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ABSTRACT

The behavior of the fully rough turbulent boundary layer subjected

g to favorable pressure gradients was investigated experimentally using a
E porous test surface composed of densely packed spheres of uniform size.

Measurements of profiles of mean velocity, mean temperature and the com-

ponents of the Reynolds stress tensor are reported for both umblown and
blown layers. Stanton numbers were determined from energy balances on
the test surface and skin friction coefficients from measurements of the
Reynolds shear stress and mean velocity.

A new acceleration parameter, K for fully rough layers is de-

r’
fined and shown to be dependent on a characteristic roughness dimension

e

but independent of molecular viscosity. For K. constant and the blow-
ing fraction, F, constant and greater than or equal to zero, it is
shown that the fully rough turbulent boundary layer reaches an equilib-
rium state in which profiles of the mean velocity and the Reynolds stress
tensor components are similar in the flow direction and skin friction

coefficient, momentum thickness, boundary layer shape factor, and the
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Clauser shape factor and pressure gradient parameter all become constant.
The thermal data indicate the possibility that such a layer, with wall
temperature constant, may approach a state of equilibrium in the thermal
sense, also. Such a state would be characterized by Stanton number be-
coming constant, enthalpy thickness approaching an asymptote, and tem-
perature profiles exhibiting similarity in the flow direction.

For fully rough turbulent flow, acceleration causes an increase in
Stanton number compared to zero pressure gradient values at the same en-
thalpy thickness, Reynolds number, or position. For the present range
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of accelerations, these increases were approximately ten and twenty per-
cent for the unblown and blown cases, respectively. Data for variable
test surface temperature cases show that nondimensionally equivalent
positive axial gradients of freestream velocity and temperature poten-
tial across the boundary layer have identical effects on Stanton number.
The fully rough Stanton number behavior observed in this study is con-
trary to that previously reported for unblown accelerated smooth wall
layers.

Acceleration of a fully rough layer decreases the normalized turbu-
lent kinetic energy and makes the turbulence field much less isotropic
in the inner region (for F equal zero) compared to zero pressure gra-
dient fully rough layers. The values of the Reynolds shear stress cor-
relation coefficients, however, are unaffected by acceleration or blowing
and are identical with values previously reported for zero pressure gra-
dient smooth and rough wall flows. Increasing values of roughness
Reynolds number with acceleration indicate that the fully rough layer
does not tend toward the transitionally rough or smooth wall state when
accelerated.

An integral prediction method is presented which successfully de-
scribes Stanton number behavior in a fully rough turbulent flow with
variable velocity, wall temperature, and blowing using only a kernel
function determined from zero pressure gradient flow with an unheated

starting length.
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CHAPTER 1. INTRODUCTION

Although turbulent flow has been a prime area of both theoretical and
experimental research for the past several decades, the present understanding
of the behavior and basic mechanisms of tubulence fields is rather tenuous,
at best. Experimental data on turbulent boundary layers is either very
limited or nonexistent for many classes of boundary conditions. With the
recent advent of more sophisticated prediction schemes and turbulence models,

requirements for more detailed data on the turbulence field have increased.

Measurements of skin friction, Stanton number, and mean temperature and
velocity fields no longer provide a sufficient data base from which turbu-
lence behavior may be examined. Additional measurements of the turbulence

quantities (fluctuations, correlations) are required.

R S0 0 Y o ol R 30 et 14

An experimental study of the effects of roughness on the fluid dynamics
and heat transfer in the turbulent boundary layer has been in progress at

Stanford for the past several years. Results of this investigation for zero

o LA

pressure gradient flows have been reported previously [1,2]. The present study

considers the effects of acceleration on a turbulent boundary layer in the

fully rough state. This subject was investigated not only because of its

importance in the flow in nozzles and over turbine blades and reentry
vehicles, but also to provide more information on the nature of turbulence
by observing the response of the turbulence field to the imposed perturba-

tions (roughness and acceleration).




1.1 Background

Discussions of the literature on turbulent flows over rough surfaces
have been presented previously by Healzer [1] and Pimenta [2] and will not
be repeated here. In this section a brief introduction on the effects of
roughness on a turbulent boundary layer will be made, followed by brief
reviews of the zero pressure gradient results reported previously for the
present rough surface, the results of accelerated smooth wall turbulent
boundary layer studies, and the few previous investigations of accelerated
turbulent flow over rough surfaces.

The influence of surface roughness on turbulent flows is usually
divided into three regimes, which are characterized by the magnitude of

the "roughness Reynolds number,' Rek, where

Rek . e (1.1)

The equivalent sand grain roughness parameter, ks’ is a commonly used, single-
length-scale descriptor of rough surfaces determined by comparison with
Nikuradse's [3] classic rough pipe flow experiments. For Rek < S, the
roughness elements are contained entirely within the viscous sublayer and
the flow is termed ''smooth.'" For 5 < Rek < 55-70 some of the elements
protrude through the sublayer, and the flow is called "transitionally rough"'.
For Re, > 55-70 the viscous sublayer is effectively destroyed, and the flow
is termed ''fully rough".

In general, skin friction coefficients and Stanton numbers are greater
in a turbulent boundary layer influenced by roughness than in a smooth wall
layer at the same Reynolds number. This causes larger temperature and
velocity defects through the layer and hence thicker boundary layers, since

more freestream fluid is entrained.
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Experimental results for zero pressure gradient turbulent boundary
layers on the present rough surface were reported by Healzer [1] and
Pimenta [2]. Healzer constructed the present experimental apparatus and
reported Cf/Z and St data both with and without blowing for several veloci-
ties which included the transitionally rough and fully rough flow regimes.
He confirmed that, for fully rough flow over the present surface, both Cf/Z

and St were independent of Reynolds number, i.e.

82
Cf/z = f(;r, F) (1.2)
8
St = g(—i‘_’ F) (1.3)

Pimenta [2] reported results of an extensive investigation of the fluid

dynamics and heat transfer in both transitionally rough and fully rough zero
pressure gradient layers both with and without blowing. His observations on
the fully rough state included:
(1) The effect of roughness on the turbulence field structure extends
over most of the layer.
(2) Blowing makes the layer behave as if the surface has physically
larger roughness elements.
(3) For very large enthalpy thicknesses, the Stanton number appears
to converge to an asymptotic value.
(4) Reynolds shear stress correlation coefficients are unchanged from

the values reported for smooth wall flows.

The response of smooth wall boundary layers to acceleration is discussed

in the summary report by Kays and Moffat (4]. Briefly, smooth wall layer
du

accelerations are characterized by the acceleration parameter, K = 3% :5?&
U

oo
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Above a certain value of K, the turbulent layer develops toward a state
resembling laminar flow. For a given Reynolds number, Stanton number
decreases with increasing K, and the profiles of u'z/Ui are lowered with
acceleration [5]. In a constant K flow, the smooth wall turbulent boundary

layer reaches an asymptotic state where mean profiles are similar, Re6 and
2

Cf/2 are constant, and boundary layer thickness decreases.

Previously published studies of the combined effects of acceleration
and roughness on the turbulent boundary layer have reported only values of
wall heat flux. Reshotko, et al. [6], and Banerian and McKillop [7] invest-
igated nozzle wall flows, while Chen [8] cited experimental results for flow
over hemispheres. No boundary layer information was obtained in any of

these studies.

1.2 Objectives

This investigation was undertaken to determine the effects of accelera-
tion on the fluid dynamics and heat transfer in the fully rough turbulent
boundary layer. Specific objectives were:

(1) To define and experimentally verify the conditions required for
equilibrium in the fully rough turbulent boundary layer with
pressure gradient and transpiration.

(2) To obtain a comprehensive fluid dynamic and thermal data set for
both equilibrium and nonequilibrium accelerations of the fully
rough turbulent boundary layer.

(3) To examine the behavior of the mean and turbulence fields in the
accelerated fully rough turbulent boundary layer .

(4) To investigate the effect of blowing on the equilibrium

accelerated layer. -
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1.3 The Experiment

A brief description of the experimental apparatus and measurement
techniques will be given in this section. Additional information is provided
in Appendix I.

The Stanford Roughness Rig (Figure 1-1) is a closed-loop wind tunnel
using air as both the primary and transpiration fluids. Air temperature is
controlled using water-cooled heat exchangers in both the primary and
transpiration loops. The eight-foot long, 20-inch wide test section is four
inches high at its entrance. A flexible plexiglass upper wall (constructed
in five sections connected by thin plexiglass joints) can be adjusted to
give the desired variation in U_.

The test surface consists of 24 plates each four inches in the axial
direction. The plates (Figure 1-2) are 0.5 inch thick and uniformly porous.
They are constructed of 11 layers of 0.050-inch diameter Oxygen-Free High
Conductivity (OFHC) copper spheres packed in the most dense array and
brazed together. This configuration produces a rough test surface which is
uniform and deterministic.

Each plate has individual electrical power and transpiration air controls
and thermocouples for determining plate temperature. Stanton number is
determined by subtracting the plate losses (known from energy balance
qualification tests) from the measured power input. Uncertainty of the St
data is within + 0.0001 Stanton number units (i.e., if St = 0.00200, the
uncertainty is within + 5%).

The Stanton number data reported here were taken with a wall-to-
freestream temperature difference of approximately 30°F to maintain a
constant property boundary layer. Unless specifically stated otherwise,

all St data presented are for constant wall temperature. The freestream




velocity at the test section inlet was a nominal 88 ft/sec, and all data

were taken with a 1/2'" wide, 1/32" high phenolic trip installed three inches
inside the nozzle exit. The turbulent boundary layer was in a fully rough
state for all cases reported.

Mean temperature profiles were measured with a 0.003-inch diameter,
butt-welded, Chromel-constantan thermocouple mounted in a traversing probe
holder. The design was similar to that of Blackwell [9].

All velocity measurements were made in an isothermal flow using
linearized, constant temperature hot-wire anemometry. Measurements of U
and ;Tj were obtained using a horizontal wire, while measurements of ;72;
;Tj.and u'v' were made with a rotatable, 45° slant wire.

The physical size of the Roughness Rig and the porosity of the plates
imposed limitations on the strengths of the accelerations which could be
investigated. The height of the tunnel (four inches at the nozzle exit)
limited both the length and severity of the acceleration region since
interference of the top wall boundary layer with that on the test surface
was carefully avoided. Also, since the plates were porous, the pressure
gradient in the axial direction induced flow through the plates even with
the transpiration supply valves closed. An analysis and discussion of this
effect is presented in Appendix III. No effects of the induced transpiration
were apparent in the data. It was concluded that the quantitative effect of

the induced transpiration was negligible, certainly for the mildest and also

the blown acceleration runs, and that the qualitative trends in all the data

(and the conclusions drawn from them) were unaffected.




1.4 General Organization

The general organization of the results presented in the following
chapters is described below. In Chapter 2 the concept of "equilibrium' in
turbulent boundary layers is discussed, and the requirements for establishing
equilibrium in the fully rough turbulent boundary layer with pressure
gradient and transpiration are developed. The experimental data are
presented in Chapter 3, and characteristics and trends are discussed. An
integrated discussion of the effects of acceleration on the fully rough
turbulent boundary layer is given in Chapter 4, and Chapter 5 contains the
conclusions of the study.

Additional information and tabular data listings are contained in

Appendices I - IV.
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Figure 1-2. Closeup Photograph of the Rough Test Surface




CHAPTER 2

THE EQUILIBRIUM FULLY ROUGH TURBULENT BOUNDARY
LAYER WITH PRESSURE GRADIENT AND TRANSPIRATION

The definition of conditions for which a turbulent boundary layer
becomes similar in the flow direction in some non-dimensional sense has been
a subject of interest for a number of years. Such similar behavior is
usually termed an "equilibrium'" flow in the literature. The term
"equilibrium'" flow is sometimes used in the sense of similarity of properly
normalized mean velocity profiles; however, truly equilibrium turbulent flow
exhibits similarity not only in mean profiles, but also in the turbulence
quantities themselves.

The analytical and experimental work in equilibrium layers has been
prompted in part by the desire to follow the systematic method of fixing as
many variables as possible in a given problem. This allows one to obtain a
better understanding of the sensitivity of the problem to the uncontrolled
variables. In the specific case addressed here, that of the fully rough
turbulent boundary layer, the approach described above is the logical one to
follow. If the behavior of the fully rough turbulent boundary layer
subjected to pressure gradient and transpiration can be examined in the
equilibrium case, one can then proceed to an examination of the more
realistic non-equilibrium cases with more confidence and understanding.

In this chapter the previous work in describing and establishing the

conditions for which equilibrium exists in turbulent boundary layers is
10




discussed. Following this, an analysis of the fully rough layer is
presented. The analysis yields a definition of the proper acceleration
parameter for fully rough flows and a description of the conditions required
to establish equilibrium in the fully rough turbulent boundary layer with :

pressure gradient and transpiration.

2.1 Previous Studies of Equilibrium Turbulent Boundary Layers

In 1950 Rotta [10] presented an examination of the conditions which
would yield a smooth wall turbulent boundary layer in which the velocity
profile is distorted only affinely in the flow direction. He termed such

flows similar and showed that, neglecting the viscous wall region, the

equations describing the flow become ordinary differential equations if
Cf/Z = constant and U_ = axm, where a and m are constants. For a layer
where the friction coefficient is almost independent of x, similar soiutions
exist which depend only on m and Cf/Z, and the boundary layer thickness
increases linearly with x.

In 1954 Clauser [11] presented experimental verification of the existence
of similar turbulent boundary layer flows on smooth walls for two different

adverse pressure gradients. He termed such behavior "equilibrium'' and

defined it as the case where both
_ [H-1 1
and :
B = §.'_dp
T dx

were independent of x. In a later paper, Clauser [12] showed that the
correct choice of the length scale §' was the displacement thickness, so that

11
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B = - %. (2.2)
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It should be noted that Clauser's definition of the shape parameter G is
identical with that presented earlier by Rotta [10,13]. Additional theoretical
treatments of equilibrium turbulent boundary layers were presented by
Townsend [14] and Coles [15].

The most definitive work on equilibrium turbulent boundary layer flow
was presented by Rotta [16] in 1962. He showed that the conditions required
for exact equilibrium behavior (reduction of the equations of motion to an

ordinary differential equation) are:
Cf/Z = constant

ddl
I " constant (2.3)

and

§
Phowr N N
g = ;; 5 constant

Two flows obeying these constraints exactly were shown to be flow over a

smooth wall with U_ ~ where x> x and flow over a uniformly rough

X “X
O

wall with U ~ exp (ﬁi %%?) . Other variations of U_ were shown to either
require a given roughness variation with x or not to satisfy exactly the
conditions required above.

There are indications based on experiméntal rough wall studies that
exact equilibrium cases exist for conditions not corresponding to the

velocity and roughness criteria above. Perry, et al. [17], found that a

12
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zero pressure gradient turbulent boundary layer developing over a two-

dimensional cavity type roughness of constant height conformed to Rotta's

conditions for precise self-preserving flow. Pimenta [2] also found
indications in his work on zero pressure gradient flow over the rough surface
used in this study that the boundary layer was approaching such an equilibrium

state.

2.2 Conditions for Equilibrium in the Fully Rough Turbulent Boundary Layer
with Pressure Gradient and Transpiration

In order to determine the conditions for which equilibrium will be
obtained in the fully rough turbulent boundary layer with pressure gradient

and transpiration, consider the two-dimensional momentum integral equation

0 ds, LA,
T"’F:'EK*Gz(Z*H)EW (2.4)

where the variation of p_ with x has been neglected, as have the normal
Reynolds stresses. For the zero pressure gradient fully rough state, it
has been shown [1,2] that the skin friction is independent of Reynolds

number and can be functionally represented as

)
Cef2 = £ (T’ F) (2.5)

where r is a length scale characteristic of the roughness elements.
For the present deterministic rough wall where height and distribution
are describable by a single length scale, r is taken as the radius of the

spheres comprising the surface. In the most general case, of course, one

Bidiinn.

length scale describing height and one describing distribution in addition

4
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to a parameter describing roughness element form are necessary for the
description of a rough surface. Most investigators in the past have used
the "equivalent sand grain roughness' scale, ks, determined by comparison
with Nikuradse's [3] classic pipe flow experiments, in order to obtain a
single length scale description of roughness.

One condition necessary for equilibrium is that Cf/Z be constant.
Additionally, consider only the case for constant F and assume that the
functional form of Equation (2.5) will remain valid for flows with pressure
gradient. Under these conditions, 62 is constant and Equation (2.4) becomes

8, du,,
Cf/2 + F= (2 +H) U; - ~a constant (2.6)

Defining a pressure gradient parameter for fully rough flow as

du

(e8]

B
Kr = U & (2:7)

where L is a length scale yet to be specified, Equation (2.6) can be
written as

(Cg/2 + F)

Kr = 2+ H)(GZ/L) = constant

(28]

for an equilibrium condition.

The choice of the proper length scale L to use in (2.7) is not
immediately obvious. One might use an integral scale of the flow (6, 61, 62)
or a roughness scale (r, ks). The roughness element radius, r, will be used
in this development. A discussion of the arguments for this choice will be

deferred to a later section. Thus,

14




du

e+

Ko (2.9)

For a fully rough flow with constant F and Kr’ the layer could be
expected to exhibit an equilibrium state for which Cf/Z, 62, H, and B are
all independent of x. This expectation has been experimentally verified in
the present investigation for positive K. and F. For Kr < 0 (adverse
pressure gradients) Equation (2.8) indicates equilibrium flow is possible
only for F < 0 (suction). Fully rough flows with Kr constant are equilibrium
flows in the strictest sense since all of the conditions of (2.3) are
satisfied.

The freestream velocity variation required for an equilibrium flow is
found by integration of Equation (2.9) with Kr = constant to be
U eKr(x-xo)/r

(2.10)

oo,o

where the subscript o indicates the position at which the velocity variation
begins. This agrees with Rotta's [16] result, but from the development above
it is clear that fully rough flow is required for the velocity variation
(2.10) to give an equilibrium flow. For transitionally rough flow, Cf/Z

is a function not only of §,/r and F, but also of U,. Thus,a constant K_
flow would not be an equilibrium flow for a transitionally rough turbulent
boundary layer.

For F and Kr constant, it can also be shown that

Ce/2 + F
- H i

and

15
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Cf/Z = {(H + 2) Kr(éz/r) = B (2.12)

The definition of K, for fully rough flows is analogous to that of the

smooth wall acceleration parameter

du

K =U_Vzaxﬁ (2.13)

o

An accelerating turbulent flow on a smooth wall with K = constant yields a
boundary layer with ReGZ constant that is equilibrium in the sense that mean
velocity profiles become similar and G and B are constant. Such a flow is
not truly an equilibrium flow in the sense of equations (2.3) since

ds,
dx

smooth wall and fully rough turbulent boundary layers is presented in

~-jf # constant. A comparison of the asymptotic accelerated states for
U

oo

Table 2.1.

2.3 Choice of Length Scale in Acceleration Parameter K

The choice of the correct length scale to be used in the fully rough
acceleration parameter K. is not obvious from the development in Section 2.2.
A scale based on roughness size (r, ks) or a local scale of the boundary
layer (8, 61, 62) could be chosen. The near wall scale used in smooth wall
layers, ﬁL , should not be considered because the turbulence field of the
fully rou;h layer is independent of viscous effects, at least for regions
outside the roughness elements [2].

One requirement which should be imposed is that when Kr is constant, an
equilibrium condition should result. This requirement leads to the choice

of roughness size as the proposed scale. Define:

16
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R R 3 (2.9)
' 6], dUOD
K_r » U_ -ax— (2.14)
and
8., du
K = Ug‘d;:: (2.15)

for convenience in the discussion to follow. If the fully rough flow is in
an equilibrium state, 61 and 62 are both constant and thus Kr’ K;, and K: are
all constant and meet the requirement above. However, consider a case where
a non-equilibrium acceleration is imposed on a surface of constant roughness.
It is possible, in principle, that an acceleration could be imposed such that
the product of (Ul; Eia%: and 61 or 62 would be constant. Thus, in principle,
K; or K: could be maintained constant in a non-equilibrium fully rough flow.
Therefore, it appears that a local scale of the layer is not suitable for
use in defining K.

In choosing a roughness length scale for use in Kr, one is assuming
that if r (or ks) is doubled, then ( Ul; %[iﬁ must be halved to achieve the
same effect for both the cases r = ri and r = Zrl. Confirmation of this
behavior must await further experimental work. However, it is obvious that
some wall scale effect must be included in Kr’ otherwise the smooth wall
parameter, K, would adequately describe rough wall accelerations.

Since the equivalent sand grain roughness of the present rough surface

according to Schlichting [18] is 1.25 r, the conversion of the Kr values

reported to values based on ks is easily made if desired.




Table 2.1

COMPARISON OF ASYMPTOTIC ACCELERATED STATES FOR SMOOTH
AND FULLY ROUGH TURBULENT BOUNDARY LAYERS

Smooth Rough
v du, T du,
Acceleration Parameter K = 67'757 Kr = U;'?ET
Redz Constant Increases
62 Decreases Constant
-K.(x - x)/r
1 T 0
Um/Um’o KU ” e
= 3 F=
1 = (x xo)
: H Cf/Z + F ; H Cf/Z +F
8 A+ 1)\ 7C72 A+ Z)\ "2
GZ(H + 1) dU_ GZ(H +2) du

Note: Subscript o indicates point where acceleration begins.
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CHAPTER 3
EXPERIMENTAL RESULTS

The experimental data obtained in this study will be presented in this

chapter and trends, similarities, and comparisons will be noted and discussed
briefly. An integrated discussion and description of the effects of accelera-
*ion on the fully rough turbulent boundary layer will be presented in Chapter
4.

The experimental program covered five different cases:

M K, =0 F=0
@ K - 0.15x10° F =0 (equilibrium)
(3) K. =0.29x10" F=0 (equilibrium)
@) K. =0.29x10"> F=0.0039 (equilibrium)
(5) K= 0.28x10° F=o0 (non-equilibrium)

Case 1 was run as a baseline set and to compare the present data with those
of Pimenta [2] for identical conditions. Cases 2, 3, and 4 are equilibrium

acceleration runs for the fully rough turbulent boundary layer. In Case 5
du
the smooth wall acceleration parameter K = J% I vas maintained constant,.
U

]

This represents a non-equilibrium run for the fully rough layer.
In setting up each of the equilibrium runs, the value of Kr and the x-

position at which the acceleration was begun were matched with the §,, H,

19




and Cf/Z data taken at that position for Kr = 0, using Equation (2.8). Thus,
the boundary layer entered the region of acceleration near the equilibrium
state for the Kr applied, and the length of the equilibrium flow established
was maximized.

e ok

Measurements included Stanton numbers and profiles of T, U, u'”, v'",
;77, u'v'. These data allowed calculation of skin friction coefficient
Cf/Z, turbulent Prandtl number Pry, mixing length %, and profiles of Q+ and
t'. The profile measurements were obtained using two hot wires--one horizontal
and one rotatable 45° slant--and a butt-welded thermocouple probe similar in
design to that used by Blackwell [9]. Details of the measurements and
techniques used are presented in Appendix I.

In the following sections the K. = 0 baseline data will be presented

first. The four cases with acceleration will then be described with

presentation of the data in the following order:

e Summary graphs for each case

Integral quantities ( St, Cf/Z, §, A, etc.)

Mean velocity and temperature profiles

Reynolds stress tensor components

Turbulent Prandtl number and related quantities

The final section of this chapter will describe a Stanton number prediction
technique and some supplementary Stanton number data, including cases with
steps in wall temperature, variable wall temperature, and variable blowing

with acceleration.

3.1 Zero Pressure Gradient Data

The data for zero pressure gradient were obtained both to provide a

baseline set of measurements taken using the same techniques used in

20




acquiring the accelerated data and also to demonstrate the compatibility of
the data with the results of Pimenta [2] for the same conditions and test i

surface.

e

Stanton number data are shown in Figure 3-1 for both F = 0 and 0.0039.
The data of Pimenta for an untripped layer are also plotted, and the
comparison between the two sets is excellent for large 7;, being well
within the data uncertainty of + 0.0001 Stanton number units. The correla-
tions proposed by Pimenta for interpolation of his data are also shown. These

correlations are:

A -0.175
2
St = 0.00317 (-r_) (3.1)
fy
for F= 0 and 4 < = < 15 and
TS
In(1+B,)
st | . [ B ] (1+8,)0°178 i3
Bh
Ol

for 0 < F < 0.0040, where:
Sto is the Stanton number for F = 0 and the same AZ

Bh = F/St is the blowing parameter.

Figure 3-2 presents the skin friction coefficients obtained for F = 0
by Healzer [1], Pimenta [2], and the present author. Healzer differentiated
his momentum thickness measurements to obtain Cf/Z, while Andersen's [19]
shear stress method for skin friction determination was used in this study
and also by Pimenta. The results of Pimenta and the present author show
good agreement, while the data of Healzer deviate slightly from the others
at theslarger values of Gz/r. The correlation of Pimenta for F = 0 and

&

1.0 < + < 10.0
21
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s =075
2
Cf/Z = 0.00328 (77) (3.3)

is also plotted.

All of the skin friction coefficients in this study were calculated {

using

wesz=vEl -Gl -uu F
f ay 'y
1 " 1
[/ v 2 2 2
1 /v Y1 b _do - 207
: /(q) ) -l &' T %
| o
(3.4)
¢ S B0 o u, U,
+ = dy S LA
L p, dx ¥ r
LO

The derivation of (3.4) is straightforward. Briefly, the momentum
equation (incorporating the usual boundary layer assumptions but allowing
0y = P,(x)) and the continuity equation are integrated from the surface to a
position Y1 in the boundary layer. Then, measurement of successive velocity
profiles in the x-direction and u'v' at y = Yq for each x-position allows
calculation of Cf/Z versus X, using (3.4). The position y, was always 0.130"
in this study, since the rotatable slant hot wire used to measure u'v' was
limited to y > 0.125".

A typical velocity profile is plotted versus (y + Ay)/é2 in Figure 3.3.

Since the normal coordinate y is referred to the tops of the spherical

22
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elements comprising the test surface, the 'wall shift'" Ay gives the location
of the "apparent wall" for the mean velocity. This wall shift has been a

topic of much discussion by previous workers in roughness and will be

discussed in more detail later in this chapter. It is shown in the figure

that the present data follow Schlichting's [18] expression for fully rough

flow

1 i SR B (3.5)

Note that the value of kS used (0.031") is determined from Schlichting's
tabulated values and not by back-fitting Equation (3.5). The smooth wall
'""law of the wall" is also shown for reference.

Measurements of the three components of the turbulent kinetic energy
normalized by Ui are shown in Figure 3-4 plotted versus y/8. The present
measurements agree with those of Pimenta within the data uncertainty.
Comparison of the fully rough data with the ;Tj-data of Klebanoff [20] for
a smooth wall shows several important characteristics of fully rough flow
(which were noted by Pimenta [2]). First, for fully rough flow the peak in
;Tj is moved out from the wall, lowered, and spread over a greater portion
of the layer than is the case for smooth wall flows. Second, the effect of
the roughness is felt across practically the entire layer in the form of
increased turbulence energy. Blake [21] also observed this behavior in his
fully rough flow data. Thus, the assumption made by some authors [8,17] that
the effect of roughness is confined to the near wall region is not valid for
the turbulent kinetic energy components. Pimenta showed that this effect

was not due to the greater freestream turbulence (= 0.4%) in the present

tunnel as compared with that of Klebanoff (» 0.02%). He also showed that
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the use of Uf as a nommalizing velocity did not collapse the smooth and

rough wall results, as was suggested by Hinze [22] based on the measurements

of Corrsin and Kistler [23] over 2-D roughness elements.

3.2 Data with Acceleration

Summary graphs for the four cases of accelerated flow investigated are
shown in Figures 3-5 through 3-8. The purpose of these plots is to show
the variation of Kr and the integral quantities Cf/Z, 62, and H which are
indicators of equilibrium flow according to the discussion in Chapter 2. The
Stanton number variation is also plotted to illustrate the integral behavior
of the thermal field. In each figure, “he data are plotted versus distance

along the test section, x. In the discussion which follows, F = 0 unless

specifically stated otherwise.

Data from the K. = 0.15 x 10™% run are presented in Figure 3-5. This
run had the longest region of Kr constant (x = 44" to 88'"), with the velocity
increasing from approximately 88 to 115 ft/sec. As seen in the figure, 62,

H and Cf/Z all become constant in the region of K constant, indicating that

equilibrium flow was established. Stanton numbers in the acceleration region

are about 10% larger than for the K. = 0 case and appear to be approximately
constant within the data uncertainty. The behavior is different from that
observed for accelerated smooth wall layers, where Stanton number is

unaffected for small K, then decreases in comparison to the unaccelerated

case at the same Reynolds number or same x-position as K increases (4,24,25,26].

3

Data for K. = .29 x 1077 are shown in Figures 3-6 and 3-7 for F = 0

and F = 0.0039, respectively. In both these cases, K. is constant from
x = 24" to 52", U_ increases from 88 to 129 ft/sec, and 62, Cf/Z, and H all

reach constant values in the acceleration region. Stanton number shows the

24




same behavior as seen in Figure 3-5 in the region of acceleration, then

decreases immediately to the Kr 0 baseline data when the acceleration is
removed.

.28 x 10-6, nonequilibrium case are

it

The summary data for the K
presented in Figure 3-8. The smooth wall acceleration parameter K is
constant from x = 24" to 52", U_ increases from 88 to 150 ft/sec, and Kr
varies from .25 - .50 x 10-3 in this region. The shape parameter H
decreases along the entire test section, while 62 increases as the layer is
entering the region of acceleration, then levels off and finally decreases.
This 6, behavior is similar to that observed in the asymptotic accelerated

smooth wall layer [27,28]. Skin friction coefficient shows very little

variation, and appears to remain about constant. This is not surprising
considering the small variation of 62 in the acceleration region. Stanton
number shows the same increase over Kr = 0 values observed in the equilibrium
cases and recovers immediately to unaccelerated baseline values when the
acceleration is removed.

It was noted above that Stanton number appears to be approximately

constant within the data uncertainty in regions of Kr constant. However,

it is impossible to reach a firm conclusion in this regard due to the
inherent uncertainty in the data and the relatively short regions of
acceleration. An argument that Stanton number for I(r > 0 varies as A2~0‘175

(as in the Kr = (0 case) or some similar weak function of A2 could also be

supported by the present data. ]

If, for the sake of argument, one assumes that St is constant in a
region of constant Kr’ then the behavior of A2 in such a region can be

determined. The 2-D energy integral equation for F = 0, constant properties,

and constant wall to freestream temperature difference may be written as [29]
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dAZ T
St xar fls (3.6)

If St and Kr are constant from a position X. to x, then (3.6) can be

integrated to yield

Str d [ Stcr] e—Kr(x-xC)/r G

2 K
T

Thus the enthalpy thickness will approach an asymptotic value (Stcr/Kr) if a
flow is established such that St and Kr are constant.

Equation (3.7) was evaluated for the Kr = .15 x 10-3 case assuming
X, = 58" and StC = 0.00242. The results are shown in Figure 3-9 and
compared with the enthalpy thicknesses computed from the mean velocity and
temperature profiles. The agreement between the measured values and
calculated values assuming St = constant is excellent, thus supporting the
observation that Stanton number, if not a constant, is at most a weakly
varying function of AZ in an equilibrium accelerated fully rough turbulent
boundary layer with constant wall temperature.

As shown in Figure 3-9, for the K. = .15 x 1073 run the approach of A,
to the indicated asymptotic value is very slow. In fact, AZ would reach 99%
of the asymptotic value only after (x-xc) ~ 60 feet. Since 62 is constant
in the equilibrium case, the ratio A2/62 would therefore increase for an

appreciable distance.

3.2.1 Integral Quantities

The Stanton number data in the accelerated region for the three

equilibrium runs are shown versus Az/r in Figure 3-10 compared with

unaccelerated data for F = 0 and 0.0039. The accelerated data increase
26
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over the K = 0 data by ~ 10% for F = 0 and ~ 20% for F = 0.0039. As
discussed in the previous section, the Stanton number data ir. the constant
K. region can be argued to be either approaching a constant value or at the
very least to be a weaker function of enthalpy thickness than in the
unaccelerated case.

Skin friction coefficients in the acceleration region are plotted
versus 52/r in Figure 3-11 and compared with the unaccelerated cases. The
K. = 0 data for F = 0.0039 are from Pimenta's study. For the three equili-
brium cases, both Cf/Z and 62 are constant in the acceleration region and
thus only a single data point for each case appears in these coordinates.

In the unblown cases, it appears that acceleration causes a slight increase
(~ 5%) in Cf/Z over the baseline data. It should be noted that this is
within the uncertainty (~ 10%) of the Cf/2 data, however. In the blown case
(F = 0.0039), the acceleration data point lies approximately 30% above
Pimenta's K, =0 data. In smooth wall flows acceleration also leads to an
increase in Cf/Z compared with zero pressure gradient values for the same
Reynolds number ([27,28].

Figure 3-12 shows temperature and velocity boundary layer thicknesses
(A and 8, respectively) for the five cases investigated. No temperature
profiles were taken in the present study for Kr = 0, so A is not shown for
the baseline case. In the three equilibrium accelerated cases, the rate of
growth of both § and A decreases in the acceleration region. From the
equilibrium conditions developed earlier for the fluid dynamics, one would
expect 6 to eventually assume a constant value for 1(r = constant, and it
does appear from Figure 3-12 that § is approaching an asymptote in the region
of K. constant. After the acceleration is removed in the two Kr = 0.29 x 10'3

runs, the boundary layer thicknesses A and § resume a rate of increase with X

similar to that observed for the Kr = 0 case. The data for the nonequilibrium
27




6 run exhibit behavior similar to that observed in smooth wall

K=.28x 10

accelerated flows [24,25,27,28]. Both § and A begin to decrease near the

end of the acceleration region. In all four acceleration cases, the

temperature boundary layer thickness A is greater than § for all x, but the

two thicknesses show the same trends in the acceleration and recovery regions.
A comparison of enthalpy thicknesses obtained from integration of

temperature and velocity profiles and from integration of the constant property

energy integral equation in the form

& 1 d s
St + F = U:(m ’d—x— {AZ Uoo (TW Tw,o) (3.8)

using measured Stanton numbers is shown in Figure 3-13 for the four acceler-
ation cases. Reasonable agreement is found between the two methods, with
the maximum discrepancy being about 10%. The behavior of A, is similar to
that observed for A in Figure 3-12.

Figure 3-14 presents the variation of roughness Reynolds mumber with x

for all five cases, where

Re, = 2 L (3.9)

and ks was taken as 0.031", as noted previously, for the present surface.
The roughness ieynolds number increases with acceleration since U_ (=%C;77'Uw)
increases and 7§~remains constant.

These results have important implications. The utility of the roughness
Reynolds number lies in its magnitude relative to the viscous sublayer
thickness. Following the traditional argument, for Rek < 5, the roughness

elements do not penetrate the sublayer and the flow retains its smooth wall
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characteristics. For 5 < Rek < 55 to 70 (depending on the data and/or
author) the flow is '"'transitionally' rough, and for Rek > 55 to 70 the flow
is fully rough. These ranges are all for F = 0. Since Rek increases in the
acceleration region, the roughness elements protrude further out into the
layer (in a nondimensional sense) in this region. There is no viscous
sublayer present in the fully rough layer, so the increase in Rek with
acceleration can be viewed as making it more difficult for a viscous sublayer
to form.

This observation is important when one considers the behavior of
accelerated smocth wall flow. Kays and Moffat [4] note that experimental
evidence indicates acceleration of a smooth wall turbulent boundary layer
causes an increase in the viscous sublayer thickness. Also, it is well known
from the results of many investigations that acceleration of a smooth wall
turbulent layer causes the layer to develop toward a state resembling laminar
flow. Consideration of these smooth wall accelerated flow characteristics
might lead one to expect a fully rough turbulent boundary layer subjected to
a favorable pressure gradient to develop first transitionally rough, then
finally smooth wall characteristics. The present results indicate that this
is not the case. To the contrary, acceleration makes a fully rough flow
appear ''rougher' in the sense that the roughness elements protrude further,

nondimensionally, into the turbulent layer.

3.2.2 Mean Velocity and Temperature Profiles

Figures 3-15 through 3-18 present mean velocity profiles for the
four acceleration runs plotted as U/U_ versus y/62. In these and subsequent
figures, X, denotes the x position at which the relevant acceleration para-

meter (Kr or K) becomes constant.




In the graphs for the three equilibrium runs (3-15 through 3-17) the
profiles are similar, as expected, after the layer is a sufficient distance
into the acceleration region. The similarity extends down to the first
point from the surface (y = 0.006'"). The nonequilibrium data (Figure 3-18)
do not exhibit similarity.

3

Figures 3-19 and 3-20 present profiles from the K. = 0.15 x 10"~ and

unblown K_ = 0.29 x 1073

cases, respectively, plotted as U/UT vs (y + Ay)/éz.
The smooth wall ""law of the wall" and Schlichting's [18] expression for

fully rough flow (Equation 3.5) are also shown for comparison. As noted
previously in this chapter, the wall shift Ay locates the apparent or virtual

location of the surface below the tops of the roughness elements.

The wall shift was determined by the same technique used by Pimenta [2],

i.e., the method suggested by Monin and Yaglom [30]. Briefly, if it is
assumed that a logarithmic law of the wall region exists in the velocity

profile, it can be shown that

U 1 + A
n;.= E'ln (ZLZ;.)i) (3.10)

where

k = Karman constant (= 0.41)
Zo = constant
Ay = constant

The proper wall shifts were determined using a form of (3.10) - Ay was varied

until a value was determined for which zo was constant.
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It was found that Ay = 0.006" for all the profiles in the present
unblown data. Since this is the same value found by Pimenta for his zero
pressure gradient data, it can be concluded that, for the K, range of this
study, Ay is unaffected by favorable pressure gradients and does not vary
with x. This result is quite different than that reported by Perry, et al.
[17], who investigated turbulent boundary layer flow over 2-D roughness
elements for both zero and adverse pressure gradients. They found that Ay
varied with x, and in fact, was actually larger than the roughness height
under some adverse pressure gradient conditions.

Comparison of the present profiles with Schlichting's expression shows
that the constant would have to be increased from 8.5 to approximately 9.1
to match the accelerated data. The reason for this shift is not known. The
decrease in the value of AU/UT between the smooth wall law of the wall and
the present data when acceleration is imposed should not, in the author's
opinion, be taken as an indication the flow is tending toward the transi-
tionally rough state. The ;Tf profiles to be presented later in this chapter
exhibit none of the transitionally rough characteristics described by
Pimenta [2] for this surface. In addition, the increase of Rek in the
acceleration region indicates a trend away from, rather than toward the
transitionally rough state (see Section 3.2.1).

A comparison between the blown and unblown velocity profiles for
l(r = 0.29 x 10_3 is presented in Figure 3-21. The behavior is as expected -
the injection of low momentum fluid at the wall lowers the mean velocity
compared to the unblown case.

Temperature profiles for the three equilibrium acceleration cases
are plotted in Figures 3-22 through 3-24 in (Tw—T)/(Tw-Tm) VS y/A2

coordinates. Similarity of the profiles is observed in all cases and
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extends to the closest data point from the surface (y = 0.013"). Temperature
profiles for the K = 0.28 x 10-6 non-equilibrium run are shown in Figure 3-25.
The apparent similarity observed here is surprising but can be explained by
reference to the behavior of the thermal boundary layer thickness A and
enthalpy thickness AZ for this case shown in Figures 3-12 and 3-13, respec-
tively. Both A and A, vary little in the acceleration region - they appear
to be approaching maxima, and a decrease is actually observed in the data
for A at the end of the acceleration region. Thus the combination of
approximately constant A and A, and approximately constant Stanton number
(Figure 3-8) in the region of acceleration leads to similarity in the
temperature profiles. This similarity would probably not be maintained if
the region of K constant were extended.

Temperature profiles for the K. =0.15 x 10—3 run are plotted in
Figure 3-26 in (TW‘T)/(TW'T«) versus U/U_ coordinates. Pimenta [2] found
these coordinates useful since Kr==0 data are linear when plotted in this
manner. The present profile at x = 34" (prior to the acceleration region)
exhibits this linearity. The two profiles in the acceleration region,
however, are not linear and do not exhibit similarity in these coordinates.
It should be noted that the accelerated profiles, if extrapolated to U/U_ = 0,
still show the temperature "jump' condition discussed by Pimenta, indicating
that the apparent wall position is different for the temperature and velocity
fields.

A comparison of the blown and unblown temperature profiles for
Kr = .29 x 10’3 is shown in Figure 3-27. The results are as expected, with
the injection of fluid at the wall temperature resulting in higher tempera-

tures in the near wall region.

32




Laghoui

T e e L s

3.2.3 Reynolds Stress Tensor Components

The behavior of the turbulence quantities will be examined in
this section. Due to the physical limitations of the apparatus, only in
the Kr = 0.15 x 10'3 run was an acceleration region of sufficient length
established to investigate the similarity of the turbulence quantities in
the flow direction. The data from this run will form the primary basis for
the discussion of the effects of acceleration on the turbulence field. Data
from the other runs will be presented as additional support for the points
presented; however, a direct comparison of the exact magnitudes between the
data of different accelerations is not particularly meaningful due to the
variation in the values of (x-xa)/d at which the profiles of the different
runs were taken.

In the following discussion, the similarity of turbulence profiles in
the flow direction is examined first. Comparisons are then made between the
acceleration profiles and those for K. =0, and finally a comparison of the
Reynolds shear stress correlation coefficients for the different runs is
presented. A comparison of correlation coefficients between the different
acceleration runs is valid due to the demonstrated insensitivity of the

coefficients to the boundary conditions imposed.

3, the three components of the

Figure 3-28 presents, for K. = 0.15 x 10
turbulent kinetic energy nondimensionalized by Ui and plotted versus y/<S2
for (x—xa) = 22 and 42 inches. Excellent similarity is observed in the u'
component, and the agreement in the v' and w' components is within the
uncertainty of the data (~ 10%). The Reynolds stress profiles at the two

positions are compared in Figure 3-29. The difference between the two

profiles is on the order of the data uncertainty. The results shown in

Figure 3-28 and 3-29 demonstrate that a state of similarity is being
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approached by the turbulence quantities, with the data indicating that u'v’
possibly requires a greater distance to become truly similar than do the -

other quantities.

Profiles of u’z/Uf versus y/8 are shown in Figure 3-30 for the Kr =0
and .15 x 10'3 cases. The decrease in longitudinal turbulence intensity with
acceleration is quite evident and similar to the behavior observed with

accelerated smooth wall flows [5]. When the profiles in Figure 3-30 are

compared with the same two profiles in Figure 3-31 (where the data are
normalized by Ui), one observes that the peaks in ;Ti-nearly coincide when
Ui scaling is used but are displaced in level if Uf scaling is used. This
near-coincidence of the ;Tf peaks when normalized by Ui provides a convenient
reference level when comparing the profiles, and all fluctuation data to
follow are presented in this form.

The three components of the turbulent kinetic energy for the Kr = 0 and
0.15 x 10-3 cases are compared in Figure 3-31 as G:VUi versus y/8. As stated
above, the level of the u' component in these coordinates is changed very
little by acceleration for y/§ < 0.1. The v' and w' components are sub-
stantially lower than the e ™ 0 data in the region y/§ ~ 0.1, while in the
outer region (y/§ 2 0.2) all three components are lowered on the order of 40%
compared to the K, = 0 values. Thus, when compared with the unaccelerated
data, acceleration decreases the level of turbulent kinetic energy over the
entire layer and makes the turbulence structure much more anisotropic in the
inner region. Unfortunately, no measurements of the v' and w' components in
a smooth wall accelerated layer are known to the author, so no comparison of
rough and smooth wall behavior with acceleration is possible.

Consideration of the turbulent kinetic energy equation and the

equations for the energies in the three components allows some insight into
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the behavior observed in Figure 3-31. The time averaged turbulent kinetic

T T s

energy equation for stationary flow and no body forces can be written as g

[30,31]
il
9 EU. + = p utulu! + p'u! - u'ol. =
e ( S B i PR sy ) :
1 E
-~ o agl. - p u'u! (3.11)
ij Bxi 1) oxj
ai 1 2
where E = 7P uiui =50q
and
aui ou!
t = Lo
Gy PR
j i

The terms on the left side of (3.11) are, respectively, the spatial
transfer of E by the mean motion, by the turbulence fluctuations, by the
"pressure diffusion', and by the viscous shear stresses of the turbulence
field. The terms on the right hand side are the dissipation of E by
molecular viscosity and the production of E by the interaction of the
Reynolds stress tensor with the mean velocity gradients.

The equations [30] for the three components of E contain terms similar

TLA L 5 T
to those in (3.11) and, in addition, the terms p' %’ p' %v;—, and p' —3”2—

- Ry SR e |

appear on the right hand side of the u'“, v'“, and w'" equations, respec-

tively. Since these three additional terms sum to zero by continuity, they
do not appear in the equation for the total turbulent kinetic energy. Thus

these pressure fluctuation-turbulence field interaction terms transfer energy
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among the components of E, but play no direct role in the spatial transfer
of turbulence energy.
In the flows of this investigation, all the terms of the production
W; Hiyh

u;u; 5;% are negligible except u'v g% (see Section 3.2.4). Therefore the
i

entire turbulent kinetic energy production goes into the u'™ component of E,

and the ;77 and w'2

components receive energy only through the pressure
fluctuation-turbulence field interaction terms described above. Since the
effect of acceleration is to make the fully rough layer much more anisotropic
in the inner region, acceleration must decrease the sum of the pressure
fluctuation transfer (source) and dissipation (sink) terms in the ;Tz-and ;_7
equations. This argument can be carried further only if one assumes the
dissipation is affected only slightly by acceleration--under this assumption,
it would have to be true that the correlations between p' and %%;3 fg%i are
decreased significantly by acceleration.

Profiles for the components of q2 are presented in Figures 3-32 and 3-33

3, F=0, and K= 0.28 x 107° cases, respectively.

for the K. = 0.29 x 10°
The behavior observed in each case is similar to that already shown in
Figure 3-31 for the K_= 0.15 x 107 data.

The effects of acceleration on the components of q2 in a fully rough
layer with blowing are shown in Figure 3-34. The data points are for the

3, F = 0.0039 case of the present study, while the solid

K. = 0.29 x 10°
lines for Kr = 0, F = 0.0039 are from Pimenta [2]. Compar son of the two
sets of data yields several important points. First acceleration decreases
all components of q2 in the outer region much as it does in the unblown
layers. However, the behavior in the inner region is quite different from

that in the unblown cases. The degree of anisotropy in the accelerated data

is about the same at y/§ = 0.2 as in the zero pressure gradient data.
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Unfortunately, the probe size restrictions prevented acquisition of v' and

i w' data for y/¢ < 0.1 and the trends inside this region are undetermined.

! In the unblown cases, the general shapes of the profiles with and

f without acceleration were similar. However, in Figure 3-34 one sees that in

the blown layer acceleration alters the basic shape of the profiles. The

curvature of the ;Tz.profile in the outer region is completely changed, and
the peaks in the ;77 and ;Tj profiles for Kr = 0 are suppressed. In fact,
the profiles from the blown accelerated layer look much more like the
unblown Kr = 0 profiles than the profiles from the blown Kr = 0 case. This i
can be seen in Figure 3-35 where the ;77-component is shown.

The Reynolds shear stress nondimensionalized by UE is shown in Figure

3-36 for the K. = 0 and 0.15 x 10-3 cases. The behavior of u'v' with

acceleration is similar to that calculated for the smooth wall accelerated
layer [25]. No measurements of this term in the smooth wall accelerated
layer have been published to the knowledge of the author. The observed
decrease in -GTVTYUE with acceleration would lead one to expect a probable
decrease in the production of turbulent kinetic energy with acceleration (in

a nondimensional sense). This point will be expanded in the following

section.

Figure 3-37 presents the measured correlation coefficients Ruv and qu

R ™5 W/VIJT ‘/\7'7 (3.12)

where




The measured values for all four acceleration cases are in excellent agree-

ment with those (Ruv ~ 0.45, qu ~ 0.15) reported for both smooth wall

layers [32,33,34] and zero pressure gradient rough wall layers [2]. It thus

appears that the relationship between the Reynolds shear stress and the
diagonal components of the tensor is truly universal and independent of
boundary conditions.

Since the turbulent shear and turbulent kinetic energy are primarily

Nien i

generated during periods of bursting [35,36,37], it is logical to propose

that the universal values of R.uv and qu observed result from a universal
attribute of the bursting and decay process itself. Grass [38], who reported
results of a hydrogen bubble technique investigation of a turbulent water
channel flow over a pebble-type rough surface, observed that the bursting
process appeared more vigorous in the fully rough than the smooth wall case.
The inrushing fluid interacted with the fluid among the roughness elements
(which is more energetic than that in the viscous sublayer on a smooth wall),
and in the ejection phase of the process the fluid moved almost vertically
upward. These results are consistent with Pimenta's results of higher
turbulence energy throughout the layer in the fully rough state. Thus, the
levels of shear stress and energy are influenced by the vigor of the bursting
process and, by extension, the boundary conditions. However, it appears from
all the data available that in any flow where the level of turbulence is
generated and maintained by the bursting process, the relationship between

the components of the Reynolds stress tensor is fixed by some basic attribute

of the bursting and decay mechanisms and is independent of boundary conditions.




3.2.4 Turbulent Prandtl Number and Related Quantities

The results discussed in this section were obtained from calcu-
lations using St, Cf/Z, U, and T data and the energy, momentum, and continuity
equations integrated to a position Yy in the boundary layer. These

integrations yield

2 de, meUi %1 U 2 Y,
FERIAT Y Rl § / (E) ay |- 5
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for the heat flux distribution. Since the fluid dynamics data were taken

under isothermal conditions, Equation (3.14) assumes p = p_(x), while

Equation (3.15) retains p = p(x,y). (Although these variations were

included in the analysis, numerically they were insignificant in all cases.)
The shear stress and heat flux contain both turbulent and laminar

contributions and may be written as

——r U
TE-puty +pn 3y (3.16)
and
5 —— oT
"= pCv'"t'! - k—= 3.17
q = 5y ( )

If the turbulent contributions are modeled using eddy diffusivities for

momentum and heat, Equations (3.16) and (3.17) become

. U
T=9p (em + V) 5y (3.18)
and 1" = - p C. (g, + @) L (3.19)
q P p ‘°H 3y .
e
where - u'v em 3y (3.20)
d T ey, (3.21)
an HW .
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Alternatively, if the turbulent shear stress is modeled using the

mixing length approach, a mixing length & may be defined as

= o2 et
Tl lgy— (3.22)
or, using Equation (3.20)
& —— oU
L = '/-u'v' /'-87, (3.23)

The turbulent Prandtl number is defined as the ratio of the eddy

diffusivities for momentum and heat:
Prp = em/eH (3.24)

In order to demonstrate the consistency of the PrT results calculated using
the method outlined above with the PrT data obtained by Pimenta [2] from
measurements of u'v', v't', and dT/dU, values of Pr,, were calculated using
the present method for the unaccelerated, unblown U_ = 89 ft/sec case
reported by Pimenta. Results of this calculation are compared in Figure 3-38
with the measured values of PrT reported by Pimenta. The two methods give
results which agree well in the inner region. The calculated data are very
uncertain in the outer region where %g-and %g-approach zero since the
uncertainty in the numerical calculations of the derivatives approaches
infinity as y - §. Pimenta avoided this increase in uncertainty by calcu-

lating dT/dU from the linear (Tw-T)/(Tw-Tu) vs. U/U_ plots discussed

previously.




Calculated values of PrT for the four acceleration cases of this study
are presented in Figure 3-39. Also shown are the bounds on the smooth wall
acceleration data reported by Kearney for K < 2.5 x 10'6 and the calculated
data for Pimenta's K. = 0 case. The rough wall data lie at the lower edge
of the smooth wall data range. It appears from the present data that the
use of a constant PrT = 0.7 - 0.8 would be a reasonable assumption in a
prediction method modeling accelerated flow over the present rough surface.
Comparison of the present data with those of Pimenta indicates that for fully
rough flow the turbulent Prandtl number is decreased slightly by acceleration.

Mixing lengths calculated using Equation (3.23) are presented in Figure
3-40. In the determination of £, values of u'v' calculated from Equations
(3.14) and (3.16) were used since comparison with the measured values showed
agreement within a few percent and the calculations yielded values of u'v'
closer to the surface than were possible to obtain with the probes. The
plot shows that in the inner region &/(y+Ay) is slightly lower than the
unaccelerated values of 0.40 - 0.41 found by Pimenta. The behavior of 2/6
in the outer region is in agreement with that observed by Pimenta for Kr = 0.

Calculations of the nondimensional shear stress, T+, and nondimensional
heat flux, Q , are presented in Figure 3-41 for the K. =0.29 x 10-3, F=0
and 0.0039 runs. The trends observed are similar to those for smocth wall
accelerated flows [25], indicating that the effect of roughness on these
nondimensional distributions is small. The turbulent contributions to T
and Q+ are also shown (denoted with the subscript T). Comparison of the
total values with the turbulent ones shows that the laminar contribution to
both shear stress and heat flux was extremely small throughout the region of

measurement.
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Also plotted in Figure 3-41 are Couette flow approximations calculated

using
s FQ!
g = g ik o (1 < T/T ) (3.25)
and
2
y 2 dp.  -2p U
Tc b Tw + FpooUmU = ) Uoo = + T Kr (3.26)

The expression for dg is the one normally found by assuming all é% terms to be
zero. However, in Equation (3.26) for e only the first two terms on the
right hand side are the ones normally retained for the Couette flow approxi-
mation. The additional term can be viewed as a correction term for the
effects of the pressure gradient. Thus the expression for Te might be more
accurately labeled a 'mear-wall'' approximation rather than a Couette flow
approximation. In any case, it can be observed from the figure that
Equations (3.25) and (3.26) provide accurate representations of the

behavior of t° and Q+ in the region very near the wall.

Values of v't' for the two unblown equilibrium runs calculated from
Equations (3.15) and (3.17) are shown in Figure 3-42 as VTfTYUTTTvs y/8.
Comparison of these values with the unaccelerated data measured by Pimenta [2]
and Orlando [34] on rough and smooth walls, respectively, indicates that the
distribution of T/"'fT/UTTT is independent of acceleration and surface condi-
tion, at least within the ranges of the data available.

Figure 3-43 shows results of calculation of the turbulent kinetic energy
production for Pimenta's [2] zero pressure gradient data and the present

K. = 0.15 x 10°% data. From Equation (3.11), the production term can be
written (using the standard boundary layer assumptions) as
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The second and third terms are normally neglected in zero pressure gradient

flows. In the calculations presented in Figure 3-43, the last term in

Equation (3.27) was neglected since measurements of u'2

closer to the wall than those of v'z. Thus the results shown present an

upper bound on the effect of the pressure gradient through the %%-terms.

were made much

In a boundary layer subjected to a favorable pressure gradient, the
second term in (3.27) is negative and thus appears as a sink for turbulent
kinetic energy. Hinze [22] notes that one should expect a decrease in q2
as a result. Such a decrease in turbulence energy was noted in the present
accelerated data (see Figure 3-31, for example). However, the results shown
in Figure 3-43 indicate that for the present data the production is decreased
with acceleration primarily because of changes in the distributions of

-u'v' and %%3 while the sink term remains of negligible magnitude.

3.3 Heat Transfer Predictions and Supplementary St Data

The Stanton number data discussed in previous sections were all for
constant F, constant Tw boundary conditions. In the period following the
investigation reported by Pimenta [2] and in the course of the present study,
additional St cases were run for conditions of variable of (1 and F. A
prediction method for rough wall heat transfer with variable velocity, wall
temperature and blowing was developed using these data. In this section,
the prediction method is described and some typical comparisons of data and
predictions are presented. Additional cases of St with variable boundary

conditions, not presented in the Figures, are tabulated in Appendix IV.
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For smooth walls the variable wall temperature case was dealt with by
Reynolds, et al. [39], using superposition based on a kernel function
describing the downstream effects of a step change in wall temperature.
Whitten [40] extended this to include variable blowing and Orlando [34] used
this same method for variable wall temperatures in adverse pressure gradients.
However, Orlando found that smooth wall Stanton numbers were not affected by
the adverse pressure gradients investigated when presented in enthalpy
thickness coordinates.

It was shown by Healzer [1] and Pimenta [2] over a range of free
stream velocities that for a fully rough turbulent boundary layer flow on

the present surface, with constant U_, % and F

St = f(AZ/r,F) (3.28)
from which it follows that

A, = f(x/r,F) (3.29)
where r is the radius of the spheres comprising the test surface. Thus there
is a unique curve of St vs x/r for each value of F, so long as both U_ and
Tw are uniform. The present data for constant U_ and AT confirm this, being
well represented by the interpolation expression

log), St, = A + B log (x/) +C log? (/1) (3.30)

where




A=-1.36 + 48.2 F
B=-0.61 - 57.4 F
C =0.0675 + 3.69 F

for 0 < F < 0.004. Figure 3-44 shows the Sto data and interpolation curves
from Equation (3.30) for three values of F. The F = 0.002 data are from
Pimenta's (2] study and were untripped, while the data for F = 0 and 0.0039
are from the present study which did use a boundary layer trip.

Now consider the case of an unheated starting length with constant F
and U_. Reynolds, et al. [39], showed that for turbulent flow over a
smooth wall with F = 0 the Stanton number downstream of a step increase in

wall temperature could be predicted by
[ m
8t IR
St, ll (_) ] ey .50

where £ is the x-position of the temperature step, m = 9/10 and n = -1/9.
This expression was then used as the kernel function in a superposition

integral for predictions with arbitrarily varying AT, as follows:

X

St o
el 2 d[AT(E)]
St St A'Tx / [1 % (x)] deg B el

[o)

A kernel function of the same type can be developed for the present

rough wall unheated starting length results, and the data are well represented

using m = 1 and n = -0.22. Thus, for fully rough turbulent flow with unheated

starting length and U_, F and AT constant

St -0.22
X _ (2 :
S ll (X)J x >4 (3.33)
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where Sto is evaluated at the same F and x as Stx. Figure 3-45 shows the
unheated starting length St data and curves evaluated using Equation (3-33)
for two cases with F = 0 and one case with F = 0.0039.

As shown previously, for a fully rough turbulent boundary layer a
positive value of dU_/dx gives a higher Stanton number than the constant
velocity case at the same x or AZ' Thus, the response of Stanton number to
positive dU_/dx is the same as to positive values of dTw/dx. Also, consider-
ation of the energy integral equation (with constant properties) in the form

e AT

shows that the variables U_ and AT always appear in the product form as

(UAT). (Of course, Equation 3.34 is a conservation equation obeyed by both

smooth and rough wall flows. The different response of smooth and fully
rough layers to positive dU_/dx is evidently related to the effect of the
viscous sublayer present in smooth wall layers on the rate equations.)

These observations lead to the following proposed prediction method for

cases of variable U_, AT and F in a fully rough flow:

st, > :
e 0 U_(5) AT(E)] dE x > £ (3.35)
St [ a- s/x) T A

where St0 is evaluated at the same x and F as St,. The predictions which
follow were obtained by numerically integrating Equation (3.35). For these
calculations, the integral was expanded to a sum of two integrals and the
dU_(&) term was approximated by assuming a linear variation of U_ with £

across each integration step.

It was found that Equation (3.35) worked well except in cases where

there were steps in F. Obviously, St cannot change instantaneously after a
47




step; therefore, modification of the method is required to account for the
"lag" in St after such a step. A simple and satisfactory approach is to

define a new St which is modified by the kernel function, giving

N o 50:22
x = : z ; | S
St* = St_ AStoi 1 (1 x) x > & (3.36)

i=1

where St, = St (QT) - St _(%.) and &. is the position of the ith step. Thus,
i Qi o1 i
when there are steps in F, use of Stg in place of Sto in Equation (3.35)
accounts for the '"'lag'" in St caused by the step.
Figure 3-46 presents data and predictions for constant U_, F = 0 and a
bilinear variation of wall temperature; Figure 3-47 shows cases for the

K= .28 x 10_6 nonequilibrium run both with and without unheated starting

3

length; and in Figure 3-48 data and predictions for an unblown, K.=.50x 10°
equilibrium run are presented. In all three figures the agreement between
the data and predictions is very good.

Figures 3-49 and 3-50 present data from two cases designed to provide a
test of any prediction method proposing to calculate heat transfer in the
fully rough turbulent boundary layer. The flow is accelerated arbitrarily
and subjected to a step in F, followed by a variable F and then a step back
to F = 0. Figure 3-49 presents the AT constant case, while Figure 3-50
shows results when a step in AT is imposed in the region of variable F. In
both figures the dashed line is the prediction using Equation (3.35), while

the solid line shows the prediction including the modification for the steps

in F (Equation (3.36)). It is evident that the lag introduced by the steps
in F must be taken into account, but once this is done the present predic-

tions are in excellent agreement with the data.
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CHAPTER 4

EFFECTS OF ACCELERATION ON THE FULLY ROUGH TURBULENT BOUNDARY LAYER

In the previous chapter the various sets of data taken in this study
were presented and some details of the boundary layer behavior indicated by
the data were discussed. A more general, integrated discussion of the
effects of acceleration on the fully rough turbulent boundary layer is
presented in this chapter.

In smooth wall turbulent boundary layers, a viscous sublayer develops
which, in a sense, provides a 'buffer'" between the surface and the more
energetic turbulent fluid in the outer portion of the layer. For flow on a
rough surface, once the boundary layer is in the fully rough state the
viscous sublayer has been effectively destroyed, at least above the crests
of the roughness elements. The outer flow, therefore, interacts with near-
wall fluid of higher momentum, energy and vorticity than in the smooth wall
case. Thus, the fully rough flow near the wall is characterized by shorter
time scales and larger velocity scales than for a smooth wall flow and is
unaffected by molecular viscosity down to the tops of the roughness elements.
Among the elements, the pressure fluctuations are thought to be more important
than the viscous forces [2]. Blake [21] found that pressure fluctuation
intensity near the wall increased with roughness and scaled with the wall
shear stress when compared to smooth wall values.

In view of these characteristics, it is not surprising that the proper

du
acceleration parameter for fully rough flow (Kr =If—~a§3) is independent
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of molecular viscosity and contains a length scale dependent on the wall
roughness elements. As shown in Chapter 3, imposition of a K. = constant
acceleration on a fully rough flow with F constant and > 0 results in a
boundary layer which approaches an asymptotic condition for which Cf/Z, 62,
H, B, and G are all constant with x. This type of boundary layer satisfies

the conditions found by Rotta [16] for an exactly equilibrium flow, i.e.,

Cf/Z = constant

d61/dx = constant (=0)

and

A| o
=

g§-= constant
W

In the equilibrium accelerated fully rough layer, the mean velocity
profiles become similar, and the profiles of the Reynolds stress tensor
components also approach a similar behavior. The roughness Reynolds number,
Rek, increases throughout the acceleration region, indicating an evolution
toward a ''rougher' layer rather than a transitionally rough or smooth
behavior. This is opposite to the behavior of the accelerated smooth wall
turbulent boundary layer, which evolves toward a state resembling laminar
flow. These differences in behavior are consistent with the Stanton number
trends observed with acceleration. In the fully rough layer, Stanton numbers
are increased with acceleration compared to unaccelerated values at the same
X, EZ’ or ReAz. In the smooth wall layer, however, Stanton numbers are either

unchanged or are decreased (depending on the strength of the acceleration)

compared with unaccelerated values at the same position or Reynolds number.




The virtual position of the wall, found using the method suggested by
Monin and Yaglom ([30] and based on the mean velocity profiles, is unaffected
by either acceleration or axial position x. The wall shift, Ay, reported by
Pimenta [2] for the present surface with K, = 0 remained valid under all
conditions investigated in this study.

Although the accelerated (TW—T)/(TW-Ta) vs U/U_ data do not exhibit the
linearity observed in K. =0 data [ 2], a temperature ''jump' at the extra-
polated U/Uoo = 0 point is still indicated. Therefore, there are different
apparent wall positions for the mean velocity and mean temperature profiles
in both zero pressure gradient and accelerated fully rough flows, with the
virtual wall indicated by the mean temperature profiles being further below
the crests of the roughness elements than the apparent wall determined from
the mean velocity profiles.

The turbulence field is dramatically affected when a fully rough
turbulent boundary layer is accelerated. The nondimensionalized turbulent
kinetic energy (qz/Ui or qZ/Uz) is substantially reduced over the entire
layer compared to the unaccelerated case. This is the same trend that can
be inferred from the data for accelerated smooth wall layers. Although no
neasurements of ;Tziand ;Tz-in accelerated smooth wall layers are known to
the author, 577)uﬁ profiles are decreased by acceleration [5], and a decrease
in bursting has been noted with acceleration [36]. The present data also
show that an accelerated fully rough layer is much more anisotropic in the
inner region than is a K. = 0 fully r?ugh layer. This is probably due to
the influence of acceleration on the pressure field-velocity field interaction

1 il
terms | p' %;—, p' g%— which transfer energy from the u' to the v' and w'

components of qz.
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In the accelerated layer with blowing investigated in this study, the
decrease in qZ/Ui in the outer region observed in the unblown cases was
noted, but the increased anisotropy in the inner region observed for F = 0
was not seen for F = 0.0039. This trend was also noted in the K. =1 fully
rough data of Pimenta [2], who found that blowing produced a more isotropic
turbulence field than that of an unblown layer. It thus appears that, in
the present data, the effects of acceleration and blowing on the turbulence
field in the inner region of the layer are approximately equal and opposite.

The values of the Reynolds shear stress correlation coefficients found
in this study are in agreement with the values (RuV = 0.45, Ré = 0.15)
previously reported for smooth wall [32,33,34] and K. = 0 rough wall [2]
turbulent boundary layers. This observation indicates a universal mechanism
in the bursting and decay process. Although the magnitudes of the components
of the Reynolds stress tensor are dependent on surface condition, blowing
and pressure gradient, the constancy of the correlation coefficients
indicates a universal and constant relationship among these components.

There are indications from the present data that in a fully rough
turbulent boundary layer with Kr’ F, and Tw constant, the layer approaches
an equilibrium state in the thermal sense also. Unfortunately, the range of
the present thermal data is not large enough to allow a definitive conclusion
in this regard. It is proposed that in such an equilibrium state Stanton
number would become constant, enthalpy thickness would approach an asymptote,
and nondimensional temperature profiles would be similar in the flow
direction. In the present data the fluid dynamic field (which is a major
influence on the development qf the thermal field) is in an equilibrium
state described previously, and the mean temperature profiles are similar in

the flow direction. However, due to the relatively small range of A,
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covered in the accelerating regions, it is not possible to show that the
present Stanton number data are constant rather than weak functions of
enthalpy thickness.

As in the case of the Reynolds shear stress correlation coefficients,
the distribution of the turbulent heat flux correlation coefficient
VTET/IJTTT calculated from the data of the present study is identical
with the profiles reported for zero pressure gradient rough wall {2] and
smooth wall layers [34].

Results of turbulent Prandtl number calculations based on data of the
present experiment indicate an approximately constant value of 0.7 - 0.8
across the layer. This value is lower than turbulent Prandtl numbers
reported for the unaccelerated fully rough case [2], which vary from ~ 1.0
in the near wall region to ~ 0.7 - 0.8 in the outer region. The present
values of PrT are in the lower range of the data reported by Kearney [25]
for smooth wall accelerated layers.

As shown in Section 3.4, the response of Stanton number in fully rough
flow to either acceleration or variable wall temperature can be represented
using the same kernel function, (1 - %>~0‘22. This behavior is related to

the absence of a viscous sublayer, which leads to greater turbulent mixing

and more vigorous interaction between the wall region and outer flow [38,2].

By contrast, in a smooth wall layer the viscous sublayer damps or buffers
the interaction between the wall and the fully turbulent layer, and the
response of Stanton number is different for variations in velocity and wall
temperature.

The fact that variations in velocity and temperature have equivalent
effects on Stanton number and that the process can be modeled in the manner

described above indicates that turbulent Prandtl number should be unity.
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f This information complements the results of the Pry calculations described

above, since the calculated values are of order one.
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CHAPTER 5. CONCLUSIONS

All statements in this chapter, unless otherwise indicated, refer to the

. flow of a fully rough turbulent boundary layer over a three-dimensional,

densely packed, uniformly rough test surface such as that used in this study.

Based on the discussion in the previous chapters, the important results and

1.

[ WS- |

s wamw N O UEE T R N e

conclusions of the study are:

The proper acceleration parameter for use with fully rough flow

: g o . s
is K. = 0 & where r is a characteristic roughness length.

In a constant Kr acceleration with F > 0 and constant, the fully
rough layer develops toward an equilibrium state where Cf/Z, §ys H,
B and G are all constant. Both mean velocity profiles and the
components of the Reynolds stress tensor approach similarity in the

flow direction.

Although inherent uncertainty in the Stanton number data and the
restricted length of the acceleration region prevent a definite
conclusion, the present thermal data indicate the possibility that
a layer with Kr’ Tw and F(> 0) constant approaches an equilibrium
state in the thermal sense, also. Such a state would be character-
ized by Stanton number becoming constant, enthalpy thickness
approaching an asymptote, and temperature profiles being similar in

the flow direction.
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10.

Stanton numbers increase with acceleration compared to zero pressure
gradient values at the same position or enthalpy thickness. This
behavior is quite different from that of a smooth wall layer, where
Stanton numbers are unchanged for small values of K and decrease
with increasing K compared to zero pressure gradient data at the
same position or Reynolds number.

Roughness Reynolds number increases in a region of acceleration,
indicating that the fully rough layer does not tend toward the
transitionally rough or smooth wall state when accelerated.

For F = 0, acceleration decreases the turbulent kinetic energy
throughout the boundary layer, and in the inner region the turbulence
is much more anisotropic than in the Kr = 0 layer.

In the blown layer, acceleration decreases the turbulent kinetic
energy in the outer region of the layer and substantially alters the

shape of the profiles of url

. v'z, ;Tz.compared with the blown,
unaccelerated boundary layer (Figure 3-34).

The values of the Reynolds shear stress coefficients obtained in
this study are the same as those reported for smooth wall flows

and Kr = 0 fully rough flows, indicating that these values are truly
universal.

The profiles of VTETYUTTT calculated from the present accelerated
data are in good agreement with those reported for smooth and rough
wall zero pressure gradient layers. It thus appears that the
turbulent heat flux profile, nondimensionalized in this manner, is
independent of surface condition and favorable preésure gradient.
In a fully rough flow, the response of Stanton number to either
variable wall temperature or acceleration can be represented using

@\ 0.22
the same kernel function, (1 - —)

x/.
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11. From (10) above one would expect a turbulent Prandtl number of
approximately unity. The values of Pro. calculated from the present
data support this, having an approximately constant value of 0.7 -
0.8 across the boundary layer.

12. The virtual origin of theﬂwall (based on mean velocity profiles) is

independent of acceleration and position in the flow direction.
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APPENDIX I
DESCRIPTION OF EXPERIMENTAL APPARATUS
AND MEASUREMENT TECHNIQUES
The experimental apparatus and measurement techniques used in this

investigation are discussed below. Since comprehensive descriptions of the
design, construction, and basic qualification of the Roughness Rig have been
reported by Healzer [1] and Pimenta [2], these details will not be repeated
here. The interested reader is referred to the cited reports. Since some
differences exist between the hot wire techniques used by Pimenta [2] and

the present author, a more detailed discussion of this area is presented.

I.1 Experimental Apparatus

A schematic diagram of the Roughness Rig was presented previously in
Figure 1-1 and a brief description was given in Chapter 1. Details of a
typical plate and casting assembly are shown in Figure I-1 for reference.
Each of the 24 plates which make up the rough test surface has its own plate
power control, transpiration air control, and five thermocouples which are
averaged to give an effective plate temperature.

Stanton numbers were determined from an energy balance on each plate.
The energy gained by the transpired air while passing through the plate and
the plate losses were subtracted from the measured plate power input to

determine the wall heat flux, du. Stanton number was then calculated from

the definition

= (1.1)
anme (TQ'Tm,o)

St

96

s RN ——— S— - .

5

7} PRECEDING PAGE ELANK-NOT FILMED [




The plate losses considered were the radiative losses from the upper

and lower surfaces of the plate, the conduction losses from the plate to

the casting, and the conduction loss through the stagnant air below the test
plate when there was no transpiration. The same models for these losses
were used in this investigation as were used by Healzer [1] and Pimenta [2].
(See Appendix II for a discussion of qualification tests).

Based on the results of the qualification tests, the uncertainty of

the Stanton number data is within *+ 0.0001 Stanton number units for the

conditions of this investigation.

Two modifications were made to the Rig after completion of Pimenta's [2]
zero pressure gradient study and prior to the present work. First, a 1/2"
wide, 1/32" thick phenolic trip was installed with the front edge three
inches inside the nozzle exit. This was done to insure stable conditions
at the beginning of the acceleration region from run to run.

The second modification was to the top of the test section. The
single-section plexiglass top wall was replaced by a top wall of 1/2" thick
plexiglass constructed in five sections joined with plexiglass inserts.
This wall allowed more precise control of the pressure gradient which was
set along the tunnel length. The new top wall was actually a reworked
version of the one used by Julien [28] and Thielbahr [24] in their smooth

wall investigations.

1.2 Measurement Techniques

I.2.1 Pressure Measurements

Two Statham unbonded strain gauge differential pressure
transducers were used - a model PM-5 with a 0 to (.5 psi range and a model

PM-97 with a 0 to 0.05 psi range. Each unit had a zeroing circuit and was
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calibrated at the beginning of this investigation using a 30" Meriam
Micromanometer (Model 34FB2) as a standard. The calibrations were linear

for 10% to 80% of full scale for both units and were stable to within 0.001

inches of water. Signals from the transducers were integrated for ten

(IDW) with an external quartz crystal oscillator clock which provided 1, 10,
and 100 second integrating period options.
The transducers were used to read the tunnel static pressures from the

0.040" diameter taps located 2" apart in the flow direction on the tunnel

' seconds using a Hewlett-Packard Model 2401C integrating digital voltmeter
] side wall. This gave a pressure reading at the front, middle, and rear of

each 4" plate length. The value of the pressure gradient was calculated

from a quadratic fit to the pressures measured at three adjacent taps.

Total pressures in the freestream were measured with a Kiel probe

located in the potential flow region using the pressure transducers.

1.2.2 Temperature Measurements

Mean temperature profiles were measured with a 0.003" diameter,
butt-welded Chromel-constantan thermocouple probe mounted in a traversing
probe holder similar to that used with the horizontal hot wire (see Section
1.2.3). The probe was designed with a length of approximately 0.625" to
minimize conduction errors (see Blackwell's [9] analysis), and was calibrated
in an oil bath using a Hewlett-Packard Model 2801A Quartz Thermometer as a
standard. Recovery factor for this probe was assumed to be 0.66 based on
the work of Hottel and Kalitinsky [41].

The freestream temperature (for use in Stanton mumber runs and monitoring 1
during hot wire data acquisition) was measured with a probe made of 0.004

inch iron-constantan wire welded into a bead. This probe was also calibrated .

against the quartz thermometer and a recovery factor of 0.86 was used.
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Estimated accuracy of temperature measurements: + 0.15 °F.

1.2.3 Hot Wire Measurements

Two hot wire probes were used in this investigation: (1) a
DISA S55P0S horizontal, boundary-layer-type probe of 5 micron tungsten wire
with gold plated ends, and (2) a DISA 55F02 45° slant probe of 5 micron
tungsten wire with gold plated ends. The wires were mounted in the same
probe traversing mechanisms described by Pimenta [2] and which are shown in
Figures I-2 and I-3 for reference. The slant wire could be rotated about
the probe axis with stops positioned 45° apart (¢ = nn/4, where n = 0,...,7).

Two DISA S5M0O1 anemometers with CTA Standard Bridges were operated in
the constant-temperature mode. Each of the two hot wires was paired with
an anemometer. The anemometer output voltages were linearized using two
TSI Model 1072 fourth order linearizers.

A DISA Model 55D15 true Trms meter was used to determine the mean
square values of the fluctuating voltages. . The rms meter was calibrated
against standard sine waves with known mms values. Resulting accuracy of
the rms meter output was 1% of the measured value.

Mean velocities were determined by integrating the linearizer output
for 10 seconds with the IDVM, while mean square values were determined
by integrating the true rms meter output for 100 seconds with the IDVM.

The rms meter was used with a 10 second time constant setting, and four time
constants (40 seconds) were allowed to elapse before the 100 second integra-
tion was begun.

The hot wire probes were calibrated using the calibrator described by
Pimenta. This consists of a length of 3'" diameter PVC pipe with flow

straighteners and screens at its inlet and is followed by a 20:1 contraction

99




ASME nozzle. The probes were placed in the free jet at the exit of the
nozzle where the velocity is uniform across the central region of the jet.
The air temperature was maintained constant and at the same temperature at
which the data were taken in the tunnel (~ 68°F).

The directional sensitivity of a hot wire and the resulting equations
have been widely reported in the literature and will be only briefly covered
here. According to Jorgensen [42], the directional sensitivity of a hot

wire can be written as

(1.2)

where Usyy Vs, and w, are the velocity components in the wire ccordinate
system (Figure I-4) and k1 and k2 are constants which depend on wire and
prong construction characteristics. For the DISA 55F02, the values are
taken as k1 = 0.20 and k2 = 1.02.

Equation (I.2) can be rewritten in temms of Ups Vis Wps the velocity

components in the laboratory coordinate system, as

ugff = Au% + BV% + Cw% + Dulv1 + Evlw1 + Fulw1 (L.3)
where
A= cosz¢ + k% sin2¢
B = (sin2¢ + k% cosz¢) cosze * k% sin%e
C = (sin2¢ + k% c052¢) sinze + k% cosze
D=( - k%) sin 2¢ cos6
E = (sin2¢ + ki cosze - k%) sin 26
F=(1- k) sin 2¢ sing
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For a boundary layer flow where

u = U +u
v1=v’
w1=w'

it can be shown [2,34] that

2 — 2 —
ué%f Au'l + ng'z + %W'z +Du'v' + -Iz)-gv'w' + Fu'w' + 0(3) (1.4)
and
U ge = /AU + 0(2) (1.5)

In a two-dimensional boundary layer, the v'w' and u'w' terms can be
assumed zero by symmetry. In the present tests, it was verified that both
these terms were essentially zero to within the accuracy of the rms meter
(see Appendix II). With this information, U and u_'z— can be measured with
the horizontal wire, and measurements at three rotations of the slant wire
allow determination of v—'z, ;‘7, and u'v'. In this investigation, slant
wire measurements were taken at € = 45°, 90°, and 135°. These angles were
chosen after an initial investigation to determine typical values of ;—'7 at
different #'s. Solution for v—'z, ;'7- , and u'v' involves finding small
differences between large numbers. The choice of & = 45°, 90°, and 135° was
an attempt to maximize this difference and thus minimize the error involved.
In addition, these values of & minimize the effect of the velocity gradient
in the 0° - 180° plane.

Estimated uncertainties in the indicated quantities are:
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No wall proximity corrections were applied to the hot wire measurements,
since by the criteria of Repik and Ponomareva [43] none were required for

the conditions under which the measurements were made.

—
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Figure I-1. Cross-Section of Typical Test Plate--Casting Configuration
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APPENDIX II

QUALIFICATION TESTS

IT.1 Stanton Number Data

The original energy balance tests on the Roughness Rig were performed
by Healzer [1], and the St data of Pimenta [2] were taken shortly after these
tests. Since the present St data for Kr =0, F =0 and 0.0039 are in
excellent agreement with those of Pimenta (see Figure 3-1) for large values
of enthalpy thickness, it was concluded that the models for the energy losses
were still valid.

This conclusion was confirmed when both blown and unblown energy
balance tests were conducted several months after this investigation was
completed. Results of these tests [44] were in excellent agreement with

the original tests of Healzer.

II.2 Two Dimensionality Check

After installation of the boundary layer trip, a zero pressure
gradient flow was established in the test section and velocity profiles were
taken at x = 24" both on the centerline and 3 inches on either side
(z = 0, + 3 inches). Across this center 6" section of the tunnel, the
variation of U_ was less than 1% and the variation of momentum thickness
was less than 25%.

When a favorable pressure gradient (acceleration) is imposed on a

flow in a test section of finite size, a divergence of the streamlines is

expected due to the thinning of the boundary layers on the smooth side and
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top walls. Since the accelerations applied in this investigation were
milder (lower values of K) than those studied in the smooth wall layer
investigations of Julien [27], Thielbahr [24], Loyd (28], and Kearney [25],
the three-dimensionality induced by acceleration was anticipated to be

negligible in this study. To check this effect on the turbulence measure-

ments, the values of v'w' and u'w' were determined for each acceleration

condition at the x-position where turbulence profiles were taken. In
F every case, v'w' and u'w' were essentially zero within the accuracy of the

rms meter, and in no case were they greater than 2% of u'v'. It was

concluded that the accelerated boundary layers of this investigation could

be considered two-dimensional with negligible loss of accuracy.

I1.3 Sensitivity of Calculated Data to Origin of Wall

The sensitivity to the assumed origin of the wall of all accelerated
data calculated by integration of profiles outward from the wall was
considered. All calculated quantities reported in this thesis were deter-
mined assuming y = 0 at the crests of the spherical roughness elements.

Additional calculations were made considering the origin of the wall to

be 0.006 inches below the crests of the roughness elements. Typical results,

presented as the percentage change due to the 0.006" wall shift, were:




frepm—

5

I1.4 Hot Wire Measurements

Great care was taken when hot wire mecsurements were being made to
insure that the wire calibration and instrument calibrations were maintained.
Periodic checks of wire calibration were made in the freestream by comparison

with measurements of U_ obtained with a Pitot probe and the calibrated

pressure transducers. The calibration settings of the linearizers, rms

meter, and IDVM were checked after every one or two profiles to insure that

these instruments had a minimum of drift. The temperature of the flow was

maintained constant within + 0.5°F during measurement periods by monitoring

the output of a thermocouple in the freestream on an auxiliary digital

voltmeter.

107

e T B~

g

e L A

Vet




APPENDIX 111

INDUCED TRANSPIRATION EFFECTS ON ACCELERATION DATA

Imposition of a pressure gradient, dP/dx, along the test section results
in an induced flow through the porous plates for a nominal F = 0 condition.
When there is blowing through the plates, the nominal distribution of F
along the test section is altered by the flow induced by the pressure gradient.
This section presents an analysis which quantifies these effects.

A cross-section diagram of a typical plate and casting assembly was
shown in Figure I-1. In the following analysis it will be assumed that, for
F = 0, the preplate is impermeable since its porosity is much less than that
of the test plate. Static pressures on the front edge, center, and rear
edge of the test plate will be denoted by Pl’ PZ’ and Pz, respectively. For
a linear variation of pressure along the plate, the pressure in the plenum
between the preplate and test plate is assumed to be (P1 + P3)/2 for F = 0.
Under the favorable pressure gradients of this study, for a nominal F = 0
condition there is suction on the front half of the plate and blowing on the
rear half.

The pressure drop versus flow rate characteristics of a typical plate
were determined experimentally. The pressure differential across a test
plate was measured for 11 different settings of the transpiration control
valve (while there was no mainstream flow). It was found that the data

follow the reiationship

m = 25.58 ap0-942 (I11.1)

108




where m is the flow rate (fts/min) through the 0.5 ftz plate area and AP

is the pressure drop across the test plate (inches HZO). This expression is

valid for AP from 0.019 to 0.56" HZO and m from 0.58 to 14.68 ft3/min.
Calculations were made using Equation (III.1), the assumptions stated

above, and assuming negligible induced flow axially in the test plate due

to the longer flow path in that direction than in the direction normal to

the plate surface. Results are shown below, where Fmi and Fmax are the

n
blowing fractions at the leading and trailing edges of the plate, respectively.
Maximum induced suction occurred at the leading edge, maximum induced blowing

at the trailing edge, and the value of F induced at the middle of the plate

was Zzero.
Run (x-xa) Feminal Fnax Enin
¢ 23 22 0.0 0.0005 -0.0006
K. =0.15x 10 42 0.0 0.0006 -0.0006
£ -3 10 0.0 0.0010 -0.0010
K. = 0.29x 10 22 0.0 0.0011 -0.0012
p -3 10 0.0039 0.0046 -0.0031
Kp = 0.29 x 10 22 0.0039 0.0049 -0.0030
f -6 10 0.0 0.0013 -0.0014
K=0.28 x 10 22 0.0 0.0019 -0.0021
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APPENDIX IV

Tabulation of Experimental Data

This appendix provides tabular listings of the experimental data of
this investigation. Data are presented in the following order: (1) Stanton
numbers, (2) mean temperature profiles, (3) mean velocity profiles, and
(4) Reynolds stress tensor component profiles.

Abbreviations used in the listings are:

RUN Date (month, day, year) --
TINFO Freestream total temperature (°F)
TDB Dry bulb temperature (°F)
TWB Wet bulb temperature (°F)
PL Plate number =
X Axial position from nozzle exit (In.)
ST Stanton number s
DEH2 Enthalpy thickness, 4, (In.)
REDEHZ Enthalpy thickness Reynolds number, ReAZ =
F Blowing fraction --
UINF Freestream velocity (ft/sec)
™ Wall temperature (°F)
TINF Freestream static temperature (°F)
KR Fully rough acceleration parameter, K. ==
K Smooth wall acceleration parameter, K =
110
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T o

DEH Thermal boundary layer thickness, A (In.)
DE Velocity boundary layer thickness, § (In.)
DE2 Momentum thickness, 62 (In.)
PT Point number in profile =
¥ Distance normal to test surface (In.)
T Mean static temperature (°F)
TBAR (T, - TR, - T,) --
CF/2 Skin friction coefficient, Cf/2 --
UTAU Friction velocity, UT (ft/sec)
DE1 Displacement thickness, 61 (In.)
H Shape factor, 61/52 —
G Clauser shape factor --
BETA Pressure gradient parameter, B = (Gl/rw)(dP/dx) --
REDE2 Momentum thickness Reynolds number, Re(s2 =
REK Roughness Reynolds number, Rey --
U Mean velocity (ft/sec)
UP2/UT2 w22 -
VP2/UI2 vl --
WP2/U12 w2k .-
-UV/UT2 avut -
Q2/U12 a2/t --
RQZ avT/q? =
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STANTON NO, RUN - KR=0, F=0

RUN = 04097¢ T08 = 70.00

TINFC = £66.60 TwBe = £7.00

PL X ST DEH2 REDEH2 F UINF L] TINF KR
2 « 00531 011 434, 0.0000 88.08 92.2 66.0 0. |
6 «00372 «029 1308. 0.0C00 88.08 92.3 66.0 0. |
10 «00327 063 1945. 0.0000 88.08 2.4 66.0 0. :
16 «023C1 «055 2517. 0.0COC 88.08 2.4 66.0 0.
i8 +00285 «0e7 3052. C.0000 88.08 32.3 €6.0 0.
22 «00263 <078 3552. 0.0000 86.018 2.3 66.0 %.

+ 00263 <088 4L032. 0.0000 868.08 92.3 66.0 0.
30 + 00268 «099 4498, 0.0C00 88.08 2.4 66.0 0.
34 «00262 «109 L9%5. 0.0000 88.08 92.3 66.0 0.
38 .00238 <118 5384. 0.0000 88.08 92.4 €6.0 0.
W2 «00238 1248 5818. 0.0000 88.08 2.3 66.0 0.

.
-
HOOUBNOWVEFWMN™
nN
o

12 46 «00236 «137 62¢9. 0.0000 88.08 32.2 66.0 J.
13 S0 «00233 o147 6677. 0.0000 88.08 92.3 66.0 0.
14 S «00225 <156 70895. 0.0600 88.08 2.4 66.0 0.
15 58 «00222 «165 7502. 0.0000 88.08 92.5 66.0 0.
16 62 «00221 173 7907. 0.0000 88.08 2.4 66.0 0.
17 66 «00222 182 8311. 0.0000 88.08 92.5 66.0 a.
18 70 «00219 +191 8713. 0.0000 88.08 92.5 66.0 0.
19 7« «00218 «200 9112. ¢€.0000 88.08 2.4 66.0 0.

78 « 00214 «209 9506. 0.0000 88.08 32.5 66.0 0.
2 «00210 217 9893. 0.0001 88.08 2.4 66.0 0.
«00212 «225 10277. 0.0000 68.08 92.5 66.0 0.
90 00212 234 10663 0.0009 £8.08 2.4 6€.0 Je

NN
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»
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STANTON NO. RUN - KR=0, F=0 - FIRST & PLATES UNHEATED

RUN = 040975 708 = 70.00
TINFC = 67.50 THB = 57.00
PL X ST DEH2 REDEHZ F UINF ™ TINF KR E
1 2 0.00000 O0.000 0. 9.0000 88.1¢ 67.9 66.9 0.
2 6 0.,00000 0.000 0. 0.0000 88.1€ 67.7 66.9 0.
3 10 0.00000 0.000 0. 0.0000 88.16 67.5 66.9 8.
& 14 0.00000 0,000 0. 0.0000 88.16 67.3 66.9 0.
5 18 0.00000 0.000 0. 0.0000 88.16 67.5 66.9 0.
6 22 0.,00000 0,000 0. 0.0000 88.1¢€ 68.4 66.9 0.
726 «00455 «009 bi4. 0.0000 88.16 93.3 66.9 0.
8 30 «00335 «025 1133. 0.0000 88.1¢€ 93.3 66.9 0.
9 3 «00314 «038 1724, 0.0000 88.16 93.2 66.9 0.
10 38 «00297 «050 2280. 0.0000 88.1€ 93.4 66.9 9.
11 &2 «00284 «062 2808. 0.0000 88.1¢€ 93.0 €6.9 0.
12 w6 «00278 «073 3319. 0.0000 88.16 93.1 66.9 0.
13 50 « 00270 <084 3818. 0.0000 88.16 93.0 66.9 0.
16 56 «00259 <095 4299. 0.0000 88.16 33.1 66.9 C.
15 58 «00253 «105 L765. 0.0000 88.16 3.2 66.9 0. |
16 62 « 00250 «115 5223. 0.0000 88.16 93.1 66.9 0. |
17 66 «00267 125 5675. 0.0000 88.16 93.2 66.9 0. 1

o
>

70 «002044 «135 6121. 0.0080 88.16 93.2 66.9 0.

74 00240 166 6561, 0.0000 88.16 93.2 66.9 0.

78 «00235 154 6993, 0.0000 88.1¢€ 93.3 66.9 8. ]

82 «00229 +163 7416, 0.0000 88.16 93.4 66.9 0. |
|

NN
N0 9

86 + 00230 172 7834. 0.0000 88.16 3.0 66.9 0.
90 «00230 181 8253. 0.0000 88.16 93.4 66.9 0.
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STANTCN NO. RUN - XR=0, F=0 - FIRST 12 PLATES UNHEATED

RUN = 040975 708 = 70.00

TINFO = 67.20 TH8 = 57.00

PL X SY DEH2 REDEH F UINF ™
1 2 0.00000 0.000 6. Oo.0000 88.13 67.9
2 6 0.,00000 0.000 ¢. 0.0000 88.13 67.6
3 10 0.00000 O0.000 8. 0.0000 88.13 67.3
4 {1 19.30000 0.900 8. 0.0000 88.13 67,2
S 18 0.00000 0.009 9. 0.0000 88.13 67 .4
€ 22 0.00000 0.000 0. 0.0000 68.13 67.3
7 26 0.00000 0.000 0. 0.0000 88.113 67.3
8 30 0.00000 9.000 0. 0.000C 88.13 67.2
9 34 0,00000 0.000 0. 0.0000 88.13 67.2
10 38 0.00000 0.000 0. 0.0000 88.13 67.1
11 42 0.00000 0.009 0. 0.0000 88.13 67.3
12 6 0.00000 0.000 0. 0.0000 88.13 68.1
13 SO 09427 .009 369. 0.6000 88.13 93.4

16 Se « 00320 <024 1063. 0.8000 88.13 93.4
15 5% «00304 «036 1638. 10,0000 88.13 933.5
16 62 « 00292 048 21%1. 10,0000 868.13 933.3
17 &€ «00283 «059 27064, 10,0000 88.13 33.4
18 70 «00276 071 3212. 0.0000 88.13 93.3
19 74 «00269 «081 37ns. 0.0000 88.13 33.5
29 .9 « 00260 «092 4189. 0.0000 88.13 33.5
21 82 « 00252 <102 4655. €.0000 88.13 33.5
22 86 «002%1 112 5113. 0.00020 88.12 33.5
23 9 .0025¢0 122 5569. 0.00039 88.13 3.4

STANTON NO. RUN = KR=D, F=C - LINEAR TWALL VARIATION

RUN = 061075 708 = 70,00

TINFO = 6,20 THe = 55,00

PL X ST NEH2 REDEH2 F UINF TW
2 «00529 .011 485, 0.0000 88,05 102.0

6 +00371 029 1308, 0.0000 88.05 102.1
10 «00327 <043 197, 0.0000 88,05 102.1
14 «00301 «.05% 2538, 0,000 88,05 1901.8
«00281 .068 3114, 0.0000 88.05 1901.2

22 «00260 .080 3669. 0.0000 88.0¢ 100.5

26 «00259 .092 4212, 0.0000 88.0¢ 99.9

30 «00263 «104 4746, 0.,0000 88.05 39.2

34 «00237 116 5292. 0.0000 88.05 38.5
10 38 «00231 127 56819. 0.0000 88.05 97.9
11 W2 «00228 «139 6374. 0.0000 88,05 97 .1
12 w6 «00225 «151 6306. 0.0000 88.05 96.5
13 S0 00223 «163 7475. 0.0000 88.05 95.8
164 5S4 «00211 175 3032. 0.0C090 88.05 95.1
15 ¢8 «00209 «188 A621. 0.0000 88,.0¢ .l
16 62 00207 «201 9196. 0.0000 88.0¢ 93.7
17 66 «00205 214 9785. 0.0000 88,05 93.1
18 70 00202 227 106414, 0.0000 88.05 9243
19 7% «0020°0 261 11020. 0.0000 88.0°¢ 91.7
20 78 «0019% «255 11682, 0.0000 88,05 91.0
21 82 00190 « 270 12361. 0.0000 88.05 90.3
22 86 «00189 «284 13013. @©.0000 88.0¢ 89.7
2% 90 00189 «300 13727. 0.0000 88.0¢ 89.0

D BNOWVME W=
-
[ J

TINF

66.6
66.6
66.6
66,6
66.6
66.6
66.6
66.6
€€.6
66.6
66 .6
66.6
€6.6
66.6
66 .6
66.6
6646
66 .6
66.6
66.6
6646
6€.6
6646

TINF

63.9
63.9
63.9
639
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9

o'
0.
0.
0.

0.
0.
a.
ol

0.
0.
0.

Q.
0.
0.
0.
0.
0.
0.
0.
0.

KR

KR




STANTON NC. RUN = KR=0y F=0 ~ EBILINEAR TWALL VARIATION

RUN = 041075 To8 70.00

TINFO = 64,30 TWs 56.00

PL X ST 0EH?2 REDEMN2 F UINF T™ TINF KR
i 2 +00529 011 485. 0.0000 88.0€ 102.2 64,0 0.
2 6 «00371 »029 1309. 0.0000 88.06 102.2 66,0 0.
3 10 «00327 063 1949. 0.0000 88.06 102.2 6440 0.
b 14 «00303 . 055 2525, 0,0000 88.06 102.2 64.0 0.
5 18 «00278 069 314€. 0.0000 88.06 100.9 6ke0 0.
6 22 «00257 .083 3779. 0.0t00 88.0€ 99.4 64.0 0.
7 26 «00253 <2396 ©393. 0.0000 88.06 8.0 €40 0.
8 30 «00237 110 5011. 0.0000 88.06 9% .8 640 g.
9 36 00226 124 5677. 0.0000 88.0¢€ 95.3 64 .0 0.

10 38 00223 -139 6343, 0.0000 88.06 9%.0 64.0 0.
11 62 «00214 «155 7089. G,0000 88.0¢€ 92.5 64,0 0.
L6 «00209 o171 7A83€. 0.0000 848.06 91.1 64.0 a.

S0 00205 <149 8668. 0.0000 88.06 89.7 64.0 0.
St .00187 207 9454. 0.0000 88.0€ 38.5 64 .0 0.
S8 .00208 «205 9372. 0.0000 88.06 89.7 64.0 0.
«00217 «202 9261. 0.0000 88.0€ 91.1 66.0 [
66 «00223 .200 9161. 0.0000 88.06 92.6 64.0 0.
70 00228 »200 9132, 0.0000 38.06 9% .0 64.0 0.
T4 .00228 «200 9130. 0.0000 88.06 35.5 6440 0.
78 «00228% «200 9166. 0.0000 88.06 96.8 64.0 0.
82 00227 201 9198. 0.0000 88.06 98.2 B4.0 0.
«00231 »202 9263, 0.0600 88.0¢ 39.6 €&l 0.
S0 .00233 204 9328. 0.0000 88.0€6 101.0 64,0 0.

- e e e s g s
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STANTON NO. RUN - KR=0, F=0,0029

l RUN = 8461775 T08 = 71.°%0
TINFO = 67.30 THB = S7.00
PL X ST DEH2 REDEHZ2 F UINF T TINF KR
1 2 »00353 <015 677. <0039 87.98 7.7 66.9 0.
2 € «00213 <42 1899. 0039 87.98 97.7 66.9 9.
3 10 00162 065 2948. «00&0 87.98 37.8 66.9 0.
4 14 «00142 087 3949. <0040 87.98 37.7 66.9 0.
& 38 00129 108 4918. 0040 87.98 97.8 66.9 0.
6 22 «00121 130 5875. .0039 87.98 7.7 66.9 0.
7. Qe 00117 «150 679€. .0C39 87.98 97.8 6€.9 0.
8 30 «00105 170 7701, 0039 87.98 97.8 66.9 0.
9 34 .00105 «190 8616, 00460 87.98 97 .8 66.9 0.
10 38 «00099 «210 9534. «0039 87.98 97.7 66.9 0.
11 &2 00100 «230 10620, «0060 87.98 37.7 6€.9 0.

46 «00098 « 249 11293. «0039 87.98 97 .8 66.9 0.
590 « 00095 «269 12183, «0039 87.98 97.8 66.9 0.
56 .00082 «288 130467, «00&0 87.98 97.8 66.9 0.
«0009¢ «307 13936, «0039 67.98 97.8 66.9 0.
62 00094 326 14802. «0039 87.98 97.8 66.9 0.
66 00085 365 15€63. « 0040 e7.98 97.9 66.9 9.
«00085 «366 16586 . 0039 e7.98 37.8 66.9 0.
«00078 «38¢ 1746€. .0039 87.98 37.7 66.9 a.
78 «00082 405 18365, «0039 87.5G8 97.7 66.9 0.
82 00078 423 19182, <0040 87.98 7.7 66.9 0.
- «00081 el 20022, «0040 87.98 97 .8 66.9 0.
90 00081 460 20841, 0039 87.98 97.8 66.9 a.
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STANTCN NO. RUN - KR=0, F=0,0039 - FIRST 6 PLATES UNHEATED

RUN = 061775 TDR = 71.°%0
TINFO = 66.90 Twed = 57.00
PL X ST DENW2 REDEMHZ F UINF ™ TINF KR

2 0.00000 .008 356. 0039 87.95 68.2 65645 0.
€ @.00c000 <025 11461, «0039 87.95 68.0 €E.5 Ce
10 o0.0000C 048 2156. «0040 87.9¢ 67.8 66.5 2.
14 0.00000 .080 3668, 0060 87.95 67.7 66.5 0.
0.00000 «063 28L2. «0040 87.95 68.0 66.5 0.

22 0.00000 «0L9 2230. «0039 87.95 68.8 66.5 0.

2€ «00245 «023 10469, «0039 87.95 97.7 66.5 0.

30 «001€C 067 2121. 0039 87.95 97.9 66.5 0.

34 «00148 «069 3114, «00&0 87.95 97.9 66.5 0.
10 38 «00133 .090 4085, .0039 87.95 7.9 66.5 0.
11 &2 «00127 «111 5055. <0060 87.95 7.7 6645 0.
12 46 «00121 «132 5687, «0039 87.95 97.8 6€.5 0.
13 S50 «00116 «153 €931, .0039 87.9¢ 7.7 €€E.S 0.
14 So «00102 173 7848, « 0040 87.95 7.7 6645 0.
1S S8 00112 «133 A739. . 0039 87.9¢S 37 .8 66.5 0.
16 &2 .00110C 213 9663 . «0039 87.95 7.8 66.5 0.
17 €6 .00101 232 10538. 0039 87.95 97.9 66.5 G.
18 70 .0009r 252 11422, .0033 87.95 37.9 6€.5 0.
19 7¢ .00092 272 12333, «0039 87.95 97 .8 6€.5 0.
20 7a «CCO09¢8 «290 1317 4. «0039 87.9¢% 97.9 66.5 0.
21 82 .00089 «310 iu070. <0040 87.95 97 .9 66.5 0.
22 %6 .0C0091 «329 16952, <0040 87.95 97.9 66.5 0.
23 90 00091 «349 15850, . 0039 87.95 97.9 66.5 C.

DB NDNE WM -
=
[ ]

STANTON NO. RUN - KR=0y F=0.0029 - BILINEAR TWALL VARIATION

RUN = 0b1775 TDB = 71.°%0
TINFO = €7,.30 TWB = S57.00
PL X ST 0EH2 REOEH?2 K UINF ™ TINF KR

2 «00355 015 678, 0039 87.98 97 «6 66.9 0.
6 «00215 <042 1305, «0033 7.9 97.7 66.9 0.
10 «0016¢ «06% 2957, «00&0 87.94 37 .8 66.9 0.
16 «0714S 088 3967, «00%0 87.98 7.7 66.9 0.
18 «0012¢ «113 5101. <0060 87.98 6.5 66.9 0.
«00116 «138 628G . 0039 87.98 95.2 66.9 0.
26 «00111 «166 TSL4. 0039 87.98 93.8 66.9 0.
3¢ «0009° «195 8862. .0039 87.98 92.4 66.9 0.
36 « 00095 226 10243, « 0060 87.98 91.1 66.9 0.
38 000686 261 11846€. .0039 87.98 39.5 66.9 0.
.00085 «295 13366. « 0040 87.98 38. 4 66.9 0.
W6 «0007¢ «337 15302, .0033 87.98 36.8 €6.9 0.
50 00082 «383 17375, «0033 87.98 85.4 66.9 0.
St «00047 427 19352. «0060 87.98 6.3 66.9 0.
«0008¢ W17 18924, «0039 87.98 5.5 66.9 0.
62 . 00092 408 18506. .0039 87.98 86.8 66.9 0.
66 00088 401 1817¢., <0040 87.98 88.1 £6.9 0.
70 «00095 «396 17942, .0039 87.98 39.5 66.9 0.
76 00085 «391 17733. .0039 87.98 90.9 66.9 0.
78 «00099 «349 17648, .0039 87.98 92.2 66.9 0.
82 «00093 +386 17512. «0040 87.98 93.8 €6.9 0.
«00%8¢€ «388 17619. <0040 87.98 95.0 66.9 0.
a0 «000R4 388 17607. .0039 87.98 6.4 66.9 0.

-
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Tr T S e e e s A

STANTON NCe. RUN

RUN = 040175
TINFO €67.20
PL X ST
1 2 « 00527
2 6 «00372
3 18 +00329%
4 14 00304
5 18 00287
e 22 - 00268
7 26 00267
& 30 «002¢%2
9 34 «N0247
10 38 « 002044
11 42 00247
12 45 «00250
313 %0 .002%1
14 S « 00245
15 58 « 00262
16 62 «00242
17 €6 «00242
18 70 «002463
19 74 « 00242
20 78 «0023¢
21 82 .00232
22 8¢ «00232
23 90 «00237
STANTON NO. RUN
RUN = 032575
TINFO = 66.10
PL X ST
1 2 0.00000
2 6 0.00000
3 10 0.00000
4 1& 19,00000
5 18 0.00000
6 22 0.00000
7 26 « 00461
8 30 « 00340
9 34 +00319
10 38 «00303
11 &2 «00297
12 &g «00296
13 S0 «00292
14 54 «00282
15 58 «00275
16 62 «00273
17 66 +00269
18 70 «00268
19 7 «002664
20 78 «C0258
21 82 +00253
22 86 .00252
23 90 «00254
i i

- KR=0.15E-3, F=0

TpA = 73.C0
Twd = 56.00

DEHZ REDEH2

<011 “82.
.029 1302.
043 1940,
«05¢ 251¢.
<067 3055.
078 3560.
.089 Lou7.
.109 4975,
119 5422,

.128 5872.

«135 6335,
ol 6813,
o148 72937.
154 7783,
«160 8277.
«166 8783.

172 93c3.
178 9833,
«183 10368,
«18°7 10905.
«192 11650,
<198 12013,

F

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
€.0000
0.0000
0.000¢0
0.0000
0.0000
8.0000
0.0000
0.0000
0.0000
g0.0000¢0
0.0000
0.000¢0
a.0000
0.0000
0.0000

UINF

88.46
88.10
88.00
88.00
88.03
88.12
B8.17
88.11
88.09
88.31
89,13
91.05
33.32
95.53
97.7¢
100.02
102.47
104.87
107.31
109.98
112.68
115.18
117,8¢

™

93.6
93.6
93.5
93.5
93.6
93.6
93.5
93.6
93.5
3.5
93.5
93.5
33.5
93.%
93.5
33.4
93.4
93.5
3.6
93.6
93.6
93.6
93.5

VINF

66.7
66.7
6647
6€.7
6647
66.7
5€.7
66 .7
6647
6647
€€.7
6647
6647
6€.6
66.6
6€.6
€65
€645
6645
66'“
66l
6E.L
663

KR=0.15E~3, F=0 - FIRST 6 PLATES UNHEATED

Y0B = 71.00
THB = 58.00

DE H2 REOEN2

0.000 0.
0.000 D
0.000 0.
0.000 0.
0.000 0.
0.000 0.
«009 €17,
.025 1160,
«039 1735.

«051 2297.
062 2843,
«073 3389,
.083 3944,
«092 W99,
«101 5050.
110 5605.
«118 6167 .
«126 6737.
«133 7315,
<140 7895.
14?7 8476,
«154 9063.
161 9665 .

F

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

116

UINF

88.28
87.94
87.79
87.75
87.84
87.90
88.00
87.82
87.88
88.08
88.87
90.88
62.99
95.28
97 .45
99.73
102.13
106.62
107.08
109.77
112,37
116,91
117.55

™

Bb6e7
66,4
6603
561
66 .2
67'3
2.7
92.7
92.6
’208
2.7
92.7
2.7
32.8
32.8
R.6
2.7
2.7
92.7
92.7
92.8
92.7
92 .8

TINF

65 .7
65.8
€5.8
€5.8
65.8
65.8
65.7
65.8
65.8
65.7
65.7
65.7
65.7
65.7
6%.6
65.6
65.6
65.5
65.5
656
65.4
65.4
€543

KR

«123E-08%
«600E-05
«179€E-05
«538E-0F5
«335E-05
01‘005'06
«112€E-05
«532E-05
«332E-04
«101E-03
«14LE-D3
.151['03
01“35'03
«14T7E-03
+142E-03
+153E-03
+1643E-03
+161E-03
«156E-03
«1475-03
«139€-03
«165E-03

KR

«261E-04
e143E-0A
«583E-05
«163E-05
«%91E-05
«246E-05
«277€E-05
«330€-05
«935€-05
«320E-0«
«103€-03
«162E-03
«1L9E-03
«1645€-03
«147E-03
01“35’03
+152€-03
«146E-03
«1L5SE=-03
«155€-03
«1L3E-03
«137€-03
«161€-02




STANTCN NO. RUN

RUN = 02257¢
TINFO = 66.10
PL X ST
1 2 «00523
2 € 00370
3 10 00327
& 14 00302
S 18 .00287
& 22 .00278
7T 26 <00284
8§ 30 00272
9 3 .00271
10 3=» .00263
11 &2 .00265
12 46 .00261
13 59 «.C02€0
16 S¢ «00240
195 96 00233
16 62 .00231
17 66 .00225
18 70 «0022¢6
19 7 06221
20 7% 00215
21 82 00212
ez 8¢ 03210
23 99 00216

STANTON NO. RUN

RUN
TINFO
PL X
1 2
2 6
3 10
1k
5 18
e
7 26
8 30
9 34
10 38
11 &2
12 W6
13 S0
14 5S4
15 58
16 62
17 66
18 70
19 76
20 78
21 82
22 86

= 030875

66.90
ST

«0035€
.00212
«00167
«00145
«00145
« 00136
«00133
«.0012¢
00129
«0N125
00132
«00125
00122
«0011¢
«00110
.00103
.0009¢
«0008¢
«00098
«00086
.009080
.00071%
00079

KR=0,29
108 =
THB =

DEH2

.011
028
042
«055
<067
«076
<084
091
.098
«104
110
0115
«120
.12¢
o134
o163
«152
«161
169
«178
0187
«196
.205

KR=0,29
T08 =
TWH8 =

DEH2

«015
o042
065
0007
«103
«126€
o1b1
«155
«181
«193
204
«215
$225
«243
«263
282
«301
o321
«3060
«359
«378
«396

F=-3, F=0
73.00
60.00

REDEMH?Z

W72,
1277.
1906.
26473,
3005.
3523.
4055.
4606.
5168.
5746,
6343.
6966 .
7612.
8264,
8897.
9515.

10121,
10721.
11315.
11898.
12468.
13031.
13594,

F

0.0000
0.0000
0.0000
C.0000
0.0000
0.0000
0.0000
g.0co0
0.0C00
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
c.0000
0.0000
0.0000
0.00079
0.0000
0.0000

E-3y F=0.0039

71.00
59.00

REDENH?2

667,
1871.
2906.
3882,
L840,
5800,
6777.
7789,
8848,
9958 .

11125,
12347,
13613,
14923.
1€2%52.,
17571.
1887¢6.
20158.
21442,
22731.
23994 .
2%236.
26676,

«0039
«0039
« 0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
«0039
+«0039
«0039
+0039
«0039
«0039
«00639
«0039

UINF

87.24
86.99
87.08
87.08
87.35
89.51
93.53
97.96
102.30
106,93
111,97
117.32
122.79
128,44
129.19
128.80
129.02
129.34
129.52
129.52
129.42
129.22
128,49

UINF

87.0C
86.87
86.80
86.80
86.82
88.82
92.98
97 .49
102.09
106.83
111.71
117.42
122.9¢
128.72
130.10
129.95
129.83
129.92
129.84
129.81
129.889
129.74
129.76

™

93.4
3.4
93.3
93.3
93.5
93.4
93.4
33.4
93.2
93.2
93.4
QJQJ
93.4
93.3
93,2
93.2
93.3
93.3
93 .4
93
93.2
93.3
93.3

™

98.0
98.1
8.2
98.2
38.0
38.1
98.2
38.1
98.1
98.1
98.0
38.0
q?.g
98.0
38,0
96.1
38.0
8.0
98.1
98.1
98.1
8.2

TINF

65.7
65.7
€5.7
€57
65.7
65.7
65.6
€5.6
€55
€5.4
653
65.3
65.2
65.1
65.0
65.1
€5.1
65.0
65.0
65.0
65.0
65.0
65.1

TINF

€6e5
665
66.5
6645
66 .5
66.5
664
€€.3
66.3
6642
(7% §
6640
65.9
658
€5.8
65.8
65.8
658
65.8
65 .8
65.8
65.8

KR

C.
=+549E-05
«312€E-05
-+€E31E-CE€
«722E-06
«238E-03
«232E-03
«285E-03
«279€-03
«2B8CE-03
«280E-03
«289E-03
«301€E-03
«166E-03
~+184E-05
~e170E-04
«210E-04
«179E-0%
~«107E-04
0“15E'05
-+924LE-05
~«176E-04
~«358E-04

KR

0.
= 2WUE=-OC
~.240E-05
=« 124E-04
«552E-04
«239E-03
«296E-03
«29LE-03
«28LE-03
«279E-33
«300E-03
«295€-03
«299E-03
«195€-03
«669E-0¢
-+ 158E-0%
«85LE-0S
-+197€-05
~+863E-05
~+291E-05
«628E-05
~«526E-0°5
«789E-05



STANTON NC. RUN - K=(,23E-€, F=0 : i

RUN = 042975 T3 = 74,00
TINFO = €7.30 TW3 = 658,00 3
PL X ST DEH?2 RFOEH2 F UINF TwW T INF K
1 2 00523 011 470. 0.0000 87.03 I5.1 66.9 -.121E-07
2 6 «00369 .028 1270. 0.0000 A6.90 95.1 6649 -«549E-08
3 10 «N032¢ 042 1390. 0.0000 86.92 95.2 t€.9 ~«383E-08
L 14 00301 055 2451. 0.0000 86.82 95.2 €69 ~.154E-07
S aees .00287 ae7 29n7. 0.0000 RE.56 5.3 569 «SLNE-Q7
6 22 «00279 <076 J482. 0.0000 88.7» 3.3 Ebe8 «216E-06
7 2¢ .00288 <084 «015. 0.C0CCO 33.36 95.3 cb 8 .272€-06
8 30 .C0277 «090 4590. 0.0000 98.65 35.1 €647 «2T8E-06
9 34 .20277 036 5171. 0.000C 104.61 9.1 cEeb «272E-086 3
10 3% .00270 «101 5779. 0.0000 110.80 95.1 6645 «27T6E=-06 :
11 &2 «09274 «10¢ 641€. 0.0000 118.43 35.2 €€e «29LE-06 i
12 &6 «00270 «108 7109. 0.00C0 127.87 3%.2 €b.2 «294E-106 j
13 S0 .0027¢ 111 7853. 0.0000 138,31 95.2 6€.0 «2%82E~0€
14 54 « 00247 o113 8631. 0.00C0 142.90 95.0 €S8 «153E-06
15 58 «00233 «121 9391. 0.0000 151.26 5.1 €5.8 -.8L5E-008
16 62 «2023¢0 «132 1011€. 0.0600 149.9°¢ 35.1 €5.8 ~.264E-07
17 €6 «0022¢ <101 10776. 0.0000 149,21 5.2 65.8 =«549E-038
18 70 00225 «150 116465, G.00C0 149.1¢ 95,2 €5.8 «511E-09
19 74 «00221 «199 12134. 0.0000 149.55 95.3 65.8 «233E-08
20 73 00214 167 12792. 0.0000 149.97 5.3 €5 .8 «738E-08
2% 82 «00214 «175 13488. 0.00C" 150.2°¢ 95.2 £5.8 «136E-07
22 86 «G021° <186 164167. 0.0000 157.8° 9%5.2 €5.8 «133€-07
23 9n .00219 192 14839. 0.00C00 151.3S .2 ES.8 «575E-08
STANTON NC. RUN - K=0.28E-6, F=0 - FIRSI 6 PLATES UNHEATeD
RUN = 042975 TR = 76,00
TINFO = 6A7.40 THB = 58,00
PL X ST DEHZ REDEHZ F UINF W TINF K
1 2 0.00000 0.000 0. 0.0000 87.1C 68.6 67.0 -.121E-07
2 6 0.,00000 0.0060 0. 0.0000 86.91 nBek €7.0 =«549E-03
3 10 0.00000 0.0C0 0. 0.0000 86.93 68.1 67.0 -«3839E-08
L 14 0.00000 0.000 0. 0.0000 86.84 6840 €670 ~e15LE=-J7
5 18 9.000C0 0.000 0. 0.0000C B6.57 6842 67.0 «540E-07
6 22 0.00000 0.0C0 0. 0.0000 88.78 69.1 67 .0 «c1EE-06
? 286 «00490 «010 471. 0.0000 93.33 935.0 67.0 «272E-06
8 30 «00369 «026 1315. 0.0000 98.67 5.1 66.9 «278E-06
9 34 «00349 .029 2075, 0.0000 104.43 4.9 €€.8 «272E-06
10 38 «00328 «050 2820. 0.0000 110.82 35.0 €647 «276E-06
11 &2 00321 «059 3579, 0.0000 118.45S 95.0 6€.6 «294E-06
12 46 «00313 067 4376. 0.0000 127.89 35.1 EBole «294E=-086
13 SO «00311 074 5238. 0.0000 138.33 5.1 €6.2 «282E-06
14 Sé «.C0280 «0R0 6122. 0.0000 149.92 35.0 €b.0 «153E-06
15 &8 00261 <090 6949, 0,0000 151.28 95.1 65.9 -« B845E-08 3
16 62 .00255 101 772%. 0.0000 149.97 9.1 66.0 ~«264E-07 3
17 66 «00247 «111 8492. 0.0000 149.2¢ 95.1 66.0 =+549E~-08 é
18 70 «00245 121 9233. 0.0000 149.18 ¥.2 66.0 «511€E-09 3
19 74 .00238 «130 9961. 10,0000 149.57 95 .2 66.0 «233E-08
20 78 « 00233 «139 10696, 0.0000 149.9¢ 95,2 66.0 «738E-08 3
21 A2 .00229 «149 11433, 0.0000 150.27 95.1 66.0 «136E-07
22 A6 «00228 «157 12109, C€.00003 150.8¢% 35.2 66.0 «133€E-07
23 90 «00232 «165 12806. 0.0000 151.61 95.2 65.9 «575E-08




STANTON NO. RUN -
= 050875
66.90

RUN
TINFO =

PL

-
QO WENOWME WN -

-
N >

13

STANTON
RUN
TINFO

PL

DENIWMEWN -

PN N PO e o b b b b s pa e
LGN FPODOINITNST WD

ST

00525
.00372
.00328
00302
.0028¢e
.00284
«0929¢
«0028¢
«0028¢
«00274
.0027%
00264
.0026°%
+00243
00231
.00228
00225
«0022¢4
.00221
«00218
00215
.00216
.00220

NO. RUN
051475
€5.10

ST

«00521
«003€7
«00325
«003C1
«00287
«03276
.00191
00165
«001€6
.00158
«00160
«00160
« 00150
00150
« 00150
« 00142
«00194
00200
«00204
00204
00202
«60202
«0020F

KR=0,50E-3,
T0B
THR =

DEH2

«011
«028
042
«055
NE7
«076
082
«0R7
«091
«095
«099
«103
«108
«112
122
132
o141
«150
«158
167
W17€
«184
«192

VART ARLE UINF,F
77.00
62.00

To8
TWB

DEH?

.010
«028
042
+655
«067
«076
+0R”3
+104
«118
«131
o102
«156
«165
175
187
«199
«206
213
217
.223
«229
«235
243

REDEH2

453,
1227'
1830,
2377,
2880,
3390,
3932,
4521,
5148,
5800.
6493,
r232.
7967.
8755.
9530.

10258,
1092¢.,
11677.
12328.
13044,
13753,
1L44E,
15078.

REDEH?

77,
1292,
1921.
2591.
3035.
3551.
4324,
S617.
6490.
7580.
s7o08e.
9848,

10981 .
12164,
1327¢.
14365.
15138,
15871,
16419,
17043.
1771¢€,
18321.
18985,

F=0
75.00
61.00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0600
0.0000
0.0000
0.0000
0.0000
0.0000
g.0c00
0.0000
0.0000
£.0000

0.0000
0.0000
0.0000
0.0000
0.000¢C
0.0000
«0037
«003¢
+0033
+ 0031
«0030
<0028
«3027
0026
«0026
«0025
0.0000
0.0000
0.0000
0.0C00
0.0000
0.0000
0.0000

119

™ TINF KR
35.6 6645 -«200E-05
95.5 €645 ~«285€E-05
935.6 6€.5 ~+3L5SE-065
35.5 6645 -«703€E-05
95.6 €6.5 «920E-0u
35.5 665 «350€E-03
9505 6€el «498E-03
95.5 66.3 «515€E-03
95. 4 €642 «LBTE-D3
95.5 06.0 «490€E~03
95.5 65.9 «LBBE-0
95,% 65.7 «363E-03
95.6 6545 «329E-03
95.6 65.4 «183E-03
35.5 65 .4 -.987E-05
95,5 ESele ~«2€CEE-0 4
35 .6 65.6 -+.130€E-05
95.4% 65.‘0 07“7E‘05
35.5 654 067QE°°5
5.5 €Sl «110E-0w
35.4 €5.4 «174LE-D4
B4 65.4 «920E-05
3%.5 65.3 «96LE=-D5
- STEPS IN F = TWALL CONSTANT
TW TINF KR

90.5 EL.7 0.

30.3 €4.7 =+566E-06
0.4 6647 ~«340E-05
90.3 6447 =«109E-04
30.3 6L 7 «653E-04
0.4 bL.7 «249E-03
90.6 64 .6 «342E-03
90.6 6L.6 «363E-03
30 .6 64.5 «343E-013
90.6 Blhobe «350E-03
90.6 643 «322E-03
90,5 EL.2 «264LE=-D3
90.5 Ebol «250€E-03
0.4 6b4.0 «205E=-03
90.5 63.9 «122E-03
90.6 63.9 «105€-03
90.7 €3.8 «109€-C3
90.5 63.8 «102€E-03
90.6 63.8 «793E-04
90.6 63.7 «6T1E~-04
90.5%5 63.7 «612E-04
90.6 63.7 «377E-04
90.5 63.6 «209E-04
Slisadia e

’ i :




STANTON
RUN =
TINFO =
PL X
§ 2
2 6
3 190
e 14
5 18
6 22
7 26
e 30
a 34
10 38
11 2
12 ue
13 s¢
| 16 Sk
15 58
16 62
17 €f
1. 70
19 74
20 78
21 82
22 86
23 99

e wems TN 0 B G e e

NC. RUN
051475
h5.0C

ST

.00515
«07364
.00323
.0030°
00284
02274
«0018¢€
.00159
«001861
«001%4
«0015¢%
«00153
«C0196
.001713
.001€¢
00154
.00210
00217
.00220
00217
«0C0214
.00213
«J021€

VARTASLE UNTIF,F - STEPS IN F,THALL

TOR
Twi

NEH?2

<010
.028
.oh?
«054
<066
<075
<087
«103
«118
«130
.1“1
.152
<124
«13¢
«157
«163
«172
«179
o184
«191
«19%
«205
# 213

77.00
62.C0

REDEH?2

471,
1278.
1908,
2477,
3004,
Je24.,
4293,
537S.
6LLS .
7535.
8633.
9735,
8269.
qLu9,

10660,
11759.
12660
13350,
13957,
164637,
152889,
159 8.
16686,

€.0000
0.0000
0,0000
0,0000
C.0000
0.00C¢
«0037
.0C3¢
.0033
«0031
«0030
.0023
09027
.0026
«002¢
.002¢%
0.0000
0.0000
g.00C¢C
G.0000
C.0000
0.0000
¢.,0000

UINF

87.78
87.70
A7.75
47.68
87.5¢
83.73
94.58
€9.99
105.4¢€
11452
117.8¢
123.61
128.60
133.84
137403
139.4°
161,72
144,06
146,2¢
167,82
146,25
150.58
151.32

TW

gn‘?
30.6
30.6
0.6
30.6
0.6
30.8
0.8
90.8
0.8
90 -8
90.8
100.3
100.5
10045
100.7
100.8
100.6
130.7
100.7
100.7
100.7
100.6

TINF

6“ 07
Ehe?
Ebo7
bhe7
ELo7
647
BL.6
€4e5S
Hhaole
L.t
Elhae3
ELhe2
LR
640
£3.9
63.9
63.8
63.8
€3.7
63.7
63.7
63.6
63.6

KR

00
-+56EE~06
-«340E~05
-+109E~C4
«653€E-04
«2L9E-D3
«342E~03
«343E-03
«343E-02
«350E-C3
0 322€-03
«26LE-03
2 250E-03
«205€-03
«122E-03
«105E-03
«109E-03
«102E-03
«793E-04
«671E-0%
«B12E-04
«377E-04
«209€-04




cooe°vy
ooo0°ty
000°t
566 *
066°
696°
9%6°
126°
oee*
09%°
£29°
"62°
£92°
se2L*
569 °
049°
S8 °
s29°
109°
9¢5°
bhs*®
22s*
20s*
A YA A
65%°
L9%°
hEn®

3val

£0-34n1°
L0221
130°7
6n1°

VAR B0

PA P4

NNY¥ 0000

15°%9
T6°%9
T5°%9
45° %9
61 °S9
4L°S9
8E°939
60°49
23°49
9L°¢€9
8L°69
§32°0L
AL AR 71
8n° L
TE° €4
85°€¢
s3° 4
02°s¢
83°sL
§5°3¢
et al
"8
65°9s
£4%°04
4L°6L
0T °0®
9n° 09

i

*0=4

06l °ET
865°27T
LI9°T1
9£2°03
860 *b
LV R
280°2
662 °3
215°s
hel*n
L86°¢
CRI NSy
96¢°2
s91°2
edL*t
96n%°1
gce°y
L PA VR ¢
428 °
0g£9°
2Lin*
hete!
9.2°
l61°
L8T°

C A O
201 °

23074

D]
230
3¢
2H30
H3U
i8S

S%L°TT
S£L°07
2€4L°%6
52L°8
8TL°%L
TTL°S
0®3°3
6924
863°n
420°%
96¢ °¢
268°¢
6hg°e
CLT' AR ¢
0Is°1
sL2°%
g%0°ly
248°
50.°
LES*
£09°
z2eg”
qf2*
89T1°
LI% A
201°
180°

CH30/A

0000°
To*%3
6£°2h
46°16
¥s

St

52104

‘f-35T°0=yX - 3113

06L°T &2
003°T 92
[VE-L A ST/
00gE°*T %2
0811 g2
goo°t 22
006° 12
00s° 02
00.° 61
009° 81
00s* Ll
(T4 Ch s
0sg* 3
s42° "t
qée2* £
06%1° 21
1R 12}
oge” 'R 4
s0%¢* (3
080° 9
oa9r 4
Sh0° 9
SL0°* 3
F4 L]
020" £
9%10° 2
£10° T
A id
0 = 3
= 3NIL
= ni
=  4NID
= X
= 31vd
0 = NNY
0¥d NV3INWL

000°?
000°t
166°
0L6°
G£6°
306°
£48°
B8
hig*
€8L"
65L°
324°
504°
§49°
€59°
S£9°
8§09°
18s°
965°
2£s°
11s°
2b%*
(YA

svel

g0=-32¢£9°
£IT7°
908"
£0T°
£98°
2h200°

NNy 0000

91° 53
91 °53
Th*39
65° 59
¥6°99%
2L°09
13°89
L5°BY
ce*0e
£5°0L
63° 1L
83°*2¢L
2 S
b8° €L
nh o4y
80°SL
Ta®Se
£5°9¢
£2° 4L
93 °* 4L
I A"Vl
S3°64
6%°62

1

*0=4

2b2'o
L07°%
22s°L
L£93°9
254 °S
860 °S
g2%°h
T9L°ry
b1g°E
9i8°2
ngh 2
166°1
163°1
PR S 4
(IR ¢
6céb*
8Ge*
1£6°
68¢f "
To0g”*
0g2”*
897"
hete

230/A

B}
230
a0
Z2H3C
H30
1S

"61°07
£22°6
252°¢
282°L
11£°3
£85°¢S
NGt
321°N
Tha‘g
s51°¢
049°2
ngtl*e
Sv8°}
s05°1
292t
610°t
L’
£85°
229°
'} % e
ese”
L1 R
9fT°

CH30/A

oogo*
91°53
2£°2k6
¥ec e
g

6
SLT0%

‘£-36T°0=¥x - 3714

csg*
0s6°
0s8*
g5
Ds9*
545°
00s°*
5en’
S5i8°
g2
Sic*
gce*
06T*
1
(LR g
sov*
geo*
0seg*
hhl*
ng0°
9¢0°*
610"
h10°

>

0

LUB L (N [ L {1}

Oda

LI T4

HNM IO ONOO

aNIL
ININ

31vd
NNY

NV3NW1

121

b wnrses



000°T
000°1
i66°
166°
9/6°
696 °
126°
006°
T2
onge
£09°
£22°
owe®
s02°
s23°
£59°
423°
c09°
£85°
s65*
625°
nog*
nahe
159
oy
nEne
02%°

*val

£0-3THT°
[ 190 O
LIRS ¢
0Lt
0ge*1
eheoo”

NAd 0000

85°%9
g§5°%9
40° 59
22°59
§3°49
6£°99
T0°49
sL°e9
85°%9
2h*63
A2 R 1P
d2* 1L
124
st g4
85°fL
03° %2
fetcd
25°Se
¥5°3¢4
IE°LL
20° 6L
2L &L
22°64
03°08
it 08
§3° 08
T8

1

*d=3

29%°fT
8LE°21
hcicTl
000°0T
3468 °8
269°¢
£2b6°9
"61°9
S8f£°3
S19°4
3ne°¢
6c2*r
2b9°¢
STT 2
T€L°T
PAEA R
26T7T°1
[N ¢
808°
513°
29% "
Inx
692 °
261
A
g1
001 °

23U/A

B ]
230
30
ZH3C
H30
1S

%62°01
2In°e
625°¢8
1%9°2
59.°9
288°¢s
%62 °s
904°n
ST1*H
625°¢
Th6°2
00s°2
650°2
813°1
hee*
8T1°7T
216*
L VA
813°
Ten*
€98
s92°
302°
A RS
A
260°
920°

CH3U/A

o000°
96 °"9
99°26
98°40
e

ol

52104

‘€=351°0=4% - 3714

0ss°*v 22
0031 32
05"y &2
00E*T &2
0st°*t g2
uoo*tr 22
006° e
6o0s* 02
00s° 61
003° 1
00s* i1
524%° 91
0sg* st
s2° "t
see* £7
061 ° 2y
Ss1° 1
0gT” 07
sot* 6
080° U]
030° s
s%0* 9
5¢£0° 3
920° b
2020° £
3%0° 4
£30° ¥
A id
0 = d
= 3NIL
= Mi
T = JININ
= X
= 31vid
0 = NNY

0dd NV3WI

co0o°*%
c00°?Y
coo°t
S66°
£86°
096°
Sg6*
191N
13°1'
0se*
cTe”*
neL*
15V
£VL°
£89°
£99°
1£9°
SI3°
766 *
%9g6°
Sgse°
518°*
68%°
8949°
nGh
Ieq"”
22%°

3vul

£0-3fg61°
TET”
611°T
6s1°

VAT AN
eh200°

¥3°¢9
33°499
13°99
£1°499
in°* 39
T1°99
62°93
LA AFE]
H2*83
T1°69
31° 02
05 ° 0L
28° 1L
£3°ce
93°*§¢
22°%4
£6° 92
£5°84L
60°9¢
26° 9y
Tt U
g92° 8L
95°84
"S5 be
15°6e
A Bl i1 ']
6L°08

1

wooen

6sg° gl
niz2*2t
690 °T7
he'b
622°9
hES*L
048 °9
40T°3
YhE S
05"
L18°¢
whete
2¢49°2
6602
CAYRA
0sh*1
£81°7
266 °
2co08°
119°
8g%°
LA £
29¢°
Tet*
f£o1 °
2et*
660 °

230/A

-]
230
30
ZH30
H3G
1S

900°TT 0sL°T L2
£90°0F 003°T1T 92
611°6 [ E-L Ik S T4
9L1°8 00£°T %2
££2°L gs1*1 g2
682°39 goo°*tT 2¢
093°s 006° 124
1£0°s 006° ' X4
£00°Y 064° 61
Wil g0s* st
cHl‘e cos”* it
£l3°¢ s2h* ERY
T02°2 psg”* st
0EL* T sLe’t "3
gIn°t see” £1
sel*T o06t* a4
S46° sst” 1
AL ['F 3 O 0y
099° s03° b
£0s° 0s0°* ]
4e” 090°* 4
£ee* s%0° 9
gec* sg£0° S
451" s20°* "
ErA % 62o° £
T0%° 9%0° 2
c80” £10° 1
CH30/A A id
0000°0 = 3
TC°S3 = JNIL
2£°26 = Ml
02°207 = JNIN
99 = X
it = 31vd
SLT0%0 = NNY

NN¥ 0000°0=3 “E£=-35T°0=dX -

3713408d NV3WU

122




000°1}
000°t
%66°
286°
096°
3£6°
9t6°
i68°
648°
03e°
298°
129°
coe°
LY P
§64°
' A
304°
£89°
659°
UL L
029°
S09°
48S°
145°
955°
0ns°
22s8°
50S5°
06%°

yvel

%0-322¢°
240
96%°
$90°
188
48200°

65°%9
65°")
81°53
15°59
£1°99
03°99
3£ 49
83 °49
n* 89
£5°99
£%°69
T0°04
45° 0L
I2° T4
88 1L
65°2¢L
02°%4
05°¢L
95°9,
Tr1°sd
93°g6e
80°9,
65°3¢
S0
VLAY
25U
0092
88 °8L
0g° 6L

1

LU (LU U 1}

8ch°b
£EE°@
6£§93°L
"%6°9
852 °9
%63°S
8e2°s
T98 °H
n15°h
49T %4
618°g
eentt
Sct g
| PY
Tgn2
£680°2
908°T
825y
0se*y
9s0°7
6989°
0s2*
§29°
82s*
TENn®
ing"*
9s2°
2zee”*
122 %

2307

-]
230
30
ZH3Uu
H30
is

0od*0Y
1£2°6
29n*e
2b63°¢L
£26°9
80f£°3
g%e°*s
S8E°S
000°s
S19°n
T£2°y
9ne°gt
c9Y% g
4.0°¢
e3¢
80g°e
00p°2
c63°1
SeE°Y
691°1
s66°
1£8°
263°
$88°
VYA M
seg*
sog”
9%2°
gce*

ZH30/7A

0000*
66°"9
80°£6
9£° 4R
st

S

s¢622

NNY 0000°0=3 *£-362°0=¥N =~ 3714

059°
0C9°*
0ss*®
00g°
() B
0in*
06g"*
o0se*
sée’
gog*
SeLet
csc*
s¢e”*
ooe*
(VA
gst*
'3 2
git*
060°
940°
%90°
4s0°
s%0°
8E0°
1£0°
T4
0eo*
9%0°
£10°

¢

Odd

“aAMIVONOO

-
a

INIL
4NIRN

31vd
NNY

NV3KL

000°T
p0o0°?y
966°
a86 *
896 °
8L86 *
hi6°
288°
698 °
£28°
(8L
§9L°
seL®
989 °*
6589 °
L£9°
2t9°
£65°
63s°
£96°
218"
Te4*
£Ln*
Sen*
oge*
1 T4 M
egn*

avel

£0-36£7T°
139 2
26Tl
9T
6hg°l
2£200°

NNy 0000°0=4 “E-35T7°0=¥X - 3VI30¥d

1>°*3
1609
£3°59
TE£°59
£8°ss
£3°99
TE£°49
50°89
$5°89
S °69
%8 °* 04
*3°TL
23°2¢
S3°€¢
'L AA V1
20 s¢e
£L°¢€L
92°9L
I5°2L
CERR Y
9r * 8L
0F°6s
03°64
9£ ° 08
6L° 08
“0°1e
0% ° 1%

i

6SE°ET
LATARA
693°TY
%26°6
6iL*®
4£9°L
048°9
20%°9
a%E S
Jgs°*
L18°¢
h4ete
2i9°e
660 °2
81L°1
0s%°1
£vi°l
2e6”
20e”*
T1g°
8sh°*
hhg
492°
161 °
£St *
T
660 °

23074

A
c3C
3C
2H30
H30
1S

60%°6
209°8
96L°L
€96°9
£81°9
9l£°s
6E8°n
TO0E°*Y
£92°¢
922°f
¥83°2
s82°2
28e°T
eLn°1
0te°y
220y
££0°
669°
99s5°
(1}4 Ad
£2¢g°
rA A
98T"°
L% e
sot*
980°
0.L0°

CH30/ A

goo00°
16°%9
92°26
n°st

osL*t 22
033°*1 92
0sh*1 &2
Goe*tT *we
0sT*1  f£2
ooe*yr 2e
Gde* 124
00e* 0e
0Ge* 61
009° 87
00s* i
T4 91
ose* st
sle°* 23
see* £7
ce1* 2t
LT 124
L9 g oy
So0T* 6
080° ']
0sg* 4
S%0° 9
S£0° s
s20” L
o0eco* £
370° e
£30° S
A id
0= 3
= ANIL
= ni
¥ = 3NIN
= X
= 31V
0 = NNy
NV3nWi

123




000°T
goo°*t
goe*Tt
926 °
096°
6£6°
L16°
T68*
238°
2€9°
c0e*
2eL
£92°
£92°
n2L*
20¢2°
449"
§59°
I"3°
229°
s09°
£65°
LL5°
$585°
I9s°
»23°*
116°
£05°
16%°
bLn*
0Ln°
nGh

3vdl

£0=-3082°
240"
959°
860°
eoeL”
€9200°

03°%%
03°%9
03°*°%3
42°33
£4°59
2 *39
45°99
T 49
Ta*89
8L °69
ST*0L
T3°CL
[ ¥
23°Te
sh*el
90 %4
8L gL
£E "L
R P2
sg°cL
S8°* 5L
q2°*9.
23°9
FAREY)
49°44
£1°64
05°98¢L
SL°6d
80 ° 6L
2h 6L
43°6d
£T°08

1

LU L T [ [}

geEr 2t
bE0°TT
Ihs°b
2hn°8
264 L
£NT°L
hen )y
nhQ°s
3ol°S
3hG°Y
320°*n
T45°F
in2'g
226°2
266°2
£42°¢
UA R
883°7
LA R
662°1
LR
hib
heg
LAY
hes"*
Te69°
g£0n°
151
662°
492
80c°
e

230/

-]
230
el
Z2H30
H3G
1S

%63°6
£29°9
£59°¢
££3°3
221°3
219°s
20%°s
265°n
280°"
Ti45°E
£91°¢
308°¢
185°2
362°2
Ih0°C
98L°1
1£€5°1
42£°1
£41°1
020°T
196 °
89.°
£99°
195°
659"
84f°
Ch $30
CY
sg£2”
7n61°
£91°
1 M

2H30/A

oogo*
09°%3
"0°E6
86°T1
ch

11

sLs22

NNd 0000°0=3 *£-362°0=¥X - 3114

0s6°*
0se*
0se*
0sS°
009°
0ss*
00s*
0sh*
00"
[T
ove*
s42°
0s2*
gee*
goe*
S’
0st”
130 &
RN
007¥"*
S40°
S40°
s90*
5s0°
5%0°
420°
Te0°
L20°
£20°
610°
910°
£70°

"

T

n

0

Oud

UM IVOND O

-
a

3NIL
ni
3NIN

31vid
NNY

NV3Ki

000°?Y
000°7
000°7T
ce6”*
996 °
0s6°
826°
206°
629°
949"
128°
62"
8LL°
092°
8EL"
91L*
169°
T29°
569°
289°
919°
c09*
68s°
045°
2s8s”*
hes e
CAS N
60s°
664 °
agn
qi9°
L by

3val

£0-3622°
820°
AL M
160°
669°
14200°

NNy 000)

LIS k]
SL*"%
SL*"9
92° 99
£3°s9
S1°99
LL°99
15°49
s2°*%9
63°69
09°69
87 ° 04
00°TL
23T
hi*2e
sL*el
ELAS V]
13°%2
UL AR D)
95°* %y
95°S4
15° ¢y,
®£°93L
98°9,
8E° 2L
3° L
£E° 6L
03°8¢
83°82
i42°64
e3°64
S8 °EL

1

"

*0=4

647°27
L68°01
319°6
£EE°S
263°¢L
Ts0°L
0I%n°3
694 "9
821°5
VAR Al ]
9.6°2
92s°¢
502°¢
1 A
%95°¢2
an2 2
£26°1
493°1
hintl
26c*1
060 °1
296 °
£fw”*
5302°
445"
hive
26f"°
Ing*
562°
e
sie*
i91°

2307A

b}
236
30
ZH30
H3U
1S

0%y °0%
I%£°6
A LAR
£97°2
£63°9
"%6°9
abn°s
Sh6°h
96¢f *n
9ng g
L0n°¢
2ot
L%L2
WA R4
8612
£26°1
8%9°1
62%°1
%92°1
560°7
"f6"
wew*
i
%09°
S6%°
20%9°
Twg*
i6c°
£62°
602
941"
£41°

CH30/A

0000°
% %3
"6°26
1£°20
"¢

]

sL6822

‘£-362°0=¥3 - 3714

0%6°
0ss*
0ss°
059°
009"
0ss*
00s°*
0s%°
00%"*
0sg*
01g*
sLe”
gse*
see*
00e*
A o
0sy*
133 3
sit*
gotv*
S80°
S40°
s90°
ss0°
s%0°
L£0°
1£0°
L20°
£20°
610°
910°
£10°

>

0

1

"nu

Odd

A UMITNONDTCOCUMINONDTOowN
e NN NN ™

UM LrnNONDO O
-t

-
a

INIL
ININ

X
31vd
NDY

NV3KL

124



AP IT AD

000°7
goo°v
866 °
486 °
956°
116°
4589°
123 Ad
99L°
8cL°
169°
§39°
S€9°
509°
SLs°
6hs°
825°
208°
£99°
994°
P4 ) Ad
£E€y
L4 A
Sta*

avey

%0-320%°
££T°
696 °
23t”°
T60°?T
12200°

60° "9
60 °%9
ST*49
999
9£°s9
23°93
£2°89
$5°69
99°0¢
L5°TL
s0°£¢L
03° €L
§I° %L
25°S¢
[ LAS ¥
ST L2
e
£°8L
%0°6L
%5°64
s2°0e
05°09
9L°0¢
e0°t1e

1

"W

NN¥ 0000°2=4

629 °11
16E°CY
£41°6
Sh0 ¥
435 °9
4L6°5
8£0 °S
982 °y
hgs°t
0i6°2
90%°2
0gd °2
759°%1
8s2°t
2¢6°
ase”
209°
133
egs”
g£9¢c°
U] S
0st*
8ct®
(1A%

230/A

-5 ]
230
30
2H30
H3L
1S

£9£°6
L54%°8%
T£5°¢L
$09°9
649°s
206°%
9fT°*"
61s°¢
106°2
sgn°e
S¢6°1
499°1
ese°l
6%t
209°
L13°
"6%°
04€°
84l2°
9%e"*
hsT
£21°
s0t°
980°

2H30/A

0000°
60°%9
70°£6
"5°62
"L

6%

sL4622

‘£-362°0=¥% - 3714

025°T %2
0ie°v g2
022°T 22
040°tT T2
026° 22
s6L° 6T
049° 8t
048° i1
04%° 7
S6E st
0eg* "
0L2° £
p2e* 2t
0Lt° 11
1} 9 8 0%
cotv* 6
0s80° 8
090° 4
S%0° 9
S£0° )
s20° L]
0co° £
410° 2
%10° ¥
A id
0 = 3
= 3INIL
= LY
T = 3ININ
= X
= 31vd
0 = NN

Odd NV3IKL

000°?y
goco°ry
166°
026°
256°
$1£6°
0t6*
c88°
958°
£280°
i62L°
TL2L°
£82°
£€2°
rA ¥ A
269°
499°
949°
2£93°
n19°
965°
£85°
496°
166°
ag£s”
L15°
206°
S69°
CI'L A
hine
899°
q59°

dval

£0-3682°
240°
$99°
%t
0%e*
13200°

NNY 0000

95° %9
95° 99
R
21°59
15°59
&n*39
ey 49
25°49
63°989
65°69
h 0L
S0°¥L
85° 1L
hi1°2L
£L°2L
[4 ' '3
£0°%¢
23 v
£3°ad
£3°S¢
$0°92
bf * 94
93°9L
2 el
YRRV
€2°8L
TL°8e
05°6L
st*e!l
6% °64
83°6L
s0°Cs

1

wnewnn

*0=4

BEL°2T SfT1°6
6ED°TT £41°8
0% b AT
PAR A 0sc°*9
eeL L 694°S
£EnT*2 ¥82°S
€N $0s° %
%8 °S 2¢°n
SeT°s 9%e°t
Shs°h s9f°¢
320°Y 1312
125°% wh92
L92°t n0%°2
2cb*e £91°¢
les°2 £26°1
£12°2 £89°7
8%6°1 2hn°1
883 °1 0se°t
%69°T 901°1
662°1 296°
201°7 L18°
%426° 1275
hqe* 529°
ntLe 623°
h8s° ££€n°
Ten° 9s¢g
£0%° g6c*
Tag* 092°
662 * 1ee°
VA I £81°
s02° w1
6971° sct*
230/A 2H30/A
0000°
-3} 35°%9
230 46°26
30 £E 4T
CcH30 9%
H3C 2t
1S 3Lsée
¢£-362°0=34 - 3714

0se*
gse*
0se*
059°
go0s°*
0s5°
60s*
0sH*
00%"°
0st*
org”
Sic*
0se*
5ee°
00e°
172
0st*
ogT”*
sti®
oot*
seD*
S20°
S90°
sse*
S%0°
L80°
T€0°
220°
£20°
610°
970°
£10°

T

O¥d

UMV ONDOCONNNMPPNONTOTON
Al H ANV NNNNNNNNNN NN

UM ITnOMNCT N O
-

3NIL
ININ

X
31vd
NNY

NV3K1

125




T ——————y T Tr—— e YIS TR T e

000°T 58°G99 BES°TT 9INT°6 005°T s¢
000°T S9°S9 69L°01 [£5°8 001 ¢
000°FT S8°*S9 S19°6 229°¢L 0s2*v £¢
%66 £0°99 29%°g 402°9 00tT°*T 2¢
£86° 0%°39 269°¢ 860°9 000°y 1Ig
096° £1°49 €£c¢6°9 e8NS 006° 0g

526° 92°89 H51°9 8L8°n 0os* 82 000°T £5°69 Ef£rf°¢€ 920°6 SL6° 62
£89° T3°69 396£°3 832°" 00s° 82 000°*T €£5°S89 9305°L 695°§ s26°* 92
gne* T4°0L 3BC8°% 118°¢ 929° 42 666 ° 85°69% 647°¢ 2o01°e S26° 22
128 I5°TL 1g2°*h nGE°g 0ss°* 92 i66° 20*99 1I50°4 6£9°¢L s2v* 92
0sZs° 68°2L 69L°F §86°2 gen* 82 T66° 02°99 "¢9°9 9412 SiL* s2
284" 08°*€L 38f£°¢ £83°2 oan* "2 086° 95°93 /61°9 £T24°9 sad”t "2
£22° ei*me 000°E eL£°2 d6r* £2 196° 41* 19 69L°S 0se*s a49° £2
0693° 8L4°5L 319°2 £20°2 0he* 22 L£6° %549 2hE°S 48L1°5 T4 R e
099° £.°9. 692°2 66.°1 S6e* 1 2 606° £9°69 S16°n "2 °s s45° 12
2L3° £3°4L 296°1 scs°1 s62° 02 9.8° L3°69 LE9°h 138 ° % 82s° 0e
303° sh*6l 263°7 Tae°1 0ee* 61 PA N %5°0L 0S0°% seL* " VA M 61
986° 2F*6L 0CSs°7T 681°T S6T* ST i08° n0°2.L 2£9°f Sfe°t T4 N eT
995° 9.°6L S0E°T 480°7 04t PA ¢ clLL” L1°§L SC2°f ein°g Site* Ll
L%s° 9209 Hsel 1 sT6° 0st* 91 nglL’ Sg°Hhd 9L 2 600 °¢F T4 31
has* 80°¥8 00C°T £6.° (1 at £69° 43°6L 0sg£°2 995°¢ s22° st
635° L3°T8 Gf6° ToL* R % 27 069° £0°4¢ E£c6°T £80°2 §22°* L3¢
£6%° 90°¢8 b69.L° 019° ootv* £71 919° TE*68L I8s°1 £IL°1 (1A% £7
aLn® 93°28 699° 0g£s* i80° 27 58S ° 0T°bs S¢£°1 Sf»°1 ss1* PA ¢
9s5n* 62°€8 L45° L5n° S40° 11 685° T5°6L TVIT°T 2021 [ F 5 1t
P-4 1 A IL°f8 Qés* 96¢ * 590° 13 L25° £5°090 Lb®* 2i6° (1% & 0t
T4 82°%8 £2%° 1 o Y ss0° Y 20s° %L°18 9ci° 49L° 17 )
90%* 8°98 nsg” 0e2°* 900 ° [} 2L4° 63°28 355° 209° s90° ]
Lee" Ggr*se Q00f° gge” 6£0° 4 Shh* S55°f8  L2h° £9%° 0so* 4
L T3°Gg6 9n2° S61° 2£0° 9 LA Ad ¥2°h6 2%s° 04f° 0%0° 9
gog* SE°*38 802° S91° 120° S h0H* £R*H8 HucC° 962° 250 S
2s¢g " 63°3¢ L41° 081" £co° L) i8¢"° 636 Ni2* 1g2° s20° L]
ghe* 63 °*9s 3IhT° 911° 610° £ T4E° 05°s8  T4LT® AN 623°* £
2 ¥ 6T °46 f£21° 860° 910° 2 C1% e LE*38 Lt1° UL 2 5 910" 4
P4 $a*¢¥ O0O0T° 640° £10° ¢ ehE " I3°9¢ TIT° 'R O £30° ¥
3vel 1 23074 Z2H30/7A A 1d svel 1 230/4 2H30/A A 1d
; 6£00°* = 3 60D = 4
£0-3n82° = AN 38°69 = JINIL %0-3265"° = b} £6°99 = JIN]IL
1] 8 = 230 18°L6 = Ml 411° = 230 L9°L6 = LYY
296 ° = ELf] TE€°CCY = JININ 8L = 3d 00°*48 = JININ
%91 = 2H3G0 he = X 8itT°* = 2H3C LA = X
iho°t =  H3C 6 = 31va $9s° = H30 1 = 31vid
623100° = 1S 9260:0 = NNY sh100° = 1S 34%80E0 = NN¥
NNY 6£00°0=4 *£-362°0=3X - 311403d NV3WI NNY 6£00°)=4 *E=-362°0=3dx - INI408d4 NV3INI

o —




goo°t
0co°t
S66°
186°
096°
0g6*
268°
0s8*
S8
922°
£82°
1R ¥
299°
£59°
929°
$65°
695"
145°
62s°
123N
26%°
LLn*
45%°
9hh°
0gn*
STH°
Log"
9ef"
e4g’
9sg°
LHE*
U1 % e
92F"°
ele”
eoE”*

yvel

£0-3962°
1395
h0°1
261°
91°1
$2100°

NNY¥ 6£00

8L °59
SL° 99
05°S9
9£°39
£0°49
10°69
%2°69
63° 0L
2L L
§5°¢2L
2oL
LR 7
95°6L
£6°9
Tt
6L 8¢
%3°64
g£2°08®
£6° 08
¥5°18
PA 4]
1328
h2°te
23°£0
T8
6348
g2°se
"5°58
66° S8
89°99
¥9°98
80° 28
PAAPY
L7 1]
s0°@¢

i

nanu

"

*0=4

0s%°11l
183 °0%
2%5°6
L6E°8
hE9°L
048 °9
40%°3
hNg°S
TiLn
86T *n
[ LV
65g°¢g
2462
sS6s°¢2
2922
2%6°7
6¢3°7
66n°1
8621
S9t1°1
266 °
848 °
£94°
%99°
£46°
96h°
0ch*
Tsg”
s62 *
L L P A
3(e*
941°
SHhY*
221 °
660°

230/A

-2 ]
230
30
2430
H30
18

%132
201°2
SHE*3
®@s°s
940°5
695°h
190°%
£65°¢
£41°¢
26L°2
L9%°2
8§£2°c
086°T
92.°1
2691
h62°%
2113
066°
£9¢°
192°
099°
"8s*
80s°
rA L A
I8¢ °
ogg*
642°
ngee
e61"°
e9t”
L81°
L1V
963°
190°
990°

CH3Q/A

6£00°
§¢4°59
86 °L6
L9°LY
9%

P

54808

‘£-362°0=0 - 3714

005°¢
0o%°1
0s2°1
6atr*y
gog*t
606 °
goe*
0oe*
$¢9°*
0ss*
06n*
(R LA
geg*
0%g*
s6c*
ss2°*
pz2z*
S6T1°
04v°
04t"*
0ET"
st1*
got*
L80°
S40°
590°
850°
940
6£0°
2£0°
L20°
£20°
610°
9t0°
£30°

1

3
0

Odd N

St
ng
££
P4y
1€
o€

NON o
NN NN

M
NN

"M INOVAEADOONUMIINONDO
ol v e e -

om
a

4
INIL
LY
4NIN

ivid
NOY

V3INKL

000°7
000°T
166 *
s86°
496°
9EG "
006°
458°
nee*
neL’
wal*
92L°
969°
999°
Gg9°
509°
08s°
09s°*
9gs°
615°
g6n°
289
“y9°
i99°
0E"*
A% A
T0%°
£8¢g°
69f°*
L1
PA } 3
P4 %
2z2e*
12 %%
00€"°

avel

£0-300¢"°
1£3°
610°T
86T "
i1
2ET00°

NNY 6£230

95°49
95°99
$9°59
%) °99
¢3°93
TR A
983
"T 0L
AR 71
05°2¢
ShefL
LE*NL
2E°5¢
62°9¢L
og*ee
"2°6L
4064
0L° 6L
9n * ¥
T0°18
83°18
0z*2e
iL°28
2E° L9
63°%s8
2%
gg° "
gL 5@
£8° 56
tg°9¢
0L°9¢
%) L8
hecls
0L°48
90° 68

1

LU [}

"

*0=4

0sh 11
4i%9°01
2n5°b
lbE°E
hga2
048 °9
201°9
nngts
TiL*h
861"
0% °¢
65t °f
ii6*e
ses*e
2622
L6°T
649°7
66%°1
862°1
Sq1°1
266°
848°
£92°
%99°
£.5°
96%*
0ch*
1 5%
862 °
h4e*
3¢2°
94T
gt
22tT”°
560 °

2307A

B ]
23C
30
2H3C
H30
is

bib*L
it
6%9°9
15¢°s
[ $ 941
L8L%Y
(1T AL ]
£24°¢
heg's
3262
303°2
gng 2
wi0°%2
60e°T
595°%¥
99£°"t
04T°T
L£0°Y
%06°
86s°
169°
219°
2€5°
£99°
66£"°
9he*
£62°
gh2*
202°
04t”°
LL A%
22’
T0T°*
se80°
690°

2H307 A

6£00°
95°S)
04°46
56°11
T4

134

548C0%

‘£-3562°0=43 - 3714

005°71
00%°T
0se*y
12 S §
000°T
006"
00e*
002"
829°*
0ss*
cen*
gnn®
0eE"*
one”*
s6e”*
9s2”*
gee*
1)
0it*
(V1) O
cev”
sl
001°
480°
SLe”*
s90°
550°
9%0°
6£0°
280°
420°
£20°
670"
s10°
£10°

~“NM TN ONDOO

>
-
a

"
w

ANIL

LU
=
|

1 ANIN

L

31vd

0 N

"

0dd NV3dl




o T O ¥ ” ” T

000°Y 0%°59 9&3°s 62g°3d 000°2 42

000°T 0%°S9 (85°F 0s2°9 sL6°T 92

£66° %3°S9 9284 969°s 008°*T <2

696° 0n°39 (s6°? £90°3 003°T ¢

226° % °49 Ll80°9 0EN°"Y 00%°tT g2

11 £T°0L 212°5 l6L°¢ 0J3c*t <22

000°T 08°S8 L49°6 8ES°TY 003° 12 cos* £5°TL 695°4 £2£°¢ 0s0°tT 12

000°T 00°39 Ti8°W 225°0F 065° 02 £9° 8L°FL ET6°E 898°2 09%° ' P4
$66° 98°S9 590°% 519°6 00s° 61 669° 12°S4 TeL°g 9992 082’ 61
066° 40°99 8s2°L %59°8 ash* LA S £69° 0L°92 Te8®°2 hot1°2 $93° A
T26° £€3°99 2¢7°3 263°¢L 00%° et €§19° S8°dL LS%°2 88.°1 $95° IA S
Tn6* 6%°49 §%9°S 1£L°9 0sg* 91 626° 2r1*eL 2¢0°2 eint 999° 97
%06° h35°99 6r6°N 692°5 oog* st 8£5° an°08 2L85°1 ss1°1 $9¢° st

c98° 2L°69 250°n 908 0s2°* "l 80s° g€n°ts f9e°t 816° 0e62° i g
328° 92°0L Lsi°f 8E0°H gte* £3 £89° £2°¢8 g0 °1 68L° 0%e* £1
S96.° 63°Ts g06°2 e99°¢E 087° 21 (1 £3°€0  928° T03° 0e1” 2t
692° 9g€°*2L 005°2 186°2 Sst* 12 le® £L°E8  %.9° 169° sst” 123
137 SE°EL 260°2 00s5°2 ogl* 01 gen° 92°%8 59s° 125 2 oge” 0¥
50.° 0N %69°1 610°2 SO0t° b 30%° LTAA BN PA A g9 " [ 23 & 6
2e9° g8 TL8°7 sf£9° 1 S80° U] g8g° 5£°58 T6fE° se2* 060° e
033° 9n°*SaL 621°7 9%g°id 040° A 89¢"° 66°s8 gIE° 8ee* 2L0° I
S£9° 91°*9¢ 610" 964°1 490° 9 bhe* 09°98 6f2° wive $S0° 9
£13° 03°3L 3¢i° S9¢° 3n0° S §2¢° 62°l8 #9LT° 0€T* 151N s
065° 9N LL 995° £49° S£0° ] (V) £ 30 43°28 sS€T° $60° 1£0° %
99s° 2E*EL  sgn* 615° L20° £ be* 9%°s8 001° £20° £20° 1Y
Lns” 43°8L ges” geg” 020° 4 182° £3°88 940" %S0° 410° e
92s° 42°6L 2he° 8e82° ST0° T 69¢c° 22°68 250° 190 ° £30° S

avel 1 22074 2H30/ A A 1d ¥vel 1 2307A CH307 A A id

0000°0 = 3 6£00° = E}

20-3%31°- = b 08°59 = INIL sC=3g9y°- = =D ] 09°63 = 4NIL

2%0° = 23C 12°%6 = ni oge* = 230 86°L6 = Ml
AN = 3G s£°L8 = JINID 925°7T = 3G 2I°0ETY = JININ

250° = Z2H3L LA S = X 91e”* = 2H3Q e = X
8N = H30 . = 31vd T9L°T = K30 (-2 = 31V

t0g00° = 1s 542050 = NNY 86000° = 1S 3468080 = NNY

NNY¥  0000°0=4 *3-3¥2°0=X - 3713048d NV3IWIL NNY 6£00°0=J4 *£-362°0=3X - 31130¥d NV3IHWI




000°T TE°s9
000°T TE£°S9
000°T I£°S9
966 ° L£°59
066° 65° 99
26" s0°99
s%6° 28°99
2¥6° 9 °49
173 M £0°69
I%9° £5°69
409° 63°0L
692" 95° T2
1575 6L°2L
s0L° 18°£L
649° 43°%L
899° 9% °s¢e
419° SE°9e
a8s° X AT
09s* Ta°8L
11 4% A\ 78R "71
215° £2°64
869 ° 8L°6L
08%° ot ° 06
09%° 8808

¥veal 1

9)-324L2°
£0°
929°
690°
£49°
41200°

39g°gl
62g£°21
T0€° T3
%.2°07
in2*h
612°¢®
261°L
*391°9
LET°S
P B
492°¢
28l °t
£09°2
A B4
182°7
8EN°T
J60°T
228

919°

644%°

heg*

Tog°

££2°

L P2 5

23074

b
230
30
ZH30
H30
18

566°07
FAS S A
022°6
429°¢
“8s°L
enl*9
668°S
950°S
£12°y
259°¢
060°t
82s°2
Sf1°2
PA 7R
199°1
getr°t
668°
%.9°
90s°
f£6¢°
SIg*
VA rAd
110 3
941

2H30/7A

0000°
1£°s9
a1°%6
96°%0
L 1Y

6

94205

9lb*
go6°
s2s°
0seL°
S49°
003°
62s°
0sn°
sig”*
sex”
sLe°
see”*
061"°
(1) 5
OET*
s0T°
080°
090°
sh*
S£0°
820°
2e0*
210°
£30°

>

3

LU LI U ]

NN¥ 0000°0=4 *9-392°0=X - 371403d

Ow-wuMm I
NN N

< o
-t -l

NMmETOnON
v o et o -

O w
-t i

wUMmMINCNO O

3NIL
LD
ININ

31vd
NNY

NVY3W1

000°T 05°S9
000°*1 05°S9
£66° TL°s3
LL6° 41°99
L96° £0°29
206° 9T * €9
£98° £%°69
1£8° St 0L
96L° 8°TL
9s¢L° £5°2¢
12L° %5° €L
069° 2h Ny
659° LT
£29° hg° 9L
009° T0° L2
8Ls* %34
266° S2°%2
0€s* £0°62
60s° "9°62L
06%° et °08
Gene 9L 08

Jvel 1

90-3222°
9.0°
£¥s*
160 °
1£9°
98200°

9¢s5°07
6£5°6
£55°8
995,
645°3
268 °s
S09°n
i96°¢
bee°t
2£9°2
s01°2
T
31 °Vy
1%6°
68L"°
2g9°
0gs*
2eg"°
682°
%ce*
TLiT°

230/A

b}
ciu
30
2H3C
H3G
1<

418°6
156°8
s20°¢
660°L
£41°9
L92°s
Teg’n
%0L°E
980°¢t
59%°¢e
$46°1
503°¢1
sget
926°
TaL”
£63°
69%°
8sg”
cle”*
0t2*
0sT*

2H30/A

oooo0°
65°s9
82°%6
£6°fo
92

s
62208

008°
seL”
0s9°
§45°
gos*
52%°
gsg*
oog*
gse*
goe*
09t°
0ET*
003*
S4d°
0S0°
890°
8g0”
620°
220°*
210°
£10°

>

nw

NN¥  0000°0=3 *3-382°0=X - 37140¥%d

TR

-_UM IO OO

-
a

3INIL
Ml
ININ

31vVd
NOY

NV3Wl

129




000°T 62°"9 000°ST 6%6°6 Sib* %e 000°T 86°%9 O0£T°"T £92°0F SL6° "

000°T 6L4°99 9%8°Ff1 4%81°6 006° £2 000°T 85°%9 E£490°ET %in°e 0ge"* £
£66° Z8°H9 209°2T €I%°8 Y4 22 666° T0°G9 LSBE°TT %89°8 g8’ 22
966 ° 23°%9 QE3°11 £69°¢ 0sl* 124 966 ° TE*S9 048°0T Sb6bv°*L 0ss”* | ¥4
805 ° £1°S9 58£°) 1 ©88°9 sl3° ce 986° 8E°*99 £6.L°0 s0T*L S43° 02
£L6° 63°¢3 T£2°6 221°9 009° 67 0L6° 48°S99 969°s 91£*9 009° 67
%6 " 2%°99 i0°% P} 1 825 §1 12 1°%d 0£°99 609°¢ 925°¢ ses” 81
006 ° i7°L9 £26°3 265°n 0gw* i1 S506° 2L 19 225°3 LEL°N 0s%°* Fa
”98° 08 °*89 b9L"*% 228°¢ VA 9t £99° 656°99 SfE%°5 4%6°¢ S4tE° 91
I£8° 4L°69 000°s 91g°¢ s2¢"* 57 0gw* §5°69 O0T.L°% 12H*¢ T4 st
96L° 03°02 Tg2°N 908°¢ sLc° "t S6l”* 45°0L 9%b°E S68°2 sL2° LD
1P ¥I0°24 29%°¢f 962 °¢2 see” £l 252° 9022 1T9c°f #9¢g°2 gece* £
heL® I15%2L €£cb*C 6£6°1 061°* 2t 92.° 95°cL %acL*2 800°2 06t° 2t
289° 00°%. gs8£°2 28s°1 SST° Tt S569° 63°£2 9%2°¢ 2£3°'1 12 O 134
¥99° W%, 0C0°cC L28°1 ogT* 0l 999° LN "we8°1 89g*1 [{F 9 01
1€93° §3°SL S13°T T4C°T 1A 6 6£9° h5°6L 2¢5°1 s01°*1 s01* )
865° 23°9L 1g£2°1 918 °* 080° s 909° im°92 BST*1 AL gs0* $
295° £3°%°L¢ £26° 219° 090° P £25° £En°4L 0u8° r4 % M 090" s m
ns* 82°68. 2t9°* 6G6%° ano* 9 895° 419, 2¢9° L VA B4 st 9 ~
9¥15°* £0°6L 8€£5° 158" S¢0° s 626° 28°§. L0Ss°* g9¢g"* SE€0° S
6% ° 95°6L Tin* 1A $29° Y 0¥s° 92°64 909° sb2* 820° L]
£on° 00°08 98ff"° nee* 2eo* £ 26%° bL°6L 6H1f° P4 XA 220° £
594 ° £3°08 292° £41° 410° P 74 209 Ing* 641" 410° 2
Is5n* %508 002° £E€T° £30° ¥ 96%° £R°08 9871° 281" £310° ¥
V81l 1 230/A CH3Q/7A 'y 1d *y8l 1 23074 2H307A A 1d
2000°0 = 3 00dd°0 = 3
90 -3%62° = X 64°%3 = 3INIL 90-3%62° = A 86°%9 = JINII
580° = 23¢ 816 = L} 620" = 234 SI*w6 = ni
£09° = 3C 09°62T = ININ 019° = 34 ST°bIT = ININ
260° = 2H30 L) = X s60° = 2H30 h = X
$69° = K30 21 = 31vid 1693°* = K30 11 = 31via
04200° = 1S 5420680 = NNX %2200° = 1S §42080 = NNY
NNY¥  0000°0=4 *9-392°0=X = 37140¥d NV3I&l NNy 0000°0=4 *3-~392°3=X - 371408d NV3INWi




000°t¥
goo° v
L66°
066°
126°
2ve6*
2v6
199°
698°
0ee*
gL’
£92°
seL”
%69 °
2499°
n%9°
£29°
465°
02s°
w9s°
§15°
639°
29%°
Ign"*
03%°
gg°
19 °
rA 1 54
£££°

ANIN/N

*6e

spg2f
00°0
49°9
1 5%
240"
g1t

=

06°98%
65°9¢
s3°98
T0°98
6£° "8
8a° 79
92°be
95°94
03°f£L
FZAR Y
9h° 69
™ess
20°g9
62°09
00°8s
96°8S
0T °ns
06°1s
45°6%
e 4N
£0°sh
6n°2n
S3° 0%
0% L8
%3 °st
In° g
ncie
89°62
L5°0¢

n

«0€°7
202°7
Z01°1
900°1
c06°
sie’
hedsLe
$59°
h8s*
£26°
£9n°
20%°
25¢g"*
e0g*
c92°
Ige”
¥0e°
178 &
130 5
stt*
160°
0d0°
950°
cho*
c£0°
%20°*
s10°
*10°
<to*

30/A

YN
A3y
23033y
vi3e
9

H

230
130

820°6
££L° @
6£9°¢
9% °9
062°9
965°S
000°s
hIS°h
820°n
119°¢
%61t
8L4°2
1ence
£80°2
S08°T
L65°7
68£°T
i81°1
2eb6”*
264"
§29°
98n*
69¢f"°
262°
eee’
491°
T2
L60°
£90°

23074

167°
6000°0
LN
76200°
86°9¢
°24

5
GL8010

0s9°
009°*
0ss°
0os*
0s%°*
0gn-*
]
geg”
062°
0Sc*
6ge*
ooe-*
SeVv*
0st”
0gT*
STE°
got*
s80°
gs0°
250°
Sh0°
S€0°
820°
120°
910°
210°
600°
400°
900°

"

#unnnn

NN3 0=3°0=¥3 - 37140¥d

N © O
LR VLY

o

HAMINOVANDOOANM TN
M Al " NN NN

"M INON©O OO
-l

30
nvin
¢/ 43
ININ

31vd
NNY

NVY3WN

ooo°tT
000°7
866 °
066°
SL6°
356°
626°
coe*
s98°
9¢£8°
s0¢°
eLL”’
ofL”
669°
629°
6£3°
c19°
625°
16S°
ses”*
005°
YA M
T6%°
24
il -3
h9g*
L£8°
138 g

ANIa/ZN

*eL
*667T2
00°0
62°9
13°1
6%0°
6490°

*0

0,.°98
0L°9¢
$3°38
18° S8
£5°48
9L° 2k
93 *0®
00°eL
85°hL
2s°add
8.°69
£6°99
93°%9
03°0%
11°8s
8L °Gs
48°28
81°0S
£L%4%
35°6h
£ ey
SE° 1y
Tr*6t
h5 *9f
21 °%¢
03°1¢
%262
98°8¢

n

(LI L [ T |}

962°6
9LL°S
S62°d
656°9
42£°3
318°S
30g£°s
96/°%
1 TAd |
826°¢
b69h°g
¥3C°¢
£59°¢
she*e
6f6°T
££9°1
29¢°%
2211
§16°
aS8L*
219°
015"
LR
deg”
she”
netT*
£97°
P24

230/

2nE*
opoop°o
I8
e0£00°
04°98
0%

£
5248010

NNY 0=4°0=3x - 3714

O0kn*
ogn*
osg*
ohi*
ove”
172
g92*
sfc*
ote*
661°
0i1°
2s1°
0ET*
0T1°
S66°
080°
430°
ss0°
SY0°
L20°
0g0°*
s26°
0920°
s10°
A4 Ny
600°
200°
908 °

>

LU [}

Odd

UM IHVLON OO

30
nvin
2730
ANIN

31vd
NDY

NV 3NN




0o00°t
000°?T
966 °
886 °
996°
8f6°
106°
048°
gg€g*
T09°
29’
52¢4°
e69°
£49°
849
229°
009°
08s°
09s5°
2hs”*
nes*
20s*
cRh*
L5%°
£EH°
LY
9.¢°
7%
ge¢*
135
162 °

INIn/N

*83
‘f£L19
00°0
eL*9
05°1t
6eT "
L02°

23°9¢
23°38
sn°98
CERS1']
LERS Y]
wZ°18
80°8¢
LIV}
¥3°2édL
6£°69
%9 °99
Ti°g3
21°09
92°8s
T1°9S
98 * £9
95°1s
¥2°0s
P AN'L)
T5°3%
9g *SY
LU RS
95°1h
I3°6¢f
05°4.8
65° 9¢
85°¢2¢
t*0g
w282
TE°S2
g£2°¢e

n

LU T [ PO T ]

990°
hs0°
he0°
Sf£0°
g20°
120°
310°
P8 9V
600°*
L00°
300°

3Q7A

P}
A3y
23033
Vizy
9

H

230
130

26201
£41°6
"60°8
L3408
562°9
945°S
958°
Te2*h
Thiecg
T02°¢
293 °¢
0g2*e
Ti8°1
£65°1
T£E°T
STE°T
Sf6°
308°
£689°
945°
287°
96¢°
hee!
6s2°
T02°
1 L0
STE*
980 °
s90°
0s0°*
£90°

23074

ERY'AR S
go000°0
92°n

%9200°
23°9%

sen’
see*
T
000°
Si8°
sdL”
S49°
566°
02s°
Shy*
04ig°
(1R 39
Qe
pze*
S8T°
aat*
0fT*
rA 5
S60°
080°
490°
$50°
SHo*
9f0°
8co*
120°
9%10°
ct0°*
600°
400°
900°

A

Wnwnnwn

NNY 0=340=4% - 371340%d

T It
T of
T 62
L T

“NMIUOLDOCNOOT

00d°7t
r00°T
Leb"*
c66°
056°
c£6°
"06°
040°
hEe”
064"
LV
ngL”
504°
199°
£59°
1£9°
9p9*
985 °
§9¢c*
Zcns”
L16°
i6"°
Tin®
LLT
CRS Ad
68¢"
[S1°F e
P4 N
£0¢°
£ee*

ININ/N

2
*IETH
00°0
18°9
§5°1
£60°
e

L9°98
L8° 9%
L5° 9%
¥3°SH
cEcgs
£0° 0¥
0s°6L
LR -7
VA R
2% °E9
0%°29
03°¢£9
22°19
b4 Sl -1
£L°98
bl %S
4328
e3°0s
sl 6%
PA SaPA |
15 9%
hitgEn
¥5°0%
6S° 8¢
¥1°9¢
LL*EE
1218
1882
§2° 92
9n*se

n

‘0 =

91¢°7d
cee*s
“g0°T
496°
1566 °
Yhel®
i69°
619°
chs*
cin*
GIn*
5
ore”
we*
cfe’
T0e°
0LVv*
AR
LT
%01
seo’
6z0°
9s0°
£9%0°
££0°
s20°
o1 0°
“10°
T10°
600°

30/7A

-h )
A3y
23033y
vi3s
9

H

c30
130

0%1°6 ose”
£LE°6 sl
1258°L 00L°
024°9 529°
716°S £ss*
94£°S 00s*
6EE° " os%*
T0E°H co%*
£94°F gse*
08l°E sog”
6%8°2 s92°
£L%°2 oge*
1512 ooe*

41
£13°
86t *

¥ P2 o
T 0st*
T 0ET”

£81°7 'R 2
ecit Se0*

099 ° 0s0°
82¢° 490°
T6S° ss0°
L 1Al sq0°
i85 ° 9f£0°
T0g° $c0°
922° 120°
241" 910°
621° 2%0°
460° 600°
sL0° 400°
s906° 900
2307A A
3n9°* =
0000°0 =
16°9 =
69200° =
49°98 =
92 =

N =
Si8010 =
37140¥4d

NNY 0=4°0=3X -

“auUMISIBNnOND O

30
nvin
2739
ANIN

X
31V
NDY

NV3IWN

133

£ NG A b S RS P M AR L A0

h‘m —



000°Y 03°9¢ f92°T 205°6  0ci*2 oOf 000°T ¢£3°°8 STS*T %92°I1 0S0°2 Of
000°T 03°9¢ 06T°T $S0°6 020°2 62 00C°*T £5°98  §9£°T GS9T°0T 068°T 62
966 ° £2°98 ¢l0°Y 191°S 028°7V @2 866 ° 6£°9¢ 221 990°e 0s3°T 82
"96° 61°S58  ms6° $92°2 023°% 22 s66°  90°98 2L0°T  195°2 0S9°T L2
656° 10°¢€8 9£9° 99£°3  02%°T 92 646° 83°%8 526° ¥98°9 0s2°T 92
126° L2°08 wie® 14%°S 022°tT s2 £66° 2n*2s LA % A 990°3 00T°T &2
S68°  S5°L4L 0£9° 864°%  040°FT %2 816° 0%° 64 £04* 022°S  0s6* "2
£98° £L°%2 29 92T °n 026° £2 SLe° e9°9s 2bs* 96¢€°n 009°* £2
"29° 9G8°T.  £9%°  f£eEmeg 02° 22 eEQ* 05°22 €o%° 602°E  ©29° 22
164° 93°69 SbE* %00°¢ 049° 32 £62° 13°89 L0%9° c2d*t 0ss°* 12
§92° %3°39  9ff°  956°2  045° 02 €C94° 22°S9 ££€° £in°2 0sh° 02
9€2°  8L°Ff9  .l2° 80T°2 04" b7 422°  ls*e9  st2°®  090°2  Suif° 61
089° 28°8S  £87T° 06£°T 0TE"° 21 §99°  25°!S s21° 6I€°T 0%c*® VA
199 £2°4S  £ST°  99T°T  092° 9% 2£9°  BL°9S  INl* 4%0°T 061° 9%
0£9° 95°4%5  ®2T° 2%6° ot2* st €09° 2325 23 & 26%° (13 4 st
666° 05°3S  (60° LV 59T° "t 896  Z8°0S  960° 4T 0g£T"* L2
"is° 0L°6%  24G° £85° 1R & £3 £45° 65°6%  Se0° 2£9° SIv° £1
£65° 690°.y  290° TN s0%° 21 8ng* 2n° LN 020° 225° s60° 21
25 05° 54 0s0° 111 s80° 133 L26° 29°SHh  150° £2%° 240° 13 ¢
605° M) °vh  IaD° (R 4% 040° 0t ¥6h°*  GD°EN  wmD* ogs* 090° (]} 3
11N 00°2% %EG° 962° 450° 6 63%° 23°0% %g0° £62° 94p* 6 "
199 S5°6¢ 220° 202 5%0° ] gnne £L°98  20° 861° 9g£0° g =
9gN°  2L°4f 320° 151° S£0° p) 22%°  %5°9¢ T20° ng1° e20° L
50%° £H°se 9T 0° 121° 220° 9 16£° S8 °ff 9T 0° SI1* 120° 9
18€°  66°2¢ 2r0° 060° ce2o° s L9€° 2L°1E 2t0° 860° 9%10° s
ISE*  ®t°0f 800° £90° nt0° 9 efE€* 92°62 600° 990 ° 210° L]
T2¢8° 92°%42 900° s%0° 0%0° £ 21 £0° 22 200° 6%0° 600° £
262° §2°s2  %0D0° 1£0° 206° 2 062° 93°s2 s00° 9£0° i00° 2
292° W%°%2  %p0°  220° 900° 3 942° l9°f£2  %00° ££0° 900° ¥
ANIOZN n 30/A  230/A A id ANIN/N n 3074 230/A A id
‘¢ = UM §69°1 = 30 ‘0 = aN 25€°1 = 30
*99 = N3y 0000°0 = 4 L9 = A3 coe0°0 = 4
*5066 = 2303¥% 219 = avin *1809 = 23034 61°% = nvin
00°0 = y138 92200° = 2739 006°0 = V138 2£200° = 2/74d
(AL ) = 9 09°98 = 4NIN £5°9 = 9 £5°9¢ = J4NIN
a0y = H 98 = X 9n°g = H 99 = b
g22° = 230 22 = 31V 26T = 230 2t = 31vd
veg " = 130 62806 =  NNY 992°* = 130 548010 = NNV

NNd 0=4°0=3x - 371408d NV3IWN NNY 0=4°0=3% - 37140¥d NV3INN




goa*t
000"
$60°
6db*
VA 1%
sie*
ale*
nEgg”*
10e*
9L
9gL*
363°
699°
L£9°
519°
986 °
165°
02s*
g8n"
09n°
IEN"
209"
cee”
£3¢°
Iag°
22t

ININ/N

30=-30n8"
‘04l
*anis
et~
%6°9

P4 Tl §
%iee
£L1°

NNd 0000

O0E " 489
0f * 4w
S8 *98
15°6%
63°28
i8°6¢
05°3¢
£8°%2d
45°69
%6°99
12°%3
SL°G9
bf * ¥s
L3°SS
W°gS
€115
7l °8h
8L Sh
63°2n
ge* o
s)° 6t
£5°GF
fEEE
83°71¢
08°02
si*ee

n

"

"

*0=4

£3€°T T12°6 0s0°
bLT°T sff°8 0s6°
650°T 9gh°y 0s8°*
T€6° 0l5°3 0se*
308° 26LtS 059°
£1L° hh0°5 945°
029° 9eL N a05°
225° 8Ly s¢n°
$99%° b82°f Sis"
£ a9 158°¢ seg”
The® 2in°*2 §4¢7
bic* hi6°1 €2e*
g2 493°1 0631 °*
261" 08l es1*
191° DA A S ogt*
1 3 12e° Sul*
©60° egL” 060"
920° 92s° 6so*
560° 98g° hh0°
chie 862° 250°
cg0* 92e” 920°
520 491° 610°
410" A 0 "¥0°
*10° 960 ° I10°
crar 023° $00°
200° £60° 960"
s0/7A ¢30/A A
an 908° =
X5 3006°0 =
23033 LE°n =
viss 05200° =
9 VRSP A =

H " B
230 ) =
150 SLTEED =
‘E-35T°0=8% ~ 37130%d

T 92

“-AAMIOVON OO

30
nvin
g/73)
ANIN

31vid
NNy

NV3AN

000°1
uoo°ry
£66°*
nL6°
151N
126
£68°
ShE*
208"
149.°
SR WA
oy
649°
£63°
L¥9°
585"
94658°
€2s6°*
c0s”*
129
She*
nen*
ogw"
19" 3%
L%
183

ANTOZND

S0=-3084°
.JN
*0%28
16° -
12°9
951
£80°
Let”

NON¥ 00B) *0=3 *£-35T°0=34 -

25°48
2>° 48
2E 48
53 ° 56
65 °£¢
45° 08
43*LL
T 7]
6% * 0L
49
65° %9
bg* 29
14068
8£° LS
L2°hs
1L°15
2o 8"
02°9%
91 an
27°Th
01°ef
92° Lf
02*sx
99 * ¢t
£1°1g
%762

n

LU L B U L T 1]

IS
0i1°1
o0%0°1
0te*
£29°
iEBL”
059°
£95°
LLn*
9in"
n9g*
PAS
692°
see*
ce81”
iny*
£T1°
i80°
690°
2s0°*
ono*
Tx0°*
"20°
610°
A%
0to°

30/7A

X
¥3a
2303
vi3s
-

H

230
130

LEL°6 PP A
£21°%% sL3°
622°*¢ 009°
§2£°9 62%"°
£24°S 5i%°
0ci1°s YA M
8T5*H SiE°
ER A S2g°
£1€°¢ si2°
266 °*2 0he*
0g£ste gi1c*
691°¢ 01
498°1 Ssl*
995°1 [
s92°1 s071°
w20y S80°
£8.L° S90°
c09° 0s0°
cen” 0%0°
15} 0g0°*
42° £20°
L12° 8T0°
591° 510
£E£1° 1i0°
960° S00°*
L0’ 900°
2307A A
iLs5° -~
20200 =
23 h =
34200° =
26°4% =
22 =

< =
S21€£0 =
3714034

w0
NN

S wWum 2
NN N

~NoOo OO0
- -

HNMINOANOT O« S ONO
et el vt et -

30
nvin
2749
ININ

31vd
NNY

NV3IKN

134

S




000°7
0001
000°T
966°
"86"°
696°
4%6°
£26°
"68°
09¢*
2t£e"
coe*
£92°
sgL”
60.°
089°
659°
§29°
96s°
655°
425"
969"
%94y °
g£an*
6Th
s0%°
see”
0Lg€"*
0sg*

ININ/N

£0-3491°
‘0
‘91£9
bf° -
99°s

13 A ¢
21"

| VR 0

NNY 0000°0=34 “£-35T°0=¥ -

90°* 26 g0s°tT
90 * 26 49£°1
90° 46 s22°'t¥
%3° 96 we0°t
8" °s6 £96°
91 * %6 AL
S5°16 heo*
65°68 099 °
6L°9¢ 99s°
L AS N 194 M
%.°08@ T0%°
e tlL ofE”*
60° %L 6s2°
BE*TL etre”
%8°69 64T°
£0°99 CLA 54
£5°¢9 £21°
66°09 660°
£3°48 §40°
¥2°ns 450°
L) 5 § cho*
ST s ££0°
40° % %20°
S5°29 €1 0°
43° 0% st0°
TE°6F ctg*
0n°.Lg 600°
06° st €00°
T0°ng 9060°
n 30/7A
= -3 |
= A3Y
= 2303¥
= Vvize
= 92
= H
= 230
= 150

PR

865°2T 003°7
LT9°1Y 0S¥
9¢2°0T O00E°T
550°6 0s1°%
"i8° L 000°?T
480°¢ 006°
662°3 008°
21s°s 00L°
Lr784 ] 003°*
186°¢ 00s*
ghg°g acn*
9s5s 2 0sg*
S31°2 sle*
cLLy g2e*
96%° 1 06T°
0z2°ty SST°
920°1 [ F B
128° S0T*
0g£9°* 0s80°
VA M 0%90°
ngg* sho°*
942° Sf£0°
261° s20°
451° 020°
92t* 9%10°
201" £10°
620° 0t0°
£90° sco°*
4%0° 900°
23074 A
190°tT =
0000°0 =
60°*s =
69200° =
90° 46 =
85 =
ST = 3
3LTEE0 =
3714034 N

O~ oo
NN

Se

O wuMmI
NN

WA OO
el -

& W
- -

- o™
- -

UMDV VND OO
-t

3a
nvin
2732
ININ

1y
NNY

V3WN

0o00°t
co00°%¥
466°
a86°
196°
8€6°
216
sge"*
£48°
L18°
¥8L°
£9l°
0ve*
489°
659°
8g£9°
T19°
08s*
gns*
£26°
sbh*
£Ln°
£
0c%*
h6fg°
tnlg*
3s5¢°
LEE°

ANIN/O

€0-3€97°
OQN
°6065

[ L A
21°9
gh°1
92t°
281°

NNy 0230

hz*16
L1 )
£0°Th
65°68
9f * 88
0L°¢sg
22°¢9
£8° 0%
25° UL
LERA V]
28° T,
28 ° 49
23°%9
6L°29
w1°0S
62°8S
28°SS
66 ° 25
60°0s
LTAFL
02°GH
22°¢tY
87 ° 0%
L AdT4
00°9¢
6T * o
05°2¢
s 0¢g

n

LU [ T T L ]

"

“0=3

cle*d
§371°1
n9cC°7T
196°
458°
£92°
s49°
265°
bls*
1A
£9¢°
gse*
ne2*
Lb1°
193¢7°
cet”
60 1°
£80°
¢s0°
€%0°
®E0°
cego”
£c0*
€10°
£10°
0to°
€00°
900°

307A

AN
%3y
2303»
vis6
9

H
230
150

22.°b Sce*
6268 T2
Sf1*8 seo0*
The* e s26°
8§95°3 528°

%62°S seL”
bs1*S 0s9°
£95°» §456°

§¥96°¢ 09s*
€L8°E s2n’
BLL*C gsg*
£e1°2 g2°

98¢e°
80s°

1 see*
T 06%°

0g2°1 sst*
2£0°1 ost”

£€. SO0T*
G£9°* 080°
9in° 090°
£L8° 490°
%62° L80°
oge” 620
EPA N c2o*
SgEl” 470°
£07° £10°
640 0t0°
£90° 802°
sn0° 900°
23074 A
£96° =
200C°0 =
h3°4 =
8s2Ly°* =
he 16 =
3% =
2t =
SLTEED =
37140%d

$E-35T°0=UN -

T 82
L S 4
T 92

HUMINONOO

30
nvin
27349
ININ

3Lvd
NNy

NV3WN

135




s . TR

coo°y
R ¢
866 °
066°
"i6°
890 °
Che*
916 °
268°
298°
heEs
*09°
69L°
6gL"
8TL®
n89°
299°
2g£9°*
965
655°
L25°
bbn*
139°
LE9°
LTHh*
LbE"
heg®
L6x°
bEE "

ANIN/D

£0-350T°
*4L8
‘f6TL

§
¢3°s
0%°1
0ET
281

£E°0T
gL 407
TE200
I£°90T
63°007
99°20°¢
25007
SE* Wb
63°<6
23*26
VER 1
h2* S8
7328
62°6L
2d* UL
ented
13°1¢
1849
60 *"3
00°09
T3°*Ss
23" £5
6%"* b4
55°9%
8L Hn
e3iteh
ST 0%
£ 9t
0% ° 5S¢

n

2

66E°T
L3¢
SET°T
spo°y
wL8°
L6L°
bt 9°
PAS
"2s*
b1
2Le’
90¢"
0ne*
l6T°
991°
SET*
LR A
260°
G20°
PAY A
6£0°
T£0°
2c0*
41 0°
LAY
TT10°
600°
200°
q0cC*

307A

X
Az
303%
Viss
9

H
230
130

80£'ct
nS81° 11
000°*07%
9988
269 L
£26°*9
w613
S8E°S
519°%
EL LAY
69¢°¢
269°¢
stt°2
Te€L°d
29%°1
26i°1
a00°71
80%*
ST3°
29%°
Ihe *
69c°
¢6t*
hot
£21°
gov*
440"
290°
9%0°

230/A

LA 2 5 4
0000°0
mmes
215200°
££°207
e

61
GLTEEC

NN¥ 2000°3=3 *£-26T7°0=d% - 3INI3J

003°*
ogh*
gog*
ost*
000°*
000"
goe*
eoe*
009°
0gs*
aeh’
0gg*
sL2°
S2e*
06t"*
361"
0gT”
S0°T°
g8d*
696 °
sho*
Sg0°
s2o0°*
geo°
910°
£70°
0t0°
800°
300°

A

"

0dd

T 62
T e
| S 74
T 9
LI T4

UM INONT O

3a
nvin
2739
ININ

3ivd
NNY

NV3IWHN

000°T
goo°*t
i66°
£66°
iLb”
136°
o%6*
316°
068°
668"
P44 A
108°
69.°
(1WA
(1) 92
189°
199"
0€9°
26s°
855"
n2s”*
964"
19+%°
LES®
SI%°
S6g°
£LE°
9s5f¢"*
gge*

INIn/n

£0-39%7°
‘"8
*%599
05 ° -
85°S
0n°tT
£t
g€t

h0°207
%3°207
2L 107
gz2°10t
83°66
93 °¢b
£5°66
gn°*fo
28°C6
93°/8
23° "8
2L 18
2d°6L
T0° 5l
WL
25°69
T7°49
H2°%9
o9
05°9%
2h°gs
£3°0s
66°9%
23°hh
g£tet
TE° 0%
Tresg
62 °9¢
92°%g

n

" ou

e

"

"

0gn"1
962°1
231°1
©20°7T
he8*
%08°
STL®
926°
985"
VAL A
cge”
£T€°
9ne”
¥0e*
oLt”
bfT"*
9r1°
%60°
TL0°
%50°
0%G*
1£0°
229°
$10°
%3 0°
21o0°
€30°
00°
s00°

30/7A

o
A3y
305y
vi38
]

H
230
130

LR YA 4
590°711
"26°6
blL*®
hE9°L
04¥°9
401°9
nhe°s
085°n
418°¢
L L P A
2e¢3°2
660°2
81i°1
0s%°*1
£07°T
2bb"*
20e"*
113°
8gn"*
b b
292°
1115
£€61°
221°
660°
940°
190°
9%0°

230/A

bI1°T
0030°0
92°S
93200°
%0207

003°¢
0sn°t
00£°7T
0S8ty
o0oo°t
006°
0ose”*
00¢.°
00ge"*
00s*
sen”*
gsg*
sdct
see*
get*
sst1°
get”
s0T*
Ceo*
0s0°
SHho*
SEC*
s20°
0co*
9%10°
£10°
oto*
800°
9c0°*

6
L
L
9
S
"
£
4
1

A

-
a

wn
w
w o

nvin
2739
3NIN

LU [ [ 1}
>

3ivd
NDY

NN¥ 0030°0=4 *£-351°0=3¥X% = 3114033 NV3WN

= SNSRI

136



too°?
900°7
566°
286°
£96°
SE6°*
0t6°
828°
hhg*
909°
69L°
£€L°
269°
%99°
££9°
509°
es
Shs*
§2s5°
669 °
VA Ad
153 A
134 A
[ 28 Ad
SeE°
Ss¢€°
628 °

ANIN/N

S0-3%9¢°
‘08
R $ ¥4

a0 °-
eeL’9
19°1
1s0°
180°

NNY¥ 0000

CA 1]
LA S 1)
9L L8
£3°9¢
8s "
928
§2° 08
8E°* L4
Th e
€0° 1L
6L°43
£3°%9
819
35°9S
se°cs
T8£S
53°0S
R0 6%
2E* 39
95°£Y
63° 1%
9L°6E
95° 48
11°9¢
65° £E
92°1E
i6° 8¢

n

"ou

*2=4

TSE8°T 912°6
402°1 sgc*@
£90°T 4662°s
86 ° Ti9°3
cIe’ 288 s
062° 26g£°S
$1L” 206°n
n9° A S AR ]
8¢6° 226°¢g
£65° 1gn°e
135 M In6*e
wige® 695°2
eee” 96t1°2
gL2° £98°1
oge”* 695°%Y
£671° it
9S1° 820°1
621°* 298"
607° A P
6w0° 903°*
2L0° 06%°
L50° 2bg"
e%0° £e£e"
o%0° LY
2£0° 912”*
£20° 45T°
L0° 8IT"*
307A 23074
uN LA 1 '8
A3y 3306°0
2303y S6°%
vi3e 51£00°
9 3188
H ot
230 £
130 s.39020
¢g~362°0=¥x - 3ITI4

0in°
02n*
gst°
ogg*
ooe*
see*
nse*
s2e*
ooe-*
SdT”
gst*
UET"
21’
S60°
0eo0"*
2490°
ss0°
Sh0°
e£0°
1£0°
seo*
02o0°
210°
%10°
T30°
800°
900°

>

vy

L

Oxd

~
~

OHNMm I N
NNNN NN N

"N IO OO
el e e

wANMIINONTOoO O
-d

340
nvin
2/3d
ININ

31vd
NNy

NVY3KN

coo°t
000°T
$66°
i86°
2i6°
456"
EE6*
i(T6°
£68°
£96°
bf6"*
€08 °*
£21°
g4, °
¥24°
%69 °
¥99°
6£9°
509 °
195°
hEes e
s0s°
TLH°
SnH*
L ¥4 A
S0%°
n8L "’
g9¢°
0ste*

ININ/N

£0-3657°
°t6
*EN3L
e’ -
Ih°s
eE°l
TET”
I8t

NNY 0000

63°ETT cnE°l
68°E€TT 912°%
62°£TT  T60°7F
9g °21T ¢S6°
43°C11T 6f8°
95°8DT c£S4°
63°307 129°
ch°**0T 48s*
£€.°101 ¢€0s°
42° 88 [ 4 e
g3°sk LSE°
52 4 3 w6e*
10° 88 Iee
S8 ° %8 681°
9128 b571°
81°64 Cet*
125874 60T°
08 °2¢ gee°
99 89 490°
£5°%9 0s0*
38°09 s£0°
05°4s eec*
%3°£S 120°
24°05 410°
££°8Y £10°
60 °9% T10°
eL*en eoe”
98° T4 400°
h°6E s00°
n 30/A
= aX
= %3y
= 2303¥
= Vi36
= 9
= H
= 230
= 130

*9=d ‘£-357°0=¥% - 3INI40¥d

hietet
630°F T
h26°6
bLL*®
"E€G9°L
DLE°*S
401°2
hA 1 ]
205
LT8°E
(A A 5
edl3*e
66U "2
CRYAS
gsn*1
£€81°1
cbob*®
c0e”
125 A
8an*
h4g
192°
T61°
£61°
221°
b60°
940°
190°
940°

230/A

261°1
6000°0
28°S
£9200°
68°ETT
9%

22
SLTILED

00°°T 62
gs**1 &2
Gce*t 42
0891°t1T 92
000°T 32
o6 "2
Les* £
002* 22
00%° 1e
00s* 1P
T4 A 6%
gse* 87
sL2* P ¢
see”* 91
petT* 51
€Sty "1
CET* €1
sd1° 23
0%0° 13
G9g* 07
sho* (3
SE0° ]
se0° i
0¢h* 9
310° ]
£I0° L]
DID* £
800° 4
300° 1
'y id
= 30
= 3
= Nvin
= 2739
= JININ
= X
= 31ivid
= NOY
NV3IN




R S ———

000°T
000°3
866 °
166°
6l6°
96 °
Sf£6*
996 °
Nl
LN
G2e*
£64L°
w9l
A P
9%L °
269°
$L9°
969°
cg£9*
903°
§L5°
h36°
Ol S0
605°
58%°
T2n°
£Sh°
SEN*
LR 4 A4
96¢°
. SLE®
I 2Gf "
| 28°

ININ/N

£C-3182°
.'c
‘TLLE
eh* -~
26°S
6%°1
4.0°
STt

—r———

e

i

é>°fo
2o *£6
fL°g6
50°Lo
$5° 16
%106
bl ard
SD°se
21°2¢
15°6Z
LI RV
L7°%L
6L TL
12°69
L2°8S
L5° %3
bE*£9
1319
2L °6s
26°9s
Ie*ns
20°¢3
646"
6L LY
956 * 3%
12 9%
3°2h
£3° 0"
§8 ° 8¢
CASE
¥2°9f
20°¢g
YR 1]

n

N wun

LYAd
cb1°1
il
of0°*%
£26°
EL 1R
09¢°
“L3°
486°
#ls’
tsn*
6"
cog "’
20f"°
6sc*
sec”*
(10 &
£LT°
LA 54
123
¢60°
Tw0*
499°
a30°
n0°
0%0°
Sg£0°
c20°
Hee*
120°
i10°
%10°
oto°

3074

-3 ]
A3e
2303y
V136
9

H

230
30

0130
1968
2ir‘s
é93°*¢L
£310°2
%983
L2 Y8
$92*S
ERS A ]
96v¥°f
PA LS
186°¢
4652
£42°%¢
g7 "7
¥89°T
n69°1
662°1
“20T°¢
606°
gnLl®
013°
905°
CRE
¥sg*
662°
09¢2°
122"
28T°
9sT*
0ET*
nCT"
020"

230/A

bLS*
0000°D
22°s
60£00°
2b*Eb
32

4
523020

NNY¥ 0000°*0=4 *£-362°0=3x - 3114

'L P
069°
0n3°
ges*
0ns*
06n*
(KL Ad
0et*
(VR ] 3
cog”*
592°
0ge*
gge*
Q4T
ost*
1§94 5d
R
001
Sec”*
040°
450°
iN0°
6E0°
2¢0°
420°
£20°
020°
L10°
%30°
A 4
ote*
g0oD"*
So00°

LU LI A L VI )

0d¥d

“UMIWVLONDO

30
nvin
2/33
3NIN

31vd
NNY

NV3NN

000°T
cgo°*t
6656 °
266 °
28b°
£S6°
1£6°
£06°
£86°
658°
SE8*
908°
c8L”
9s.°*
32L°
£63°
599 °
Sf£9°
%09°
t8s°*
455"
9gg*
hig*
96%°
£4n°
133 2
0gn"*
2th*
n6¢ *
PR e
LhE"®
hee*

ANIN/N

S0~3984°
t5d
*38¢¢E
8-
£6°9
L5°1
£40°
Sit*

CYA 1]
9,89
69° 86§
ZE°8b
1 V1]
65°* %8
g3 28
6108
9E* 8L
92°32
A V)
45° T2
%% °69
80°49
g * "9
33°19
65°89
4£°95
23°£3
CLAR £
£n°6h
bG*Lh
23°sh
qGhy
S5° 14
00° 0"
LSS
15°9¢
95 * Hg
10°¢£¢
280t
9L° 82

n

"

L38°%
452°%
€S1°1
£50°7%
¥56°
859°
€220°
6d2°
653°
603°
65s°
e0s*
6S%*
60n°
65£°
60E"*
652°
gee*
68t*
<St1°
21
s07T°
060°
920°
290°
6so°*
oo
hE0"
8c0°
22a”*
9t0°
cto”®

3074

t-p ]
A3y
23034
vi3se
9

H

230
130

S1£°6
vE9*s
SH5 *4
092°4
S45°9
068°S
chE*s
£96°"
¥2s°%
841"
SfE°E
£6%°F
ISt
808°2
99%°2
g£21°2
8Lt
405°1
££2°1
Th0°T
445 °
0%s°
919°
Tcs®
T4 M
che*
nic*
1 A
261°
181°
ott*
c80°

23074

10s5°
oodce o
%9°%
£4200°
94" §8
LR

S
543020

NNY 0003 °G=4 *£-362°0=¥X - 3713

A T

089°
0g£9”
08s°
0£s”*
oen*
0gn*
oeg*
geg”
0gg"*
s0g*
06c*
gs2*
gge"*
sge*
081°
s81°
0ET*
03I%1°*
060°
920°
290°
%S0
S%0°
ef£0°
1£0°
s20°
0eo*
410°
210°
T12°
$00°
Q00°

LU (I I L [ A}

O¥d

CoOowN
LU B ol o)

noN®
NN

" 3
NN

O wN
NN

SFNVON OO
- et -

™
- -

138

“UMINONOOO -
- -

-
o

w
uw o

nvin
2/32
ININ

3lvg
NNY

NV3WN

— ey TR OB AR R e s




000°T ZZ°0IT  ¢l9°FT 982°nT GoT*1 3fF goc*yT ¥3°2CT g£¥.°T f£OI*NT 00TV 3g

000°F 2Z°CTT %%n°T €££°2Y 0S6° Sg GO0*T  T3°20T Cw%°V 6471°cT 05b6° 5f¢
C00°T ££°0T0 262°T 6£1°TT 0s56° n§ 666" 53°201 ®2&°T  .68°C1 DsP° g
#65° 03°0TT O%T°V 0%:.°6 VYA £f €60 ° %287 £31°1 319°6 (YR £€
666" %5°60T e86° 2h9°8 02%" 2¢ 166° £LCE0T 210°T £££°€ 0s9* 2§
I86° h3°80T cT6° 26l L 003 1£ £86" %6 00T <£6° c¢62°¢L 009* 133
€36° %2401 Yg8* IS A V] 0s5° 0g 226" fL°66 156" 1604 0ss* 0g
"56° 23I*€C0T  (92° n6%°3 00s* 62 n%6" I5° Lo bLl"* 0In°*g 00s* 62
9£6* G3°F0T 9w 9° hngeg osghn* 8¢ (34N ¥5° 56 102° 692°¢ 03%° 82
£16° 91°10T 609° S6T°3 con* Le £16° €4°%6 £29° 021°3 Go%n"* 22
TN 2g *sb 2£s"* GG H osg* 92 198" "0°16 506" 2849°n 0sg* 52
eggp* 1256 178 & 920n 0Tg"* 3¢ £39° 03°v8® g8n° “6°g (1] £ %4
£ng° 9£*£6 sl ¥45°% 5e2° L4 6E£9° £1°98 TA M 925°¢ YA LT
128° ¢3° 16 08g* VA A4S pse* £ £289° che g (2% s02°t pz2* £
08 ° 25°08 g’ c26°2 s2¢* 22 n0E"* gn° 2o sg* s8e°2 sce* 22
TV 2€° 48 %0¢g" 165°2 goe* 12 c8L” £2°08 b3 & n9g°2 goe* 12
292° £)°a8 93¢* £42°¢ Site e 6G6L" APy £iLe° nnZ*e VA & g2
LR Vi I0°ce t2c* gh6°1 0stT* 6% 9¢l° £5°46¢ nge* £eb°1 ost”* 67
612° ‘LAY v6T1° 889°1 0gT" R T %5°2L c0e* 493°1 GET"* 67
¥63° LIy sL1° 7697 STT* 21 069° $3°0L 641" 8i9°1 295 A ¢
949° LR P P40 66c°1 0ot * 91 L9’ 25°e9 CER S cge’l oot* 91
969° £3°24 621° "0T°T s60°* st 6ha° 23°39 cET”* 060°7T 60 ° ST
0%9° $9° 04 LA nib"°* S40° "l v I 28° %9 VA S 5 2% °* S40° 91
619° 13°89 660" LIRS S99 £1 n13° 65°29 (& £€6° (TN £T o
¥66° §2°939 "§0° L2 VA 8590 ¢l cbs* TL°09 9e0° s0sL* 5493 ¢t =
2L¢” 6L £9 €90° L TN cn0* 198 596° 1) °8S 620° LL5° Sn0 14
gne” G6L°09 g50° Te4°* 450" ct X I 05°5¢ «50° LVL A L£0° (R ¢
n2s* Q) * 84S iM0° £0n° T§0° 6 £25° 83°§3 snC* 168" 1£0° 3
1) $94 15°95 Tho* 165" 220° 8 CLEN %t°29 cha* gnz° 220° ]
26%° £5°95 sg0° €6c* £20° d 16n0° 8L *CS S¢€0° se2° £20° L
2Ln” I£*2s €20° VL T A 610° 9 €94 L1° 8% (e 0° LA A 6106° 9
agn° 1£° 08 w20"* 9o0c°* 3716"° 1 258%° rAREL | s2¢6° s0e* R 10 S
13 4 Ad 22°¥Y 02o0°* 691 ° £70° L] 1 LERR L} 62o* 291° £10° A
LA S A £8°S9 (A9 I 0tTd°* x [ & Bd 63°2% ST0° 9cT° 010° £
1.3 9 0t°tn AL “01° €00° 2 c6g " 61 °0% FA%'N £0°¥° 800° 4
sif”* 65° 1 600° 840° Spo* I o9f"* T5° L8 €00° LL0° 900 ° T
nin/sn n 20/A 23074 A id ANIN/ZN n =0/A 230/7A A id
£0-3262° = b-D | 8G9 = 30 £J-3622"° = oA 2h9°* = 30
*66 = N3y 0006°0 = 4 *25 = X3d 0060 C = 3
990y = 230z n1°9 =  nuin LIRS ] = 2305¥ 89°¢S = Avin
The- = Vi3 LuEC0* = 274D 1e0- = 913%® 338060 = 2749
CLAE = 9 22°0TF = JNIN 9c°*§ = 9 13°201 = 4NIN
£n°1 = H Y = X ey = H g = X
420" = 220 1T = 34vid 6.0° = 230 6 = 31vd
199 % = 130 6L222) = NNd 2i%v = 15U Gic2z20 = NNa

NNY¥ 0000°C=4 *£-Z62°0=2X% - 37130&c NV3IWN NN¥ 0CJJ*d=d *£=-362°0=ax = 37130¥%d NV3A4AN




200°7¥
00o*t
£60°
0eh*
930"
¢26"°
1389 °
196 °
826 °
664"
gL
£9¢°
AP
$63 ¢
Ty
485°
2 B
0r3*
685°
£95°
ons*
915°
0b""*
599 *
ghee
g£en°
T1%°
£6¢°
628"
£9¢€°
ghee
geg*

ANIN/N

s0=-3L6F°
‘1ot
*"86¢
1C° -
V&S
6r°T
gen*
hET”

62°e21
b3*821
L BT
83°921
ho°221
03°811
AR R
et 0Tl
¥5°3071
63°2071
93°* 66
g% °36
st °C’s
£ %60
2E* Sk
gn°hE
73° Tk
S% 64
£¢°54
6L 2L
in*BS
Ih*33
LIRS )
Ie*es
83°L8
L 14
1e° 28
er°(s
0L
£4°9%
£1°9n
91 * 1%

n

" \ "
o4
< L.

"

-0 X

o

- o

ete°y
a1l
on0°'7
£16°
vll"*
£h9*
Tns°
hin*
309
PA%
nig*
LT
[ e
£02°
C7R N
<37
AR
eey"
*07"
£60°
%0
1890*
0s0°*
%0°
ngD"
4c0°
1c0*
e10*
“10°*
110°
$00°

2074

W

Uy

corTeooxag X

u

£E€E8°0T
ceL b
T12°¢
uls*L
68g*2
842°3
nha'y
686 °¢
£€E°¢
68y °2
g05°¢2
i91°2
(XThRS
L9395 T
nhntl
££8°1
2911
000°T
95y *
c2L"
313
20s*
18 5
£eE"
922
2ee*
bEl"
3461
£E7°

b 31 d
6wl
190°

23U/

5¢¢°
6000°0
42°9
s€200°
b3*scll
Ka

5t
5¢3C2v

Slo*
Gle*
S4L°
9L3°
sls°
Sin’
6o%*
gse*
gce*
¢se*
s2c¢*
s61°
G2
0st°
[ O
021°
S01°
(111
2.0°
G690 °
G460
Sn0°
250°
0gQ*
920
02G°
L70°
»i0°*
AN
0%1GC°*
w00*
300°

LU LI T T 1}

"

NAY 0C02°0=4 *E-262°0U=3» - 3714004

30
nvin
¢/ 43
ININ

31v0
NDY

NY3WNn

ol IR ¢
000*7
goo°ty
166 °
186°
eL6°
i90°
256°
3£6°
h16°
6we*
298°
5%g"*
0g£9*
179°
68l
69.2°
51°
0ese
. P
089°
£59°
Tn9°
129°
B6C*
325"
165°
2€5°
615"
66%°
EVA A
2an*
Tan*
LTh*
¥bE”
sle*°

NI/

£0-3462°
*907
CcEdn
0%° -
££°S
£
440"
YA

Nii4 0000

£E° 41T
£T4170
£E 4T
£56°911
SE°*SsTT
LERA R 34
2h* gl
TL°TTT
83°607
32° .07
9y *ni7T
2L°101%
02Z°kb
8f* b
£T°56
n3°26
Tc* 0e
12°% L0
£3° "8
8128
SL*hL
9T st
€1 <y
93°ce
12° 02
95°¢.3
13° %3
18°29%
“g* 03
T5°eS
bF * S99
ST*4s
Js°* 1s
16°64
S3°3n
£0° Y

n

"

-
(%

T—

oM
A3s
303y
Vizd

W u
ccIxTo

2
13

CR A0 B SR XN S ST 3
wEr*2? 05%5° 3
6£0°TT Cse* L 19
0nste 0sce” £
<t 059° 2f
26L%é 003° 13
£91°%2 £Ss° 0t
Y6%°3 003* 52
LL 2R [ E% L T4
361°;3 con° L2
[ Chd pse* 92
320°n (LR $5 Qe
145°% s42° 22
VA PAd 05¢e° £2
2262 52¢”* 22
165%¢ J02° | ¥
£42°%2 VA% ae
€91 pet* bl
88971 ot R 4
"6n*1 aTt” L3
601 oci* 91
2011 Swi0* 1
L PR S40* %1
L LT €33°* £Y
LA P S50° PA
LN sng° 194
8 ° L80° ot
£0%° 1€06° 6
TsE” 24 e ¥
b6bc* £20° ra
iy 6T6° 9
g0c* 910° S
591" £12° 2
0gT” 030° £
701° 800" 2
8L0° 300° T
23U/ A A id
#9Q° = 30
0630°0 = 3
b1y = nvin
S1£00° = 2730
£LLTT = 4NIN
Ehl = X
¢l = 31Vd
€iceed = NN&

*jz4 *€-362°0=aX -~ 3714084 NV3IWN

*
i




000°1T 25°38¢
000°T 25°98
£66° 25°s8
0L6° T6° €@
§26° s2°08
2L8° sh°se
308° 9L° 69
16L° 656°%9
00¢° 45°03
099° 1¥°4L8
129° hL°gs
¥8s° 88°0s
£88° 98 ° L%
61s° 15° %
(78 A [ LAY )
894 gL°8¢
02%° hg 9t
o8E8"° h3°£E
c9f° 9t 1¢g
TEE* £3°82
s0¢g° st *9e
e 96°£e
6%2° h3°%e
eze2° 0L°6ET
ININ/D n
s0-3245°- =
*ss =
*SNEE =
20° =
60°%% =
Y4 1 =
$.0° =
4 2 =

NNY 6£00°0=4

T ST TR T T T

che*l
AR At
920°F%
et6°
019°
20L”
h6s°
80s°
P4 X
8i£°
hee*
182°
8£e”
"61°
IST°
£2T°
460°
940°
$50°
£%0°
cE0°
“20°
210°
£10°

30/A

t-> ]

b EL ]
2303%
vi:z8
9

H

230
120

499°¢L
000°2
£€£°3
299°s
D05°s
£EE N
499°¢
£€T°E
4939°2
£££°2
000°2
££4°17
i499°t
goge°t
££6°
09.°
009°
49%°
g9g"*
d492°
go2*
A A%
401°
080°

23074

£9%°
6£00°
£9°f
L3100
25°9¢
0ot

£
S2%0E0

¢£~362°0=¥x - 3714

siLs”*
62s°
ain’
sen*
S4£°
seg*
gee
sge*
00c*
S41°
0st*
1
[ A9 %
06¢"*
040°
490°
s%0°
Sg0°
L20°
02o°*
ST0°
110°
800°
900°

LU U [ ]

O¥d

NI ONOO

3a

nvin
2739
ANIN

3ivid
NNY

NV3WN

000°71
003°T
966°
cee*
196°
116°
028°
2"
§0L°
a4e*
9TL"
b49"*
2%9°
203°
04s°
04s°
£0s°
£Ln°
S L
Ti49°
obg"°
128"
Lsg”
heg”
62¢"°
19 £'5
g92°

ININZN

92-3006"°
*20tT
*L%88
00°-
84°9
0s°t
££1°
oo2z*

NN¥ 0000

03°921
Cs*e21
s0°eet
95°521
YA LA
83°2717
£6° 111
2>°Ss0t
2e° 107
8L°S6
¥5°16
0g 4.8
h5°28
gL
e2°¢¢s
9f * 69
63° %9
42°09
82458
43 °2s
91°0s
TL LN
£5°64%
(AR L]
€22
85°6¢
95°9¢

n

2

E1 0
“g2°'y
ceo*s
0€6°
Y6
429°
9l45°
Sin*
66¢€°
L I4 e
tle*
éece”’
2Lt
159 5
T3T°
160°
190°
LA R
sg£0°
s20°
620°
«70°
q10°
eto*
GTeo°
&00°
S00°

307

-3 ]
N34
303y
vi3se
9
H
230
130

310£°07
€216
She°e
L16°9
446°S
8E0°S
982°*Y
hEStE
046°2
g09°2
0g0°2
%s9°}
eL2°t
146°
2sL”*
209°
16%°
8gg”’
£92°
e8T”
0stT°
ect*
s0t°*
960°
s40°
g90°
s%0°

2307A

696°
J000°0
££°9
£9200°
cs*get
L 73

6t
$43020

*0=4 ‘£-362°0=¥4 - 314

04E°T 42
022°y 92
040°FY &2
G2o* L I'4
s6L° £2
043° 22
045° 12
YA Ad 02
seg 6t
[ 14 B 'R
0s2° i1
0ee* 91
04t° st
1§ 94 "t
gotv* £3
080° ra
690° 13
s4%0° ot
SE0° 6
s28° e
0z2o0° P
410° 9
210° S
21d°* "
gl0° £
$0D° 2
900° 1
A id
= 30
= 3
=  Nvin
= 2/3)
=  JINID
= X
= 314V
= NNy

Odd

NV3NN

141

[t ]

P




goo°?t
000°7
766 °
286°
196°
626°
h68°
(31
n0e°
3sL°
€2l
583°
Lh9
nt3°
485°
29s°
TE€5°
205°
93%°
££€0°
Tin*
L8e°
£9¢°
ghe"
CR %0
b62"°
8L2°
6s2°
ane

ININ/N

£0-3082°
‘19
*3619
eI
9E°5
19°t
621°
02

"3 °26 661°T
%3 *26 £11°%
80°2t6 4201
£5°06 A N
20°68 9568 °
b0 °* 9% 1775
8L°2% s89°
33°64 66S°
05°% 9ys°
)04 T4 A
$6°93 wue*
£n°EY L2 80
%5 °6S 452°
93 °9S T12°
eh*as 447"
s0°29 sntl°
61 6% 02t
S5 ° 3% i60°
12°EN w.0°
60° 0% 450°
"0 8¢ Sho*
g8 st 4E0°
13°¢¢ 620°
9.°1% £20°
"h 62 810°
¥LLe s10°
LT84 T4 Tvo0°
20 °* ¢ e0C"*
92°2¢e 200°
n 3074
= oA
= A3y
= 2303¥
= Visd
= 9
= H
= 230
= 130

NNY 6£00°3=43

gni*s
8S5s°¢
426°9
S6£°9
®18°s
££2°s
1594
020
88%°¢
406° ¢
6152
2812
LA PR
9En°y
2021
e00°t
LR
659°
905°
8e¢
1R S
LA I
"6T*
ssST*
L TN
¥0T°
840°
230°
440"

230/A

s
6£00°
S48
93100°
%3°26
92

4
SLN0E0

‘£-362°0=33 - 3714

0s0*
946°
006*
528°
0ss°
sL3°
003°
s2s°
0sn*
SiL”
g2¢g”
se2°
5ee°
Set”
§S1°
19 3
L1 )
s80°
$90°
0s0°
0%0°
2£0°
s20°
020°
9710°
£310°
0t0°
UL
9Go*

wnou

034

T 62

O OUMINVMNCOOOANMINE N
Lol alh A BRI DI B I IR I I VI VI VI VI VI VI Vi Y

“uMmMInONO O

-
-9

30

nvin
2739
ININ

31vd
NNY

NV 3WN

goo°t
900°1
666 °
966°
696°
4L6°
266°
£26°
988 °
AL N
n0g*
8seL°
1275
£99°
£19°
895°
ngs°
405°
VA B
A4
£I9°
28g”°
65¢"°
L88°
LA %0
362°
8L2°
"92°
hhee
1£2°
13 T

ININ/N

%0-3089°
*2s
*n92s
The-

L 700 4 1
U’
417"
spe*

29° 49
40°48
0029
0L°98
2r*98
£0° 58
2>°2¢
£L° 0%
FASEY)
el gL
45°63
10°99
£6°19
63°LS
On°g£s
S%°bh
05°9%
£T°9h
0h° 1
8L° 8¢t
45° 5%
¢2° Lt
sz If
g 62
sg° L2
8L °s¢
%2°he
s6° 22
g£2° 12
2t e
SE° 8T

n

"wnn

NNY 6£00°0=4

§£2°1T 905°4 926°
TLT°Y bLn°L qeL8°
%C1°T 150°2 s2s’
LE0°T %23°9 LYY
126° 461°3 séL*
706° 694°5 $49°
L£9° 29€°s 529°
021" ste*n 945°
£34° 487°n §2s°
9¢£9° 090°" qin’
69s* 2£9°¢ YA M
20s° s02°¢ SiE”*
sgn 8LL°2 sét”
89¢£° 0sf°e see°
Teg* £26°1 see°
#ne* T85°1 S81°
402° -T2 A Sst°
v 12220 ¢ 0eL”*
152 5 468° S0T°
L2 & & 924L° s90°
480° 9s6° S6C°
490° 2n° 0s0°
®50° 2ee”* 0%0°
£90° weee 2£0°
££0° 9i12° sco*
420° 1T 0eo’
1c0° 4581° 310°
430° TET° £10°
£10° s80° 0%0°
o 890° 800°
$00° 1s0° 906°
3074 230/74a A
) ] 'a 7 5 =
A3y 6£00° -
2303y 12°¢ =
vise IxI0L0* =
9 L0°48 =

H ot s
230 S =
130 S4%080 =
¢g-362°0=¥x - 371140ad

“auMmMsnONODO

-
[

w
wo

nvin
2730
ININ

3ivyd
NNY

NV 34N

142




000°}Y
009 °y
566 °
86 °
£L6°
0s6°
£2e°
869 °
171 A
9%e°
£29°
864"
£44°
Shi*
612°
£69°
£49°
6%9°
1£9°
809°
e8s”
695°
945 °
22s*
s0s°
4 LA
5% °
sgh*
9T H*
96t "°
bL8°
6s£°
£9¢°
Jee’
cog"
6902°
f£22°

ININ/N

£0-3%¢2°
*2d
*92s¢

LA AR £
SE°®
0s°1
133 04
46%°

NNY¥ 6£00°0=4 ‘£-362°0=¥X - 37140%d

T

S2°IIT  wlf£°T
S2°TTIT u22°1
43°0FT  640°T
98°60T 186°
82°80T g£88°
2L*s0T gQal*
83°20F 289°
05°66 £19°
99 ° 96 0ns*
FASA 1 T8n°
43° 16 cEn®
WL c 88 £8g"
95°s8 hee*
" °2¢ b92*
6d°o08 0se*
ST LL CA XA
ce* M 16t°
£2°24 L9T°
ST°0L VA R
93°29 21
Tw°s9 £IT°
S2°£9 e60°
%009 se0°
S3°8s "20°
£F°9S %90°
85°£S %s0°
68°0S sh0°
09 ° 84 §€0°
92° 9% 1£0°
S0° %Y 920°
£1°2 £20°
46°6¢ 6T0°
02°9g 9710°
w2°9g £10°
*3° £ oT0°
[ T4 s€6o°
gLeoe 900°
n 30/A
= ) |
= A3
= 2303¥
= Viie
= 9
= H
= 230
= 130

483°07
29%5°p
L6g8°%
9£9°L
048°9
20T°)
A A F ]
TiLn
$61°%
0nL°E
6sgf°g
246°2
$656°2
2s82°¢
i96°T
643°T
6849°1
e62°1
Sqt°T
266°
e48°
£9.°
493°
£458°
964°
(14 Ad
1sg°
86¢c°
L1 T A
902°
941°
SHht*
22t
660°
9.0°
t9¢6°
9%0°

230/A

6%0°T
6£00°
EA AR ]
13100°
G2° 11}
PAJ

T
SL%0E0

00%°T Lf
062°1 9f
00F°T sf
000°T of
006° £€
o0e* 2t
0o0s* 139
529° og
0ss°* 62
06%* 8c
Ohh* 2
g6t 32
0hg* s
s6e* %
s62° £2
gee* 2
5671° T2
0Lv° 0e
0st* 61
[ 0 e
Stt* ra
0ov* 9t
480° st
sL0° "7
s90° £7
SS0° PA 4
9%0° Tt
6£0° 0t
2£0° 6
220° U]
£20° 3
6T0° 9
9%70° S
£30° kJ
0t0° £
$00° 4
900° ¥
A 1d
= 30
= E
= NviN
= 2749
=  4JNIN
= X
= 31V
= N
NV3KN

000°T 093°10T7 662°T
666 ° G3°T0T  £41°Y
566° 91°T07T ¢Cwno0°?T

186° £L°66
656° 9% °Lb
¢26° 22°N%
668 ° 8E° T
498° 60°88
8£8° h2°se
£T8° i3°cs
6oL’ gz o8
6SL° 02° L
32L° 0t °he
s0L° "9° 1L
gl¢9° e6° €9
459° 92°99
LI ch*no
£19° d2°29
£66° 92°09
173N 80° 8¢
2ss°* 01 °9s
1£6° 95° ¢S
215° %0°2s
h6%"° 12°0s
69%° 43°LY
999 ° 6L °SY
e2n® £n° Ly
%0%° S0°ty
"0g"° £0°6¢
L9¢° 2e°Lg
gng* eh° St
4 ge°fe
h1g° £5° 18
£62° §L°62
£L2° L Iar T
n52° g8°se

ANININ n

£0-3842°
‘03
‘£999
gh°t-
2o°®
w1
[ g
002*

NNY 6£00°0=4

ce6*
cge”*
82L*
089"
L8’
60s°
i5%°
son*
1XE
40£°
s3¢e°
6ee*
£52°
&
3s1°
SET*
e
"7
060°
§.40°
§90°
450°
en0°
T40°
££0°
€20°
“20°
020°
218°
2%0°
0To0°*
800°
900°

307A

I
»3Y
2303y
vi38
9

H

230
130

S¥19°6 6s2°*tT. 9¢
29n°8 60T°T st
269°4L 600e*Y &g

£26°9 006°
%s1°3 oes*
98L£°S 6osL*
808°% 529°
1£2°" 6ss*
69.°¢ 06%°
S8£°t (R L Ad
600°g oeg*
st19°e 0%g*
692°2 s62*
29%°1 sse”
269°1 0ce*
005°1 Sb1°
80£°7 04v°
hs1°Y st
goc°t 139
s¥8’ 2 3
69L° '] ] 5
699° 400°
2458° S20°
00s° 590°
4 B ss0*
vs¢° 9%0°
oog* 6£0°
9%e° egn”
80e° ie0°
YA o £20°
94T° 610°
£21° 910°
oot* £10°
4249° oto*
290° 900°
9490° 900°

2307

>

296°
6200°
66°¢
%ST00°
39°70°%
1

6
SL%0£0

¢£-362°0=% = 37140¥d

"M INhONDO

w -
“.e a

nvin
2749
ININ

31vd
NOY

NV3HN

143




T

¢oo°tv
goo°*y
866 °
566°
686"
246°
0S6°
926°
168"
258°
52¢€°
c6bL”
£64°
hatle
$89°
0S89 °
419°
98s°
4S85°
1£s°
90s°
62n°
csh”
£2n
16g°
29t "
cee
£Ig"
882°
2eLe”
§se*
hnee

NIN/N

h0-3012°
*"3
*15207
1% -

4¢° 13

hs 1
S51°
6£2°

NNY 6£0

182l
8182t
93427
w521
TL°921
£5°%21
€312t
2>%L11
8T°nit
05°601
IL°S07
93°%107%
1236
LL° 26
28° 18
62°tw
1164
2 R-V1
L LA ¥4
90 * 89
293° 59
g9n° 19
£6°4S
8T °hs
Tt°0s
SE°3n
¥3°ch
7l 0%
$5°9¢
16°he
L3 °EE
621t

n

"

L

2

LU L [}

o

alh*1
esett
oge*t
2011
nub*
19%°
834"
969
nist
P4
0gn"*
69¢°*
40¢€°
99¢2°
s2e*
”91°
cste
Pr A
L01°
060°
§20°
99¢9°
£50°
£v0°
££0°
520°
$10°
210°
110°
900°
«00°
s00°

3074

P ]
A3y
303%
vi38
9
H
230
130

£I3°11
s43°01
449°6
0128
ehi L
b
996°5
191°5
315"
Ti8°s
488°%
£06°2
6192
460°2
wlLct
281
h61°1T
0091
6g8”°
ovL*
£19°
91s°
6In*
sgg*
UL TA
267°
T} 5
oT1°
ne0°
990°
290°
6£0°

23074

022°%y
6£00°
66° g
L460G0"
LA S TAS
¥s

£ 4
S4%080

oo0s*
053°
605°
osg*
goc*
0s0°
526°
goe”
00e*
009°
ses”’
o5
S48°
(4
92’
s22°
set°
sst
R
o¥t”*
$60°
os0°*
$90°
2s80°
0%0°
0g0*
c20°
410°
£10°
0%0°
$00°
900°

A

°3=4 ‘£-362°0=% ~ 371408d

L4
L. %3
T ot
T 62
[ T4
v L2

“-auMmMINONOO

30
nvin
e/ 1
4NIN

3ivd
NNy

NV 3InN

ooo°t
766°
s86°
696°
896 *
226°
€680°
Ti8°
898°
828°
%08°
SiL°
£54°
2z2L*
663°
643°
953 °
££9°
809°
c6s”
2Ls”
1485°
32%8°
906°
£98°
29%°
CA A A
8tTh*
2on
heg*
s9g*
1s¢”
ogg*
12 20
262°*
522°

INIO/N

£0-3462°
‘84
*g9eL

g T~
28°L
6n°T
130
96%°

NNd 6£00

2391y
R ¢
‘TRe 281
CO*ETT
£3°07T
£5%201
68°%01
63°107T
98 ° 66
65°36
cL*® €6
%7 ° 06
6L «¢8
%2°h8
35°18
LA Bl Y]
6%°92
£8° €L
63 ° 0L
%03 °69
w99
22°%9
12°13
£2°65
3£ *3¢
25°¢£S
20°25
8L 8y
13°9%
9Ly
£3°2H
i5° 0%
gh*eg
92°9¢
60Ny
or°2e

n

2

oo n

"o

£61°T
£50°7
ns6"°
658 °
£94°
¥99°
9%5*
ses”’
89%°
029"
cLE"
hee*
182*
£492°
orz*
Cl'R %
31"
£o1°
LA S
(1} 4 &
S$60°
£80°
c40°
290°
2s0°
"4 p0°
280°
1e0°
s20°
22e8°*
§10°
st10°
cto°
010°
600°
S00°

3074

AN
A3
303y
vi3s8
9

H
230
130

T AT IR AP

295°6
165N
nEI°L
048°9
201°9
nhe s
TiLth
86T°%
0h.°¢
65E°f
iie*2
cbs°2
252°2
i"6°T
643°1
68%°1
#62°7
SH1°1
26b6°
848"
£9¢L°
"93°*
£43°
36"7°
02n*
1 £3 0
862°
L A PAd
90¢*
927"
(1 25
221*
663°
9.0°
190°
9%0°

23074

8%wd°}
6£00°
28°y
12700°
29°911
9%

2t
S2%0£0

0521 9%

oot*
0oD"*
606"
00 *
00¢e°
5¢9°
0ss*
06%*
0ne*
gec*
ohe "
s6e”
3T
gece*
s67°
0Lt
0sT*
{240 9
Sit”
6ot
480"
540°
s90°
$s0°
9%g°
6£0°
CER*
420°
£20°
6t1¢°
9%T0*
£70°
0to*
§00°
sec”

LU U L L ) >

LU 1)

*0=4 *£-362°0=30 ~ 31140¥d

e e R AR R e

| S
I o

MUM P NOMNDPOEANMINONDODTB M
ettt NN VNN M

dNM'\l\ONOQ‘:

30
nvin
2730
ININ

31vid
NNy

NV 3NN

JETSPGA

i

144




U

rr——

000°
gao°
966°
196°
9%6°
"86°
0s8°
20e°
s9¢L°
1eL°
269°
999°
129°
265°
$9s°
S£s”*
90s°
6L%°
i49%°
i 74 M
s6¢g°
e’
sse°

T £3°48
T £3°¢8
G2° s
%5 S8
45°28
91 64
6h )
®2°0L
10°49
%3° %9
93°09
9°4S
0% ° %S
25°1s
05°6%
§5°94
£E oY
00°2%
sf°68
98 °9¢
03°%t
£5°¢2t
g0°1¢g

INIO/N n

40-3£51°~

NNY

nwu

0000°0=3

00E°*T
cei°l
“90°T
9%6°
329°
e02°
165°
96%°
92n*
99¢°
0¢"
gne*
102*
s9T1*
1
907"
£00°
*90°
Al N
SE0°
920°
610°
710°

30/A

b

»3Y
2303y
vi3e
9

H
230
130

TL8°89
590°¢
282°¢
25%°9
9%9°s
6ER°Y
2E0°n
i0¢€°g
£06°2
00s°2
L60°2
"69°tT
1LY
6211
6%16*
92."
$9s°
14
£e8°
rA I'Ad
a4t
62t"°
260°

23074

£2h*
oooo°e
934
ogcoo0"°
£9°49
a3

&
5408490

0ss°
00s°
0s%*
00%°
0sg*
oog"*
0g2*
oe*
VTR B
s61°
ogt”
s0t°
se6°
040°
250°
s%0°
S£0°
20
geo*
ST0°
T30°
800°
S00°

"

"

LU (I ]

‘9-382°0=X - 3VI140¥d

NMmMITNOr OO M
MmN

O -
- -

H“NMmMITONONODO

000°T $3°82T 632°%
000°T €3°82F7 ¢Zh1°1t
c66*° 65°42F STO0°T
GL6° 4L°%2T  §88°
826° 9% 61T T9.°
§e9"° h2°hIT  999°
£99° 6n°80T T4S°
£089° FIE°E0T  SbN°
852° $3°L6 XA A
8TL® 9c°26 (-3 g
6L9° 16°98 s6e*
i29° 83° 08¢ cge”
88s”* 63°5¢ "ere
£98° sheel P40
22s"° £1°49 12%°
86*° %0°4%9 660°
8Ls” %°19 280°
T5%° 83°8s 020°
ben* 62 °ss 450°
66€° 9€° 1S 9%0°
69¢° CLAPA s€0°
gge” £h°EY 920°
60¢g° LL°6¢E 6eo*
sgc* 13°9¢ sto*
092°* £n°Ef 110°
6g£2° SL° 08 €00°
2ze° 95°82 900°
602° S2°9¢ s06°
16%° s£°*se %Go*
INIO/N n 307A
S0-3119°~- = D)
°s9 = A3y
*£92s% = 23033d
60° = vi3e
11°2t = 9
29°1 = H
ofge* = 230
cLE” = 130

NNY 6£00°0=4

963°¢
328°L
456°9
490°9
L12°5
§95°%
£16°¢
T6L°¢f
Tog*2
L5%°¢
e20°2
2858°1
1921
£%90°1
928 *
w4.9°
59s°
§1%°
16t
£1g°
6g£e*
e4L1°
SET°
gor*
%40°
450°
£90°
SE£0°
320°

23074

945°%
6£00°
s0°%
66u00°
89°821
Y

61
SA%0£0

000°2 62
008°T 82
g03°tv &2
00%°T 32
002°T &2
0S0°T %2
006° £2
owL* 22
$99° 12
S95° (T4
11 B bi
S9¢° st
062° Fa
R 7 93
g6t* st
q51° L)
0gt”° £7
() 854 23
060° 13 ¢
240° ot
550° 6
151 8
I£0° )
£20° 9
L%0° S
£30° L]
0v0° £
800° 2
900° 3
A id
= 30
= 4
= Nvin
= 2730
=  4NID
= X
= 31V W
= NNY

$£~362°0=3% - 3714034

NY3WN

145

Gk




000°T 22°%DT SE™°T 62£°2T D0OH° 92
000°T 20°%0F &IE°T TOLE°TT S28° 52
666 ° C3°E0T ®6T°T %w22°0T O0SL° 2 000°T JLR°€6 2L€°V 925°0T 008° "2
566° £3°£0T ©20°1 U%2°'b §49° £2 000°T ZE°FH %%2°T 6£5°6 saL* £2
986 25°207 €56° 6128 009° 22 166° IT°E6 ST1°1 £55°8 059° 22
0L6° 156°001 6£89° 26T L 925° 12 886 * 12°¢b 586 ° 995°¢ 545° 12
AA (- [ - Y 612" %971 °9 0s5%° e S96° FA S 1) gs8° 645°9 00s° 02
216 20° %6 665° LET*S S4£° 671 0ge* 139 624L° 265°9 s2h* 6%
598° £0°26 61s* 2s%°% e2f" R 988"* 83°28 009 S09°% 0sg* 87
hse° 6L°88 bEN* R TN §¢e° P34 0s9° [ L Ad-V] sts* 496°¢ oog* i1
ez2e* q2°¢8 (3% 28C°¢ see’ 97 atle”* s0° 9L 62h* 682°t 0se* 91
Tel* §2°ce %0g"* £039°2 1) st nLL” L T4 ] £9e" 2£9°2 00e* st
664" 15°64 en2* £21°*2 &8st LA 9gL* 2L°89 nLe* 5012 09%° L2
622L° s8°SsL g02° I82°% [ 1 3 £7 s0L° 62°59 gee” 12 720 0ET" £3
869° 95°2:s §971° SENT S0%° 21 199° 2g* 29 edt” ERS R got* 2T
099 ° s9°¢9 €21° 860°1 086" 124 0£9"° 0g°8s 621° 486° §40° 17
619° FA A4 ] 960° 228" 090° oY 109° 21°95 £0T° 68L° 0390° 0%
28s° ¥5°09 cL0° 313 SHG* 6 hnis”® 65°£S ¢80 2£9° 80" )
2ss°* BE° LS 9s0° 64n* SE0° [} 9ns* 85°0s 59¢0° 00s° 8£0" 9 ©
92s° 63° % Sh0° hee" 820° 4 s1s° FASd L 0s0° 2eg° 620° '3 =l
16%° 1218 SgQ* 1o0g* e2n”* b 984 ° 9t *S4 SE£0° 682° 220° 9
994 ° 25°8n L20° £€2° L10° s U3 A 82y €23° hee* 470° s
Ton* ak* Sy 120° 81" £10° L] £EN* Th° 0% ceo* 1 VA% £30° L)
9%Tn"° 2E°Eh 91 0° 281" 030° £ 20%° 00°8¢ 430° 2fT° ot0"° £
96¢"° "2°In £10° 0tT1* 800° e 99t ” %0 °9¢ wT0° s0v° $00° e
2.if° L7881 oto0° 280° 900° 1 25¢€° e £f 0t o0° 620° 900" 4
ANIN/N n 30/A 23074 A id ININ/N n 307 23074 A id
90-3222° = b} 929° = 3a 90 -3022° = A £8s* = 30
*26 = A3 0000°0 = 3 ‘19 = %3y 0000°0 = 3
*S£6¢ = 2303% %2°S = nvin *189¢ = 2303¥ 20°S = Nvin
06° - E T T 30£00° = 27349 6" - = vi38 $6200° = 2730
™S = 9 20°H0%F = 4NIN £e°S = 9 L£°56 = JININ
£h°T = H L 1Y = X CLAR = H 92 = X
£40° = 230 6 = 1V 940° = 230 Pl = 31V
s0T° = T30 SLOEND = NNY 129 % = 130 S208%0 = NNy
NAY¥  0000°0=4 *9-382°0=X - 37140%d NV3IWN NNY¥  0000°0=d *9-392°0=X - 311403d NV3KN




000°Y 2.°92T ¢£6%°T
060°T 22°921 &9f°T
866 ° 25°921 9%e°1
966 ° %1°S2T o611°1
066" 6E°*52T S66°
946° HL°g2T  TLS®
866 * 6T 12T 9n.°
1€6° £5°LIT1T 229°
206 ° 00°ST1 6f£5°
188 ° L3°TTT 4950
cs8* 9L°20T ¢g£L8°
£28° SE*%0T STE°
26L° 00T 252°
99L° £0° L6 Ch &4
SgL” 8r°fe6 LT
169° 2°98 £E€T°
959° "1°fS (1 9
919° 90°8¢L 9L0°
£95° 0L $s50°
565° 2t 0L CLY
0£s* si* 49 9g0°
66%° 92°£9 §20°
0L%° £5°6S 220°
LL LA ¥2°9S 410°
£2n° "3°¢gS £30°
109° £9° 08 oto0°
ININ/ZOD n 30/A
90-3262° = b |
‘£IT = A3y

A T4 = 23034
95°~ = vi38
60°s = 9

[ LRl ¢ = H
s90° = 230
160° = 130

NNY  0000°0=4

e Ll
26327y
8ES°TIT
Se£° 01
1£2°6
4408
£26°9
89.4°S5
000°s
TES*Y
297°¢
g£26°2
seg£°2
000°2
st9°t
1ge°s
£26°
269°
8f£s*
Te9°
' 4
292°
ooe*
L1
£21°
260°

230/

£09°
o00cCc*D
60°¢4
£1£00°
eLc92t
9%

2t
SL0£%0

006°
5¢8”*
0se”
s29°
003°*
s2s°
0gH*
sig*
seg”
see°
séc”*
06t"*
SST*
0ET*
s0t°
080°
09¢0°
S%0°
s€0°
ee0°
cco’
4I8°
£70°
oto°
“oo0°
900°

LU LU [N U LI L} >

¢9-362°0=4 - 37140nd

W“AUMIUNVNVAROTO-SOUMINY
ol i ed NN NN

“-AUMINVNONDOO
i

30
nvin
e/49
ININ

31V
NNY

NV3WN

000°F T3°2IT Si%°1Y
000°T TI3°LIT caf°*d
€66° Ta*L1T Qg2°1T
966 ° 9T*LIT  OT1°1
886 ¢ £2°9TT %86°
£26° Lh°nIT  198°
156 ° 68°TIT §€L°
226° en°807T ST9°
L68° £€3°907 g££S°
698 ° 61°201 1Is5v°
SER° £2°86 69¢*
908° 53° "% 1455
9LL* T 1) ws2*
ahee S3°4L8 £12°
£12° 15°£8 <t
sL9° 0n°6L 139 3
hEI° 95° 42 860°
4658° LT 0L %20°
%35 ° 92°99 450°
“E€s* 82°£9 9%0°
206° 23°6% 9£0°
YA M 62 ° 95 9c0°
0s%* 2028 ¥20°
T4 Ad 60°0S 910°
g0%° 464N £70°
26 * TT°9n 0to0°
ANIN/N n 3074
90-3262° = A
*hot = A3y
‘68T = 2303¥
L5~ = V138
£€°S = 9
2h°'t = H
690° = 230
860° = 150
NNY  0000°0=3

£90°E1T
456°11
028°01
£8.°6
969°8%
609°2
22s°3
sgn°s
(R RS ]
986 °f
192°¢
nsLce
9%c°e
%g88°1
22581
6ST°%
cL8°
289°
405°
90"
618"
9%92°
681°
A 2

R 3
480°

23074

0¥19°
0000°0
85°9
$0£00°
19°417
2"

12
5208%0

$9-342°0=x - 3714

006*
s28°
6se°
S49°
009
s2s”
-1 b
V'8
T4
slLe*
cec*
CoT*
SST°
0fT"*
so0%*
0%80"*
0S¢0°
sh0°
SE0°
820°
2en”*
210°
£10°
ovo*
e00°
900°

" >

nun

O¥d

-“uMm TN OND O

3a
nvin
2730
ININ

31vd
NNY

NV3IWN

147




REVYNOLCS STRESS TENSOR COMPONEATS - KR=0, F=0 RUN

E RUN = 011175 CF/2 = .0023% DE1 = .26¢€ BEYA = 0.00
\ PLATE = 17 UTAU = 4.26 DE2 = .182 REDE2 = 8081.
X = 66 F = 0.0000 H = 1.4€ REK = 67.
] UINF = 87,73 DE = 1.3¢2 G = 6.53 KR = 0.
é Y Y/DE U uP2/U12 VP2/7UI2 HWP2/UI2 =-UvV/UI2 Qzsul2 RUV RQ2

. 009 007 27.59 .0C780

«020 015 364,11 .00812

«030 .022 37.53 «00841

«04°S «033 «1.08 .00291

«060 Qb 43.67 «00916&

080 «0€%9 Lb. T4 «00935

«100 «074 48.86 «00933

«130 « 096 51.32 00935 «003C9 .00505 «00221 «C1749 b1l «12€

«1€5 122 €3.79 .0C310 «00330 «00469 00227 .01709 bly «133

«200 o148 S6.28 <0088 .00318 «00&6E 00226 «N1E67 27 «13€

«300 222 61.33 «00801 .00302 «0043E 00217 «01538 TS elbd

<00 « 296 64,86 .00715 00305 00408 +00198 «01428 b4 «139

<600 bbb 71.48 . 00572 00254 .00337 «00167 «01162 «L38 W1l

«800 «592? 76.92 «00433 00161 «0025€ 00124 00870 TR «143
1.100 814 83. 76 .00216 .00105 «00113 «00057 COL3G «379 «131
1.400 1.036 87.21 « 00061 .00036 «0002¢ .00011 .00103 <287 «10€
1.800 1.331 87.73 «00005

REYNCLDS STRESS TENSOR COMPONEMTS - KR=C.15E-3, F=0.0000 RUN

RUN = 0L037% CFs2 = .002¢€6 DE1 = .183 BETA = ~.l0
PLATE = 17 UTAU = $.19 DE2 = .131 REDEZ2 = €854,
X = 5€ F = 0.04800 H = 1.4 REK = 84.
UINF = 100.7% DE = 1.119 G = 5.58 KR = «146E-D3
Y Y/0€E u UP2/UI2 VP2/UI2 WP2/UI2 =-UV/UIZ2 Q2suI2 RUV RQ2

006 «005 33.467 00737

«010 « 009 37.60 «00307

.020 «018 64,09 .00873

«035 «031 50.04 «00936

« 045 « 060 53.06 « 009590

«060 «054 5€.bb «00961

080 «071 59,97 « 00967

«105 « 090 63.56 « 00942

«130 «116 66.46 « 00909 «00224 «00366 00214 «01499 b7l 143

«15% «139 6 8. 80 .00873 «00234 «00351 «00210 «01458 465 elbd

«190 «170 71.75 . 00318 .00198 00332 .00196 01368 487 o16€

«22% 201 Th.bb +0075¢4 «00202 «00312 001426 «01268 77 147

«27% « 245 T7.07 00679 «00187 .00282 00173 01148 86 «151

«35C «313 80.92 « 00566 «00185%5 «00263 «00151 «01014 b7 149

«b2% «380 864.16 + 00481 «00163 .00229 00131 00873 « 468 «150

«500 b7 86.79 + 00610 «00153 00204 00115 00767 «459 «150

«700 «626 92.56 « 00259 «00108 «00133 <0007 «00500 b2 <148

«900 «804 96.9% 00143 «00065 «0006& «00038 00272 396 o160
1.150 1.028 100.06 .00032

I T - S— - - . P L 2 T 4 R £
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REYNCLODS STRESS TENSOR COMPONENTS - KR=0.15€-3, F=0.,0000 RUN

RUN = 040375 CF/2 = 400263 DE1 = ,181 BETA = ~«38
PLATE = 22 UtTAy = € .85 DE2 = ,L,131 REDEZ = 7643,
X = 86 F = 0.0000 H = 1.3% REK = 93.
UINF = 114,07 0E = 1.1¢2 G = S.61 KR = «139E-03
Y Y/0E 1V} UP2/UI2 VWP2/UI2 WP2/UI2 ~-UV/UI2 Q2/vI2 RUV RQ2

«006 005 40.05 00740
| .008 .007 42.11 00773
B 018  .015 &9.3¢  ,00874
; .33 .028 56e11 .09933
I 045 .038 59.86 .00957
; <060 . 050 63.70 . 009362
.080 067 67.39 .00963
b .10¢% .088 71.58 .00939
; «130 <109 74,96 .00907 .001935 «0036% .00202 01467 +480 «138
«15€¢ 130 77.49 .00969 .00200 .03329 .00191 01398  .458  .137
«190 «159  80.85 .00803 .00204 .00317 .00184 01324 L4555  .13¢
«225  .189  83.61 00750 .00207 .00289 .00176 01266  Jlb7 ell1
.275 «231 87.26 . 00672 «02195 .00266 .00162 01133 448 L1643
«350 «29¢ 91,03 .00563  ,00164 . 00262 .00138 .00969 <454 142
425 357 94,71 . 00475 .00155 .00215 .00123 .00845 453 J14E
«500 419 97,39 .00397 «00148 .00183 .0010% 00728 433 ik
«700  .587 103.5% 200241 .0C0099 .00124  .00067 00664 J36 Gl
2900 «755 108.02 .00139 .00059 .00065 .00038 .00263  .420 1l
1.15¢0 «965 111,49 « 00044

REYNCLCS STRESS TENSOR COMPCNENTS - KR=0.,29€-3, F=0.0000 RUN

RUN = 022275 CF/2 = 03307 0E1 = L1111 8ETA = =old
PLATE = 11 UTAU = 6e1b DE2 = .077 REDEZ2 = 4L 66,
X = 42 E = 0.00060 H = 1,43 REK = 99.
UINF = 110.77 DE = «658 G = 5.6 KR = «282€-03
Y Y/0E U UP2/uUI2 VP2/Ul2 MWP2/UI2 =-UV/UIZ2 Q2/UI2 UV RQ2

«008 «012 43.70 .00770

«013 . 020 48,22 «00842

«019 «029 52.31 00899

«023 «035 S4.S3 «0092%

027 LSS 56.514 «00939

«031 « 047 SR.05 «00953

«037 «056 63.7¢C « 00958

«04S «068 63.39 «00968

«055 084 hE, 2R «0C9EB

«065 «099 h8. 61 « 00951

«075% «114 70.8%8 «00933

«100 «152 TL,86 .00885%

«130 «198 79.48 .00815 « 00241 .00382 .002C9 «01438 72 e14E 1
«150 «228 82.01 00767 00229 «00357 «00192 01353 <458 142

«175 « 266 85.00 «00712 «060218 00318 «00183 «C1248 -1 147

«200 « 3004 87.32 00608 200204 00304 «00158 «01156 462 e16€

225 362 89, 52 00593 «00182 .00273 «00151 «01048 460 elbe

«275% k18 93.34 «00LAT «00154 00230 «00129 00871 71 «148 .
«350 «532 98.32 00359 00117 00174 +00C96 «00€50 408 «1v8 l‘
«u50 «6B86 103,65 «00226 «00079 .00109 «00061 00412 <459 <1438 13
«600 «912 108.¢4 00077 +00039 000461 .00020 «00157 + 365 «127
«750 1.160 110,50 .00C215
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REYNOLDS STRESS TENSOR CCMPONENTS - KR=0.29-3, F=0.0039

RUN
PLATE
X
UINF

Y

.008
.013
023
032
046
.06%
«075
2087
«10¢0
«115
«130
.150
.195
« 295
«390
5590
<700
«900
1.100

nnun

030675
11
42
110.67

Y/DE

. ooo
«C13
023
«031
. 0“5
06t
074
. 085S
.098
<113
«128
<147
.01
«289
« 383
. 5“0
«687
«883
1.079

CFz2
UTAU

F
NE
v

33.06
36.92
42,63
L E.28
59,88
56.16
58.21
60. 64
62.%9
65. L4
67.73
70.15
74,68
82.75
88.¢0
6.0k
102, 38
107.49
110.26

REYNOLDS STRESS TENSOR

RUN
PLATE
X
UINF

Y

006
.010
017
«028
«03S
065
«060
.080
«10€¢
«130
«155
«190
«225
275
« 325
«375
«450
525
«600

(LI I T}

05037%
11
42
116.23

Y/0E

«010
«016
<028
. 0“6
« 057
076
«09%
«131
« 172
«213
« 256
«311
«369
o651
«533
«h15
«738
«861
« 986

CF/2
UTAU
F

DE

U

L5.76
$0. 22
S €. 04
52.79
65.95
6S9. 77
T4.29
79.03
83.47
87.643
90.56
94.55
97.68
101.69
106, 98
i0T.51
110.82
113.34
114,85

= +001€1 DEL
= bobb DE2
= «0039 M
= 1.019 G
uP2/Ul2 VvP2/UI2
.00836

.00889

. 00969

«01031

«01088

01135

« 01141

01147

« 01145

«0113¢

«01117 00318
«01091 «00301
01000 «00304
.00813 «60270
.00667 «00215
« 00652 «00167
. 00297 .00118
.00122 .00070
«00C024 «0002¢

«197
«131
1.50
8.35

"whonn

WP2/UT2

«00525
«00%13
«00463
00381
«00314
«00233
«00158
«00065
«30015

BETA
REDE?2
REK
KR

-uv/ulz

00271
.00269
.00261
«00224
«001R6
«00133
.00089
00037
.000C7

COMPONENYS - Kk=0,28E-6, F=0.0000

=  .00305 DEL = .098
= 6.2 0E2 = .069
= C.0000 H = 1.62
= «610 G = 5.33
UP2/UI2 VP2/UI2 WP2/VUI2
«007638

.00801

« 00865

« 00922

«00932

«00931

«00911

00869

.00808

« 00762 00208 «00309
«00677 «0017% .00282
.00581 00156 «00249
<0069 «00159 00219
«00391 «00128 «001681
.00300 «00097 «00144
«00236 «00082 .00109
. 00156 «00053 «00067
«00087 «00040 «00043
«00041

150

BETA
REDE2
REK

K

~uv/ur2

«00185
«00166
00165
00131
«00102
«00080
.00063
«000460
00024

RUN

= ~1.b4

= 7524,

= 72.

& «294E=-03
Q2suI2 RUV
+01960 <455
«01905 +469
«01767 «H73
«01464 «4L78
«01196 <491
«00852 1]
«006573 475
«00257 400
«00063 «292

RUN

= -e57

= 4189,

= 104,

= «292€-06
Q2/7VI12 RUV
«01259 LYAY
«01134 476
200986 482
00872 467
«00700 <456
00547 s LbG
00427 <453
000276 LT
«00170 «&07

RG2

«138
o141
0148
«153
«15 €
«15€
«15¢
o144
o111

RQ2

olb?
olb€
olb?
«150
o114 €
«1b4E
«148
elb€
elbl




