "0
ooese 0~ hOOlﬂ.Ol vOESH "0- €rvBE 0~ 984 62°0- EZLET O~ O0SZI 'O
8TLET'O- - lE9BI O~ 11911 "0~ £898C°0- +SL5T°0- ET66E "0~ 00081 "0
80BLT "0~ TEOOT O~ 660081 "0~ 65802 °0- 9699% "0~ OLEES O~ 005440
Tapll "0~ LTEZBL "0~ 9yLE) "O- SEEVT " O- CLIET O~ [:1:14:1: M B CoSsTT O

665v1 "0~ 2p994 "0~ #z9€1 "0~ PGLTZ "O- 5858¢ O~ yrE92°0 0oosZ 0

115

8EvE0°0- TSELZL "O- £v360°0- LGPET O~ hﬁﬁhﬂ.cl OFEB6°Q QOSLL O

COLE) ‘O- 09080°0- 96620°0-  LLEBT'O-  6LLZETO-  OL8PP’O  OOOOE'O m
9054 0-  65L0)-0- . ZEOI'O-  8YE0E'O-  LBLEETO-  EPLEY'O- . OOSTETO
€1280°0- O6SS0-0- 6SLp-O- OLESL'O-  SBYSE'O-  BE9E'O-  OOOSE'D
0G080°0- 9EIGH'0- OZZOIO-  GHIITTO-  TIGTE'O-  LEVIITO- 005L€°0 !
00880 ° 0~ SWFHF.OI 96604 "0O- v8seT "0~ THOB6E " O~ 66159 0O- 0000v 0

LLEBOD G- vESO ‘O~ ELEL) "O- 86983 "O- POLBE "0~ 99659 0- 005Tr 0

-] o' -3 o'} 50 00 a/y
a/x

(pAnu13uo)) A 378VL




L]

o

n/m (3)

108L1°0 9€ZEL "0 +60LY O OvOLE T or69l "0 8svsi ‘0 00
€408} 0 TOBLT O LOE9Z O oELET O LSTPZ O OLHIT 0 QOSTO° 0
L9EOP O 90VEP O L1 41 0] 60L9¢°0 \pZyb"0 98862 "0 0005070
GLL9S5°0 §8L09°0 TS185°0 2€069°'0 S5L919°0 OBEEE 'O o0SLO" 0
OEBLL' O OEOSL O LYSZTL'O (-1-T: B 8869L°0 (WX-TA M) 00004 *0
apLse’o TL088°0 }20928°0 T&TYE'0 ZPTO6 0 LBEES 0 005Z1°0
95LEG O [4:1{ 20} 0L696°0 19804 BSEGE D 5092L°0 ©00S1 "0
0Sg10°} LipBo"s 130680+ 91254 "} 039€50° | 9SG0 005L4'0
CTE- TN A 60081 " | 0B "} 23181} LS9E0° | 85r09° 1 QOSZT 0
OLET | S508L4 ) SvL04 "} rEEe: " | 8Z90" LOPIO°T [olalv T A )
VATEL " PTERI ) g9444 ) PTTLL L L1600° 4 VBO6L" ) 00sLT O
6904 1 B8ZEEL ") 6rBR0" | SZEE "} 8EP66°0 PPELST ) OC00E "0
BLESD" ) 6EE01 * 4 0C99%0° 1 BLB4) 4 LETS6 O 8 £-11 2! QOSZE O
8EPYO L ZTro0'1 TOPSO™ 00101 ° 1 £BLZE'O 589V} 000SE "0
BSEDO" | 1SEYO” ) LZIEO"} L1650° 1 PoLE8° 0 LEOSE "} 0OSLEO
108560 4 Tslo g 6851071 TIILO'E EivLB O azZLTE" ) 0000P "0
PTOLE O TI1GL6'0 €6186°0 €6966°0 LI588°0 BELIT ) COSZY "1 .

82 o'z s 1 o' 50 a0 a/y

a/x

(penii1lu0]) A 3T8VL

116




-,

o=\msﬂ= ®)

1168Z°0 S98PL 0 ZOESE' O vBL61 0 Sip8I ‘0 1Z9LI "0 oo
aszLT q €6E6H) 0 89041 °Q I6ILY O TR T T o) aTsPL -0 00SZ0° ¢
+2884°0 vBLEL "0 vSLYE'Q SLIE4°0 0065 "0 1ZBEL O 000s0°0
6EVSI ‘O aLovrL "0 0602} 0 v96Z1 "0 03091 "0 058P1 "0 00510°0
689E1 0 EHITL O YPS60° 0 0BT "0 881810 LTTHL O ©0001 ‘0
I6L60°0 6Z960°0 968800 9{1E}°0 589v) ‘0 50640 ©0SZ}'0
9EPRO°0 OESBD0 s08680° 0 trpEl "0 Eovrri "0 8G02T 0 0005} "0
819L0°0 848L0°0 rSE80 0 SZ5p1'0 PIZTPICO sS000% 0 00SL1°0
LELBO O 5¢580°0 666L0°0Q 1EOPL ‘0 VZSEL 'O BESIS 0 00seT 0
LZBBO'Q TBLLO O 6L560°0: BrOP} 0 SZPZI O LSPEP O 000sT 0
59601 'O 624400 08z80°Q SI6PL D OLEPL'O JLOBP O o0sLE' 0
BZLE0"O 9L180°0 1ESBODD LOBY) 'O 95053 "0 V606 "0 OCO00E "0
v6980°0 vZOBO' O 801200 0S4 0 GEP9S "0 ¥Z954 "0 COSZE"O
¥$Z60°0 €6180°0 CrILO"O PELSH 'O 1TO8) "0 zizoL o COQSE "0
1196070 898L0°0 POSLO 'O LBLLLO LELOT O 6EBLL 'O OOSLE"O
0T160°0 6rv90°0 TO6LO' 0 S5891°0 6TPEZ 0 5998} ‘0 0000%° 0
Z9604 'O 9T5L0°0 6E£5S80°0 €90L1 "0 SEZHZ O rO10Z°0 0052y 0
52 oz sS4 [+M) $°0 00 Q/y

arx

(PoRUl3UO]) A 3I7gVL

M7




o:\mE..__: (@)

9Zr@l ‘0 SCZZOL'0 z8690°0 961C} "0 086110 961 90° 0 c'o
910r4 "0 vESEL 0 L9EZL O 869110 IEZi ) O 6€611°0 005200
65L51°0 OBO9E} 'O 940110 rOLZE O 80440 EVPEL O 000500
06ZZ1 0 S00Z10 EEBE0 O EIEZI O LPZIL O OBSGEL 'O 00GL0°'0
LSEE} O ¥rZZL O 628010 008Z1 0 66ETI 'O BIZPL "0 Co001 "0
G6EOEL O L5601 0 TEETI "G 850Z1 0 60TV "0 TL9LL'O 00SZi 0
voOvi "0 SEL05°0 SrTTL QO GBO%: "0 BZESI O  BEBSI O GO0SI "0
TR RN 66960°0 YPEBO G E5€91 "0 €85L1°0 E9892°0 Cc0SL1 0
€£980°0 TTEEO O 86590 © 00E9. ‘0 Oese} ‘o STTOP O 00SsZZT 0
S09€) "0 4Z880°0 0I5 "G ZESEL "0 091810 LZBAY O 0OUSZ "0
i8I0 TEYOL O SLEBD O Zie81-0 Li66) "0 G6LEBE" O 00SLZ'0
IES60°0 £€90; 0 EELSL D 819L1°0 SS561°0 S0BTZZ'0  0O00E"O
POLGL O EEZIL D £8L01°0 94994°0 SZ6LL 0 ESPET -0 00s5Ze°0
TOZPI 0 SEEZI D 09v80°0 EZBEL O [4:TX: T TELYT O Q00SE' D
TALOY 0 SriB0°0 IELEC' O 6EBLI 'O 89.0Z°0 r90SZ "0 00GLE"Q
L1021 "0 ErZH0°'0 vLESD'O CESLL O ECIIZ O 5ETIT O 0000F "0
PLEE} 'O 20r80° 0 9£180°0 5695} "0 LLBOT O 6EEST 0 o0sZv O

5°Z oz 4 0 50 oo qa/d

a/x

(Panui3uol) A I1gvy

118



%/ 1)

A e ek Bkl e 1

ESEPT O zogLs ‘0 00200 6rYPL -0 OET9L 'O 0861T°0 oo
TOOSL"0 EIEIT’O0 L69LL "0 LIDEL O E60LL "0 9L9LL O 00sZ0'0
ovLrT O EESIZ O 969L) 0 6TL81 0 SPEGH "0 L1081 °0 000500
(51874 ] 6LB61 0 1895170 BEEE) "D €60IZ'0 - OI561°D Q0sL0°'0
pPEEBI O SEELL'O TrErl O i 1060 PO9IZ 0 ozzLT O Q0001 *9
Te191'o0 65651 "0 TLSE) O 998 "0 ZI90T°0 BEIZZ O 00sZ4 ‘0
L1704 "0 OLLTI O SLETLO £8181°0 6850L°0 vaptZ 0 0005170
86011 "0 0EBLL "0 [3:T1 4] LBIGLOD 99061 "0 1805t C 005L1 'O
1122170 60W¥Z} 0 LEBO) "G 19981 °0 L956} "0 rA Y- ] 00SZZ' 0
£16891°0 OEIwL 'O ozLoN e 819810 €EOEI "0 LEVGY O o0osE "0
91€61 "0 sTEPl 'O BOSTS "D 6v284°0 SHI0Z'0 €608¥°0 005LT° 0
T9L0zZ 0 6Lipi-O LIEK O 506810 S0ZOZ'0  ¥696Z°0 0000E "0
0s00Z°0 6PSEl 'O 6041 "D 4 T4: [l LOEEZ O £E9ET O o0SsZTE' O
PELLL O 65LZ)°0 TEOYL O TIS8L O 14:1 T A LELZTO Q00SE"Q
981210 ELENL'O S8E01°0D 624810 8488L 0 IPLET O 00SLE O
BOTSL 0 SLPOL ‘D L0801 0 0228l "0 GEZIE'O veoel'0 ocoor 0
6ZI91 "0 PGS01 0 18ZOL "0 61681 °0 0IGIE"O [4:3: 12 34+ oosZr 0

&z oz S o 50 oo a/d

o/%

(panuiluo)) A 378vV1

R

119



Q

m:\.>.: (8)

£0T00°0 EOVOD'0 B6E00° 0 SESCO 0 TLETC O S9rZ0°0 00
1LLOO O 85000° 0 80000 O ZOB00' O LYBOO O £9Z00°0 - ODSZO'O
9ZTE00' 0 6PEOO O L3800 0 61500°0 vBS00°C 99Z00°0  '00050°0
EC010°0 LOTIO°0 {EX00' 0 Oveoo 0 LENIQTO zZE00'0 005L0°0C
5500°0  61800°0 86100°0 v8E00° 0 8SE0D° 0 800L0°0 Co004 "0
ZOE00 O EIPIO O S5PI00°0 B9E00Q "0 }9v00° 0 v6210°0 00STH "0
6L500°0 ZIEDO D 90200" 0 o'o 8TEOQ O 06ELOD' O 000s4 "¢
66500°0 §2600°0 g9500°0 9BLZO'0 99Z00°0 1811070 005440
8ES00°0 SESOG 0 00 1 BE0O 0 uvwoo.o‘ zZrL0'0 oosTZ 0
TLECY O 08Z20'0 bre00°0 08B600°0 ZE800°0 69LHO'O 000sE" 0
ESOFO°O v0LOD O Z0B00" 0 5TPI0‘0 66Z10°0 95E90° 0 005LZ°0
TOLOO'O  L8BEIO°O vSEOD" O 000100 LZSI0°0 ESFPED'O Q00DE "0
BEEC00°0 SEZ00'0 9ri00°0 684i0°0 6LL00'0 6500 0 DOStE "9
81800°0 00900°0 110000 LyTTO'0 0'0 19600°Q 000S€ 0
E6LTO O 69€00°0 S0Z00°0 12TZ0°0 165100 TESI10°0 QOSLE O
68900°0 66E00°0 86%0G°0 69610°0 ol S0 0 18110°0 Q000 "0
£9500°0 SZTEOG' O £EB00'0 I6Z20°0 S5ZOv0' 0 EEELD"O oSty 0

sz o'z 5°) 0 50 o a/y

a/x

(penu13u03) A 378VL

120




2n/mn (y)

QO0EO O LIIE0O'0 6910070 81600°0 rOGIQ'O 06910°0 0'0
8i6Z0°0 Q5¢40°0 606000 PEBQO'Q E9040°0 zZ0800°0 00sZ0'0
ZO5T0'C 824100 F9200°0 y8L00°0 aPLOD O £Z8800°0 0005070
S6140°0 Eil10°0 Ei#00°0 L0000 C8010°0 €EGQO"O Q0540'0
EvP00° 0 EBFOD O EQECO ¢ #0300°0Q BEOIO'O LEHIO'O CoO0I "0
$S100°C 90£00°0 L6100'Q hwooo.o £SL00°0 1981070 00&Z1 "0
OO0 0 ES000°0 p&8000°0 a0 5¢500°0 STHIO O 000S4 0
Qroo0 0 Zrooo Q 92000°0 LSL00°0 orr00°0 IGESO°0 - QO0SLL'O
8040070 2zi00°0 0EZ00 0O LELOD'O +Lv00°0 8195070 OQSEZZ 'O
€6000°0 OE100°0 96100°0 81800°0 8i900°0 988.0°'0C CGOOSZ 0
Q0ZO0'0 8)100°0 LEZOOD'O ¥6L00°0 80900°0 6141070 00S4T°0
i8¥00°0 VEL00°0 2620070 §9600°0 ZIp00°0 PETTO'0  OQOOE"Q
Lv900°0 Orro0'0 83100°0 ETHOOO 68¢+00°0 06V00° 0 QO5TE"O
10800°0 85r00° 0O o0OZTO0 0 +L800°0 vEODD 'O 8lpi10°0 OD0SE O
OLBO0 0 Ter00°0 TE5T00°0 3¢010°0 +1800°0 LELOQ O 00SLE O
0ES00’' O €0£00° O vOEQD O 880i0°'0C SLLIO'O T8300° 0 DQOOV.G
88P0O0°0 ESECO O VLEQD'O TOHI0°0 0342070 E0Ps0°0 00sZr O

§°Z U.ﬂ §°) D% 5°0 (s 20} a/d

a/x

(panuiiuo)) A 378VL

12]



o
Sl (1)

59.00°0  ©1800°0  ZFICO'O  O8pI0'Q0  .MESBO'O  8S510°0 00
61100°0  90S00°C  Sp0D'0  O£300°0  TZYOO'O  §1900°0  00SZO O
86Z10°0  L80L0'0  TGL00'O0  OE300'0  SS900°0C  LGECO'O  ©OCSO'O
16T40°0  8p0L0'O  6PS00°O  OLOL0'OC  16800'C  O6BE0'C  00HL0°0
5pL10°0  B8S800°C  09{00°0  0BOI0'O0  BEELO'O  L9L00°0 00004 O
Sz600°0  Z)L00'0  ZTEHOO'O  OEE00°0  LO1K0'0C  9OZIO'O  0OSZH O
S0L00°0C  9Lv00°0  68y00°0  O80I0'C  PPELO'O  GESLO'O  DOOSL O
18500°0  pOVOO'O  CLvOC'O  werlO'C  BSE600°D  TOUEC'O  OOSLI O
LE600°0  LEPOO'O  Ly900°0  OOEIO'O  E£0910°0  SEBZE0'0  00SZZ'O
L0000  LBOIO'O0  OE900'0  Ei610°0  GETIO'O  TvZEO'O  OOGSZ O
292i0'0  0BLOO'O  G8900°0  98310°C  @9vi0°0  08590°C  OOSLZ O
Zopi0'0  PIE00'0  ZpL00°0  BELIO'G  ©99110°0  E3YEQ'O  0OOOE'O
6ZPi0°0  SOL00°0  LE900°C  BSE00O 814100  vOLLOO  OOSTE'O
09810°0  9Z800'0  Gv110°C  E€6600°0  EL9I0°0  O0S640°0  ODOSE'O
8EL10°0  ZpZZO'O  E£vBOO'D  BSOI0°0  11610°0  8BZI0'0  OOSLE'C
£1100°C  11v0D'0  TLBO0°G  6GHIO'O  LEZZO'O  uBSI0'O 0000V O
v9200°0  ZZvOO'O  yOOL0'D  BOZIO'O  81810°0  v09I0°0  00STE O

52T o'z 54 o) 50 o0 a/y

a/x

(panuliuel} A 378VL

122



®am (e)

v@vmm.o 95£96°0 GLEBE O 198i6°0 LOYS6°0 Q0000° 0
£4698°0 9099%6°0 LLTGE'O QFQOQ.O‘ v6EPG 'O 005Z0° 0
srave 0 LZTBS6°0 BLEEEO ELTT6°0 8LEEG O 00050°0
vESERTO LLSPE'0 EBZEE O 1901670 STIEG'O 00520°0
TLRLL'O 055€6'C 9sTE8°0 v90i6°0 0SEZ6°0 - 00001 "0
TeorL' O LEBOG 'O Isree’ o 65016°0 EQ916°C 0psZL "0
ETr93°'0 PESSE O L9787 0 89E06°0 Z8Li6'C 00054 'C
a6z09" 0 8TLLL'O E9IBL'O L9EER 0 E8LIE" O 0Qs5Ly "0
8LSES°0 pTO69°0 L LOOL O v9898°0 830670 0Q00T'0
6pP6L¥°0O 500L5°0 9€L02°0 00690 PEYOB"O 008TT" 0
LLESE'D TeYSr'o 88sLy "0 96SLy"0 S6LI0°0 QopsZ "0
1960E°0 ¥ZSSEO E69BE O L998Z°0 rESOD 0O~ 00SLT°0
s6ZYvZ 'O L8882°0 BEZGZ O {G68CL "0 ETLOO O~ DO0OE O
OLIOZ O GLLITO 6S¢LZ°0 2gL50 " O~ 59p00°0- 00SCE O
SEEYI "C 89LBL°O LZEPL O CLLSO O~ 96900° 6~ 000sSE "0
LEPLLTO a,080°'0 56TL0°0~ 58850 0~ 000000 Q0sLE’'Q
60580°0 (#3020 ¢ 6EVEQ O- QLE¥0 0~ OOOO0.0 0000y "0

0 2 4 s [¢ ) 50 00 a/4

a/x

NOJLIVYLNOD HLIM “Z = P/Q ‘.0 = ¢ MO

4

Z = a/71 v 3797Z0N

DNITYIMSNON ¥0d4 YIVA JINITNEUNL GNY NYIW-IWIL

1A 378Vl

SR L R

123




=3

o
n/a - (a)

HEZSZ O LLOET O OVvEL 'O 566610 BZLEL O 000000
QEPPT’ O 8rsIZ'0 ziest o0 monuu.m EVSE0°0 00s820°0
65LVZ°0  bp9SI O LLLBEO 149210 09p04 '0 000500
THLBL O 00981 "0 vLLBY O SELIT O LVIEL 'O 00SLO° O
0EveTZ O VLS80 £0881 'O tELIT O QIZHL 'O 0CO00M "0
TLTOZ'O L2200 69981 °0 181640 6€060° 0 Q0SZ} ‘0
£L062°0 EPrEl "0 PEOET O 6800C 'O LTLLOO 000S| "0
86694 "0 EESE1 0 85L52°0 6662C 0 8v6TI 0 0a5L} "0
OLTLL O :TA: 14 ] 20S5T° 0 0G9ZZ 0 0EZOL "0 0000T "0
LTZOT O Bvi6l "0 FPIZT 0 ZLLET'O G6LETIO 005220
9EREL 'O bLLLL'O z8OIT O TLLIZTO 898EC' O 00080
60EQZ "0 PLILE'O €ZSLL 0 ELBYI O 610P0°0-  0062Z°0
QG981 0 691910 868L1 "0 wmm.a.m LIZEQ O~  QODOOE O
L6PLL 'O 89091 "0 vOEPL "0 TLS5G'0-  9ZEE0'0-~  ODOSZEO
yere 0 10054 "0 6L191°0 06650°0~  L4OPO'0O-  OOOSE"O
TOLZL O 86EV) 'O zaavl ‘0 8€050° 0~  00000°0 00SLE O
X-L TN LLOZL O OLTZL 'O LrG¥0°0- ooooo.o folsloloT ]

0z - o S0 0’0 /4

a/x

(penui3uc)) |p 379vL

124




o:\msda )

£8560°0 £6080°0  908ZO'O  OESH0°0 ELPIO°0 000000
£5960°0 LT080°0 91620°0 |6510°0  69pI0°0  0DOSZO'O
0oLl 'O 908500 6GBZ0 "0 99910°0 5api0'0 000800
LrbP) 0 pZoL0°0  09TEO'O £L910°0  ®EPIO'O  005L0°0
6vESI'O  9EEDZ'0  OOBED'O viBIO'O €4510°0 00001 "0
894410 pLSZH O L5990 0 0L1TO0 06510°0 005210
5ZELL O 15651 0 §EL90°0 116820°0 16pIG'0  ©00OSI O
1LZIZ'0 TGYEL O £ETEO O EVEED O 18P10°0  OOSLI 'O

. 6ZT6Y 'O LBZIZ O zezLs'o zOI80°'0 8€910°0  0000T O
6E661°0 ceBlIz’'0 0TI "0 povYL 0 GESI0'0  COSTT'O
oy964'0  9980Z°'0 LLLBL O ZEESL 'O 0I5Z0°0  000ST O
gLZz1'0  0S518)1°0 £6e8l ‘O v8ZYs "0 BE6L0°0  00SLT O
L5965} "0 64591 °0 60465} "0 \pE0L°0  0B61ZO'0  ©CO0OE’O
c6TrL 'O SE9ELO 99651 0 6LLBO O JETTO'0  0QOSZE'OQ
BEGE} 'O pLBT) O £8ZTI O 5€190°0 6LZZO'O  OOOSE'O
965Z) "0 vEEP) O 1IBILO 6L6v0°0  00000°0  OOSLE'O
pPEOL'C  OEELL 'O BZLEO"O IpEPO°C  0000O°0  0000P'O
oz 6 o' 5°0 0'0 o/

a/x

(ponuiluol) A 376YL

125




°n/"Ma ()

188500 vLPEO O GLLZOO I9€10°0 LBI OO 00000 ° 0
v61LO"0 S6E6EQ' O 61£Z0°0 EELO0' O TEVZO'O 00SZO°0
0B5S0°0 S59E£90°0 raLT0°0 69810°0 9L640°0 00080°0
SZELO'O PES90° 0 ZTLZTO'O 95.00°0 £6010°0 C0O5L0°0
660L0°0 zLT60'0 6E€EED' O v6E00°0 68LK0°0 00001 "0
ESCOL "0 8E0PO' 0 E61EQ°0 OEVIO' 0 65ZTO' 0 00SZ1 0
86690°'0 £8550°0 PEIEO O 85vZ0'0 OVEZG' O 00081 "0
SEI0L "0 SSL60°0 GLLED O 000200 LSH40°0  0OSL1'0
545L0°0 TEBSO'0 9EVY90° 0 { BEEC O LESZO'O  0O0OZ O
»nwmo.o. BS4L0°0 £1850°'0 avps0 0 85L10°0 o0sZZ’ 0
BLLEOO T9EE0' 0 9¥ZTBO' O LZPS0°O CBOZO'C O00GZT:0
968L0'0 15980°0 YS160°0 S6050°0 or6I0°0 005LZ°0
£€6180°0 9z0e0 0 vyl LO°O ISPPO° 0 ##0ZO"0 GO00E 'O
@spiLo’o r00L0"0 £90L0°0 89EEQ O 56Z20°0 00GZE' 0
£9880°0 £4250°0 OE8LO'O ZREEQ O 591Z0°0 O0QSE "0
zZ0OY0'0 826300 LTELOTO Z6ETO' 0 00000 0 00SLE™ O
62950°0 LVESO'Q 65665070 §L6TO°0 00000 0 0Co0r "0

o't §1 Q) S0 00 o/y

. a/x

(PPNU1IUCY) (A 3AYL

126




oz\mE.._B Auv

61990°0 856E0°0 9L610°0 8S600°0 TELOD O 00000° 0
SZIB0 0 BOSEO O E9610°'C 21680070 +ZTBO0°Q 00GE0°0
pS680°0 905¢0°0 LBEIO"O $6600°0 6pLO0"0 0005070
6rL80°0 19180°0 SGLZTO°0 2Z010°Q BOBOO'O 00SL0°0
CrLEQ'O 1ZES30°0 <FA-TA0 I 8ELI0°0 a5800°'0 00001 "0
LECOL 'O 8890’0 LZOE0' 0 86Z10°0 ESEOO0°C oQsZI "0
L5604 "0 0zZL60°0 z59¢0°0 0£Li0 0 6£800°0 00054 'O
v99EL "0 62641 "0 160L0°C 6ESTO°O 6ER00°O Q05LL 0
0BSLI 'O L9610 08gs0" 0 ZTIESD O 1S800°0 0000Z "0
C14-T4 B L8LTL°O 86010 SL160°0 PBLOD O OOmNN.O
vEIP) "0 LSEE 'O pHEZ) "O 9L804 "0 0G6€0°0 000520
. LTETH'O SEQZL "0 vLET) O pTLEC' O 096€£0°0 QosLE 0
265k1 0 PPELL O £0LE0 'O 1S8L0°0 569£0°'0 QO00E " O
BLZHE'D OLTLL O 0£880" 0 SpLa0° G SZTISO'0 00SzZE'O
E90EL "D 08OLI 'O ri080°0 SZTESO’O LEVEQ O Q0O0SE" O
98i 4170 99€E04 "0 ETSLO°0O SIEVO°0 000000 Q0SLE"O
6€£660°0 T8980°0 - G5ELO°O 1I5P0°0 " Q00000 00otY "0
o'z 51 o s$'0 Qa0 a/d
a/x

(penuiluol) A 379VL

127




AN (3)

9EEQO’ 0 0S0G0° 0 60000° 0 700000 10000" 0 000000
LOSOD" O 00100 0 110000 ECOCO O LOO0O" 0 002G 0
EO¥O0° O 480000 010000 €Q000 0 100000 00080° 0
EHEDD O L6006°0 010000 £0000° 0 Q0000 005L0'0
61S00°0 THOOO' O 610000 500000 £0000 D 0000} "0
049000 0880070 Or000" 0 90000°0 zoooo o 00sZL 0
6ZL00°0 ZLEOD O 51100°0 141000'0 L0000 0 000Gt "0
166000 E6S00°0 0BOOG" O 0E00G 0 o000 0 Q05440
62800°0 LE900°0 L8EQO O 1PL00°0 ¥0000° 0 0000zZ "0
£8800°0 86800°0 orroo 0 QBEOD"O 20000 0 00sZZT 0
gs800°0 LELOD O TEBOO O £9500°0 9Z000 "0 000SZ 0
65000 90800°0 91800°0 ZSZOO O 000000 005420
LPPCO 0 TLH0G'O vE500°0 L1100°0 0000 0 00C0oE ' 0
}1EQD"O D6E0D' 0 vEEQO O LYLOO"D L1000 0O CUSZE" O
8} LO0"O T&ETO0 0 L8100°0 190000 €0000° 0 000SE " O
QITO0°0 00000 z8I00°0 BECUO'O 00000° 0 QOSLE O
r6000°0 PPICD 0 09000°0 P¥0O00 "0 000000 Q0LOoY "0

o'z &6 o4 5'0 0’0 a/o

a/x
(panu)3uo3l})

IA 378vL

128




o

n/mn (e)

ZbOLO" ) vBYEA'D  6v9LL°0  IBE9E'G  ESLOZ'0  00000°0
080Z4 ° LLZE6°0  1ZESL'O  OSPOP'Q  L96LITO  00SZO'O
c6E10t  OZOSB'0  GYEES'O  TEY8Z'O  OSZEL'O 000800
80L98'0  LE9GS'O  BSY8P'O  ELZGL'O  8PESO'O  00SL0°O
@8LiL 0  698ZS'0  LVZZE'O  E€FLEO°O-  PEIYO'G 000D O
»L009°0  8S00V°G L0061 °0  LEEIE'O-  PISET0 OOSZ) 'O
0s125'0  PBIVETO  ZELOL'O  5S0YOZO-  pSYSi‘3  000SI'O
appsy 0  ELL6T'0  E09.0°C  EIZSZTO- - 00S8STH  O0SLL'O
8L1BE°0  B8OSLZ'0  LIBYO'O  ZE9SL'O-  968Sy’4  0000Z'O
OSEEE'0  2ZSZST'O  E4vG0'0  OSIOE'O-  LLZYEZ'L  0OSTZ'O
osyaz'0  PIOEZ'O  Eipy0°0  OOSLZ'O-  ZvEE0'0-  00OST O
896EZ'0  TSEiZ-0  B5pLO°O  ZEVEZ'O-  116r0°0-  0Q0SLZ'O
z9.81°0  TTLEN O T6680°0C  9LLLI'O-  SZITO'O-  DODOE’O mm
ze5pi 0 LOESL'O  ISETI'O  E4BLO°O-  Li9E0°O-  OOSZE'Q
€oL01 0  19984°0  GEL9L'O  GZphE'O  1EZTLOO-  OOOSE O
£pOB0'0  TEYel'O  90BIZ'O  6GEZEIE'O  9ZTTI'O-  OOSLE'O
0LZLO'O  EGEZL'O  10BrZ'0  19GZ¥°O  O00Q0'Q  0ODOYC

o'z 54 01 g0 00 a/¥

a/x

INITYIAS 404 YIVQ 3INITINGYNL ANV NVIW-IWIL

Z°=0/1 Lv 31ZZ0K
NOILIVHLINUD HLIA °ZT = P/Q “45% = ¢ MO

P IA 378V




o

n/a (q)

S8CL570- $ST6V O~ pZrH9° 0~ 696vY -0~ W,Ovﬁ.o GO0OC "0
6L60F "0~ LEESS O~ 0TSiL 0- 6rseEr O~ 80200 0O5Z0°0
6rE0S5°0- viGEL " 0O- STERY O~ €925 O~ EPEST 0 Q00S0°0
18pZy 0~ 0992t5°0~ 02019°0- BELEY O~ S6PZL°0 OOMF0.0
061 9% °'0- 98LLE°0- #S06r "0~ LPQLE " O- BrovZ -0 GCooL "0
€sove " C- ¢riLE O~ SI9EV O~ COBEE "0~ 0009T "0 0psEl "0
99L8T 0O~ Ty89Z 0~ 1 LvE O~ LV66T 0~ 88001 " Q oC0sL "0
06/.L2°0- nuownJOn SS6B8Z'0-  LIO9ZE'O- TTO6L 0 Q0sLL "0
84 20E°0- S1292°0- 6E8SZ°0- BELBZ0- LEZIF'Q oooozZ 0
Sp0sZ°0- | vBST O~ TOEQE "0O- OTEPT 0O~ STELE'Q 00SZZ"0
69pST 0~ COEPT "0O- EELLT O~ rrase O- PLIEE O 000SZ "0
&651Z°0- 86Zrt 0~ PYEST "O- €199Z°0~ $5£592 70~ 00SLT° 0
r6BZT 0 toLL) "0~ SE99Z "0~ 669820 PCLVE O~ QO00E" O
8191T°0 6Si21 O- 1654270~ LESSE O SpLSE O- OOSZE"Q
9Z681 "0 LBEG) "D }959Z°0- OVGSE'D 9149€°0- O00SE"O
g64L1°0 19061 "0 1 4opZT0- mmmmn.o. 9999¢ ' O- COSLE O
65510 &8%61 "0 CEOBT "0- 8LLOE"Q 000000 00000

o'z 54 [+ 2 ) 50 o0 a/y

a/x
panuiluol) 1A 379vL

130



®a/m (2)

1 4-2: (s ] vZivi'0 S941€8°0 ePIEQ'D 164170 Q0000°0
sesze 0 LBSEET0  OB6ETO  TIEOZ'O  9SEOTTO 00520'0
68£66°0  ETLEL'O  PESO®'O  TEYEE'O  1BZLLTO 00050° 0
9L 64 " gvzzo’l e1v98'C  ET86p 0  pE6EZTO  00SL0°0
09844 "} E6ET) b 2Lp66°0  O¢IE®'O  SSE0EO 0000170
661EL " 60v90° ) 58Lv6°0  wp8S9°0  BLT9ETO  0OSZTI'O
0TSO ) 1 6666° 0 g98L8°0 159£9°0 T6V96° 0 000s) "0
6ECLE'0  ESOB'0  ZTEEL'O 1466570 ZI6OE L 00SLY 'O
OE006'0C  S6£98°0  T66vL’O  TO9LSTO  OBSEIT 0000Z " O
,6868°0  LL008°0  66E83°0  9GEEY'O  ZITOOT 005720
00i08°0  ©0I8SL°0  TBIE9TO  DESPYIO  8EBYSTO 000SZ "0
ieLLL-©  9zsOLTO  9TEEeTO  BISIPTO  TBISHTO 006LZ°0
LoTvi'0  ©1z69°0  PpLOES'O  LIZEETO  BBIS9O 0000E " 0
\seoL'G  ©SBYS'0  9LS96’0  pv0OSETO  9zrEs’0 00GZE" 0
szzee'O0  »TGZ9'O  EGESS'O  OISEETO LEVIS'0  OO0SE'Q
00Bve-0  E€Ip09°0  VBISSE0  9VESE'O  ZL08S°0 0084LE'O
Gyize'0O  OEB6S'O  TLOTS'O  VEPEE'O 0000070 000V " 0

o'z &) 0" &0 0'0 o/

. a/x ,

(penu4IUO)) |IA 378Vl

131

B #



O:\ME¢: ﬁvv

pLTTE'O SE8OT 'O BLLvE O vZSeZ 0 L 90ET° O 00000" 0
EL2BT O gp8IT 0 EZvy5Z°0 9664Z°0 SZ06) "0 00S20°0
0s8L1°0 95644 "0 §LT52°0 S6vOL O 88484 "0 00050°0
OcLe0: "0 8zos1 "0 08L0T 0 £0€0Z°0 r59T1 0 005L0°0
14501 "0 EEQEL "0 85£81 "0 reTYL "0 EZGLL O Q0001 "0
68Z60° D 6lTE} 'O 6L964°0 49591 '0 zTOTEL 'O 008Z4 "0
VZLLOO LLOTY O va6rl ‘0O B9GYl "0 LIPZE'O 000S) "0
LEZTLO'O PiEEO" O B06EL O grérl "0 oLorl "0 005L1°0
Lp190°0 vL88C°0 L0821 70 6L5v1 "0 LPLLl "0 o0oeZ "0
plBSO°0 }LeB0O°0 g861!4 "0 S6EZP: "0 TIBLZ O 00sZT 0
1615070 QEBLO"O 1802170 819vl "C L5611 70 oo0sT 0
05Lv0° 0 LLLLOTO 68ZZT1 0 Nomm-ro EGPLL O 005LT°0
OGP0 0 169L0°0 TLLLYV 'O 26EL1°0 8611470 O000E "0
BTSr0o° 0 S6VL0°0 695Z1°0 Loval "o pO8i1L°0 oosge'C
wquo.O 95eLO0" O LESEI "0 68EET 0 +68C "0 000SE"C
CEvvrQ O 882L0°0 zZyvei "0 eOPaT O 9GEEL "0 00SLE"O
OLsvo 0 EEES0°0 v58v1 70 6I¥8Z°0 Co000 0 ObOOv.O

o'z ST 0% 5°0 00 a/d

a/x

(Penu1IVO]) 1A F19v1

132



1

o:\mE¢> (®)

v6IEZT'O YEESL 'O BS10E°0 #SPOZ 'O ZLEVE O Q000" D
vegrz 0 LLEVE O YYEOE'OQ 65561 ‘0 L6960°0 0058Z0° 0
68r0OZ 0 1T 0] Y24 TV ZGEEL "0 88801 ‘0 000500
Ev6Ll "0 69084 °0 B8ELT O LOI61°0 oroTl "0 005L0°0
88€01 O ZAVLY O TYOEZ O 00881 "0 5.60) "0 0000 "
88211 °0 zZo8v) "0 b¥G91°0 99.91°0 SLEY} "0 00&Z4 "0
50501 ‘0 880ZL 'O SEESL O 6CES: ‘0 frewl 0 00051 "0
915600 19904 "0 89691} ‘0 EPLPI O 9E6T1 0 005410
S£9L0°0 LSTII 'O PLEEL 'O OLZvL "0 LLSSL 0 o000z 0
SO660°0 861010 £95Z1°0 GISELO LLw3Z 0 00SZT 0
vI P60’ 0 €S960°0 2 -TARY) EEVEL O 8ErOl "0 000sT 0
E0P0IL "0 EYEBO O 089€} "0 094210 vGIZI 0 00Si%'0
8Zv60°0 505410 LEOS) O £L92Z4°0 8l LEVO OOO0E "0
65990°0 6ETO} 'O Lhip) 0 oviGy'o ! BEEI "0 OOGZE O
£66480°0Q 8L160°0 S68E} ‘0 o1L81°0 E£BBEL "0 ODOSE "0
TrLLO O EZO60°0 LeOP) O GBZEL 'O ECEE} "0 O0GLE O
LEBLOO L9160°0 8SLEL 'O 0BZSH *0 000000 0000Y " O

oz 51 ot 50 00 Q/d

a/x

(PENUI3V0l) 1A 3T8YL

133



O:\mEﬂB Amu

TRy S A LV6EL O 086PE 0 869ZT°0 8E60T° 0 000000
pr99z "0 8@SETO ¥EL19Z°0 ZELIT O QevPZ O OomNU.O
9cSEL "0 celgr o ETBET'O or8i1Z°'0o PEOIZ O 0005070
EBITI 'O G8951 "0 s§STIT°O BETTT O vZEOL O 005L0°0
0E91i "0 ooLrL "0 £¢EOT O CEPIZT'O S54v§L°0 Q0001 "0
8i0LI 0 vZSEL O 8ro0T ‘0 ZZLOT°0 8Z9LL 0 00SZ) "0
Z6v60°0 ELPYI O 4650270 SZTOT O B3I9C°0 00051 "0
99600°0 vhh—wuo €598 0 01610 EBOZI "O OOmh—.O
r66LO°C mhnwr.o BSLLYL 'O AT 98851 0 0000z "0
66L30°0 8ri0L 0 nﬂww..o 950L1 0 Cc8ZST 0 00szZT O
65Z90°0 yLTOL 'O 0695} "0 rO08L ‘0 avv6L "0 QO0ST O
Pras0°o rop&0°Q LBISEO QSE6G) "0 86891 "0 005420
PEPEO O ESCE0°0 s0svr1 "0 9020z ' 0 £6851 "0 Q00CE" O
ESESC'O S4060°0 859¢1 "0 L0942°0 BLPSI 'O 00SZE"Q
$6050°0 vELE” u EZCS) "0 vLLSZ 'O 6LGSL "0 Q00SE"O
€9LS0°0 EESBL ™ 55951 "0 B6C95Z°0 L4311 QOSLE"O
CEZEOO LT980°0 E6251 "0 8L89Z°0 0Q0CG 0 leloie ol Ry o]

o'T §'4 L+ s°C o0 a/u

a/x

(penu1luo)) 1IA I18YL

134




.

M:\.>,: (6)

68EZO0°C 984T0°0 6L800°0 OLE#00 O ISELO"O 000000
095Z0°0 S5610°0 L0500°0 106000 ZTOLEO'O 00820°0
041070 0ZLIO'O 06)Z0°0 T9BCO"0 vOLIO O 000500
8:L00'0 €ZEIO'O C00Z0" 0 TEH00'0 PY200°0 C08L0°0
Etp00°0 06600°0 6EPID O LTECO'O 000000 00001 "0
GESOO' O TOLOL O 68rI0°0 628100 89440°0 00SZ3 '0
SLZ00'0 d40400°0 EOZIO 0 §5800°0 1ESL0°0 0DOSL "0
SEECO'D 1SPO0° 0 LYBOD0 ¥90TN" 0 L1110°0 00541 "0
6vZ00°0 L8S00°D v4900°0 LZLOO O 86600°0 0000Z "0
86100°0 €LZOO 0 §2900°0 5Z010°0 PEIZO’O 00GZZ°0
rPI00°0 SEE0D 0 66500°0 9Z600°0 8iv00°0 0008Z°0
60000 8rz00°0 VL6000 ¥3600°0 orZ00° 0 00sLZ°C
oLI00°0 61E0O"O 12000 PEO0IO O 000000 0000E "0
vLQ00 0 80T00° 0 586000 65500°0 8\ 00 0 00SZE"O
9m000" 0 LOTO0' O }2800°0 TS9L0°0 Zpraoo- o 00DSE "0
8L000°0 v0100°0 8r010°0 8S0Z0°0 8sp00° 0 DOSLE" O
PHOOO O ¥BI00° 0 §L600°0 vn_uo.m 000000 0000V "0

o'z Sy 04 §°0 00 a/u

a/x

(penuiluol) tia 379vL

135



nmn (W)

80210°0  PLE00'O  HE310°0 808i0°0  S0TO0'0 000000
Z3p€0°0  SIPIOO  BIBIO'O ZL110°0 IPEOO'O0  005Z0°0
giITIO (3 95110°0 LOBIOQ TGELOQO'O CIS10°0 000800
rap00 O vETIO O 8E90G° O 89.L00°C LTSQO"0 D0SL0°0
00S00°'C  0Op200°0 L8800° 0 6£110°0 Orv00 0 0GOD} "0
v9E00'0  96E00'C  89300°0 pOLOC' O 16210°0  OOSZT} O
B8STO0°C £E8900°'0 8z5s00°" 0O 685000 TPIEQ O o00st ‘0
6ZZ00'0C  €ZIO0'O  £0900°0 ESLO0O LTSO0'0 - 00SLI'O
£TZ00'0 6pZO0'0  LIEQD'O ZELOD'O 8E110°0  0000Z'0
621000  BLIO0'0  OBECO'O  ©08300'0 9€ZZ0°0 00STZ 'O
\BO00°0  ZSZ0O'0  Eic00’O  86800°0  EEZO0'O  000SZT O
6v000°0  SOTO0'0  €9500°0 ¥b0I0°0  BIEOCO'O  OOSLEZ O
£E000°0 g9100°C  Li500°0 0630070 pzs00'0  (OCOE'C
9£000°0 {8100°L  ESEC0'O 16200°0  OLECO'O oosZE 'O
pEOC0'O  EPICO'O  ZOS00'0  BZ9ZOC  £4900°0  OCOSE'O
yZ000°C QEVOD O 0gs00 0 5181070 30400° 0 QOSLE"O
oT000°' 0 SEVQDTO 225000 PZHIO°0 Q00000 [oleloll-Be]

o'z 5y o' 50 00 a/y

a/x

Avmuc_u:ouv LIA 379YL

136



Q
/A (1)

§L680°0 LpvZ0' 0 vLOZO O 214070 61ZZ0°0 000" 0
EQEEC’O 1LEZO'0 VEEZO"0 0000’0 Z8L00°0 005Z0°0
006000 ¢L600°0 G6LEIO'O B0 0O $8500°0 Q0SS0 0
vL900°0 8pri0 0 7291070 ESBOO O S:900°0 Q05L0°0
BLLOO O 9v60C°0 860i0°0 £€9600°0 Z8EQ0O0° O 00001 ' 0
P8ECO°O 0LL00°0 BLEIOTO EEOCIO O £Z600°0 00521 "0
9LEQO’O 65E00°0Q 8LZ10°0 vreco 0 S9€10°0 000S1 "0
a95z00°0 SEE0Q'O 69C¢10°0 6Z600°0 L0 O Q0sL} "0
6BI100°0 093rQ0° 0 £8800° 0 85010°0 0SL00° 0 GoROT "0
#5100°0 ZPEQQ O 6T800°0 ESLIOO ¥4910°0 Q05220
£91006°0 PSECO’ O JOLOOO azi o’ o L1600°0 00820
T2H00°0 L6200°0 5980070 ¥Pi10°0 LELOQ O 00sLZ°0
oriQo 0 08Z00°0 r6S00°0 g8600°0 0540070 Qo00E "0
ELIOQO 80£00°0 EL800°0C SES00°0 . 05900°0 COSTE O
69400°0 96Z00°0 88900°0 whwoo.m 19800G°0 C00sSE" O
Lvi00 0 VEEQD O 86900°0 SL010°0 $0800°0 O0SLE O
ErIOO 0 S6T00°0 TEBOQ'O 6080070 Q00000 0000y "0

0z S} [+ 2} - ¢ 0°0 a/y

a/x

(PaNUI3U0]) 1A 378YL

137



O

n/n (e)

¥aLGE G 9ELSY O L9LEE' O 9ELZEO TPZTP'0 000000
8¥96E°0 gL9TE’ O $BTLE O TLZSE'O 6190€°0 00080° 0
LIZPS O LOODE'Q  ZGOSE'O vEEVE O 69€01 0 005L0° 0
ZOGES 0 VEGLT O 8L182°0 B98ZE O 0L98)°0- 00004 "0
286Y5°0 629L2°0 90FpE "D BZEFZ 'O 8EISE’O-  0OSZI'D
165020 PESPZ O  OSZOE'O S0CL) "0 ELBEE Q-  000S: 0
EGLLS O 1802270 SHEIZ O LBZEOD GEEBO 0-  00&LI O
12895°0 z8yRl "0 192810 6EPPO O-  6SSZE'O 000020
LBE6PS O L6510 96E11 0 S1E0L 0O~  8L84L") 00SZZ 0
Tve0s5°0 T96B0°0 S8LZL°0  6S580°0-  L1ZZE'Z 0008Z' 0
1821970 T4ZL0'0 1¥ZH10 BOLSO O- EIpL® 065420
LTLSE"O Eprr0° 0 g TAARE 6YPEL "O-  PLBZL O 0000E" 0
LLOBE O BL6E0'0 TS6P4 0 99EY0°0-  E£I9E0°'0-  OOSZE'O
Z99ZE' 0 1TSLOO ¥ZLLL O Z9160°0-  POLSO'0-  ODOSE'O
99p2L 0 TIEDL O L9BLL O 009€0° 0 160L0°0-  QOSLE'D
EEIVE O EEZPI 'O 6L20Z°0 VPLEI'D LOBZO'0-  ODOOV O
vZPPE O 9,084 'O 00000 0 0E9ZTC'0  GODOO O 00SZP G

o'z 51 04 5'0 00 a/H

a/x

NOILOVYLINOD HLIM ‘2 = P/0 “,0L = ¢ MOM

¢ =0/7 1v¥ 31ZZ0N

INITHINS HO3 VIVO 3ININGYNL ANY NYIW-3IWIL

LHIA 378Yd

138



o
n/a Aau
zavap 0-  ITEY9'0-  LSS9E°O-  £9BLE°0-  BO65L°O 000000
69899°0- 8OIZ9'0- SLETE'O-  POGSP O~  159K9°0 000DS0 "0
L86885°0- pIB0S°0- GEISEO-  LOSTE O-  9¢095°0 00540°0
9y965°0-  ELY9S°0-  SESZE'O-  958I¥°0-  LEBOS O 0000} ‘0
EtZva°0-  LEBIS'O- TT6PPO-  9ETOVP O~  L5O15°0 oomnr.o
ZEVBS O~ mnmnm.&n COpSp 0-  8868P°0-  LPSO95°0 000S4 "0
gpzly 0~ TEOLY D= TLLIV O~ trLoTy "0 VZELS°O 00S4L "0
LBLBY 0- THIOPS O-  ZTEBEO-  LZVEVP O~  LILLD"O oleloloT A}
v6HEP"O-  BIIEY O-  B6LLP°0-  LEEVE O-  SIEILTO (ole[-TA A0 ]
6166V 0~ vshnv.o: 8TO6E°0O- 691 L) "0-  TSOLL'O 000ST 0
019Z¢ 0~ OSPLE Q- E669€°0-  OZOLL O-  BESPI'O 00s5LZ 0
POESE 'O-  SS4LE"C-  109YE'O-  6BELE O~  LBOES'O O000E "0
LSZSE'O0-  SPBTE O~  9E¥8T0O-  E0GLY O sviTy O~ OOmnn.o
2.8Zv° 0~ STESE'O- OQIBBT'O-  PSLOV'O GLEYY O-  QOOSE'O
GOBOE O~  B56BL°0-  TZSLT O-  VPEOEE'O £999E°0-  COSLE"C
S6SIE"O 9ZTLYZ O-  PvEEST O-  6EEYE'D 8GBTE"O-  QOOOY O
LETEE'O SIEOQEO 000000 ZOE9E 'O 00000°0 OOSTY O
o'z 51 0y 50 00 a/y
a/x

(panutiuol) 111A 378VL

139



R — 1.

. Q

n/m Auw
Lzsep O LITIE'O €6991°'0 VCZEE'O LPEBY L 00000°0

azZLTL'O pLEYD O 9EE09°0 00ys5L°0 CB696° 0 00080°C

P9664 "} OLVED" } E6090°4  LSTIE'H ZZIOT ") 005LO" O
51669° ) ZHITP' ) 15995 "} SOPTL' 4 0658 " | 0000} "0
) ZGEE6° ) L858 LivLB Y vZTIEO'T  B86bY’) 00sZ1 "0
- 9p810°Z  SO05L0°Z 16L00°T  969v6° ) EvO9Y "} 0005} 0
9EL56 ) 31660°C  JELYE'I 1p956° 1 SIEPS 1t 00544 "0
281 16" BSOES ' | 9SLED | BYPEL" ) PLEDS" | 0000Z" 0
gGpoE’ s | 6TO¥E’) }LLOB ) EBI P9} olE6B’L  008ZZ'0
| LigeL" ) PIEER | 60SZTL" 1gego 0  9.£86°T  000SZT'O , =
0BEL9 "} SGS0L° | 112967} §1629°0  I88.8°L  00SLT'O B
Lz5L8" ) S6GBS "} } BBOE '} za96Z "} zE968 " 0000E "0 m
. 6£99¥ i EPIEY ") 9ELEE "} £9¥SS°0  OOVI8") 00SZE "0 | '
TLLEE ) VTELE" zOSHT '} ervel '} T86L9° 000SE "0 ;
vZIVT b EEZEE"} VLLST" ) CrL TN pzesy i . ODSLE'O m
zS661 " ) EEEBT '} 6STIZ LEELL ') PIGLE "} 0000V "0 M
w BiibT) z6ZTIT Y 00000°0  0L060" 4 00000°0  00SZTV'O M
: . o'z &4 03 S0 00 a/u m
‘ a/x .
3

(panuiiuoc)} |iIA 378VL




e

%/ ()

9HZYS 0O grise’o0 851420 QZLLE'O LELTY O Q00000
GGELE O 901 6Z ) L1OST O TTSYT 0O 9zLBT" O o0080° 0
CELZEO BSLOT O (o] 4 1] 8r8ic 0 E20rZ "0 GOSLO'Q
QOBpLE O QGELL 'O E98s5 "0 SOEGE “ O SGEZZ 'O [eJele a] B0 +]
EVEZT'O 08554 "0 a5l ‘0 g8891 "0 QOEEZ 'O [o]0]:74 W »]
60E6I "0 EOIOL "0 LZLBOO azELl 'D [ 674 A +] 00051 "0
ETSLY 0 TEPE0°" 0O 90600 102€L "0 vYEODE 'O Q0sL) 0
&6rZrl "0 96800 raL80°0C [1:FR 20 VEEBE'O o000T "0
849040 GELLDO 8SEQL 'O LB6EL "0 {EQCE'O 00seC" 0
692400 AN X o] ESEQOL O r8IS0°0 PIEQEQ OOOmN.O
LOSLOO EiLLOO g0 70 19190°Q GZELY O 00sLZ "0
18LG50°0 14960°0 va8L0L "0 OPLEL " C SEBEL "0 OOOOM.O
$8LS0°0 69r90°0 ZLEBO O aysat 0 m—mN*hO COGEZE' 'O
90550°0 LOBS0"0 geLOL "D GEBSIL "0 syrtl " Q. QO0SE" O
L9pS0°0 9gZed "0 VELOY O 1631 °0 co9itl ‘O QOSLE O
0OSESD'0 9y030°'0 ca80t "0 TOOLL 'O GeTTL 'O ogo0oFP'D
18280°0 arvad'0 Q0000°0 69051 "0 [als]elalo Dn ] [ol0]-74 2o}

Qe [ | 01 50 0'0 a/y

D\x

(ponULIUOT) |FIA 378VL

143



Tenibhe T
b me e o

e A

10

0 suud

n/oA (9)
oceeT 0 6465L'0 20191 °0 LLTEL O zy96Z 0 000000
954LZ'0 £092T°0 £€99vl "0 §800Z "0 ELIDT O 00050° 0
LIOBT 0 OEVET O gigaL "0 LOLYE O z@9wse 0  005L0°0
LLBIE'O P06 0 [A%4: 194 ¥8OET" O g30LE 0 0000} 'C
8LEBT O 006481 ' 0 geLP} 'O 6E€THY "0 zeszZ 0 00sZ1 "0’
9peZZ 0 sr68L "0 ivLEL O £L66) "0 LOSET'O  000SI "0
1EESE'D £G194°0 LLvOL 'O $895; "0 PSYTE O 00SL1 0
51564 °0Q £aL1} "0 880t "0 vZ99i "0 9G8ELE'O o000z 0
8zOBI "0 25001 "0 OELLL O L8689} '0 £9606 "0 008%ZZT° 0
16TEL 'O zoTLO'C zzTol "0 L}EGODO OBE9E O 0o0sT 0
ELLDL"O zavit 'O T AN Y] 00190°0 oseLe 0. 008LZ°0
[ -TARE ) SPLEO'O £L0KV "0 yTHYL'O grveEl "0 0O00E "0
9EEEL "0 £96.0°0 sE6avi "0 16690°0 6T46)°0 QOsZE' O
60980°0 28L50°0 5685} 0 oTiri 0 EivLL O QODGE "0
EEGE0' O 965800 oLz9l'0 88E61 "0 23194 "0 0O5LE O
PELLL O 650110 ZTESY "0 £3691°0 0zLst "0 o000
#6101 © L4 280°0 Q00000 690CTT°'0D 00000° 0 00SZv' 0
I 4 G° 4 o'l 5°0 0°'0 /Y

a/x - .

(penui3ucl) 1A 378YL

142



°n/™m (4

8EL95°0  9PISC°O  S86ZZ'0  LLLVZ'O  ZEVEP'O 00000 O
TOMiP'G  EBPOE'O  THBSZ'O0  viIGLZ'O  OVEBE'Q  000S0°0
9c6Ip°'Q  ZELPT'O  E6LGZ'O  LIBIE'O  EGSEZ'C  QOSL0°O
SLSLE'C  PISPZ'O  9609Z°0  £2ZpEZ'0  6ZEBZ'G 0000 'O
ZOZLZ'0  OZOVL'O  9SZEBI'O  6966Z'0  LGEOE'0  ODSTH'O -
101EZ°0  LE9PI‘O0  PPSZIO  €0961°0  956ZE'0  OUOSI 'O
SELIZ'O0  686L4°0  PYSEI'O  IBS1Z'0  QITIP'O  00SLI'O
¥9S91°0  LBLOI'O  PYEZI'O  Iv¥68I°0  OLEPF'O  0OQOZ'C
ivIZI°0  IEL60°O  B9EE1°O  01881°C  VIZEE'O0  O0SZT'O
6ZY60'0  16LB0°0  LLICH'O  LBISO'O  LBEGE'O  ODOST'O
PEEE0°0  61Z60°0 £2081°0  £€Z80'0  bZGLP'O  ODSLZ'O
L1840°0  pvPEO'O  0OTLLO  BPZBI'O  ZISZZ'O0  ODOOE'O
ELOBO'O  €6EB0'C  9I8EL0  TTHLO'O  LY9EOZ'O  OOSTE'O
1ZZL0'C  BEYBO'O  6BEEL'O  OL6OZ'O  EVSBL'O  OOOSE"Q
§5990°'C  908:0°C  08ipi°O  600ZZ'0  9SLSBI'0  O0SLE'O
080LO°0 20520°0 SyBEL "0 1 LOETTO ges88l '0 (o] 0l0 )" o}
L6L40°0  pv080'O  0O000'0  SIBEZ'O  000CO'O  0OSZY O

o'z 5 o' S0 00 a/y

a/x
(Penu13u0l) §11A 3GVl

143




0

ok (6)
ToH80°C £E9010°0 ET600°C oriio o pZEIOO 000000
8rOe0’ 0 SZ6T0°0 arSi0° 0 Q00810°0 SLrZ0°0Q [2,0101-10 BEw)
LE9TO' 0 8890’0 96510°'0 LLLIO'0 wwmn0.0 005L0°0
S0€Z0°0  18£00°0  ZOSI0'O  PZOIO'O  DIEPO'O 000D 'O
11BZO'O0  LviP0'O  EBOIO'Q  BLZOO'O  Lv6I0°O  O0OGZI O
L91T0°0 L0800°0 05vQ0°0 DEICC O SZrio'o Q0051 "0
O1pZ0'0  6E£900°0  LOE0O'0  6PII0°0  99500°0  0OSLI'O
ZIGEO'O  16PO0'0  BEZOO'O  PEEZIO'O  £5990°0  OG0OZ'O
19£00°0  ByZO0'Q  EZODO'O  09900°0  8i%v0°0  DOSZZ'O
81p00°0C  0IZOO'C  1+600°0  E€1100°0  TLIEC'O  0OOSZT O
10010°0  0S500°C ~ 60L00°0  OL100'C  000LO'0  00SLZ'O
€8100°0  p8O00°O 112000  SS600 O  GEOLO'O  ODOOE'O
09500°0  6BE00°O  LBOIO'O  OLZOO'O  65500°0  OOSZTE'O
F6000°0  OLI0O'0  TS960'0  E0S10°0  E€SS00°0  OQOSE’Q
92Z00'0  TSZOO'O  CBTOO'O  15L00°0  £0310°0  OOSLE™Q
55500°0 6CT00°0 8ELQO°O 1911070 8660070 0000P "0
9€TO0°C £8000 0 000C0 "0 6E£800°0 00000 O coszr 'O

o'z "1 o' 50 0’0 e/
a/x

(PONUIILOY) |1 IA 378VL

144



.

O_._ m,n
R (U)

mdmvo.o $0LZ0°0 066410°0Q vI610°0 15180°0 o0000° 0
TELEC'O LTLOO'Q 90¥Z0°0 60LE0°0 LESP0°0 000s0" 0
S§SE0°0 LTOLO'Q 85¥10°0 TELIO O TEBKO'O C0sSLO°0 -
ZLLIO'O 95510°0Q 90410°0 1OE00" 0O BOZZO O 0000l "0
vZTLIO'O £6800°0 PSP00°0 Zes00'0 L9ETO0 0024’0
1951070 LSEQCO° 0O $8Z00° 0 680000 89610°0C 000G4 'O
ZEPIO'O gsZ00" 0 08e00° 0 arv0o0°0 69SZ0°0 00s8L: "0
980070 02e00°0 0810070 BLZOO O ooLv0 0 0000T "0
8rsco o Za100'0 0LI00°0 LETOO"O ZEOBOD O Q0s7Z°0
SEE00° 0 PLVOO O 5120070 Lp0OQ0D°O ZESSO'O 000820
11500°0 1620070 vEPOQ O 59000°0 »L£860°0 00sLZ°0
ESICO°0 80i00°0 16r00°0 LETOO O TESOO O QD00E "0
ori00°0 SBO0C" 0 LLEQD O LEQOO'O 98E00°0 O0GZE O
L0000 LOVCO 0 8vECD O 06T00° 0 SGTO0 U 0005E°O
OROOO"O B6000° 0 824500°Q 9LEQO"O PSEQD O O0GLE"Q
28100°0 vELQO"O £ETA0D°0 L L500°0 66000°0 o00or "0
6210070 68100°0 0C000"0 £5510°0 GO000 "0 0052y "0

(s I 4 sS4 o 5°0 00 G/d

a/x

{Panu13uc)) |1A 378YL

145



o
M (1)

196800 6L600°0 LBE0D O 85140°0 SEVIC © 00000 O
SE£LZ0°0 98810°0 £SE10°0 6£890° 0 IOEEQ QO . 0Q0SC' 0
60B€0°0 94610°0 s0Zi0'0 ELPZO O 3cLZO'0 005L0°0
LE9EO O £0610°0 G5LI0°0 BEGLO"Q 6vrZ0°0 00004 "0
8)LTOC 911200 Sr600°'0 PALIO’O 811200 00521 "0
S09%0°0 €8600°0 €09200°0 FIZOO0 ZSGZO' 0 00081 ‘0
85610°0 8T600°0 @ v00°0 L0010°0 181HPO°0 00SL} O
8LELO'C SSYO0'0 a1 500" 0 P6L00° 0 0L990°'0 0000z ' 0
LO0I0"0 85¢00° 0 SSS00°0Q I 6000 1662070 0052ZZ'0
EBVQD O OLEOD O SZTPQ0°0 98L0Q0°0 05930°0 000s2 0
OES00°0 OLEQD O LPPOOD°0O 661000 £6ES0O°0 00SLT 0
98Z00°0 8610070 #ZY0D"0 FOB00 O v5Z10°0 OCOOE ' 0
THEOD O 61000 LZEN0"0 6SZ00'0 QPELD'O OOSZE O
06100°0 EQIO0"0 QpEco- o PS0L0°0 60110°0 O00SGE "0
86100°0 £0300°0 C9600° 0 9641070 zZOGI0'0 QOSLE'O
LZZOO O €TZOQ 0 Q160070 9ivi0’' 0 vZ800°'0 [elelslsl 20}
PPECO O SSEQC O aoco0 o L11350°0 00000° 0 00sZTr "0

o'z sS4 o't 5°0 Q0 /4

a/x

{panu3uol) |t (A m4m<k

146



®am (B)
ry586°0 65586°0 66T86°0 002860 669160 }ZEBE'O .ooooo.o
ZyeLE 0 BI1LBE'O €EIE6°0 - 9BYEE O pPESE'0 681L6°0 00050°0
S6YE6°0 1OPBE0O VE9BE 0 06ZBE 0O 9p8s6° 0 0SELE'O 00001 “0
pSG86°0 895860 191860 0OE86 ' 0 £T996°0 19660 00051 "0
G6EEBE"O }6EBE°0 6vCE6°0 GEVPEBE T raILETO mhpem.o 0000T "0
rp5E6°0 8LLEG O OVEES O OBZHE 0 O6E96°0 veLS6°0 00osZ "0
TBLLE' O 6TEBE"0 L1986°0 0SvBE°0 1Z996°0 | 69SE°0 CDOOE * O
96p86°0 TZOEE O 0Sv86°0 L6805 0 89696°'0 SESS6°0 000SE "0
ozoLs™ D ObLLE'D rESB6 0 LLELB O LET96° 0 1 6956°0 0000y "0
G°Z 0T 5} | o' &0 00 0/y

a/x

1 =PpP/Q *,0 =% MOT4 ONI
“HIMSNON Y04 YiVA 3JINIINGYNL NNY NYIW-IWIL

X1 378vi




(8]

n/a ?: .

ovzor- o »8LEI O 9ZTIZ 0 8EEIZ’O BZTST O 158,170 00000 0
99T 0 59020 604ZT°0 EZTEOT O I6PEL 0 6EYOZ 'O 00050°0
LEGOZ O 8Z60T 0 SS1ET O SESIZTTO £LZp2'0 6rEgl "0 00001 "0
vIzTOT 0 £E91Z°0 96Z0T°0 3ZELIT'O 686220 6L50Z'0 00054 "0
zZITIT O 0EB0Z 'O 09512°0 80900 S800Z 0 PEPEL ‘O 0000z 0
£920Z°0 lvo0z U SEZIZ'O0  QICIEZ'O 6164Z°0 tSEBY "0 0008Z "0
J2-1% A4 ¢] 60L0Z°0 pZEIZ O 0650’0 100EZ "0 oiLEI "0 DOOOE "0
TESOT 'O tL9LL0 985020 8re6i "0 88c0z ' 0 TEOGBI 'O 000SE " O
v9BOT "0 9EITT O LBl 0 LELOZ O 865520 BELEI O 0000V 0

Sz 0z 54 0 S°0 00 /4

a/x

{panuiluol) x| 378yl

148




S Mk

. e e g p R Pl i T T e

Qs
ny N AUV
PHELDTO Sz01I0'0 wyOLG0 gE410°0 0e010°0 01600°0 QQ000°0
LEOLO'O 2801070 810i0°0 85410°0 8LE0O O L6BOO"C 000s0°Q
6T0I0°0 F8RE0°0 0601070 ZSLI0'D ¢L600'0 6060070 00001 "0
vLOIO O 8Qil0'Q 82010°0 8241100 EPLIOTO 68800°0 00051 "0
83010°C LLOYO'O 65010°C Trito’o TA0L0'0 LrE00° O elelele T A0]
QoLio"a 1601070 sl 00 ¢oLi0’0 9zZCi0’' 0 §:600°0 00082 "0
$6600°0 LEQCIO O 68G:O°C EBO40°0 LZ0I0"0 2ZOI0'0 0OO0E " O
64000 EHIIOO LBOIO O 0911070 EEOLO°0 CEQIO'0 QOOSE"O
i5410°0 »8600°'0 96010°0C 6L :T0O 59010°0 oroIc’Q opoov 0
§°Z o't §°4 i 5°0 00 a/d
a/x

(penuiucy) Xi 318Vl

149

fa



/M (p)

56Z10°0 B9010°'Q ELEBOD'O mmp—0.0 GOEQ0 'O m_er.O .DOOOQ.O
T990D 0O ZELIOTQ 018000 88CIGQ BLPOD O 8000 o0050°0
yL800°0 10LIO° O ERPLOO O 00TIO"0 oBEQD 'O [eT 33 W) 00001 "0
SA0L0"0 BS0Ii0°0 EBL1O°0O 9100 8E900° 0 0200 0 DOOm—“O
BLOI0O'0 GLOIO' O EELOO O PLEZID O EPOLDO 1Zri0"0 090020
rilio’ ¢ ZBLI0'0 . BOLODO CEQIO O £8500°0 Dario°0 ©008Z "0
.ﬂmmO0.0 &Ev0I0°0 croIL0°0 g5 0 o8rQ0°"0 S6EIL O [elale o] 0]
61010°0 OEBIO°0 L6000 VETIOTO p0i00°Q GOEND"OQ OQOGE O
6901070 9L500°0 B9i 100 Qaig 0 948900°0 S0EILQ'Q 0DO0Y "0

§°Z 0z [N} (o 5°0 oG a/4d

a/%

(panui3u0l) X 38Vi

150



..

o:\mez 2)

0E£900°0 04900°0 50800°0  8S500°C  S0900°0 81500°0 00000
5680070 0L900°0 Z6500°0 £r900°0 T9500°0 £TSO0" 0 00080°0
00%00°0 40800°'0 ¥S500°0 SP900° 0 z8500°Q 650070 00001 "0
60900°0 £11900°0 LZTO00°0 8E900° 0 £5200°0 150074 (ol o1 TI)
81900°0 pi900°0 Z0200°0 S$900°0 Troa00°o BrS00°0 0000Z°0
EE900°0 TZ200'0 10800°0 6Z900'0 £6500°'0 EPS00° 0 0005z "0
9.500°0 }0900°0 v4800°0 8E900° 0 2§500°0 5L500°'0 00o0E " 0
1T20G 0 vI900°0 £6300°0 L5900°0 88S00°0 18500°0 000SE O
£9300°0 965000 6ZS00°0 1S5300°0 585000 v8S00° 0 Q000K "0

ST o'z s°i ol §°0 G'0 a/8

a/x

(penu13juo]) X1 318vi

151



VO SR

SN WU——

o
N:\_>_= (3)

00000 10000°0 [¥elolols Mo} OO0 O 100000 L0000 wooooo.o
10000°0 $0000 0 0000 "N 0000 0 400000 +0000° 0 00050°0
L0000 O } QOO0 O 100000 TOC00 0 100000 10000 0 o0R01 "0
10000°0 TOODO 0 100000 TOOOO' O [AsleTslo 4} 4 00G0' 0 00084 "0
10000 C + QOO0 O $ 0000 0 L0000 0 (alelele Mo (olole!e M's] 00ooT "0
100000 TOO0D O 1 Q0000 £0000° 0 10000 0 100000 0008Z°0
100000 100000 10000 0 1G000" 0 400000 100000 oQUoE"0
00000 S0000°0 100000 100000 {1 000G O 100000 fololel-{ >0 ]
10000°0 10000 O 100000 £0000° 0 pAvielsle Mo} TOODD' O 0000r "0

=0 4 oz S ol 5°0 00 o/

a/x

(penulijvo)) X| I18VYL

152



e e s

®am (@)

PEELRTQ 1574 e €998y °0 E€REQ2°'0 1 668Y°0 89ESP 'O 000000
{E0ES 0 VLBPS'O 6s%09°'0 96Z19°0 069080 60569°0 Q00s0°0
LEPLS'O ROPT2° 0 81LESO SLEPS O E6869°'0 LZTRE O 00Q0oY "0
09L89°0 TrorL o £9199°0 - LE6P¥I° O LEPOS'O GrivE 0 Q0051 "0
[A:513]: e pevee’ O et o i re08° 0 TEOEL O 80159%°0 [#]o 0 0T 0]
T9ERE'0 998380° ¢ 657266°C —Omoo.v SOLTO"} rerys 0 QoLsT 0
ZZrLO™} bLPEL T} reLlB0° coLi "} TOTEL ") o0v06°0 COGOE "0
rSI80° ¢ EVTTH Y 29914 " | ELPBO G SvEB) " G9EEL " | CODSE "0
SGE950° ) POEBO "} BBGED "} 66T90°} SEL00° ) 6YGEL "} 0000r "0

52 o'z Gl 01 50 a0 a/y

a/x

{ = P/Q ‘.54 = ¢ MOT4
INITEIMS HO4 VIVO FINIINGUNL ANV NYIW-IWIL

X 38Vl

L e e e e el

153



e e e

o

n/a mn: .
BHBOZ 0~ S619T°0-  LPOSE'O- OVPLE'O- G18LG°0- €861 O-  0D000'0
8849} °'0-  GS6ZZ°0- pLRPT O~  LBEIT'O-  4PIOS'O-  LBZIE'O- 000S0°O
60E8Z°0- ESGEL'O- CEGCZ'O- HTEEZ'O- THBIEP'O- 9SIBL'O-  0GO0S O
LEZPZ 0~  OGPST O-  SHOLE'D- BbvBZ'0-  9L92Zv 0O- POTHE Q- 00050
BLVYEE'O-  pOTSE Q-  ZHBSE'O-  LISOE'O- OKLi® 0- ZTZELE'O- ©OOOT'C
L90IE°0O-  TOELE'O-  SLOEP O-  »6ZOP O~  E96LP O- BELGE O- O00SZT O
PEISE'O-  ©VCSE'O- OEIGE'O-  BELEP'O-  6681G°0- LOGEV'O-  QOCOE'O
LOLSE Q-  LSBOE'O- TLIS9E'O-  ¥EBBE O~  €9pbr O-  GROPP O- OQOJSE‘Q
OPBTZE Q-  6TPET 0-  ESILE'O-  HB88ZE"D- SOL6E O- HELSE'0- OO00P O
8T o'z S' G S0 @0 Q/y

asx

{panui3uod) x 318VL

L

154



o:\Z AUV
ESEZ0°0 SESPO°0Q CELIZ O 99Zv0° 0 9080Z° ¢ 619} "0 Qo000
8TSLE'Q POTSP' O 986y 0 0EBLE O BLSES O 9981L°C 000800
£50Z5°0 CEPT2°O | E6D3°0 orsa9°e LEBLL O L18k08°0 00eo4 "0
49568°0 908p6° 0. GEIEE O wmnmm_o SviS0° ) 990060 000s4 "0
5618Z° 9¢asSE" ) PSBLE" | B8EBLEE "} 8Iv0P° ) ErE6E "} elelo ot A o]
CTTA A Stiov') SREGY " | 0564671 Cr8rs i 0000L ") 000SE "G
EVDIE"} EISCE SH4LE"} S9L0B"} SOEBE" | 9996 | OOO0E" O
(o] -3 T} vregt GLOYT " } BBLLT "} (WalsT-A A1 EBLYS ) O00SE O
SEZSO" 1 59880+ LLBOL & YR T vErO: * i DLEZO b oooor -0
S'T o' 8'} 04 5°0 o0 g/a

arsx

{(penuiiun)) X 314v1

155



»d

’n/%n (p) |

TerLL O L4947 0 ELTLLO LGSO "0 ZELSEO 419692 °'C .OOOO0.0
pSS80°0 VERLOO gyrid 0 S86L0°0 9z 580 0O 06282°0 000s0°0
0OZ1L0°0 g00L0° 0O 912070 BEVLO'C | Gpr6L0°0 862Z0L "0 [alaleleTR0N 0]
rA6LO" 0O OCEBO 'O LLEGD O 6CIE0°0 590600 18481°0 o00s51 "0
GL160°0 +as8a0 "0 pOOL 'O vLPTL O G882t "0 BLEDL O o000z "0
ESELOO ESLLO°0 ¥v6EG0°0O LEEZI "0 99l "0 GLISI'O 00052°0
L8190°0 ovegO 'O £61480°0 8s0rvl "0 ELSL] "D [WA-Y A3 1] OCODE "0
BIESC O 8LLLO°O £REE0° 0 588600 451 14 ] L8O 000SE O
vELLO'O LB6LO°0 6OLE0°0 F{eYAs e ] 6691t "0 LTPCL O [elalo]n] -l ¢

5'C 0'C -3 ) [+ g0 o' a/y

a/x

(penuijuo)l) x 378Vl

]
gl
—



BEBIY O

n/5"a )

AELLO 0 LiTHLO 99Z€} 'O v88gt "0 LETLL"O {0000°0
SE960° D 89660°0 ay&0L "0 B1060°0 G90r) "0 1086170 00050°0
806L0°0 84980°0 05Z04 "0 Zrsot "o ZTSL O 20894 "0 Q0004 "0
TEB880°0 66911 0 8LE60° 0O SE960°0 SHLE O 010910 00055 "0
1£990°0 Sri80°0Q LBELO 0 csevl "0 aTrLL "G -airel "0 0Q00T "0
22901 "0 064070 vLEBD O GPEZI 'O ESZTYL O agaLL "o 000se "0
€LZ680°0  91980°0 €5904 'O 619Z1°0 09spL "0 816V O COCOE "0
8L880°0 103901 "0 SZERL 'O 65901 "0 05991 "0 06,80°0 D00SE "0
a66}i "0 reiti ‘O AN oLeri "0 6192170 G5L8)1 0 OOOOJ.O

sz [+ 3¢ 1 S [+ 21 50 [+ o} asd

a/x

(penui13u0)} X I8Vl

157



O3\mEﬂ3 AMV

GERBO" O Q0804 "0 OEBI "0 ESZri "0 0039EL " O Zeral "0 00000 "0
95480°0 ZS0BO° 0O 9L0L0°0 }SEBO°O SLESO O 9149 0 000800
S0ELO'O ozToLO O 0S0L0°0 OLGL0°0 L5S080°0 mmmmpuo 0000 "0
L5E60°0 195804 "0 29181170 918010 69501 "0 L80OLI O 00081 "0
080170 58901 0 HLEZL 'O ann_.o. Z81el o 84061 °0 00Q0T " 0
TITLO'O 65pL0°0 LEOBO"O L6811°0 $9ELL 'O LELLL O 000S5Z "0
6L850°0 6E180°0 60180°0 LOiTH'O 0SeCt "0 SL9vt 0 QO00E "0
r8550°0 L9€90°0 €5180°C €L960°0 BE6LHE O 86401 70 Q00SE" O
91130°0 96350°0 LI0BO"O 19680°0 EOLIL O Briti "0 0000r "0

sS'z 0z S 04 §°0 00 a/d

arsx

(penu1luol) x 378vL

158



G T T T AT, T T A= S vl

M:\_>_= (B)

98200°0 ZEPOD' 0 E6¥00°0 89570°0 52900°Q LZELO'O 000000
£EEQD O $9T00 0 JIEQC O 3L200°0 0BT00' O ZBIZO'O 000500
bEZ00" 0 0ZZ00'0 z6200°0 90Z0G 0 66200°0 9L110°G oaoo4 "0
vaTO0 0 09E00°0 E4ECO O LPEQO O HLYO0 O 89%10°'0 000S1 "0
VEECD O L6v00°0 DS500°0 6E110°0 LEBOD O 60110'0 co00Z "0
BLECO O SLS00°0 Sbr00°0 611Z0'0 1104070 1ZGZ0°0 0005Z°0
1 TEQD" O LSTO0 0 S0ECO° 0 9ES00° 0 9} L00°0 S9ZI0'0 0000E "0
TLIOO'O LIEQD O }ES00° O L ¥EOO'C 16L00°0 £EPOD 0 Q00SE " C
OLEQD O §9Z00°0 SOEQQ O E6600°'0 20114070 £5.00°0 folorole TR o]

5% o'z 51 0"} s'0 00 a/u

a/x

(penui3ual) X 3iavL

159



o
Samn ()
JEVLOC"O 96000 orson o 8Z900°0 TLE0OO LZETO 'O 00000 0
L5200 0O EvZO0°0 rei00°0 OETOO°0 LEZTOO'C 1-7A: T {o 0] 000s0°0
99Z00°'0 L0070 oLIQD' O 59400°0 S94100°0 LEZIC O Q0001 "G
59200°'0 66Z00°0 LIECO O LIEQCO'Q 09TO0°0 SLELIO'D OOOmr.O
¢SEQO" O 98€00°0 06v00°0 9190Q°0 §8500°0 €9800°0C 000020
0610070 (o1 A4 o Re] LVEQO'O TTSO0'0 289v00" 0 €800 0 000SsEZ 0
€i1G0'Q VYESOO 0 BLZOOO [4:[:10 0 By ] oTP0O 0O LyS0O0°0 Q0C0E "0
S5100°0 GEIQ0 0 VEZOOTO EZPOO" G 85L500°0 0070 CO0SE 'O
GLI00°Q .wONO0.0 r9L00'C o0oproO" 0 BLEOO 'O 049000 [¢1e 0le] 2 o]
5'C [0 2 4 S [+ 2 §°0 0°0 a/y
a/x

(penui3uol) x 3gvL

160



.!. o T . SR

8]
Mt (1)

8reco 0 ocsK O t9EC0° 0 0TL00°0 Zy800°0 16600°0 00030°0

ETYO0°0 PDECO O £1Z00°0 6ET00°0 OEECO O LZBIOO 0QOSH 0
IZTOO"O L6100'D 896100°0 0LI00°0 L9E00°0 010G 00001 " 0
PSEQD" O 3T500°0 ESpQ0° 0 52600°0 LOP00° 0 658000 00051 "0
BrZT00°0 862000 ELP00'0 Ora00° 0 68900°0 00010°0 000020
¥9400°0 80E00 'O 0Sr00°0 £68200°0 E8900°0 51600°0 000SZ "0
9910070 8LECD O 8Zr00°0 84L00°0 TTI00 0 1$200°0 COO0E "0
80Z00°0 T2100°0 €0E00" 0 00900° 0 9E500°0 }6EQD 'O 000SE "0
081000 v8100°0 6ZE00°0 955000 vZa00°'0 46500°0 oo0oY 0

Sz o't - 0 ' §°0 00 a/y

a/x

(psnu1r3uo)l) x 3Iavi

161



03\5 (e)
LELET O PL9GE"OQ orQos o 9129¢°0 +BLIT O SOIPZ'0 000000
£6BEE O TYLEE'O TSOSE O 9561 E° 0O YELEP O BEBET O CO0S0 0
r9TZ9°0 ELTES O 66858 186LY 0 A ¥ 44N OZESY' O 00001 "0
LESES°O OZEYS O 9Z1ES 0 LLEBEO OLEQS 'O VYBEEV O 0005} "0
9PLES O i600r°0 FAY:-:T M T99EE O TTLOS'0 EELIP O o000z 0
SEVLS'O TEOES O 68LT2°0 TEEES O roBPe 0 PELEY O [elolol-T A0 ]
961801 BLEGE O LBSLE O 59698°0 PEESE 'O 8965y "0 0000E" O
OLSLE 6ZTST "} OSLEE" ) 9SEQT " | S05rT i LELBY'O 000SE"0
OESS5" | Trevy | ZESPS - TY9BIE | OVSEE" | 91696°0 0000r "0
- 4 0'Z S o' £°0 0 ¢ a/d

a/x

Il =P/@ “,0L ¢ MO
INITHIMS YGd VIVO JININEYNL ANY N¥IW-3IWIL

IX 378vL

162

fa



o=\> Anv

—ﬂhmv.0| 86L1¥°0- 4809E "0~ EYSZ5°0- LEPSS 0- 0L0p9°Q- 00CG00 "¢
BLEBE O- ELPLE O~ SSl9E°0- viZcSe O- LELODP ' G- oreEsy - 0008C-0
oL8Zr " 0- 1096€ "0~ tELSP O- L6ivyO- GvpLY O- CSCLY O~ Co00t '
oipes 0- oLLzt0- CIEIS O~ SESLYF O- LZIES Q- PPELY "0~ 00081 "0
20Zys-0- 0Z19°0- QrE05 " 0- 618L8° 0~ PETLS O- oiozp G- CoooT -0

163

LIBT9 0O~ 95429 0~ LES19°0- F9085°0- S8v29°0- G096 0- 0005z 0
vBTSS 0O~ 65E9°0- 6ZiL9°0-~ S0199°0- PEE9L O- 60560~ 000QE "0
LTSOL Q- S9pi5 0- yvov9 0O~ TSYTLTO- BZZA8° 0- OZEG O~ CO0SE "0
¥IZB5 0~ - EyvZo O- r5869° 0~ LisprLi 0- 85858 '0- ELyig O- 0000y O

5'Z o'z g4 04 50 0o a/y
a/x

{Penu13u0l) yx 37avy




(v}

n/m Nuv

EBsst o ZEGIE O 8986E O SEOLE'D CEQBE'Q L1862y 0 0Cc030 O
EETLL "} zig9l "y o8sezT S68vE"} bpELr | legzoe 00050°0
EZ0I5") viggg- | 16945 PSS9y [4:1: TV Biiva-y 00001 "0
w._mo.w Eleeo' ¢z 8 g1 'e EEBZE ¢ 602 ¢ 8ZeLL ) Qoom-.o
OL89p-z t6ree'y gipsg -z Nh»mv.w teoms g SE8SE" T 000z 0
85108z i8Zza'z 08Zi5L ¢ eZsen-g PR:-F2-1: N PIS50°¢g oo0sZ 0
S8.06°Z L0LS3" T TL280° g B9LZL g SQile g loges g 0000E 'O
PEZTE8 T El1Sg 2 6659} "¢ Ssiize LB68Y € 9t893°€E . oposg g
96009 ¢ E6169 ¢ lseeg- g 'BOEQ £ iTTBT '€ rZggeg 0000F "0

52 o'z 54 01 S0 o0 oy

a/x

ﬂ.um.:c_ucos iX 378y

-
=
—



S R A

O:\me: Aﬂv

S0ELP O E9GRE O B3G6T°0 L LOEE " B6LOP O . wwwﬂv.o OOOOQuO
TEI51°0 S¥551°0 8LESI O arsSpri "0 159510 hvhﬁw.e 000500
gZr0l "0 Z6i01 0 30L60°0 I6S60°0 50411 0 FEZEE "0 COQ0I 'O
658070 PESBOO TLZRO'O 66580°0 E8L60°0 6Z16L°0 Q2084 "0
6LZLOTO BEL LOO memD.O LZEBQTO SHLED'O 89E22°0 ogooE 0
99€80°0 ZEPRQ O TT8BO O S8L01 0 O6LY "0 oolel "C 0ROST 'O
B20EL "0 IPELY O EBSHL "0 mm_N—.O. tZSPLTO 05864 "0 0000E "0
Ogrvl ‘0 LrezZl ' Q GEGZL 'O B6LI L "OQ 8.8E1°0 £08S52 "0 O00SE'Q
58654 °0 [B:-101 1 o] rOo95) "0 SLZVL O vreEst ‘o 950p2 0 oOO0r 'O

§°¢ o't S°4 [o R 5°0 0 0 a/y

a/x

(Penuiivuel) 1x IavL

- {a

165




O-._\mE.._> ANV

ov6Li 'O gZe8l "G PIBTT 'O TPSIT’O SLEIT'Q [4:1-3 A ] 000000
vZ861 "0 2608t "9 09LLL "0 8¥561°0 SSiL°0 ZL8pT°0 0Q0S0°0
11911°0 vPILEL O 93814 'Q rOBEL "0 6LEE} O LA YA 000 "O
hommpho STILL'O £gart 'O 14291 °0 ovrZei ‘0 0980z 0 00051 "0
arcai ‘0 o9zeZs 0 158910 118EL 70 6C061 "0 €930E°0 0Q00T "0
6rZrL 0 &9rerl "0 L96S) "0 965L1 'O Sp80Z'0 L8L82°0 60052 "0
9SE0Z°0 oraLL D ogrLL O LEVEL O S6pTLZ°O LEEIEO Q000E "0
BETYI "0 O6EBI "0 #5502 °0 ZiZLr'o 06161 "0 SZC9E 'O 000SE "0
E89EL "0 €TOS1 U PLGEL O B6THTI O BYELL 'O BYSrE"D Cooor-o

S°T 0z 571 01 S°Q 0°0 Q/4

a/x

(Penuiivol) X 378YL

166



O:\wsz ﬁmv

L9%Ip°0 VLESE'O 0¥LE’Q €860V "0 £6ZIP°0 PELEP'O 0o00a" 0

SiL5+°C 0988470 LLOLY O LEBLL 'O PELOEZ O Tecee’ o C00s0"0
LLZZL'O 986¢C4 'O TLSTL'O 8E6E1 "0 6LESH O ELPSE O 00001 "0
P98LI "0 FLETH O LBELL 'O ESIZE O L9269} 0  088BSZ°0 QOOm-.O
ore6ao "0 S1Z01 "0 EGEOL "0 Sv8li 0 ¢00s1 "0 EGSTE'OQ 00,8 a7 08¢ r~
QroLt "0 0oL80} 0O 9ELI L0 S65E4 70 "O0ESS) "0 TLAETO Q00ST "0 um
OZBE+ 'O +{6ZEL O B9SE) "0 069v}) "0 0c084 "0 QCEZE'O ©o00E 'O
LEEPL G }SLEY O §¢9EL "0 88SZI "0 Sp93tL 0 BTSSE"O COOSE™ O
LBELSI "0 660¥%) "0 89€9} 'O 1LB11°O 81821 °0 QsvsSE’ O 0000Y " O
5°¢ o'c S'4 04 S°0 00 a/d

a’sx

(penu13luc)) I1X 378V




M:\.>.q (8)

veZPO’ O OreELo0 LyPTO'0 PSLSO O £86Z0°0 86Zv0° 0 000000
§€910°0 g9010Q" 0 ZLBLO'O 25900° 0 pOZIO’0 z86Z0°0 00080" 0
695000 16910°0 0LS00°C 6043:00° 0 §6r00°0 61410°0 0000} "0
§6T00°0 &5000°0 EVEDO O £9200°G ZyZ00 0 »Z910°0 C0OSt "0
69100°0 azZEOD'O $TTO0" O 9LEQO O 66410°0 9EL P00 0000T°0
ZES0O' O pPOv00° 0 §8r00°0 619v0°0 586000 &68rTO°0 000SZ "0
LPZIO O 69810°C COEIC 0 z1920°0 zZTZIO'O 58120°0 0000L "0
£6P10°0 ZepTO' O grvi0’ 0 OLIO O S8040°0 pai10°0 000SE" 0
QE600°0 0BLI0'C zeZIO 0 t9410°0 68810°0 pyPEQ O 0000y "0

&'z o't 5k o 50 00 a/d

- a/x

(penu13uol) IX 318VL

168




nzimn (u)

Grri0‘Q GEZEQ'O 08PEC O 611L0°0 LETPO'O oy950°0 00C00 " O
rEo0n'S €E6800°0 ¥SL00°0 . £5200°0 65800°0 V2QZO' O 00050°0
Z9ECQ'O S8rQe° 0 LLEQO'O 6180070 ¢sr00°'0 GTHI0°0 olo/ele o)
E9100°0 S6TC0’0 vE000°0 Tryvoo° o §6100°0 QLZIC'O Q00S1 'O
Zrioo o TSI0Q°0 Z5100°0 9310070 9Zp00° 0 1 999/0°0 0000T "0
TIZOO O 0 200°0 68T00°C VEEQQ O 0sp00°0 SrHi0°G olelol-TANY
8120070 18pPC0°0 15r00°0 SyS00° 0 14L00°0 8T110°0 CO00E "0
vILQ0"0 #LS00°0 8Ls00°0 Z+500°0 vEBOOD"O VEPZO'0 Ooemn.o
66800°'Q EELOO"C PBOO°O ETVYO0' O £86C0°Q nmmN0.0 o000r ' C

s'Zz o'z S [P §'0 Cc° 0 Q/d

as/x

(pePU13IU0]) 1X 3ITEVL

169



\.!,

<
M (1)
BESSG0 L8600 LvBrO’ 0 086070 LELEQ O 85€T0°0 - 000000
S80L0°0 Sivi0’0 9601070 PLZLO"O vEEIO'O TOLZO O C00s0" 0
LLv00'0 v9900° 0 65r00°0 5190070 T0L00°0 LOZZO'O 00001 "0
69L00° 0 or800°0C 1 9600° 0 SZT900°0 TIE00°0 tLELO"O 00051 0
TLYOO O gre00° 0 5Lv00°0 05900°0 SrOLQ 0 -TLTEQ'O 0000z "0
LBSO0°0O SQS00°0 vWFO0.0 89660070 €9600°0 LBIEC'O (vlolo) T e}
- PEEQO'D oL200°0 L59G0°0 SBE00°0 LBEIC O LL890°0 COOOE O
vLLCO'0 #v900°0 6pPLOO"O 80L00°0 Zr0I0°0 i8Lv0° 0 OLoSE 'O
vZL00°0 TOLOG O €1L00°0 T8900° 0 6EL00°0 ETISO'O [slololel e}
= [+ 2 4 ST (el &0 0’0 a/d
a/x

+

{penuiluo]) X 318YL

170



¥

Ceulh,

A Rt A e o B 3 . L,

Q
= ¢4/ ,P cn
<]

166L0°0 ¢SCS0°0 #9510'0 ?ILI00° 0 LOIOQ'O vi00° 0O Co000 "0
880800 §1950°0 rO0ZO" 0 T BYI00° 0 L0000 £100°0C QOG0 0
HS180°0 {8Z90°0 EQSZO O 09:00°0 L0100 0 ELOD O CODE0' O
EHBB0'0 B9690°0 086Z0°0 1840070 801L00°0 £100°0 005L0°0
EB880'0 1348070 rLBEQ O 1190070 60100° 0 oD 0 00001 "0
SL£060°0 58160°0 GZTESO'O SEBOQ 0 60100°0 zi00" 0 o0sZ) "0
ZHi01 "0 LOZOL "0 66LLC"O EBZTO O 60L00°0 TIO0D O 000510
S6801 "0 pROZL 0 89¢60°0 0SHEQ"Q ZHLO0'O ZLIODC Q0S40
E&iLL O EOIvt 0 BTEZI 'O 99¢€.L0°0 8ESOQ"C Z 000 o000T "0
91T} 'O poLSE G BLESE O ESZIL'0 FESL0°0 ZHO0"0 00sZZ 0
lEBLL 'O VBESL "0 69ELL O 0EES1 "0 | 8¥SZT° O QGEl "0 000sZ°0
g8 "0 a96L1 "0 69EQT "C S6L81°C E66T0E" O 198070 005LE O
ZOLZH "0 60PHI 'O £L80Z°0 QEr6l "0 L9gPrT O ¢90° 0O GQOOE 'O
g8z9zgt "0 BEQCEL "Q OLEVZ'O 1iPBL°0 ZEBZI 'O SZLO°0 O0OGEE"O
EEBZL 'O LTLBY 'O LSRET 0 vvmow.o zZTS90°0 BS860°0 O00SE "0
859zZ1 "0 96881 "0 §S60T°0 |SESL O SPEPQ O Loz} "0 00SLE’Q
P6ICL "0 1GE94 70 BTCOT" O ELBEY O SpLTOO0 CELC O a0 0 4] By o)

§°T 0T g7 (e } 5°0 [ R »] a/y

: a/x

Z="P/0 ‘.0 =¢ MOTS
ONITYIMSNON ¥04 3LVY NGILYdiSSIQ AQQ3

11X 379v)

171



a/1

ITISE°O LILEB'O POITL"O 08v30°0 ESBPZ ‘O EECO O 00000 "0
8LOBY 'O £€7GS08°0 93051 "0 ESBO} 'O L9610°0 9E00°0 Q0SZ0" 0
SZTLOY O LEBELY°0O TTSSL°0 SE¥90°0 6P110°0 6E0Q "0 0005800
vOLBE O reOre o S£890°0 6LEEL O EiriIC 0 b200°0 005L0°0
0SSSE"O or8sr 0 [(34:1 430 910500 [A4-TAsde] S500°0 00001 "0
ELLIETO LOSIE O hwpr—.o Ergsn o BSZVE"T 911070 0O5Z1 "0
OB6LZ°0 BESEE O YEIYL O 98Z50°0 LrveED O {P00°0 QR0StL 0
LTPOT O }S9ET 'O 68081 °0 85410 28851 "0 TEOQ' O 005.1°0Q
TLiTT'O 096rZ°0 6Z3¥1 0 Qmmh—.o SIZEL O LOi0"0 0000T "0
LLBIT Q 0LZ61 "0 vESZL O 95Z64 "0 €930} "0 940070 005ZZ'C
aiZei "0 8L9r1°0 €9911°0 ¥9521 "0 OG6850°0 BEOC O o0szZ 0
GPEEL "0 85801 "0 EYEO} "0 VHLEOTO 1EFEOQ O LLOG O 00GLT 0
608140 LOWOL "0 SEFLO0°O LOBLO0 OZIZQ' O 6LOC"O COOQCE "0
18980°0 TLTROO 904500 1 8650°'0 9EIZOC gr00°0 QOSZE Q@
LEDS00 FEPO'O 8E9EQ 0 9LBTO°0 PSEI0°C DEQO" O 000SE " O
9169070 6LEYD"O &VSEO O L1820°0 LSBZO O 62000 00SLE"OQ
tEBEC O 669E0° O [4:[AA0Mde) 860E0°'0 0ES10°0 HHOD°0 QOQ0Y "0

S°Z o'z S O._.. S°0 00 a/a

asx

-NON ¥0d 37v2S HLI9NIT NOIIVdISSiQ LN3TN8YNL

T =P/A ‘.0 =% M0 INITYINS

LHIX 378vL

172



- ]

O
(/P ¢
3

BE9S0O" 0 P&EPGO°0 605ZT O L6IBE"Q [oF R J A A4 ELE6LD°0 oQ00G ' 0
610r0°0 BEBLO0 ECIBEO LLBTE O 91 LETZO 004800 00520°0
9547070 SEB9C°O 98LIT O SL{BLE O pLBEPZ O yEYEQCTO C00s0 "0
920" 0 OLESD O yapsl "0 ELBLT O LaleZ 0 rOLLE O 008L0°0Q
QEBIO"0 641800 ¥SERI O Q806Z°0 rTLivT O 246010 0900t "0
6561070 oivl 'O g9k "0 OZO0E" O SOLET O oTeTe 0 COSZIL "0
§9610°0 68051 "0 COBBO O BSOIE O SPLCT 0 L6S3C T 000S: "0
S511TO°0 5LZB0'0 CELBD O SETEE O QEESZT 'O |EOBG"E COSsSLL 'O
TETZO0 ByZHOO T98.L0°0 TTTGEO - | 669C°0 BYGHO°E Qo00Z "0
T9TZ0'O 1TEBO O 892.0°0C v906E°Q a0SEE"O Q63rpr° T CO8CT "0
vLZTO 0 10i80°0 9.0 0 S0P 0 vi6EE O PISE9°0I 3 alal-v Ao}
895ZCZO0 0 &68L0°C 39pLO°0O EELSY" O L2 4440 PSYSE O 00sLT" O
8ETIO0 LBLiO "G B95.L0°0 QEZLLY O QpLLE | TSEQCE O OOOOE O
TITZOQTO LBSLOTO 899L0°0 ECGES O 6BOEB" | G6H5PE"O 0QSZE 'O
r61%0°0 fa80L0°0C 8L9LO0 1988670 86L90°2 BLLBE O 000sE "Q
6612070 $8L90°0 9LLLG°0 S5LiS9°0 ELvie°T SE6rov -0 QOSLE"O
18iT0°0C £EB990°0 L8L40°0 t0E99°0 BIOES T SRCES O Qo00r " Q
- 4 [¢ 1 4 sl o1 S°C (ol o] a/u

a/sx

T =P/ f.S% =9 MO
INITYIMS Y04 F1IVY NOILY4ISSIA AQQ3

AlX 378vL

173



e . . e, Y .. o ) .rl.;d;.ﬂ”x.i%nhi.@«ii&.«il&

a/v

9129C°0 SEIBO°O VEIEO O 9SEEO"O g9Er0’0 81100 [elele o0 X}
1594170 96LL0°0 vLZZO'O 1198070 610070 8410°0 '00sZO’ 0
ZT081 "0 88LL0°0 &PVEQ’D OLPZO 0 6LTCO0O V200 00080 0
9Z80T "0 E9QELO™O s0Zr0°0C 60L20°0 06vv0"CQ [AXe Ry 005L0°0
2P0 [4: -1 oTLv0"0 SLSZ0°0 LELEOTO 5000 QoQ0os "0
LLYPTAVTO B8EBTO O LLYSOTO OE9CO’0 CTI9ED O mmO0.0 0QsTL "0
[14=1¢1 I SSETO°O £8P0 0 BEGTO0 6LBEQTO LLEQTO 00054 "0
1 L0BD O LOotP0° 6 COOLG O $9EZTOO S918E0°0Q €€i0°0 008L1°0
S0L01 "0 LTLYO O LYSLO O 591Z0°0 8OTYO 0 1000 0000T "0
|SE260°0 BLTYO'O L1890°0 ELITO'O LZOP0°0 8840’0 005ZZ "0
L2Z30°0 88GEDQ QO 8619070 EPTI0 0 S0EVO 0 FLOO'O 000520
PELI0CTO 8LTEQ'D t88L070 LBITO'O ELESO O OZEO"O 005L2°0 mm
+8850°0 CrLTOO 8L6L0°0 SSSZ0°0 LEGZI "0 #6200 0000E O
£0LSO°0 9Z|EC°0 22080°0 06ETO° O SLSEQ'Q 89200 COSZE'O
5C¥S0°0 6YLT0°0 5L080°0 $LSTO° 0 8igS0 0 VSEO°0 OOO0SE"Q
1Z60°0 E90EQ"O LEZHO'O S8820°0 LBSY0°0 LTEZO O O0SLE'Q
9Le/0"0 EE4Z0°0 000000 TLBTOO €8LEQTO 061070 o000r "0

8°% oz [ o1 &0 0'a a/u

a/x

T =P/0 “.5h = ¢ MOTd INITHINS
¥03 37v2S HIONIT NO!LV4ISSIC LIN3IINGUNL

AX 378vL



- [9)
mcxwv m:

LIBIB 0 ETTBE" ) [0 -1 Q) 6080} BYSIE" 98El P 000000
168870 695807 ) LSZEG O vSPS8°0 ESIE6°0 6008°'E 00%20° 0
€9Z6E€°0 LETPL'O (OBZZ9° 0 LBBEP'OD ¢66iB°0 6E68° ¢ 00030°'0
E{PHT O ars0s o [ 4: 1151 e} SLC6E°O 5892870 SeEvB'S 005.0°0
STZET O riZy 0 6T00V "0 GosZy 'O LILB8°0 9LLP’9 00004 "0
SEHIT O LLOBE"O VIISE"Q 5149%¢°0 9Z966°'0 [34:3:}: 00sz1 0
2656} "0 Q9S¢E"O €5.48E°0 1EBSS5°0 SyLel ) LS95°}E 00051 '0
9zOo51 "0 €86CE"D OSPSE"O 9BEEL O SLLBE" ) BEV| "G6 Q0ELI "0
OsLgt "0 OISIE"O E98LE° O LGIEY'O SIBLE" L E2SS° T8 0000 0
vital "o SOGIE"Q L4 LOY 0 PGELEO 039€E19"1 LLEB B8 00sTT "0
E1694°0 SO6IE"OQ blivp O EELBD ") r2198°1 SHSL “wel 000SZ "0
E1691°0 S061L"0 LOBSY O (511 A B | goizt'T GEBL 6 q0sLZ 0O
EIE9 70 BLIPETQ pOSLY O POOST "} oLvZe 2T QOEsSL @ O000CE" O
6L4v8)°0 ZBOPE"Q 8166y °0 00SLT ") 0T8TS'E I1BZZ 6 00SZE"CO
0siB1°'0 LITSE O 66EZ5°0 SL90E"} TOG9r v £520°0) ODOSE 'O
LB20Z°0 LLOLETO SLIES O SL90E"} 989185 LS6C 01 00SLE'O
96EZT O SESLE’D L9E6ES O E3v0E" | 9Tsre° 9 OLFi 1) 0000F 'O

6°Z oz S°} Qs §'0 o0 a/y

a/x

€ =P/0 ‘0L =% MO4
INITWIMS HO4 34iVY NOIIVdiSSIQ AQQ3

IAX 378v)

1715



a/%

VELLLO 6¥9ED"OQ STIGO'C 818CC°0 98iz0"0Q ZHOO'O oQo00 "0
L I o) 650¢0°0 0SIEQ O SL6¥0°0 LSPZO O 200 0 00Ge0" 0
vozsi "0 EFIS0’0 EGLEQ’O bSLG0°0 CYSEOQ O ESOC° 0O G0050°0
LG9EL 0 z0960°0 LELEDQ O 29169070 580¢0°0 SSQ0°'0 J0GL0°0
6L0TI O LEBVYO'O 881E0°Q LZ209C°0 CEGEQ’ O ©300°0 QG004 "0
ot180°0 TSLEQ O 6zZyet"0 .mOanmO LLvYEQ O £900°0 QDSZE "0
LS8ZS0°0 B8GZO O L96T0°0 LOLYO'O RELZOO 9cQ0’'0 Ooomw.o
GSB6EQT S ¥8iT0°0 SL0T0°0 Q5Lr0° 0 9£820°Q EY00°0 00sLL'OQ
18L+0°0 9GP0 0 09Zi0°0 TLOYO O O—mN0.0 $600°0 00R0T "0
8686070 9SLE0°0 000e0 0 orgeQ’ 0 gs120°0 TL00°0 008ZZ "0 .
YIEEL O ELOEO O eL210°0 7ESEO O +ZYTO’O §E00°0 000sZT "0
682T4L°0 PLTEC O ¢5L20°0 LYEEQTO 1961070 L0°0 008LZ 0O
L9E91°0 LHIQEQ'O g§9v:0°0 SELTOO 98610°C 0BC0 "0 00GOE O
6FELL O LCZECTO +BOIOTO S6+TO° 0 YEE10'0 08GO 0O ‘00STE O
EvS80°0 QMF—O.G 60010°0 OELEQO 602C0°0 6L00°0 O0QSE "0
OTL9Q'0 6EZLO0°0 £980G°0 yrOEQ O IAAY AN rRCG0°0 0OSLE"O
LILBO'O E6ELO"C £004I0G°0 86820°0 LOTE070 Q600°0 800 ¢} R &)

s°T oz - 874 o S'0 "0 a/s

a’x

Z =p/0 ‘.0 = ¢ MOT4 DNIRIMS

¥04 3T¥IS HLON3T NO!ILEVdISSIQ LNINGUNL

iIAX 378vL

176



(0/,P o
3
€Z000°'Q 0ZO00 "¢ 9i000°0 L0000 ZO00'0 000000
QZO00"0 0TZC00'0 Si000°0 810000 TO00 0O £00S0'0
LIOO0 0O #0007 0 510000 L1000 0 20000 00001 ¢
L1000 0 8100070 mwOC0.0 LIGQO" 0O 0000 000&1 'O
8)000°0 LIOCO 0 SIO00"0 LiQQ0"0 NOO0.0 [o]lsla aT el
100070 91000°C SLCDO O 9100070 Z000° 0 C00SE "0
91000°0C 91000°0 51000°0C S1000°0 Z000" 0 O000E " O
9210000 91000°0 SL000°0 S+000°0 000" 0 COOSE" O
L0000 24Q00°0 w*OO0.0 9i000°0 Z000'0 o000V "0
[+ 2 4 o't [} s'0 o0 a/y
a/x

L =P/Q ‘.0 = ¢ MO
ORI THIMSNON H04 JUVY NOI LVdiSS1a AQQ3

I1IAX 3718Yi

{4

117



a/3

98900°0  ©iZ00°0  BEBOO'O  SGEOO'C  EOIO'O 020000
SGY00°0  1SB00°0  GESDO'C  4BE000  £500°0 000S0" 0
0SL00°0  SEBOO'O  Z/900°0  SSE00°0  S800-O 00001 "0
BZ600°0  0LB0D'C  ZSII0'O 189000 8200 O 00051 °0
CI600°0  €E600°0  0L300°0  £0600'C  PEIO'O 0000T * 0
S80L0°0 FPLIOTO  vESO0'O  L6V0G'0  1pso'0 0008z ‘2
[4:3 {0 o 08s] LABR0" 0 96600 QL0000 oo g Qoo0E ' 0 m
0i8C0°0°  ©6120°C  HEAGIG'O 808000 82130 0005E " 0
BOLIO'0  0AY00'0  3G410°0  ES00'0  £zi0' OLGOY "0

o'z o'z 53 50 0'0 a/d

a/x

I =P/Q “a0 = ¢ MOTS 9NITHIMSNON
¥04 3TYIS HIINIT NOILVdisSig ANIINBYAL

XIX 378ve



68980°0
61800°0
TTLO0°0
PEPIOTO
6EETO O
Srie0 o
ELG580°0
889R0°C
8r150°0

Ly9vO O 9£T0L 'O
PrOSO° O agTeo’o

LvivO 0 LI0Lo'0

&)
(1/P ¢
3
S8Lr0°0 LPSEO'O vS8694 "0 LETE O
LT2300° 0 whmO0.0  EGOBO "0 EEY¥G6°0
PLLCO O 858600°0 L1650°0 ET29°0
EC9I1GD SEYZO'0 OBERO" 0O 9Sar’0
.mONﬂ0.0 ZTLOO 106v1 0 by O
88LP0°0 [-]:{=al e LSELL O PBIE"Q

LILSL O 61900

86y "0 99LT”

(o]

0€ELOI "0 SBYE 'O

Qo000 0
000S0°0
Q0001 "0
00051 "0
0000T "0
80 ¢ LTk
CGooE" O
00052 "0
CoQ0p "0

5°Z

o't St
G/X

60 00

Q/d

I = P/C ‘.S = 9 M0
INITHINS YO 3LiVH NOILVLISSIO AGA3

XX 37avi

179



a/

P

[]

rOE10°0 492850 292800 LELED O 6810°'0C Co000 "0
SZTESL 0 (SNE: TR BYEZ) 0 LPLTOO 61E€0°Q 000S0 0
EESO4 O ECLOL 'O rOSZ)1 "0 $i520°0 ZEIOO 00004 "0
ELSBOO 1ZEE} "0 EL6L0°0 L8200 £810°0 00051 "0
699500 €96%0°0 9rGED 0 YOBEQ" O 8020°0 0000T * 0
TYeED' O 85L10°0 96410'0 02020°0 T8TO'0 0DOSZT 0
19910°0 SET9%0"0 EI¥ID D €9120°0 vETI O COO0E "0
S8ELO0°Q SE0ZO" 0 [A4: 11 M+ ELEPD O €L00°0 GO0%E " C
0BYZT0" 0 EE9T0" O z8TLO'0 £6080°0 9E10" 0 0000y * O

5T o'e 54 S0 00 a/y

a/x

L = P/Q ‘.54 = ¢ moT4

INITHIMS ¥04 3TYIS HLONIT NOILYdISSIO INIINGYNL

IXX 378vi

180



O
P "
3
IEEZE LiOPE°0 B1658°0 —w—nw‘.v LETLLE LyZS ) OOCH0" 0
gCPO'0  1OLZO'O  GSBZO'O  EESLO'0  €16SC°0  1PLEO 00050°0
93210°0  96Z10°0  89pI0°0  PEBIOO  LEIvO'0  SI0O'E 00LO0s "0
sepl0°0 G1610°0 6LPTO 0O OPLED"O LSLLO"0 g010°¢C [olalel- N0
pR8ZO 0O E}BEOQ'O PEESO O hvwmo.o agEsSt "0 cTBS" 1 0000ZT "0
pELS0° 0 EIDLC O 0S060°0 y8LOL 'O TECEZ O 9¢86 "1 QOCsZ 0
616410  6vSPI'O  GEZEL'O  SG9GL'0  BOSKE'O  EGPPEZ 0000E" 0
LLOEE'0  SOLLZ'O  9G9LZ°0  9Z6L'O  63G8v°0  OSB8'C 00O0SE "0
SPSTHF O LEHLE O pleiv: O S990E" D a0z89 " O PEQL'C 0000 "0
§'2 o'z 51 o' 50 o0 a/y
a/x

1-= p/a ‘.0 = ¢ MO4
INITHIAS ¥O0d LYY NOILYdISSIG AQo3

FEXX 378vl

181



e L

as/%

9LPPO O £1590°0 8219G°0 £66E0°0 BELLO'O 1GLO°0 20000° 0
E4+90Z°0 808920 SEEOE "0 L A:TA Y] LiL8L 0 LOrO 0 00050° 0
GiSIT'0 v669%°0 £4TV'C SrELL 0 OrGoi ‘0 6041070 ovooI ‘0
LEEIE © LPEVT O 988Z1 "0 L00TH "0 6BED0D O roL0° 0 00081 "0
¥6EOI "0 B8BESD O FELBO O Srer0 0 BO4Y0°0 6L70°0 000020
LS8Y0°D ZIOPO O EXBEO O G680 0 BSPEQ"O 6LIO O toloai-Y A}
85TP0 0 BILEO O Zulpo'0 zasro o TLLED O tLI0°0 0000E "0
20916 0 656L0°0 0LLE0°0 LG9ZO 0 99L10°0 8TTO' 0 ooomn.o
ZZri0'0 O540°C 6851070 8€0L0°0 : BGELO'O £120°C oco0vr 0

5°¢ o'z G4 o't S0 o'a a/u

a/x

i = P/0 ‘L0 = % MOI4 DINITHIMS

Y04 31YIS HAONIT NOILYdISSIQ LN3TNa¥NL

{HIXX 318w

182



0'0 ¢3¢ DT~ 690+ 00 EUD+ OO~ BI'0+ S1°0- 1+
¥0,
Ev*Te  TLMG= - 0'0 640 €170+ £9°T-  50°0+ 100G+ 12°0+ 1+ A
: 0,4,
601+  9B°2=  0°D {277~ £T1°0-  £1°0- U0+ 070  50°0¢ 1+ L
90 0°0 ¢ 100+ 070  10°0+ 10°C+ ©0°0- T0°0+ T+ ¥

E
6b°1= 98°Z~ 02~ 86°C- 00 . 0°1- 10°1- 00  Z0°1- 1 9
* uEw
0°0 T&'s=  0°2-  BO'T-" E0°T+ ES°D- p1°0- B0+ 91N~ 1+ 13
me.—m
6v°ie 070 0°0  £5%1+  C1'0-  0°0  1°0+ 0°0  S0°0¢ 1+ 13
uE.-u
6v°T+ 582+  0'2¢  BE'O  E£3°0+ E9'1+  p1°0+  90°D- . [2'0+ 1+ 3
9611~ E2°85= 0°9- ©S'6- [0+ BB°1- 0S8~ S$E'0- 65701 1+ om
9vii+  62°%1+ O+ BO°2I+ 2T+ 0§°9-  EbCIle 1272~ 612+ T m.u.
YETIle EV°IS+ 09+ 5L+ 90'2-  GL*ST4 BE'H+  99°0+ OI°9Te 1+ . "w
SA e A S, s sy, a n WALTVUYA  YILTNW S
. - - N1 39WVH2 &

SALLIINVAD FDNIINGUNE 0¥ MY 3u-3411 NI IDNVHD &

o (5Z°0 = g/4 L = /%)
NOiliSOd GI314M0TS JAILVINISIULSY Y LV
28E 30 3TNV ANVA THIMS HLIM MOTd ONITHIMS GINIINOD
¥ NI SIILILINYAD 3INITNGYNL NO SYILIWVYVE LNdNI 40 123443

AIXX 37avl

183



TABLE XXV

MEASHREMENTS FOR SITUATION A, CASE |

Combination Measured
Used u/uo v/u0 w/u0
612 0.978 0.203 0.009
123 0.961 0.199 NR
234 0.970 0.126 0.020
345 0.968 NR * 0.013
456 0.976 0.011 0.008
561 0.967 0.197 0.017
Mean % 0.970 0.147 0.073
S.D. ¢ 0.006 0.074 0.005
o/x ~0.006 0.503 0.353
* Not KResolved
184

E;a

o



TABLE XXVI

- MEASUREMENTS FOR SITUATION A, CASE 2

Combination - Measured
Used u/u0 v/u, w/uo
612 0.978 0.031 0.035
123 0.972 0.036 0.040
234 0.990 0.056 0.015
345 0.982 0.043 0.022
456 0.988 0.024 G.049
561 0.986 0.022 0.041
Mean X 0.983 0.021 0.033
S.0. 0 0.006 | 0.012 0.012
a/% 0.006 0.553 0,353
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TABLE XXVI!}

MEASUREMENTS FOR SITUATION A, CASE 3

Combination ) . Measured
Used u/u0 | v/u b w/ Us,
612 0.854 -0.030 -0.008
- 123 0.954 -0.031 -0.008
234 0.967 -0.03% -0.05)
345 0.948 -0.103 0.080
456 0.971 0.001 -0.003
561 0.951] -0.030 0.006
Mean x 0.958 -0.039 0.001
§.D. o 0.008 0.031 0.039
o/ x 0.009 0.805 38.986
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MEASUREMENTS FOR SITUATION A, CASE 5

TABLE XXVitl

Combination Measured
Used ‘ u/ u, v/u o v/ uo
612 0.976 .203 6.010
123 0.960 .200 NR
234 0.971 126 0.019
345 0.968 NR 0.013
456 0.976 .010 0.008
561 0.968 .198 0.017
Mean X 0.969 147 0.013
s.D. o 0.005 .074 0.004
a/% 0.006 .503 0.317
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Figure 1. Typical Axisymmetric Gas Turbine Combustion Chamber
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Figure 2. The Flowfield Being Investigated
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(c) CASES 3 AND §

Figure 7. Configuratidn Used in the
Directional Sensitivity
Study
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Traverse Unit
With Probe

Figure 11.

Hot-Wire Probe Mounted on Test Section
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Figure 12. Schematic and Bode Plot of Differentiator
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