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ABSTRACT OF DISSERTATION

NUMERICAL AND PHYSICAL MODELING OF BLUFF BODY FLOW AND 

DISPERSION IN URBAN STREET CANYONS

This investigation is focused on b luff body flow, wind loads and transport of 

pollutants or chemical and biological (CB) agents in urban environments, which require 

accurate measurements o f the basic flow fields for carefully controlled, well known 

conditions. The research consists o f two components: physical urban street canyon 

modeling in a boundary layer wind tunnel and numerical urban street canyon modeling 

using finite-volume numerical methods.

Fluid modeling in an industrial wind tunnel provides an opportunity to produce 

accurate simulations o f the bluff body flow and transport o f  urban pollution or 

simulations o f  CB agents associated with urban terrorism incidents. A basic building 

shape, the Wind Engineering Research Field Laboratory building (WERFL) at Texas 

Tech University, is used for this study. Many studies have been performed on pressure 

fields, flow and dispersion patterns based on the isolated WERFL building during the 

past ten-year Colorado State University/Texas Tech University Cooperative Program in 

Wind Engineering. An urban street canyon matrix was built by using the 1:50 scale 

WERFL model and surrounding it by models o f similar dimensions. These buildings 

were arranged in various symmetric configurations with different separation distances

iii
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and different numbers o f buildings upwind, laterally and downwind. A series o f 

measurements were made over the generic urban street canyon arrangements using flow 

visualization, anemometry, pressure transducers and gas chromatography. Experimental 

data include visualization, video sequences, velocity and turbulence intensity profiles, 

surface pressure on the building and dispersion o f  tracer gas. Results were examined for 

the influence o f surroundings on the pressure and concentration distributions. Results 

were also compared to three-dimensional numerical models o f  the same configuration 

using the commercial code, Fluent 5.4 and the Large Eddy Simulation (LES) code Fire 

Dynamics Simulator (FDS). The effects o f grid resolution, boundary conditions, source 

placement and selection o f turbulence model (kappa-epsilon, RNG kappa-epsilon, 

Reynolds stress, LES, etc.) were examined in a series o f sensitivity calculations.

Cheng-Hsin Chang 

Department o f  Civil Engineering 

Colorado State University 

Fort Collins, Colorado 80523 

Spring,2001
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CHAPTER 1

INTRODUCTION

The flow patterns that develop around individual buildings govern the wind forces 

on the building, the distribution o f  pressure about the building, and scalar dispersion 

about the building and in its wake. The superposition and interaction o f  flow patterns 

associated with adjacent buildings govern the final distribution o f  facade pressures and 

the movement o f pollutants in urban and industrial complexes. Street canyon depth and 

width, intersection locations, canyon orientation to dominate wind directions, and 

building geometries determine peak pollution incidents (Oke, 1988; Theurer, 1995).

Many studies have shown that the worst mean and peak suctions on flat building 

roofs occur for cornering or oblique wind angles. At such angles, conical or delta wing 

vortices form along the roof edges, which induce higher suction pressures, associated 

with the strongly curved separation streamlines (Banks et al., 1999a and 1999b). Yet the 

presence o f  nearby buildings is expected to deflect streamlines, modify local circulation 

patterns and induce modified patterns of suction and stagnation pressure, as well as 

different convection patterns for pollutants. M any studies have previously examined 

physical models o f  urban street canyons. Plate et al. (1992) studied models o f  the 

development o f the atmospheric boundary above urban areas by measuring flows over 

different arrangements o f buildings. Plate (1995) considered the effects o f  urban climates 

and urban climate modeling. Surry (1994) examined the effect o f  both surroundings and 

roof com er geometric modifications on the roo f pressures on a low-rise building. Hertig

1

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



et al. (1995) also performed wind tunnel tests to determine the influence o f nearby 

buildings on mean and peak pressure coefficients. Kiefer and Plate (1998) provided 

modeling o f  mean and fluctuation wind loads in different types o f built-up areas. Cermak 

(1995) introduced the physical modeling o f flow and dispersion over larger urban areas 

and proposed similarity criteria required to uniquely determine flow and dispersion. 

Gerdes et al. (1999) measured and analyzed pollutant dispersion in an urban street 

canyon. Most recently, Macdonald (2000) modeled the mean velocity profiles in an 

urban canopy layer and examined the effect o f  a reduction o f turbulence length scale with 

increasing obstacle-packing density.

Advanced technology makes computers faster and more powerful, which allows 

computational fluid dynamics (CFD) procedures to be applied to many experimental flow 

problems. Today, increasing applications o f  CFD to wind engineering problems include 

wind load o f  building and pollutant dispersion phenomena. Several previous studies have 

compared measurements made during physical modeling with numerical predictions. He 

and Song (1997) simulated the wind flow around the Texas Tech University (TTU) 

building and roof comer vortex by using a Large Eddy Simulation (LES) code. They 

claim that the three-dimensional roof comer vortex pattern was successfully simulated 

and that mean values o f  pressure predicted were in good agreement with wind tunnel and 

field test measurements. Murakami et al (1997) generated velocity fluctuations for an 

inflow boundary condition for LES with prescribed spatial correlation distributions and 

turbulence intensity levels. To generate velocity fluctuations for an inflow boundary 

condition for LES is one o f the most important unresolved problems in CFD research.
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Lee et al. (1997) solved the LES o f wind effects on bluff bodies using the finite element 

method, and they compared simulated results with numerical and experimental studies 

reported by other researchers. Selvam (1997) used LES to compute the pressures around 

the TTU building using different inflow turbulence conditions, and he compared them 

with available field mean and peak pressure coefficients. Rehm et al. (1997) compared 

mean surface pressure on a single building by using an LES algorithm with uniform and 

shear inflows. Cheatham et al (2000) also simulated the flow and dispersion around a 

surface-mounted cube, and they examined the effect o f resolution, boundary conditions, 

and the form o f  the inflow velocity profiles. Carpenter and Locke (1999) investigated 

wind speeds over multiple two-dimensional hills and compared results with numerical 

solutions. Meroney et al. (1995 and 1996) examined the behavior o f  line-source 

diffusion within two-dimensional arrays o f  simple rectangular model buildings. Leitl and 

Meroney (1997) compared traffic exhaust dispersion in street canyons as measured by 

Rafailidis et al. (1995) with numerical simulations including the effects o f  pitched roofs 

and finite length cross wise streets. Leitl et al. (1997) considered the numerical 

simulation o f concentration and flow distributions in the vicinity o f  U-shaped building 

structures. They compared their calculations against detailed wind tunnel measurements 

produced by Klein et al. (1994).

The goal o f  this dissertation is to investigate the bluff body flow, wind load and 

transport o f  pollutants, or chemical and biological (CB) agents in an idealized urban 

environment. The experiments associated with this dissertation provide accurate 

measurements o f the basic flow fields for carefully controlled, well known conditions.

3
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The research consists o f two components: physical urban street canyon fluid modeling in 

a boundary layer wind tunnel and numerical urban street canyon modeling using finite- 

volume numerical method.

1.1 Fluid Modeling

This study used a basic building shape, the Wind Engineering Research Field 

Laboratory building (WERFL), Texas Tech University, Lubbock, which is a metal 

building o f  simple rectangular prism shape (9.2 m x 13.8 m x 4.0 m tall) to build an urban 

street canyon model. Pressure fields, flow and dispersion patterns about this isolated 

building were extensively measured both at full scale and over various model scales 

immersed in an equivalent turbulent shear layer (Cochran, 1992; Birdsall, 1993; 

Bienkiewicz, 1995; Ham, 1998; Banks, 2000).

A plastic model o f the WERFL structure was constructed to a 1:50 scale and 

instrumented with multiple pressure ports. A large number o f  “dummy” models o f 

similar dimensions were constructed o f plastic foam and wood to represent surrounding 

buildings. These buildings were arranged in various symmetric configurations with 

different separation distances; then they were placed in the Industrial Wind Tunnel o f  the 

Wind Engineering and Fluid Laboratory, Colorado State University. Typical building 

patterns are noted in Figure 3.6, and the associated arrangement patterns are listed in 

Table 3.1.

W ind velocity measurements were made with a single hot-film probe and 

anemometry equipment manufactured by Thermo-Systems, Inc. (TSI). Flow
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visualization was accomplished with a laser light sheet produced by 5-watt Coherent 

Innova 7005 Argon ion water-cooled laser. Images were recorded by using a Panasonic 

Omni vision II camera/recorder system. Pressure taps on the 1:50 scale building model 

were connected to a 48-channel Pressure System Inc. (PSI) “ESP48” transducer unit 

mounted inside the model. Concentrations o f  tracer gases (C2H6) released from point and 

line source regions are measured using a Hewlett Packard 5710A Flame-ionization Gas 

Chromatography. An automated sampling system designed and built at CSU using 50 

syringes captured samples simultaneously for sequential processing through the gas 

chromatography. Transducer voltages are integrated and recorded automatically by a 

National Instrument Inc. LabVIEW based data acquisition system.

1.2 Numerical Modeling

Flow and dispersion over various building pattern arrangements were also 

simulated with the Fluent 5.4 and Fire Dynamics Simulator (FDS) computational fluid 

dynamics software.

The Fluent CFD software was based on a finite volume discretization o f  the 

equations o f  motion, an unstructured grid volume made o f either rectangular prisms or 

tetrahedral cells, various matrix inverting routines, and, in this case, either kappa-epsilon 

(k-s) or renormalized group theory kappa-epsilon (R N G -k-s) turbulence models. Steady 

state solutions were sought for several flow configurations, and the data generated were 

displayed on various isopleth contour plots o f velocity, turbulence and concentration. 

The effects o f grid resolution, boundary conditions, source placement and selection o f
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turbulence model (kappa-epsilon, RNG kappa-epsilon, Reynolds stress, etc.) were 

examined in a series o f sensitivity calculations. Particle trajectories were also generated 

to elucidate the effect o f building spacing and street configuration (Fluent 5, User’s 

Guide, 1998).

Fire Dynamics Simulator (FDS) is a public domain computational fluid dynamics 

(CFD) model o f  fire-driven fluid flow created by the Building and Fire Research 

Laboratory at the National Institute o f  Standards and Technology (NIST) 

(http://fire.nist.gov). FDS consists o f two programs, fds and smokeview. Fds solves a 

form of the Navier-Stokes equations appropriate for low-speed, thermally-driven flows o f 

smoke and hot gases generated in a fire. Smokeview visualizes fds computed data by 

animating time dependent particle flow, 2D slice contours, and surface boundary 

contours. Data at a particular time may also be visualized using 2D or 3D contour plots 

or vector plots. FDS uses the Large Eddy Simulation (LES) methodology, and it was 

developed and used for the description o f gas phase combustion and convection processes 

in fires where buoyancy is fundamental. However, since wind speeds are so high in most 

wind engineering applications, mechanical turbulence dominates thermal effects and 

buoyancy effects are relatively small. Thus, in the calculations induced here, the 

incoming flow is assumed to be turbulence-free. The signature turbulence effects are 

accounted only to the size o f  the grid.

Chapter 2 presents the background o f  analytical and numerical models 

considered. The arrangement o f the experiments, data acquisition and analysis 

techniques is summarized in Chapter 3. In Chapter 4, a number o f simulation procedures

6
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using Fluent 5.4 and FDS are described. Chapter 5 presents experimental data o f flow 

visualization, velocity and turbulence intensity profiles, pressure coefficients, and 

concentrations. Chapter 6 discusses the wind tunnel results and compares the 

experimental data with the numerical data, and Chapter 7 summarizes conclusions o f this 

study.
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CHAPTER 2

ANALYTICAL AND NUMERICAL MODELS

Characteristics o f bluff body flow and transport o f  pollutants in urban street 

canyons and the theoretical background for various analytical and numerical models are 

discussed in this chapter. There are four topics involved: urban climates and urban 

climate modeling, wind effects on low-rise buildings in the turbulent boundary layers, 

physical modeling o f  flow and dispersion in urban street canyons, and numerical 

simulation o f  flow over such geometries.

2.1 Urban Climates and Urban Climate Modeling

There are two different types o f  boundary layer flows typical for different 

applications and meteorological situations during urban street canyon wind studies (Plate, 

1995). One is a high velocity boundary layer flow characteristic o f  wind loading 

situations. This high speed flow is neutrally stratified and can be modeled in a 

conventional boundary layer wind tunnel. The other is a low velocity flow, typical for 

situations o f  significant air pollution which may require thermal stratification facilities. 

The low velocity flow may also be neutrally stratified, but the most extreme pollution 

cases occur for stratified flows with a surface level mixed layer and an elevated 

inversion.
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2.1.1 Urban Boundary Layer Flow at High Velocities

Urban boundary layer flow at high velocities is a very typical flow condition of 

broad applicability for the rough surface o f urban areas. From the standpoint o f 

aerodynamics, the wind field o f  an urban street canyon area is a boundary layer flow 

along a rough surface, as shown in Figure 2.1.

sububranopen country 

ug u(z) _/z-do

u(z) 1 . z-do 
i F ^ k ln zo

n /  jo
M / A
ri— n i l s

i P i v i i o
7«. j * ~ T; i/ i r /.i J  Sfe I

'n- ^  J|>A. 4 : n  i SS)
m m

Figure 2.1 The urban boundary layer for neutrally stratified flow (Plate, 1995)

To define mean wind speed height, the logarithmic distribution for the urban 

boundary layer for neutrally stratified flow is usually applied.

M£)= I * ln£z4L
U.  K

(2 .1)

Where, z = height above the surface, [L], 

zo = roughness length, [L], 

do = zero-plane displacement, [L],
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u(z) = mean wind speed, [L/T], 

u* = friction velocity, [L/T], and 

k =  von Karman constant.

The application o f this equation to a particular situation requires that the coefficients u*, 

zo and d0 are properly defined. This can be accomplished through measurements o f  the 

urban boundary layer. Table 2.1 (Wieringa, 1993) shows eight classes o f  different 

surface roughness in terms o f  a z0-  value, ranging from a super smooth “sea”-surface to a 

super rough “chaotic”-surface characteristic o f a big city center. This work represents the 

latest effort to classify the steadily expanding body o f  experimental knowledge.

Classification zo(m) Landscape description

1: “Sea” 0.0002 Open sea or lake.

2: “Smooth” 0.005 Featureless land surface.

3: “Open” 0.03 Level country with low vegetation.

4: “Roughly open” 0.10 Cultivated area with regular cover o f low crop.

5: “Rough: 0.25 Recently-developed “young” landscape.

6: “Very rough” 0.5 “Old” cultivated landscape

7: “ Closed” 1.0 Landscape totally and quite regularly covered.

8: “Chaotic” > = 2 Center o f large cities.

Table 2.1: Davenport roug mess classification (from Wieringa, 1993)
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An alternate functional description o f the flow in this part o f the urban boundary 

is by means o f the power law, as

( \ a u(z)  _  z - d 0

U ref [ Z ref ,

Where, z,e/ =  the reference height, [L],

uref  is mean velocity at reference height, [L/T], and 

a  = power law exponent (function o f roughness).

A very comprehensive study o f urban boundary layer flow was made by Theurer 

(1993) to summarize what is known about these parameters and to correlate them with 

building dimensions. These parameters can be predicted by using building parameters 

without performing any measurement. Theurer uses two parameters to describe the 

distribution o f roughness elements. He suggests,

= I  o f  areas covered by buildings / total urban area, and (2.3)

Afa =  Z ° f  average building areas normal to the wind /total urban area. (2.4)

These two parameter, Aar and Afa, are not precise enough to uniquely classify the 

roughness o f an urban area. However, the precise roughness can be classified by using
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these two parameters combined with a pictorial description o f  the roughness pattern. The 

results are shown in Table 2.2.
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S tr u c tu r e D e sc r ip tio n H  (m ) do Zo

a-TV V Y  !_■ y ! |  
■ j l m j i l i - l l U J 'm i

One family building 

1 -2 stories

8-10

(9)

0.1-0.2 0.12 2 1.3

.-a -dr—’™ 3
. I .  t  «

Dense urban development one and 

more family building, 1-3 stories

8-12 0.2-0.3 0.15 4 1.4

|  11 * U ?  S .1 -S -* '
Building row 3-5 stories 12-20 0.2-0.3 0.1 7 1.5

O l

Block edge buildings 

3-5 stores

15-20 0.25-

0.35

0.15 9 2.1

City centers >20 <0.5 0.15 10 2.4

Industrial areas (chemical 

industry) with

a. rows o f  buildings

b. refinery type

15-25 0.3-0.4 0.12 12 1.6

Suburban business center 5-15 0.25-

0.35

0.07 5 0.6

Row like buildings 

(windtunnel: Theurer 1993)

20 0.44 15

(10)

0.1

Interrupted rows 

(windtunnel: Theurer 1993)

20 0.36 0.044 12

(10)

0.6

(0.4)

- ► [ =  E Interrupted rows 

(windtunnel: Theurer 1993)

20 0.3 0.093 10

(9)

1.5

(0.8)

— EE? E  E  ^
I r itf  fill* U i 1

(windtunnel: Theurer 1993) 

Rows with varing heights

22.2 0.3 0.103 11

(10)

1.8

(1.8)

1 ^  C^» L 

•, ■= r- 1,

Rows with varying heights 

(windtunnel: Theurer 1993)

19 0.3 0.088 10

(10)

1.3

(1.3)

Table 2.2 Relationship o f aerodynamic parameter with building pattern (Theuer, 1993)
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2.1.2 Urban Boundary Layer at Low Velocity Flows

Pollutant gases usually are diluted by the wind. The stronger the wind, the greater 

the dilution. But with low velocity flow inside the urban area, vertical motions induced 

by the thermal turbulence become more significant. In this situation, local heating o f  a 

building, either from outside by the sun or inside through room heating, may determine 

the flows in the urban areas. Thus, the structure o f a diurnal thermal cycle o f heating and 

cooling will be more important for the flows o f  contaminant gases in the urban canopy 

layer.

Analytical pollution studies at low wind speeds inside the urban areas are possible 

only in very simplified conditions. The case o f  a point source that exists within the outer 

part o f  the urban boundary layer is well known; it has been studied extensively both in 

the field and in laboratories. Semi-empirical models have been established that permit 

one to calculate the spreading o f pollutants from an elevated point source. The empirical 

models are based on the “Gaussian Plume” model. A Gaussian or normal distribution 

often results from random processes. Such behavior has been shown by Pasquill (1961) 

to be well modeled by a double Gaussian equation. This equation is given below in a 

form that predicts the steady-state concentration at point (x, y, z) located downwind from 

the source:

C (x ,y , z )  = Q
2mi ay a.-exp exp + exp

1 (z  + H ) 2
(2.5)
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Where, C = steady-state concentration at point (x, y, z), [M/L3],

Q = emission rate, [M/T],

CTy, <JZ = horizontal and vertical spread parameters, [L], 

u = average wind speed at stack height, [L], 

y  = horizontal distant from plume centerline, [L], 

z = vertical distance from ground level, [L], and 

H  -  effective stack height, [L].

A view o f the double Gaussian distribution in the plume, portrayed by Equation 2.5 is 

presented in Figure 2.2.

x(x,0,0)

Figure 2.2 Coordinate system showing Gaussian distributions in horizontal and vertical 
(Turner, 1970)
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Gaussian distribution plume models, which have the initial parameters reflecting 

urban area conditions, have been evaluated for many different studies both in the field 

and laboratory, and semi-empirical models have been established that permit to calculate, 

with some accuracy, the spreading o f pollutants from a elevated point source. These 

semi-empirical models are not accurate enough to describe local street canyon behavior. 

Mathematical models are needed to connect them to meteorological mesoscale models.

2.2 Wind Effects on Low-Rise Building in the Turbulent Boundary Layers

From the viewpoint o f aerodynamics, most buildings are called b luff or blunt 

bodies, in contrast to streamlined bodies such as aircraft wings. M ost buildings are 

located within the Atmospheric Surface Layer (ASL), where the wind flow is more 

turbulent than in the upper part o f Atmospheric Boundary Layer (ABL). The interaction 

between the building and the approaching wind leads to building-induced turbulence 

generated near the building surfaces. The wind-induced pressure fluctuation on the 

surfaces o f  a building varies in time and space. It is influenced by m any factors: wind 

speed and direction, level o f turbulence in the approaching wind, surrounding terrain, and 

geometry o f the building. Airflow around bluff bodies results in distortion, deceleration, 

acceleration, separation and reattachment o f  flow. Turbulent boundary layer flows, such 

as the presence o f a wind velocity profile and shear stress, as they are typical for natural 

wind, complicate the flow around bluff bodies drastically. A single rectangular-shaped 

bluff building in ABL flow represents an idealized case, which is illustrated in Figure 2.3.
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The remainder o f  this section is devoted to the discussion o f  these characteristics on the 

walls and the roof o f a simple building.

Approach
Velocity Separation

Zones

Reattachment 
Zones

Separation or jj/ 
Reattachment lines

Separation
Cavity

v —

Reattachment 
‘ Zone

Horseshoe
Vortex

nO ' s.

Streamline

Primary 
Horseshoe 
Vortex " ' Z 7 M  

J / / .  / / /  / /
Z d

? 7 . ' / / / / /  /  ? / / / / ; / / / / / / / / r / 1 / V' f  S / ' / /  t . / / / / ,

Figure 2.3 Model o f  flow near a sharp-edged building normal to deep boundary 
layer wind (from Hosker, 1984, based on Peterka, 1977)
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2.2.1 Windward Wall

The flow pattern near the windward wall is shown on Figure 2.4. The wind flow 

comes to rest to form the front stagnation point, S I, at about two-thirds o f the height o f 

the building. The flow goes down until it reaches the ground, where it has more kinetic 

energy than the incident wind at this level. It moves forward against the wind and loses 

energy until it comes to rest at a separation point on the ground, marked S2. As Figure 

2.4 shows, beyond the point, S2, the flow rolls up and forms a horseshoe vortex on the 

ground in front o f the windward face. Near the ground, the vortex extends along the 

sidewalls o f the building. This vortex has a significant effect on the distribution o f wind 

pressure on the windward surface.

Figure 2.4 Flow pattern on windward wall (Beranek, 1980)
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2.2.2 Side and Leeward Walls

In Figure 2.5, due to the flow separation along the edge o f  the windward surface, the two 

sidewalls are under the action o f negative pressures (suctions). Flow around the top one- 

thirds o f  the building height is marked A. The flow at low elevations, marked B, is 

associated with the horseshoe vortex. It is significantly faster than the incident wind at 

that level. The pressure distribution is found to be nearly uniform along the upstream 

edge o f the sidewall.

Line of Separation at 
Com er

Separation
S tream lines

Figure 2.5 Separation at sidewall (Cook, 1985)

The flow trailing the building is called the wake. Figure 2.6 shows the flow 

pattern in the wake immediately behind a slab block. Two flows, marked A, indicate a 

pair o f vertical vortices driven by a flow from the horseshoe vortex through the shear
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layers on each side o f the slab. The flow marked B indicates a circulation driven through 

the shear layer over the roof, which interacts with the flow in the vortices. A relatively 

uniform pressure distribution is found in the region close to the vertical sides o f  the 

leeward face (Cook, 1985).

Mixing between recirculating 
and escaping wake flows

Separation. 
Streamline 
at surface

Figure 2.6 Wake circulations behind slab block (Cook, 1985)

2.2.3 Roof

The pressure on the roof surface o f  the building shows high suction near the roof 

comer and edges. Despite extensive wind-tunnel experiments, the agreement between 

laboratory simulation and full scale model measurements o f the negative peak and rms 

point pressure continues to be less than satisfactory, especially at some locations near the 

roof com er (Ham and Bienkiewicz, 1997).
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Consider a wind with a flow approaching normal to the windward face o f  a 

building. A uniform separation bubble is formed along the upstream edge o f the roof. 

Figure 2.7 shows a streamline pattern associated with the condition described above. 

The flow above the stagnation point on the windward wall goes up and separates along 

the roof edge; then it reattaches to the roof. The joint effect o f  the wind profile, vorticity 

in the shear layer along the separation boundary, and Reynolds stress within the ABL is 

to lower the separated streamline and to promote earlier reattachment o f  the separated 

flow to the building roof (Banks, 1999). Higher suctions are encountered near the roof 

edge.

Shear Layer and 
Reattachment 
Line fluctuates

Region of Very 
Low Pressures

Figure 2.7 Separation and reattachment on the roof o f low-rise building (Banks, 1999)

At an angle other than normal to a face, the flow separating from the upwind edge 

o f  the roof will have a component o f  velocity along the line o f  separation. Figure 2.8 

illustrates the general pattern o f  the resulting deltawing vortices. Both o f these primary
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and secondary vortices roll up to form a pair o f trailing vortices. The highest magnitude 

o f the mean (negative) roof pressure occurs in the secondary vortex region. The highest 

pressure gradient occurs in the reattachment region, located between the reattachment 

line and the secondary separation line. The highest negative peak pressure and the 

highest pressure fluctuations occur in the separated region o f  the primary flow (Sun, 

1993).

Cornering 
winds

X/H 0.80.4

0.4

ren ttachm en t (R)

0.8

Figure 2.8 Sketch o f  primary and secondary vortices (Sun, 1993)
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2.3 Physical Modeling of Flow and Dispersion in Urban Street Canyons

The characteristics o f  flow and dispersion over an urban area are determined by 

interaction o f the approaching flow with a change in surface boundary conditions created 

by the urban development. Roughness and temperature o f an urban area usually are 

higher than for the surroundings. When modeling the flow o f  air in the atmospheric 

boundary layer, certain similarity conditions must be satisfied. Similarity criteria are 

presented for modeling o f  thermally stratified, boundary layer approach flows and 

similarity o f the urban area roughness and thermal characteristics. These requirements o f 

similarity o f the ABL and the wind tunnel boundary can be obtained from 

nondimensional groups found in the normalized equations o f conservation o f  mass, 

momentum and energy. Cermak (1981) has summarized these requirements for wind 

tunnel boundary layers.

It is very difficult to obtain exact simulation o f  all requirements for similarity. 

However, there are relaxations that can be made in some situations for these requirements 

because o f the limited effect on the flow characteristics.

2.3.1 The Equations of Conservation of Mass, Momentum and Energy

Inspectional analysis (Ruark, 1935) o f the fundamental conservation equations for 

mass, momentum and energy and the equation o f state yields non-dimensional parameters 

that serve as similarity criteria (Cermak, 1975). The equation o f motion for a fluid in a 

turbulent boundary layer can be expressed in a nondimensional form by using the scaling 

factors:
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The equations which result are

dp | a ( A ’) _ 0
dt* dx’

(2.6)

at/. . at/. 
^ i - + u  — 1-+
3/ ax7.

.t/t =
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ax*

atV  +
4 4 ,

d 2U- d{~ UjUj)
ax; ax; ax;.

(2.7)

a r
a/*

+ t/
ar* 4 0̂ d2T *
dx- _PoCpoVo _ . 4 4 , . 3 x > ;

- +
dx"

0̂ ’  c/0J "

. 4 4 . . V o .
(2.8)

the dimensionless continuity, momentum and energy equations respectively ( Equations 

(2.6), (2.7) and (2.8)).
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The above equations are time averaged instantaneous equations o f motion in a 

fixed frame o f  reference. These equations contain the non-dimensional groups that form 

the basis for the simulation o f atmospheric flow in a wind tunnel.

Synoptically, the parameters that must reproduced in the wind tunnel for exact 

similarity between the model and prototype are:

1. Geometric scaling.

2. Rossby Number Ro, Uo/LoQ, o.

3. Richardson Number Ri, (A To/To) (Logo/Uo).

4. Prandtl number Pr, VoPoCpo/ko .

5. Eckert Number Ec, U q / (  Cpo To).

6. Reynolds Number Re, Uo L q /  V o .

7. The approach flow characteristics.

8. Longitudinal pressure gradient.

2.3.2 Satisfying the Similarity Criteria 

Geometric Similarity

Geometric similarity o f the model and the prototype automatically require one to 

scale all lengths equally in 3 dimensions. The continuity equation, shown at Equation 

2.6, contributes no additional dimensionless groups. Hence a correctly scaled model will 

automatically simulate the mass flow and satisfy the conservation o f  mass.
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Rossby Number Similarity

The Rossby number found within the momentum equation, Equation 2.7, is a 

representation o f the ratio o f inertial forces to Coriolis forces. To exactly simulate the 

Rossby number, the effects o f the Earth’s rotation should be simulated by rotating the 

model sufficiently to equal that o f the Earth after compensating for the length and/or 

velocity scaling. Relaxation o f this criterion is allowed because the effects o f  the Earth’s 

rotation are negligible in the prototype for the short traced distances and velocities 

considered in this experiment.

Richardson Number Similarity

The Richardson number represents the relative significance o f  buoyant forces and 

inertial forces. The density stratification for both the model and the prototype for proper 

simulation o f  buoyant forces must be the same. Since neutral stratification is used in this 

experiment, the Richardson number is zero for the model and prototype atmospheres.

Prandtl Number Similarity and Eckert Number Similarity

Both the Prandtl number and the Eckert number are dimensionless groups found 

in Equation 2.8, the energy equation. The Prandtl number is expressed as the ratio o f 

molecular viscosity to thermal diffusivity, which involves only the properties o f the fluid. 

Prandtl number equality is automatically achieved in this experiment, because the 

working fluid in both the model and the prototype is air.
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The Eckert number is a difficult parameter to model in a wind tunnel. It 

represents the ratio o f heat generated by friction to heat compression. The Eckert 

numbers o f the two flows cannot be made similar, i f  the Richardson number equality 

exists. However, the range o f  velocities considered in these experiments produce a Mach 

number that is much smaller than the speed o f  sound. Because o f these low velocities, 

there is little compression and little heat is generated by friction. Therefore, the Eckert 

number criteria may be relaxed.

Reynolds Number Similarity

The Reynolds Number is defined as the ratio o f  convective inertial forces to 

viscous forces. The equality o f  the Reynolds number, Re, cannot be realized; therefore, 

the significance o f  this difficulty must be assessed. Fortunately, as shown by Figure 2.9 

(Cermak, 1975), local flow characteristics over a plane surface become independent o f 

Re at values that depend upon the relative roughness Ks/L, where Ks = equivalent sand 

roughness. This means the approach flow can be adequately simulated, when values o f 

Rem are in the Reynolds number independence range, even though Rem does not equal 

Rep.

The Approach Flow Characteristics and Longitudinal Pressure Gradient

To achieve similarity in the approach flow, the boundary layer structured by the 

upwind fetch is characterized by a power-law velocity profile similar to those found in an
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urban atmosphere. The turbulence intensity levels must also be similar to the atmosphere 

found in a city.

The longitudinal pressure gradient over the model is set to be zero by adjusting 

the wind tunnel roof height to make the flow as non-accelerating as it is in the 

atmosphere.

1.E+06

1.E+05

1.E+04

SCHLICHTING 1979,

1.E+03

K / L

1.E+02

Surface drag Coef. Cd 
independent of Re

1.E+01

1.E+00
1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09

R ©  “  V q L q<' V q

Figure 2.9 Reynolds-number independence for surface drag coefficient Cd 
(Cermak, 1975)
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2.4 Numerical Simulation Model

Advanced technology has produced faster and more powerful desktop computers, 

which allows computational fluid dynamics (CFD) procedures to be applied to urban 

flow problems. Numerical simulation is especially useful for providing detailed flow 

visualization that is difficult for physical simulation to perform.

The field o f  CFD is a youtl field o f  research in a constant state o f  evolution, and 

the developments occur rapidly. Analysis o f  flow fields around bluff bodies by CFD is a 

very difficult task. There are two main reasons: first, flow obstacles are always inside the 

surface boundary layer. Second, these flow obstacles and b luff bodies have sharp edges 

at their comers, which require very fine grid discretization to analyze such flow fields 

with high precision. Some in the physical modeling community may question the 

precision o f  the numerical approaches. However, comparative exercises like those 

provided here provide validation efforts to assess the accuracy o f the numerical 

approaches.

2.4.1 Numerical Simulation Solution Techniques

Three general solution approaches exist for numerical simulation o f turbulent 

flow fields. The methodologies become increasingly powerful with each level o f 

complexity. The approaches described here are direct numerical simulation, large eddy 

simulation and statistical turbulence model simulation (Murakami and Rodi, 1993).

29

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Direct Numerical Simulation

The most fundamental, most powerful and most demanding technique used 

presently is direct numerical simulation (DNS). This requires direct solution o f the 

unsteady conservation o f mass and momentum equations. W ith proper boundary 

conditions and a sufficiently fine grid mesh, this approach can solve problems for all 

scales o f  turbulent motion. Needless to say, this requires immense storage and 

computation times and is far beyond the scope o f  this investigation.

Large Eddy Simulation

Large eddy simulation (LES) uses a more coarse-grid distribution to resolve only 

large-scale turbulent motion. Sub-grid scale turbulence and its dissipation are 

atmospheric dynamic simulations, which are recently being applied to building 

aerodynamic studies (Kato et al. 1991, Nicholls et al. 1992).

Statistical Turbulence Models

Most commercial computational fluid dynamics codes use statistical turbulence 

models. These solve the Reynolds averaged forms o f  the conservation equations while 

applying a numerical model to account for all scales o f turbulent dissipation. The model 

simulates all stochastic turbulent fluctuations and turbulent stresses in the averaged 

equations. The K -e  model is an example o f a statistical code and algebraic stress models 

are typically more refined versions o f  this approach. The K - e  approach assumes that 

turbulent stresses are strictly proportional to velocity gradients and that the eddy viscosity
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is isotropic. An algebraic stress and approach solves each o f the stress tensor terms and 

is not restricted by an isotropic eddy viscosity assumption (Rodi, 1993).

2.4.2 CFD Applications in Wind Engineering

The application o f CFD in wind engineering is developing steadily (Computation 

Wind Engineering (CWE) 1992, 1996, and 2000). CFD has become very familiar as an 

analytical tool for engineers and researchers in wing engineering fields. Recent 

applications o f CFD to wind engineering problems cover topics such as wind force, 

oscillation, dispersion, ventilation, atmospheric boundary layer, and regional climate 

(Overview of CWE 2000, Murakami). Among the most popular topics are analysis o f 

fluid structure interaction problems in the field o f structural engineering, and analysis of 

contaminant dispersion phenomena in the field o f engineering. These two topics are 

often solved by CFD and are regarded as the most important and difficult research 

problems for each field.

There have been many CFD studies done on the analysis o f velocity and pressure 

fields around a bluff body (See papers o f  Fourth International Colloquium on Bluff Body 

Aerodynamics & Application, Sep. 11-14, 2000). The K - e  model was among the first 

turbulence models to be used, but the predicted values o f velocity or pressure around a 

b luff body are significantly different from the experiment results, due to the fundamental 

shortcomings o f EVM (Eddy Viscosity Modeling) in the K - e  model. Many attempts have 

been made to revise the K - e  model, and several new models have also been proposed. 

The prediction accuracy o f  these new models has significantly improved. The
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predictions o f air pollution dispersion around buildings or in city areas are very important 

subjects in environmental engineering. It is often arduous and time consuming to 

measure air pollution concentrations in a wind tunnel or in the field. CFD prediction o f 

such dispersion phenomenon promises to eventually provide a convenient and flexible 

solution approach. Alternatively, CFD can help design and set up wind tunnel or field 

experiments, and, hence, reduce the time required to optimize a physical model and 

reduce expensive runs in a wind tunnel or in the field.
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CHAPTER 3 

ARRANGEMENT OF THE EXPERIMENTS, DATA ACQUISITION 

AND ANALYSIS TECHNIQUES

3.1 Wind Tunnel Facility and Physical Arrangement of the Experiment

The wind tunnel facility and the geometric arrangement o f  the experiments are 

discussed in this section. Topics include descriptions o f  the boundary layer wind tunnel, 

characteristics o f  the approach flow, the basic building model (TTU Building), and array 

arrangements o f  the urban street canyon model.

3.1.1 Boundary Layer Wind Tunnel

All data reported in this study are obtained in the Industrial Aerodynamics Wind 

Tunnel (IWT) in the W ind Engineering and Fluids Laboratory (WEFL) at Colorado State 

University. The layout o f  the WEFL and a schematic o f IWT are shown on Figures 3.1 

and 3.2. The IWT is a closed-circuit wind tunnel, which has a test section o f  6 ft. (1.83 

m) wide by 60 ft. (18.29 m) long with a ceiling height adjustable from 5 ft. (1.52 m) to 7 

ft. (2.13 m). The wind speed can be continuously varied from 0 fps up to approximately 

80 fps depending on blockage inside the tunnel. The ceiling o f the wind tunnel is 

adjustable to control pressure gradient in the mean flow direction. The inlet boundary as
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defined by wind velocity and turbulence intensity profiles in front o f  the second row of 

the upstream building is similar to the CSU-B2 case prepared by Ham (1998).

3.1.2 Approach Flow Characteristics

Approach flow velocity measurements were surveyed at the front o f the second 

row of the upstream buildings. Figure 3.3 shows the approach flow velocity profile. The

approach flow velocity and turbulent statistics profiles are obtained from film

measurement described in section 3.2.2. The approach flow velocity profile data were 

regressed to find the best logarithmic law (Simiu and Scanlan, 1996) and power law fit. 

The logarithmic regression found a best fit roughness length z0 = 1.1 cm and u* = 0.6 

m/sec, such that

1 z
u(z) = — u. In— ,k  & 0.4 (3.1)

k  z Q

The power law regression found an exponent,/? =0.14 (see Equation (3.2)).

“ (z,) = k(z2)(— Y  (3.2)
Z 2

The local turbulence intensity profile is plotted in Figure 3.4. The longitudinal 

turbulence intensity is defined as
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Where U(z) =  mean wind velocity at elevation z and Vw2 root mean square value o f u, 

the local perturbation velocity.

3.1.3 Basic Building Model and Arrangement of Urban Street Canyon Model

The basic shape o f the Wind Engineering Research Field Laboratory building 

(WERFL) at Texas Tech University, Lubbock, which is a metal building o f  simple 

rectangular prism shape (9.2 m  * 13.8 m * 4.0 m tall). It is used to perform the wind 

tunnel simulation. Figure 3.5a shows the picture o f WERFL at TTU. Two plastic models 

o f the WERFL structure are constructed to a 1:50 scale for pressure and concentration 

measurements. One is instrumented with 95 pressure-sampling ports, and the other is 

instrumented with 44 concentration-sampling ports (Figure 3.5b and 3.5c). A large 

number o f “dummy” models o f  similar dimensions, constructed o f  plastic foam and 

wood, represent the surrounding buildings. These buildings are arranged in various 

symmetric configurations with different separation distances and placed in the Industrial 

Wind Tunnel o f the Wind Engineering and Fluid Laboratory, Colorado State University. 

Typical building patterns are noted in Figure 3.6, and the associated arrangement patterns 

are listed in Table 3.1. Figure 3.5d shows the models inside the industrial wind tunnel.
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Figure 3.5a Picture o f W ERFL at TTU

W S m

Figure 3.5b 1:50 scale W ERFL with 95 pressure ports
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Figure 3.5c 1:50 scale WERFL with 44 concentration ports

f *v
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Figure 3.5d Industrial wind tunnel (IWT) and models
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B/H A ar A fa N rows Structure Flow
0.5 .72 .21 1,2,3,&8 City center Skimming flow
1.0 .54 .16 1,2,3,&8 City center Skimming flow
2.0 .34 .10 1,2,3,&8 Suburban Wake interference
4.0 .17 .05 1,2,3,&8 Urban 1-2 stories Wake interference
6.0 .10 .03 1,2,3,&8 One story houses Isolated

Aar=  £ o f  areas covered by buildings / total urban area
Afa =  Y, o f average building areas normal to the wind /total urban area

Table 3.1 Array o f model structures studied, X S0Urcc = B/2
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3.2 Wind Tunnel Measurements

A series o f  measurements were made over a generic urban street canyon 

arrangement using flow visualization, anemometry and gas chromatography in the 

Industrial Wind Tunnel. The detailed descriptions o f each measurement technique will 

be discussed in the following subsections.

3.2.1 Flow Visualization on Street Canyon Area

A visible plume is produced by passing the metered stimulant gas through a 

Rosco Model 1600 Fog/Smoke Machine located outside the wind tunnel, and then the 

smoke is released upstream o f  the model inside the wind tunnel. A laser light sheet is 

used to illuminate a plane within the canyon and flow separation region. Figure 3.7 

shows a schematic o f  the flow visualization setup. The laser is a Coherent Innova 70-5 

Argon ion water-cooled laser, which is operated in a multi-line mode. It has a nominal 

maximum output o f 5 Watts, but is generally run at or below 1 Watt for these tests. 

Seventy percent o f the laser beam light is carried into the tunnel using a fiber optic cable 

with a 50 micro diameter core. The fibers replace a mirror assembly that transferred 

100% o f the light, and require regular re-alignment. An assortment o f lenses mounted at 

the fiber optic cable’s exit is used to focus the light to a point 1 mm t.o 2 mm in diameter 

on the center o f the canyon between two buildings. Various cylindrical lenses can spread 

this spot o f light into a sheet from a few centimeters to over one meter in length. The 

visualizations for each test were recorded on VHS videocassettes with a Panasonic Omni
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vision II camera/recorder system. The visible behavior o f the smoke line is also recorded 

by a high-resolution television camera system on a VCR tape. The analog images may be 

transformed into digital arrays and saved into personal computer by Digital Photo & 

Video Maker (P/N DM-5000 V.3, Dazzle Multimedia), and the images can then be 

enhanced and manipulated by a personal computer system.

Fiber optic cable

Laser sheet

Figure 3.7 Schematic o f  visualization setup
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3.2.2 Wind Profile and Turbulence Characteristics Measurements

Velocity measurements were made with single hot-film probes (TSI1220 Sensor) 

and constant-temperature anemometer model TSI 1051-2D manufactured by Thermo- 

System, Inc. Figure 3.8 shows a schematic chart o f  the velocity calibration system, 

velocity measurement system, and the positioning system within the wind tunnel.

Velocity Standards

TSI 1125 Velocity Calibrator System and Pitot-static Probes are used for velocity 

calibration. The TSI Model 1125 Velocity Calibrator System is designed to calibrate hot 

wire sensors. The calibration range is from about 0.1 m/s to 305 m/s in air. The accuracy 

o f this system depends on the accuracy o f  the pressure measurement. The accuracy is ± 2 

percent when flow velocity is above 3 m/s. Pitot-static probes are used as velocity 

standards during the calibration o f  the different hot film systems to provide the reference 

upwind velocity measurement. The principles o f  operation o f  pitot-static probes can be 

explained in terms o f  Bemoullis’ equation. The operational relationship for these probes 

is U = (2gcAP/p)1/2, where U = velocity, gc = gravitational conversion constant, AP = 

difference between static and stagnation pressures, and p is the air density, p is calculated 

from the ideal gas law, and AP is measured by using a Datametrics Electronic Manometer. 

The pitot-static probe measurements are accurate to be within ± 2 percent o f  the actual 

velocity.
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Single-Hot-film Probe Measurements

Single-hot-film (TSI 1220 Sensor) measurements are used to document the 

longitudinal turbulence level for the approach flow conditions. The probe voltages are 

recorded at several velocities covering the interest range during wind tunnel simulation 

calibration. The single-hot-film voltages are converted to velocities using King’s Law

Where E  is the anemometer output voltage, U is the flow velocity, and A, B, and c are 

calibration constants. The values o f  A, B, and c can be obtained by the least-squares 

method. Figure 3.9 shows typical calibration data and the fitting curve.

(King, 1914):

E2 = A + B l f (3.4)

35

♦  Calibration Data

30 Fitting

0
0 2 4

E (volts)

6 8

Figure 3.9 Single-hot-film calibrations
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The hot-film-probe is mounted on a vertical traverse and positioned over the 

measurement location inside the wind tunnel. The anemometer’s output voltage is 

digitized and stored within a PC by a LabVIEW based data acquisition system. This 

voltage time series is converted to a velocity time series using the inverse o f the 

calibration equation. The computer system moves the hot-film-probe to a vertical 

position, acquires the data, and then moves on to the next vertical position. The entire 

vertical velocity profile can be obtained automatically by repeating the above steps.

Velocity measurements obtained in this study were summarized and presented 

through plots o f vertical profiles o f  mean velocity and longitudinal turbulence. For 

velocity profile measurements inside the urban street canyon, there were seven points 

measured. Point 1 is located in the middle o f  the street in front o f the central building 

model. Points 2, 3 and 4 are on the roof o f  the central building model along the building 

center. Points 5, 6 and 7 are located in the street beside the central building model. 

Figure 3.10 shows the location o f  each measuring point.

3.2.3 Pressure Measurements

The 0.5 mm diameter taps on the plastic 1:50 WERFL building model are 

connected to two 48-channel PSI transducer units (Model ESP48) and mounted inside the 

model. Two units may be used simultaneously. The number 1 channel o f  the first unit is 

connected to measure reference pressure, and there are a total o f  95 pressure taps 

available for surface measurement. The building geometry pressure tap locations are 

shown on Figure 3.11 through Figure 3.14.
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tab# X (mm) Z (mm) Y (mm)
1 -130 78 -84
2 -130 78 -73.5
3 -130 78 -63
4 -130 78 -38.5
5 -130 78 0
6 -130 78 38.5
7 -130 78 84
8 -118 78 -84
9 -118 78 -73.5
10 -118 78 -38.5
11 -118 78 0
12 -118 78 38.5
13 -118 78 84
14 -106 78 -81.5
15 -106 78 -73.5
16 -106 78 -38.5
17 -82 78 -81.3
18 -82 78 -63
19 -82 78 -38.5
20 -71.5 78 -84
21 -71.5 78 -76.5
22 -71.5 78 -38.5
23 -71.5 78 0
24 -71.5 78 38.5
25 -71.5 78 84
26 -24 78 -84
27 -24 78 -76.5
28 -24 78 -38.5
29 -24 78 0
30 -24 78 38.5
31 -24 78 84
32 23 78 -84
33 23 78 -76.5
34 23 78 -38.5
35 23 78 0
36 23 78 38.5
37 23 78 84
38 70 78 -84
39 70 78 -76.5
40 70 78 -38.5
41 70 78 0
42 70 78 38.5
43 70 78 84
44 130 78 -84
45 130 78 -76.5
46 130 78 -38.5
47 130 78 0
48 130 78 38.5
49 130 78 84

Face 1 ,2 s 78 mm

roo—
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Figure 3.12 Pressure tap location on 1:50 TTU WERFL building at roof (face 1)
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Tab# X (mm) Y (mm) Z (mm)
50 -138 -84 70.5
51 -138 -38.5 70.5
52 -138 0 70.5
53 -138 38.5 70.5
54 -138 84 70.5
55 -138 -84 57
56 -138 -38.5 57
57 -138 0 57
58 -138 38.5 57
59 -138 84 57
60 -138 -84 35
61 -138 -38.5 35
62 -138 0 35
63 -138 38.5 35
64 -138 84 35

Face 2, X = -138 mm

Tab# X (mm) Y (mm) Z (mm)
65 138 -74 70.5
66 138 -26 70.5
67 138 26 70.5
68 138 74 70.5
69 138 -74 52
70 138 -26 52
71 138 26 52
72 138 74 52
73 138 -74 31
74 138 -26 31
75 138 26 31
76 138 74 31

Face 3. X = 138 mm

# 6 5 # 6 6 # 6 7 # 6 8

# 6 9 # 7 0  52  - # 7 1 # 7 2

# 7 3 1COCN
<**

# 7 5 # 7 6

____________ Q_

-92 -46 46 92

Figure 3.13 Pressure tap location on 1:50 TTU WERFL building at face 2 and face3
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Tab# X (mm) Z (mm) Y (mm)
77 70.5 -130 92
78 70.5 -118 92
79 70.5 -71.5 92
80 70.5 4 92
81 70.5 70 92
82 70.5 130 92
83 57 -130 92
84 57 -118 92
85 57 -71.5 92
86 57 -25 92
87 57 23 92
88 57 70 92
89 57 130 92
90 43 -130 92
91 43 -118 92
92 43 -71.5 92
93 43 4 92
94 43 70 92
95 43 130 92

Face 4, Y = 92 mm

z= 0
138

69

x=0

-69

-138

•  *
95  89

9 4  88

87 
«

93

26 52

86

92  85

91 84  
*  «  « |
•  •  «

-90—83

Figure 3.14 Pressure tap location on 1:50 TTU W ERFL building at face 4
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The restrictor tubes used with the PSI transducers provide a linear phase shift and 

a gain o f 1.0 +/- 0.1 out to 200 Hz. A restrictor cutoff at 200 Hz is chosen in this case, 

since the pressure cannot be recorded much faster than 480 Hz per tap for the PSI system 

due to the transducer settling time. There is no possibility o f  low-pass filtering the 

signals electronically, since all 48 signals exit the transducer on the same line. The 

tunnels are run at its highest speed (16m/s at roof height). This provides an adequate 

pressure to collect data with the PSI system. The building pressure is non- 

dimensionalized to obtain the pressure coefficient, Cp,

P - P  ■x x static

c P = - r ~ r  (3-5)
- p U
2

where p is air density and U  is the mean velocity at reference point. The data records are 

taken at a sampling rate o f 1,000 sample/sec. Typically, 10 segments with 18,000 

sampling point/segment are acquired. The mean, RMS, positive peak, and negative peak 

o f  the segment are computed and converted into pressure coefficients as follows:

P - P s , a«cCr (mean)=  ]

- p U
2

and
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/  t )  i  jfC'\ P static  ̂ P static / «  « \
C  p ( K M b ) = ------------------- -— — ;-------------------- { 3 . / )

-  p U ~
2

for 10 segments,

\ P - P  ■ 1 
Cp{+pecik) = l smnci

l- P u -  <?*>
2

maximum in a segment

[P-Pstctic]
< W >

2

C„(+/?ea£) = -

minimum in a segment

Hence, for ten segments o f the pressure data, average mean and RMS are obtained 

and positive and negative are determined for each o f  the 10 segments o f the pressure data.

3.2.4 Concentration Measurements

The experimental measurements o f  concentration are performed by using a 

Hewlett Packard gas-chromatograph and a sampling system designed by Wind 

Engineering and Fluids Laboratory staff. Figure 3.15 shows the schematic o f the source- 

gas release, gas sample, and concentration measurement.
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Instruments in Wind Tunnel

i M M r  y  -V-ir

Gas Sampler
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Connectedto 
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Flame Ionization Detector
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Concentration 
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Grid (47)
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Regulator
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Source Gas 
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Fig. 3.15 Concentration sampling and measurement system schematic
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Gas Chromatograph

A gas chromatograph (Hewlett-Packard Model 571OA) (GC) with flame 

ionization detector (FID) operates on the principle that the electrical conductivity o f a gas 

is directly proportional to the concentration o f charged particles within the gas. The 

burning mixture o f  hydrogen and the sample gas in the FID in this case forms the ions. 

The ions and electrons fonned pass an electrode gap and decrease the gap resistance. The 

resulting voltage drop is amplified by an electrometer and passed to a Hewlett-Packard 

Model 3390A integrator. When no effluent gas is flowing, a carrier gas (nitrogen) flows 

through the FID. Due to certain impurities in the carrier, some ions and electrons are 

formed creating a background voltage or zero shift. When the effluent gas enters the FED, 

the voltage increase above this zero shift is proportional to the degree o f ionization or 

correspondingly the amount o f  tracer gas present. Since the chromatograph used in this 

study features a temperature control on the flame and electrometer, there is very low drift 

o f  the zero shift. Given any zero drift, the HP 3390A, which integrates the effluent peak, 

subtracts out the zero drift.

The lower limit o f  measurement is imposed by the instrument sensitivity and the 

background concentration o f tracer within the air in the wind tunnel. Background 

concentrations are measured and subtracted from all data.
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Sam pling System

The tracer gas sampling system consists o f  a series o f  fifty 30 cc syringes 

mounted between two circular aluminum plates. A variable speed motor raises a third 

plate, which lifts the plunger on all 50 syringes, simultaneously. The concentration tap 

locations are shown on Figure 3.11, 3.16, 3.17 and 3.18. Computer controlled valves 

and tubing are connected so that airflow from each tunnel sampling point passes over the 

top o f each designated syringe. When the syringe plunger is raised, a sample from the 

tunnel is drawn into the syringe container. The sampling procedure consists o f  flushing 

(taking and expending a ampule) the syringe three times after, which the test sample is 

retained. The draw rate is variable and generally set to be approximately 6 cc/min.

The sampling system is periodically calibrated to insure proper function o f each 

o f  the valves and tubing assemblies. To calibrate the sampler, each intake is connected to 

a manifold. The manifold, in turn, is connected to a gas cylinder having a known 

concentration o f tracer gas. The gas is turned on, and a valve on the manifold is opened 

to release the pressure produced in the manifold. The manifold is allowed to flush for 

about one minute. Normal sampling procedures are carried out during calibration to 

insure exactly the same procedure is reproduced as when taking a sample from the tunnel. 

Each sample is then analyzed for tracer gas concentration. Percent error is calculated, 

and “bad” syringe/tube systems (error>2 percent) are not used or repaired.
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Tab# X (mm) Z (mm) Y (mm)
2 -(138+B) 62.5 0
3 -(138+B) 46 0
4 -(138+B)
5 -(138+B) 30 0
6 -(138+B) 12.5 0
7 -(138+B) 62.5 75
8 -(138+B) 37.5 75
9 -(138+B) 12.5 75
10 -(138+B) 62.5 -75
11 -(138+B) 37.5 -75
12 -(138+B) 12.5 -75

B = street width

Face 6, X=-(138+B) mm

7 0

<►#2 ♦  *7

<►#3
♦ # 8

<►#5

♦ # 6 4 # 9

1 1 
0 46 32

Tab# X (mm) Z (mm) Y (mm)
13 -138 62.5 0
14 -138 46 0
15 -138 30 0
16 -138 12.5 0
17 -138 62.5 37.5
18 -138 37.5 37.5
19 -138 12.5 37.5
20 -138 62.5 75
21 -138 37.5 75
22 -138 12.5 75

Face 6,X=-138 mm

-78 -

<►#13 ♦ # 1 7 ♦ # 2 0

1
♦#18 ♦#21

♦  #15

♦ #16 ♦#19 ♦ # 2 2

-92

““1--
-46 46 92

Figure 3.16 Concentration tap locations on 1:50 TTU building at face 2 and face 6
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Face 1,Z  = 78 mm

Tab# X (mm) Z (mm) Y (mm)
23 -125.5 78 0
24 -75.5 78 0
25 -22.5 78 0
26 22.5 78 0
27 75.5 78 0
28 125.5 78 0
29 -125.5 78 37.5
30 -75.5 78 37.5
31 -22.5 78 37.5
32 -125.5 78 75
33 -75.5 78 75
34 -22.5 78 75
35 22.5 78 75
36 75.5 78 75
37 125.5 78 75
38 -125.5 78 -75
39 -75.5 78 -75

- 1-38 -

-46

eg

t #39 -69

* # 3 8

■438 -

#28

■#27

* # 3 7

l#36

#26 * # 3 5

1>#25

 1—
46

*-#31
92

* # 3 4

1 k#24 * *#30 . #33

4 k#23 * # 2 9  * # 3 2

Figure 3.17 Concentration tap locations on 1:50 TTU building at face 1
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Face 4, Y = 92 mm

138

69

0

-G9 ^#47  4. #44 ^#41

<f#46 ^>#43 + # 4 0

Tab# X (mm) Z (mm) Y (mm)
40 -125.5 62.5 92
41 -75.5 62.5 92
42 -22.5 62.5 92
43 -125.5 37.5 92
44 -75.5 37.5 92
45 -22.5 37.5 92
46 -125.5 12.5 92
47 -75.5 12.5 92

Figure 3.18 Concentration tap locations on 1:50 TTU building at face 4
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Test Procedure

The test procedure consists o f 4 steps:

1. Setting the proper tunnel wind speed,

2. Releasing the metered mixtures o f source gas from the plant stack,

3. Withdrawing samples o f air from the tunnel designated locations, and

4. Analyzing the samples with an FID.

The samples are drawn into each syringe over an -200  second (adjustable) time period, 

and then consecutively injected into the GC.

The procedure for analyzing the samples from the tunnel follows:

1. User introduces the sample into the GC which separates the ethane tracer gas from 

other hydrocarbons,

2. The voltage output from the chromatograph FID electrometer goes to the HP 

3390A Integrator,

3. The HP 3390A communicates the measured concentration in ppm to an Personal 

Computer for storage, and

4. These values, C mea, along with the response levels for the background C b g and 

source C S0Urce are converted into source normalized model mean concentration by 

the equation:

Cm ~ (Cmea~Cl)g)/(CSource~Cbg) (3.6)
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5. Field equivalent mean concentration values are related to model values by the

 _________________  m________________
'  “  C ,  + 0 - C . ) [ K ( r .  I T , ) ) .  I [ V ( T ,  I T , ) ] ,  ( 3 - 7 >

equation:

Where V  =  Q/UhL2,

and L is the characteristic length scale. When there is no distortion in the model- 

field volume flux ratio, V, and the plumes are isothermal this equation reduces to 

Cp =  C m-

Error Statement

Background concentrations, C b g, (the result o f previous tests within the 

laboratory), are measured to an accuracy o f  20 percent. The larger measured 

concentrations, C mea, are accurate to two percent. The source gas concentration, C S0Urce, is 

known to within ten percent. Thus the source normalized concentration for Cmca »  Cbg 

is accurate to approximately three percent. For low concentration values, Cmea > Q,g, the 

errors are larger.
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CHAPTER 4

NUMERICAL SIMULATION PROCEDURE

Two types o f  numerical simulation software, Fluent 5.4 and Fire Dynamics 

Simulator (FDS), are used to perform the numerical experiments with the same 

configurations as the physical experiments. Both o f  CFD codes, Fluent and FDS, provide 

numerical simulation o f the mean flow within the street canyon setup and the 

concentration distribution for a three-dimensional street canyon o f the same 

configuration. Four separate turbulence models, the standard k - s ,  the RNG k - s , the 

Reynolds-stress and LES, are used in Fluent to examine each flow field case. For FDS, 

large'eddy simulations (LES) methodology is used to examine flow field cases. In LES 

the fluctuating motions o f  turbulence can be computed exactly except for eddies that are 

smaller than the grid size. The smaller eddies are modeled using eddy viscosity models. 

Because o f  this, LES can compute fluctuating pressures on buildings due to turbulence. 

This suggests that LES will be used more and more as computing hardware and software 

technology improve.

4.1 Introduction of Fluent

Fluent is a computer program for modeling fluid flow and heat transfer in 

complex geometries. It is written in the C computer language. All functions required to
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compute a solution and display the results are accessed through Fluent’s menu-driven 

interface. The user interface is written in a language called Scheme, a dialect o f  LISP. 

Fluent provides complete mesh flexibility, solving flow problems with unstructured 

meshes that can be generated about complex geometries with relative ease. The mesh 

types include 2D triangular/quadrilateral, 3D tetrahedral/hexahedral/pyramid/wedge, and 

mixed (hybrid) meshes. It allows the user to refine or coarsen the grid based on the flow 

solution.

Fluent has a solution-adaptive grid capability that provides accurate prediction on 

flow fields in regions with large gradients, such as free shear layers and boundary layers. 

This feature reduces the time required to generate a good grid. Solution-adaptive 

refinement makes it easier to perform grid refinement studies and reduces the 

computational effort required to achieve a desired level o f  accuracy, since mesh 

refinement is limited to those regions where greater mesh resolution is needed.

The Fluent CFD package consists o f  several tools for defining a discrete flow 

problem, setting boundary and initial conditions, and solving the set o f complex 

equations for conservations o f  momentum, mass, energy, and chemical species. The 

governing equations are discretized on a curvilinear grid to permit computations over 

irregular geometries and are solved using a control volume based finite difference 

method. Discrete velocities and pressures are stored in a non-staggered grid, and 

interpolation is realized by using a first-order, second-order, power-law scheme or 

optionally by higher-order upwind scheme. The basic solver in Fluent is the
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SIMPLEC/SIMPLE algorithm with iterative line-by-line matrix solver and multigrid 

acceleration.

4.1.1 Turbulence Models

Turbulent flows are characterized by fluctuating velocity fields. These 

fluctuations transport quantities, such as momentum, energy, and species concentration, 

cause the transported quantities to fluctuate as well. Because these fluctuations are in 

small scales and high frequencies, they are too computationally expensive to simulate 

directly in practical engineering calculations. Instead the instantaneous governing 

equations can be time-averaged, ensemble-averaged, or otherwise manipulated to remove 

the small scales, resulting in a modified set o f  equations that are computationally less 

expensive to solve. However, the modified equations contain additional unknown 

variables that need the turbulence models to determine these variables in terms o f known 

quantities. The commercial CFD software, Fluent, provides six different turbulence 

models (details can be obtained in Fluent User’s guide, Volume 2). In this research, only 

four turbulence models, the standard k - s , the RNG k - s , the Reynolds-stress and LES are 

tested in numerical simulations.

4.1.2 The CFD Process

The CFD process contains three steps: preprocessing, calculating, and 

postprocessing. Preprocessing is the first step in building and analyzing a flow model. It
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includes building the model (or importing it from a CAD package), discretizing the 

geometry, applying a mesh, and entering the initial boundary data. A separate software 

unit Gambit 1.20 is used in this case.

After preprocessing, the CFD solver calculates a solution (solution o f the 

conservation equations for mass, momentum, energy, and chemical species). Before 

solving the problem, the flow condition, fluid properties, and turbulence models have to 

be defined and selected. Fluent 5.4 Solver is selected for calculation for this research.

Set the solution parameters

Initialize the solution

Enable the solution monitors o f  interest

Calculate a solution

Modify solution parameters or grids

Check for convergence
yes

no

Check for accuracy
yes no

STOP

Figure 4.1 Flow chart for numerical solution method
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Postprocessing is the final step in CFD analysis. It involves organization and 

interpretation o f the data and images. The flow chart o f the numerical solution method is 

illustrated in Figure 4.1.

4.1.3 Inlet Conditions to the Numerical Domain

The wind tunnel profiles o f  velocity and turbulence intensity (CSU-B2) can be 

used for calculating inlet boundary conditions. The wind tunnel data and input profiles o f 

velocity, turbulent kinetic energy, and dissipation used for the numerical simulation are 

shown on Figure 4.2 to Figure 4.4. The inlet values o f kinetic energy, k, and dissipation 

ratio, e, are calculated from measured velocity profiles and turbulence intensities with a 

given friction velocity ratio, u*/urer for the wind tunnel setup, according to Equation (4.1) 

and Equation (4.2).

Where, y  is distance from the wall, k  is the von Karman constant.

All velocity profiles are collinear, and the numerical and wind tunnel kinetic 

energy and dissipation ratio are very similar as well.

(4.1)

(4.2)
2
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Figure 4.2 Numerical inlet velocity profile compared to Approach .velocity profile.
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Figure 4.3 Numerical inlet kinetic energy profile compared to approach velocity profile
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Figure 4.4 Numerical inlet kinetic dissipation profile compared to CSU-B2
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Figure 4.5 The numerical domain o f  9 buildings and B/H=l case
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4.1.4 Numerical Domain and Meshes

Various calculation domains are chosen depending on the number o f  the buildings 

and different separation distances. The typical numerical domain represents a 1.8 m wide 

wind tunnel with 1.8 m flow depth and (L+ 1) m test section length, where L is the 

length o f  the urban street canyon areas. The example o f 9 buildings and B/H=l case 

configuration is shown on Figure 4.5. Figure 4.6 shows the typical unstructured 

boundary mesh used for tetrahedral mesh generation for the case o f 9 buildings and 

B /H =l. Figure 4.6 contains 24,731 cells; 52,471 faces; and 5,762 nodes distributed over 

51 face zones. Figure 4.7 shows the grids after using solution-adaptive refinement in the 

same case as Figure 4.6. These grids contain 159,015 cells; 353,007 faces; and 44,390 

nodes distributed over 51 face zones. By using solution-adaptive refinement, it is easy to 

add cells where they are needed in the mesh, thus enabling the features o f  the flow field 

to be better resolved. When adaption is used properly, the resulting mesh is optimal for 

the flow solution because the solution is used to determine where more cells are added. 

In other words, computational resources are not wasted by the inclusion o f unnecessary 

cells, as typically occurs in the structured grid approach. Furthermore, the effect o f mesh 

refinement on the solution can be studied without completely regenerating the mesh.

Outlet and velocity inlet or symmetry boundaries are specified at the sides and top 

o f the grid volume, when appropriate surface roughness is specified at the ground. As 

noted in Section 4.4, the inflow boundary conditions are chosen to match the velocity and 

turbulence profiles measured during the wind tunnel experiments. Outflow boundary
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Figure 4.6 Typical unstructured boundary mesh used for tetrahedral mesh generation on 
9 buildings and B/H=l case
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Figure 4.7 The adaption grid on 9 buildings and B/H=l case
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conditions are chosen to maintain constant longitudinal rate o f  change o f  all dependent 

variables such as constant slope.

4.2 Introduction of FDS

Fire Dynamics Simulator (FDS) is a computational fluid dynamics (CFD) model 

for fire-driven fluid flow (FDS-User’s Manual). FDS consists o f two programs, fds and 

smokeview. The Fire Dynamics Simulator predicts smoke and/or air flow movement 

caused by fire, wind, and ventilation systems. Fds solves a form o f  the Navier-Stokes 

equations appropriate for low-speed, thermally-driven flows o f smoke and hot gases 

generated in a fire. Smokeview visualizes fds computed data by animating time 

dependent particle flow, 2D slice contours and surface boundary contours. Data at a 

particular time may also be visualized using 2D or 3D contour plots or vector plots. 

Currently, the only obstacle to the methodology is the memory capacity and 

computational speed o f  the hardware.

4.2.1 Inlet Conditions and Numerical Domain

FDS has been used only for the B /H =l, N=1 case for numerical simulations. For 

this computation, a numerical domain o f  100 m long by 90 m wide by 40 m high is 

employed. Figure 4.8 shows the 9-building urban street canyon case inside numerical 

domain. The mesh is uniform in each direction with 192 cells in the windward, 144 cells 

in the cross-wind directions and 64 cells in vertical directions for a total o f  1,769,472 grid 

cells. Each computational cell is 0.52 m long by 0.625 m wide by 0.33 m high, so that
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the master building is described by about 27 nodes in the windward direction by 15 cells 

in the cross-wind direction by 12 nodes vertically. Some lower grid resolution cases also 

are run for examining the sensitivity o f the calculations to grid resolution. Figure 4.9 

exhibits the structured grid at x-y and x-z planes at highest grid resolution case.

The inflow boundary conditions are chosen to match the velocity profiles 

measured during the wind tunnel experiments. There is no turbulence intensity inflow 

boundary condition, since FDS does not offer the function o f  setting up the value o f  inlet 

turbulence intensity. Outflow boundary conditions are chosen open to the atmosphere. 

The top o f the numerical domain is set as a mirror (symmetric) plane, and two sidewalls 

o f  numerical domain are set as a wall boundary condition with free-slip. The ground is 

chosen as a wall boundary condition with three different levels o f  slip, free-slip, half-slip 

and no-slip. Since the ground has three different boundary conditions, the approaching 

flows appear to be different near the ground for each boundary condition. Figure 4.10 

shows the approaching profile for different ground boundary conditions.

The calculation speed o f  FDS is very slow because it uses time-dependent LES 

turbulence model. It requires about ten times calculation time o f  Fluent. It takes about 5 

or 6 days continuously to finish running a case. Therefore, only one case is examined in 

this study due to time constraints.
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Figure 4.8 Numerical domain at X=100m, Y=90m, and Z=40m

Figure 4.9 The structured computational grid at x-z and y-z planes at high 
resolution at 192*144*64 grid cells
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Figure 4.10 Approaching wind velocity profile for different ground boundary conditions
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CHAPTER 5

EXPERIMENTAL DATA

This chapter presents all the data obtained from various physical experiments 

performed at the industrial wind tunnel. These physical experiments, which are discussed 

in the Chapter 3, consist o f  flow visualization, velocity and turbulence intensity profile 

measurements, pressure coefficient measurements, and concentration measurements. The 

object o f  this chapter is to provide original data sets as references for future research.

5.1 Flow Visualization

Flow visualization was accomplished with a laser light sheet produced by 5-watt 

Coherent Innova 7005 Argon ion water-cooled laser. Images were recorded by using the 

Panasonic Omni vision II camera/recorder system. Appendix A shows some 

visualization images in sequences, which are digitized from videotapes.

5.2 Velocity and Turbulence Intensity Profile

The velocity and turbulence intensity was measured by using a single hot-film. 

(The details o f the measurement procedures are discussed in Section 3.2.2.) Twenty 

cases o f  measurements were performed, which consist o f 5 different street widths to 

building height ratio (B/H) and 4 different rows o f surrounding buildings in the upstream 

direction. Each case measures 7 locations around the target building. (The detailed
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measuring points are shown at Figure 3.10.) The 20 sets o f data results are summarized 

in Appendix B.

5.3 Pressure Coefficient

Two 48-channels PSI transducer units mounted inside the target building were 

used to measure pressure coefficient. (The details o f the measuring procedures can be 

viewed at Section 3.2.3, and the different locations o f the pressure taps are shown at 

Figures 3.11, 3.12, 3.13, and 3.14.) Similar to the velocity and turbulence intensity 

measurement, twenty cases o f different B/H ratios and different rows o f  surrounding 

buildings were measured with 0 degree approaching wind. Three o f  these 20 cases, the 

different combinations o f  N = l, B/H=0.5, 1,2, are measured with different approaching 

winds from 0 degree to 90 degrees. The results o f  each case are interpreted for minimum 

value, mean, maximum value, RMS, - peak, and + peak pressure coefficients, and these 

values are presented in Appendix C.

5.4 Concentration

The concentration was measured by using a gas chromatograph and a sampling 

system. (Section 3.2.4 describes the detail procedures used during the experiment. The 

locations o f  concentration taps are shown on Figure 3.16, 3.17, and 3.18.) The 20 cases 

described previously were measured with 0 degree approaching wind for their 

concentration dispersion. One case o f  N=1 and B/H=l was measured with different
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approaching winds from 0 degree to 90 degrees. Appendix D presents the concentration 

mean values for each case.
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CHAPTER 6

WIND TUNNEL RESULT ANALYSIS AND COMPARISION

This chapter presents the analysis and comparison o f all the data collected from 

the various wind tunnel experiments. The influences surrounding buildings on the bluff 

body flow in an urban street canyon, the effect o f the surrounding buildings on surface 

pressure o f  a low-rise building, and the dispersion o f gases released in an urban street 

canyon are discussed in the following sections. All the physical data will also be 

compared to numerical data to examine the limitations o f  numerical modeling.

6.1 The Effects of Surroundings on Flow Around the Low-Rise Buildings

The turbulent flow o f  air over a surface covered with large numbers o f discrete 

b luff obstacles occurs in many engineering applications. The flow over urban surfaces is 

a particular example o f this type o f  very rough surface, boundary-layer flow. Because o f 

the effects o f the surrounding buildings there is considerable spatial non-uniformity o f the 

flow field in the lower part o f  the boundary layer, which is called the roughness sub­

layer. For most locations, this layer is characterized by inhomogeneous regions o f 

reduced mean velocity and enhanced levels o f  turbulence intensity. Above the immediate 

influence o f the surrounding buildings, the flow in the boundary layer becomes more 

homogeneous. Modeling details for the urban roughness sub-layer are not well
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established. With traditional anemometry it is difficult and time-consuming to measure 

velocity data in the highly turbulent, recirculating flow field in the roughness sub-layer. 

Three flow regimes occur in practice: the skimming flow regime, wake interference flow 

regime and isolated roughness flow regime (Oke, 1992). The flow within the urban street 

canyon is extremely difficult to parameterize since it is shaped by the detailed 

arrangement o f streets and building density. The following sections will present the 

results o f  flow visualization and flow field measurements for different configuration 

arrangement o f an idealized urban street complex.

6.1.1 Flow Visualization of Wind Tunnel Result

As noted previously, multiple building configurations are considered (See Figure 

3.6 and Table 3.1). Depending on the street width to building height ratio (B/H), the flow 

in the street canyons can be classified as skimming flow (B/H=0-1.2), wake interference 

flow (B /H = l.2-5.0), or an isolated roughness flow (B/H>5.0) as originally proposed by 

Oke (1998). Through the observation o f  flow visualization o f  wind tunnel tests 

performed for this dissertation, the results match the observations made by Oke.

Skimming Flow

After observing the videotapes o f  flow visualization tests, cases B/H=0.5 and 

B/H=l are referred as skimming flow cases. Figure 6.1 exhibits the skimming flow 

image o f case B /H =l. As the image indicates, the two gray blocks represent the
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buildings, and the arrows represent the wind flow direction. As the wind blow normally 

from left to right to the buildings, a vortex-flow develops between them. The circulation 

as shown on the graph is a form o f  a cavity zone lee eddy where the downward pull o f  the 

suction is re-enforced by deflection down the windward face o f the next building 

downstream. The winds in the street canyon zone are more turbulent than in the open at 

the same height because o f  such separation and recirculation effects. In skimming flow, 

the winds tend to skim over the rooftops.

Figure 6.1 Skimming Flow, B/H=l

Interference Flow

Cases B/H=2 and B/H=4 are identified as interference flows. Figure 6.2 is an 

example o f interference flow case (B/H=4 case). After the winds cross the left building 

(the gray block), the room available for expansion suddenly increases. However, the 

fluid cannot immediately react to fill it. The flow therefore separates from the building’s
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surface, and its organization breaks down into a much more turbulent condition in the 

low pressure or wake zone (Region A) which extends downwind from the left building. 

Immediately behind the left building, the pressure is low and thus tends to “suck” air into 

a semi-stationary lee eddy or vortex. This part o f the wake is known as the cavity zone. 

The large lee eddy structure is dissipated into the smaller turbulent eddies o f the wake 

zone, before finally settling down and reassuming conditions similar to those o f the 

upwind flow. Before the flow reaches the right building, it begins to react because o f the 

pressure build-up ahead. The bulk o f the flow is forcibly displaced up and over the 

building. Immediately above the building, the streamlines are forced to converge as the 

same mass o f  air attempts to “squeeze” over, causing an acceleration or jet. The 

separation and reattachment occur on the roof o f the right building. The flow in Region 

C can be called as displacement zone. Since the distance between the two buildings is 

not long enough, interference between these flows occurs at Region B. This is because a 

displacement flow has developed at Region C before the eddy has settled down in the 

wake zone (Region A).
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Figure 6.2 Interference Flow, B/H=4

Isolated Roughness Flow

In the case B/H=6, isolated roughness flow is observed. Figure 6.3 is an example 

of isolated roughness flow (Case B/H=6). In this case, the development o f wake zone 

(Region A) and displacement zone (Region C) is the same as the previous case, the 

interference flow case. However, Region B in this case does not have any interference 

between the wake zone and the displacement zone, because the distance between the two 

buildings is large enough to provide horizontal motions parallel to the ground. Since the 

distance between the two buildings is large, the right building is referred to as an isolated 

building and the left building is referred to as a roughness.

84

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Figure 6.3 Isolated Roughness Flow, B/H=6

6.1.2 Wind Velocity and Turbulence Intensity Profiles of Wind Tunnel Result

Profiles o f the velocity and turbulence intensity around the master building from 

Point 1 to Point 7 (see Figure 3.10 for detailed locations) for case N=1 open country are 

presented in Figures 6.4a to 6.10b. In Figure 6.4a, the X-axis represents mean velocity 

(u/Uref), where u =  measured velocity magnitude and U ref = reference velocity at 

building roof height, and Y-axis represents heights. As the graphs indicate, the isolated 

roughness case (B/H=6) has the highest magnitude o f  velocity at any height among all 

cases, whereas the interference flow cases (B/H=2 and B/H=4) and the skimming flow 

cases (B/H=0.5 and B /H =l) have lower values for velocity profiles. However, at the 

areas above the roof height, the results o f  the velocity values for each case approach one 

another. Figure 6.4b shows the turbulence intensity profiles relative to heights for each
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Figure 6.4a Mean velocity magnitude profile measured at point 1, N=1
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Figure 6.4b Turbulence intensity profile measured at point 1, N=1
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case. At the point 1 o f the street canyon area, the isolated roughness case (B/H=6) has 

the highest turbulence intensity, whereas the interference flow cases (B/H=2 and B/H=4) 

and the skimming flow cases (B/H=0.5 and B /H =l) have lower turbulence intensity.

Figures 6.5a and 6.5b show the velocity and turbulence intensity profiles at point

2. In the region close to the roof, when the value o f  B/H increases, the value o f velocity 

increases because separation behavior occurs in this region for both interference and 

isolated roughness cases. Figures 6.6b shows the turbulence intensity profile over the 

center point o f  the master building (point 3). The turbulence intensity o f isolated 

roughness cases is highest compared to the other cases in the region close to roof height, 

whereas the interference flow cases have the second highest turbulence intensity and the 

skimming flow cases have the lowest.

The velocity and turbulence intensity profiles o f points 5, 6, and 7 are presented in 

Figures 6.8a to 6.10b. These three points are along the same line from upwind to 

downwind, so they have the same velocity and turbulence intensity behavior. The 

isolated roughness flow case has the highest velocity and lowest turbulence intensity in 

the region near the ground. The skimming flow cases have the lowest velocity and the 

highest turbulence intensity, and the interference flow cases have velocity and turbulence 

intensity values in between the isolated roughness cases and the skimming flow cases. 

Figure 6.11 and 6.12 show velocity profiles o f  point 2 and point 3 for urban roughness 

case (N=8). Comparing the velocity at the region o f just above roof for two figures, there 

are higher speeds for point 2 since separation occurs at the edge o f  roof.
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Figure 6.5a Mean velocity magnitude profile measured at point 2, N=1
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Figure 6.5b Turbulence intensity profile measured at point 2, N=1
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Figure 6.6b Turbulence intensity profile measured at point 3, N=1
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Figure 6.7a Mean velocity magnitude profile measured at point 4, N=1

100

E 60

20 25 3010 15

Turbulence Intensity

Figure 6.7b Turbulence intensity profile measured at point 4, N=1
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Figure 6.8a Mean velocity magnitude profile measured at point 5, N=1
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Figure 6.8b Turbulence intensity profile measured at point 5, N=1
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Figure 6.9a Mean velocity magnitude profile measured at point 6, N=1
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Figure 6.9b Turbulence intensity profile measured at point 6, N=1
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Figure 6.10a Mean velocity magnitude profile measured at point 7, N=1
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Figure 6.10b Turbulence intensity profile measured at point 7, N=1
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Figure 6.11 Mean velocity magnitude profile measured at point 2, N=8
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Figure 6.12 Mean velocity magnitude profile measured at point 3, N=8
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6.1.3 Comparison of Wind Tunnel Results and Numerical Simulation

Two computational fluid dynamics (CFD) programs, Fluent 5.4 and Fire 

Dynamics Simulator (FDS), as described in Chapter 4 are used to model the wind flow 

over the different configurations o f  an urban street canyon. In this section, the 

comparison between wind tunnel data and numerical data for both flow visualization and 

velocity and turbulence profiles is presented.

Flow Visualization

Figure 6.13a shows the actual image o f skimming' flow visualization for case 

B/H=l taken from the wind tunnel experiment. In the image, the clockwise circulation o f 

flow can be seen in the street canyon as the winds blow normally from left to right. The 

results o f the calculated velocity vector in the street canyon from both Fluent and FDS 

simulations within the same region display the same patterns o f flow movement. Figures 

6.13b and 6.13c show the numerical velocity vector results o f case B /H =l from Fluent 

and FDS simulations. The conclusion can be made that numerical simulations predict the 

flow pattern o f  skimming flow quite well.
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Figure 6.13a Flow visualization result o f  case, B/H=l

Figure 6.13b Numerical velocity vector result o f  case, B/H=l from Fluent 5.4

Figure 6.13c Numerical velocity vector result o f  case, B/H=l from FDS
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Figure 6.14a is an image o f interference flow visualization for case B/H=4. In 

this case, the numerical experiment is performed using Fluent. Figure 6.14b shows the 

result o f  the numerical experiment. As the wind blows from left to right, a wake zone is 

generated right behind the left building and a displacement zone is formed before the 

right building in the street canyon area. In the center region o f  the canyon, the 

interference flow, a mix o f part wake zone and part displacement zone, occurs. The 

numerical data reflect exactly the pattern o f  the physical experiment observed in the wind 

tunnel.

Figure 6.15a shows the actual image o f  isolated roughness flow for case B/H=6. 

Figure 6.15b presents the result o f  the numerical experiment for this case using Fluent. 

As indicated on the graph, the isolated roughness flow case has both a wake zone and a 

displacement zone in the street canyon region; however, the wider distance o f  the street 

canyon separates these two zones far enough so the buildings only have the isolated 

effect to the wind flow. The numerical data again predicts the results o f  the physical 

experiment.
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Figure 6 .14a Flow visualization result o f  case, B/H=2

Figure 6.14b Numerical velocity vector result o f  case, B/H=4 from Fluent
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Figure 6.15a Flow visualization result o f  case, B/H=6

Figure 6.15b Numerical velocity vector result o f  case, B/H=6 from Fluent
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Velocity and Turbulence Intensity Profiles 

Fluent:

Four separate turbulence models, the standard K-e, the RNG k - s , the Reynolds- 

stress and the LES, are used to model wind flow over the different configurations o f  an 

urban street canyon using Fluent. By examining the results for each turbulence model, it 

appears that the standard k - s  and the RNG k - s  models give almost the same predictions 

for velocity magnitude profiles; however, the standard k - s  provides the best simulations 

o f the flow field in the urban street canyon.

Figures 6.16a, 6.17a, and 6.18a show the velocity magnitude profiles at points 1, 

3 and 5, respectively, for case B /H =l, N=1 using four turbulence models. The graphs 

indicate clearly that both the standard k - s  and RNG k - s  models predict the measured 

velocity profiles. On the other hand, the Reynolds-stress and LES models underpredict 

the velocity profile in the region around the building roof height. Figures 6.16b, 6.17b, 

and 6.18b show the turbulence intensity profiles at point 1 ,3 , and 5, respectively, for case 

B /H =l, N=1 using different turbulence models. All four turbulence models produce 

similar turbulence intensity profiles. By comparing the predictions o f turbulence 

intensity profiles to the physical experimental results, the prediction values are 

reasonable. The very large value o f  turbulence intensity at z = 8 -  9 cm are an artifact 

due to U  * 0 at this height.

Since the k - s  turbulence model outperformed the other turbulence models for the 

cases considered above, additional comparisons o f velocity and turbulence intensity
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profiles will be limited to those using the k - s  model. Figures 6.19a shows the velocity 

magnitude and profile at point 1 for case N=1 with different values o f B/H by using 

Fluent with the k - s  turbulence model. Figure 6.19b is a graph o f the comparison results 

o f turbulence intensity profiles at point 1 for case N=1 with different values o f B/H using 

k - s  model. Both the graphs indicate that the Fluent k - s  turbulence model successfully 

predicts dominated flow patterns for the velocity magnitude and turbulence intensity 

profiles for each case.

A  comparison o f velocity magnitude profiles over point 1 for the case B /H =l, but 

different values o f N  is shown at Figure 6.20a. The graph shows that the Fluent k - s  

model predicts the flow patterns for open-country roughness cases (N =l, N=2) quite 

well. However, the Fluent k - s  model over predicts the area above the building roof 

height for the urban-roughness cases (N=3, N=8). Figure 6.20b presents turbulence 

intensity profiles at point 1 for case B/H=l but different values o f  N  by using k - s  model. 

The Fluent k - s  model predicts the flow patterns of open-country roughness cases (N =l, 

N=2), but underpredicts the flow patterns for the area around the building roof height for 

the urban-roughness cases (N=3, N=8).

In Figure 6.16b, the turbulence intensity values predicted by Fluent were bigger 

than the values collected from wind tunnel experiments. Considering the equation that 

was discussed in Chapter 3:

I ( z )  =
U(z)
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The turbulence intensity is equal to root mean square value o f velocity at elevation z 

divided by mean velocity at elevation z. In some area o f the canyon, mean velocity is 

close to zero. Since U  is close to zero, the turbulence intensity, I(z), becomes very large. 

Figures 6.19b and 6.20b show similar results o f  predicted turbulence intensity at point 1 

o f  the canyon area.
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Figure 6.16b Turbulence intensity profile at pointl for case B /H =l, N=1
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Figure 6.17a Velocity magnitude profile at point 3 for case B /H =l, N=1

120
A Lefo Data (point3) 
-"— FLUENT /k-e 
• — RNG k-e 
*■ - ’LES
-*—  Reynolds-stress

100

80

w BO

40

20

0
0.30.2 0.250.1 0.15

Figure 6.17b Turbulence intensity profile at point 3 for case B /H =l, N=1
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Figure 6.18a Velocity magnitude profile at point 5 for case B /H =l, N=1

A Lab Data (point5) 

F L U E N T /k -e  

RNG k-e

- ■ LES 

* —  Reynolds-stress

1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Figure 6.18b Turbulence intensity profile at point 5 for case B /H = l, N=1
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Figure 6.19a Velocity magnitude profile at point 1, N=1 using k-s model
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Figure 6.19b Turbulence intensity profile at point 1, N=1 using k-s model
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Figure 6.20b Turbulence intensity profiles at point 1, B /H =l using k-s model
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FDS:

The effect o f grid resolution on the features o f the flow field is considered to 

determine the grid size needed to accurately resolve the flow. Four different grid 

resolutions, and canyon heights o f 12 cells, 9 cells, 7 cells and 5 cells are examined here. 

Typical resolution study results are shown in Figures 6.21a and 6.21b. The graph o f the 

velocity profile at point 1 shows that higher grid resolution cases are closer to the wind 

tunnel data. The graph o f  velocity profiles o f point 3 shows that the cases o f  canyon 

heights o f 5, 7 and 9 give the velocity near the roof o f master building. These are much 

lower than the case for a height o f  12 cells. From these comparisons o f different 

calculation grid resolutions, it is obvious that a higher grid resolution better predicts the 

flow field in this urban street canyon simulation.

FDS is used to run the case o f  B /H =l, N=1 with three different ground boundary 

conditions, no-slip, half-slip and free-slip. The tangential velocity boundary condition 

can be no-slip, free-slip or something in between (a simple law o f  the wall). For no-slip, 

set VBC to -1 . For free-slip, set VBC to 1. Numbers in between -1  and 1 can represent 

partial slip conditions, which may be appropriate for simulations involving large grid 

cells. The grid resolution is based on a canyon height o f  12 cells here. Figure 6.22a 

shows the comparison o f FDS and lab data for a velocity profile above point 1. The 

graph indicates that the no-slip profile provides poor agreement with wind tunnel results. 

The other two profiles appear to be acceptable. In contrary, the turbulence intensity 

profiles at point 1 have opposite results. In Figure 6.22b, the no-slip profile appears to
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match best with the lab profile, but apparently the other profiles do not. Similar results 

can be seen for the cases o f  point 3 and 5 (see Figures 6.23a, 6.23b, 6.24a and 6.24b).

The previous cases discussed above reflect the questionable reliability o f FDS as 

a CFD tool for predicting the flow fields o f  an urban street canyon. The problem might 

be a restriction o f the software itself, or it may be due to lack o f  enough understanding 

and research on operating the software. For example, turbulence cannot be introduced at 

the inlet flow during the computational process because the software lacks that option. 

Another restriction is that the calculation domain had to be small because the personal 

computer used lacks the hardware capacity to perform a calculation with larger domain.
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Figure 6.21a Mean velocity and turbulence profile at point 1 using FDS 
with different grid resolution
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Figure 6.21b Mean velocity profile at point 3 and point 5 using FDS 
with different grid resolution
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Figure 6.22a Velocity profile at point 1, B /H =l, N=1 using FDS
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Figure 6.22b Turbulence intensity profiles at point 1, B /H = l, N=1 using FDS
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Figure 6.23a Velocity profile at point 3, B /H =l, N=1 using FDS
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Figure 6.23b Turbulence intensity profiles at point 3, B /H = l, N=1 using FDS
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Figure 6.24a Velocity profile at point 5, B /H =l, N=1 using FDS
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Figure 6.24b Turbulence intensity profiles at point 5, B /H =l, N=1 using FDS
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6.2 The Effects of Surroundings on Surface Pressure on Low-Rise Buildings

Very large vortex-induced roof suctions on low-rise buildings have been revealed 

for isolated buildings in both full scale experiments and wind tunnel tests by many 

investigators. This section investigates the sensitivity o f these high suctions to the 

presence o f  multiple surrounding building configurations. The wind tunnel experimental 

results are presented and are briefly compared with numerical data calculated using CFD.

6.2.1 The Effects of Surroundings

High suction pressures over the building surface are significantly reduced for a 

building surrounded by other buildings compared to the isolated building in the same 

approach flow, in terms o f  the peak, mean or RMS Cp. All three statistical 

interpretations o f  pressure variation are significantly reduced by the presence o f 

surrounding buildings. See Figures 6.25 to 6.39 for detailed Cp comparisons on a single 

building and all surrounding cases.

It was expected that shielding effects depend on the width o f the street canyon 

(ratio o f B/H) and the number o f the buildings located upstream o f the master building. 

W hen examining the open-country cases (N =l) for different values o f B/H and wind 

perpendicular to the building wall, the results show that as the value o f  B/H increases, the 

shielding effect on the roof Cp’s decrease. For example, the -m ean, -peak and RMS Cp’s 

for the case o f  B/H=0.5 are all smaller than the case o f  B/H=6. Compare the open- 

country cases (N = l) for different values o f  B/H with the single building case, the -mean,

115

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-peak and RMS Cp’s reduce in all cases. However, in the upwind region o f  the roof or o f 

the centerline o f the master building, RMS and -peak C p’s are larger than those o f the 

single building case due to the flow separation occurring at the forward comer. The 

upwind wall cases have similar results to the roof cases. The shielding effects become 

larger in the cases o f  lower B/H. (See Figures 6.40 to 6.42).

For urban roughness cases (N=8), the shielding effects have similar trends to the 

open-country cases mentioned above. However, the shielding effects on the urban 

roughness cases are better than the open-country cases, because the number o f buildings 

located upstream o f the master building is greater. (See Figures 6.43 to 6.45).

Mean, RMS and -peak  pressure coefficients measured in the wind tunnel for a 

comer roof point (Tap #1) for the wind azimuths range from 0 degree to 90 degrees are 

shown at Figures 6.47, 6.48 and 6.49. Pressure tap #1 corresponds to the tap 50101 as 

absented in the TTU/WERFL building (see Fig 4.3, Ham ’s diddertation) Figure 6.46 

shows a schematic for pressure coefficient measurement at different approaching angles. 

For mean pressure coefficient, the results show that the maximum value o f -1 .8  occurs at 

the wind angle o f 10 degrees for the single building case. For other cases, the maximum 

mean Cp’s reduce to -0 .3 , -0.7 and -0 .5  for cases o f  B/H=0.5, B/H=l and B/H=2, 

respectively. For RMS pressure coefficient, the result o f  the single building case shows 

that the maximum RMS Cp is 0.8 at the wind angle o f 20 degrees. The values o f RMS 

reduce to 0.1, 0.3 and 0.35 for cases o f  B/H=0.5, B/H=l and B/H=2, respectively. F o r -  

peak pressure coefficient, the maximum value of the single building case is -4.1 at the 

wind angle o f  10 degrees. The maximum values o f -peak  reduce to -0 .8 , -1.6 and -1.5
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for cases o f B/H=0.5, B/H=l and B/H=2, respectively. The case o f B/H=0.5 has the 

maximum reduction rate for each pressure coefficient. The surroundings lead to a 

reduction in magnitude o f  83% for the mean Cp, 87% for the RMS Cp and 80% for the -  

peak Cp. High suction at the roof comer is significantly reduced when surrounding 

buildings are presented for all cases o f  wind flow angle varying from 0 to 90 degrees.

The effects o f  surroundings significantly reduce the pressure coefficients, 

especially when the width o f the street canyon is smaller (value o f B/H is lower). In the 

case with the same street canyon width, urban roughness cases tend to have greater 

shielding effects than the open-country cases.
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Figure 6.25 Pressure coefficients (-peak, mean, and RMS) on the centerline o f roof for 
cases, B/H=0.5, with different N
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cases, B/H=0.5, with different N
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Figure 6.27 Pressure coefficients (-peak, mean, and RMS) on the centerline o f 
downwind wall o f  street canyon for cases, B/H=0.5, with different N
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Figure 6.28 Pressure coefficients (-peak, mean, and RMS) on the centerline o f roof 
for cases, B /H =l, with different N
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Figure 6.30 Pressure coefficients (-peak, mean, and RM S) on the centerline o f 
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Figure 6.31 Pressure coefficients (-peak, mean, and RMS) on the centerline o f  roof 
for cases, B/H=2, with different N
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Figure 6.32 Pressure coefficients (-peak, mean, and RMS) on the front edge o f  roof for 
cases, B/H=2, with different N
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Figure 6.33 Pressure coefficients (-peak, mean, and RMS) on the centerline o f 
downwind wall o f street canyon for cases, B/H=2, with different N
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Figure 6.34 Pressure coefficients (-peak, mean, and RMS) on the centerline o f roof for 
cases, B/H=4, with different N
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Figure 6.35 Pressure coefficients (-peak, mean, and RMS) on the front edge o f  roof for 
cases, B/H=4, with different N
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Figure 6.36 Pressure coefficients (-peak, mean, and RMS) on the centerline of 
downwind wall o f street canyon for cases, B/H=4, with different N
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Figure 6.37 Pressure coefficients (-peak, mean, and RMS) on the centerline o f  roof for 
cases, B/H=6, with different N
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Figure 6.38 Pressure coefficients (-peak, mean, and RMS) on the front edge o f roof for 
cases, B/H=6, with different N
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Figure 6.39 Pressure coefficients (-peak, mean, and RMS) on the centerline o f 
downwind wall o f street canyon for cases, B/H=6, with different N
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6.2.2 Comparison of Pressure Coefficients of Wind Tunnel Results and Numerical

Simulations 

Fluent Simulation

The pressure coefficients calculated by Fluent using k - s  are shown in this section. 

Since Fluent is a steady-state computer program, only the mean Cp can be determined. 

Figure 6.50a compares mean wind pressure coefficients on the centerline o f  the roof o f 

the master building with relevant results from numerical simulations carried out by using 

the Fluent k - s  model. The graph shows both numerical data and experimental data o f 

cases for different values o f B/H for comparison. The colored dots indicate the 

experimental data and the different style lines indicate the numerical data. The overall 

results appear similar to that o f the experimental data with the exception o f the front edge 

o f  the centerline region at flow separation in which the numerical results indicate higher 

suction. Figure 6.50b shows the comparisons o f the mean Cp’s along the centerline o f 

the downwind wall o f the street canyon. The numerical results are similar to that o f  the 

experimental results, except that CFD predicts higher suction on the upper part o f the 

centerline o f  downwind wall o f the street canyon.

There is no root mean square (RMS) pressure coefficient provided from the 

output o f Fluent, since Fluent is a steady-state Reynolds averaged model computer 

program. However, RMS pressure coefficients can be estimated from calculated mean 

pressure coefficients, mean velocities and RMS velocities using the equation 6.1 and 6.2 

proposed by Paterson (1989).
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C'p2 = 8 k ; / u l + 8 C 2pU 2ok0 / ( u l + 2 k 0 - 2 k i)2 6 2

Where, Cp is the RMS pressure coefficient,

Cp is the mean pressure coefficient,

V is a mean reference velocity,

U is the mean velocity, and 

k  is the turbulent kinetic energy.

Subscripts 0 and 1 represent upwind and local values at similar measurement 

heights to the pressure part respectively. Figure 6.51a shows RMS pressure coefficients 

plotted against mean pressure coefficients for roof pressure tap from wind tunnel results 

as predicted results by Equations 6.1 and 6.2. Since the predictions o f  RMS pressure by 

both equations at the near zero mean pressure coefficients are poor, the isolated 

roughness flow case (B/H=6) with highest magnitude o f the mean pressure coefficient are 

chosen here. There is a near relationship between Cp(RMS) and Cp(mean) in figure 6.51 

for each set o f  data. The slope o f  the line o f best fit is about -0 .4  for wind tunnel results, 

-0.21 for equation 6.1, and -0 .43  for equation 6.2, respectively.

Two numerical models are presented to compare with wind tunnel results from 

flow over the urban street area (isolated roughness flow case). Both equations correctly

142

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



predict an increase in RMS pressure coefficients with an increase in the magnitude o f  the 

mean pressure coefficient. The RMS pressure coefficients calculated from equation 6.2 

are in much better agreement with the wind tunnel than those from equation 6.1. The 

comparison o f  the RMS Cp on the centerline o f  the roof between experiments and 

predictions by using Paterson-Selvam are shown in Figure 6.51b. Figure 6.52a and 6.52b 

show the comparisons o f  distributions o f  mean Cp on the roof for case N = l, B/H=l 

between measured and calculated (Fluent) at wind direction 30 and 60 degrees. Both o f 

the graphs show good results with different angles o f  the approaching winds. The 

measured values o f  mean Cp matched the calculated values.

FDS Sim ulation

FDS uses a time-dependent flow phenomena large eddy simulation (LES) 

algorithm to simulate field flows. LES can compute fluctuating pressures on buildings 

due to turbulence. Both mean and RMS Cp’s generated from FDS will be compared with 

the experimental data.

After running the cases o f  B /H =l, N=1 with three different ground boundary 

conditions, no-slip, half-slip and ffee-slip, with the grid resolution o f  canyon height o f  12 

cells, the mean Cp’s collected from the free-slip and half-slip conditions are found to be 

close to the experimental data. However, the mean Cp o f no-slip condition is found to be 

significantly different from experimental data. Figures 6.53a, 6.53b, 6.54a and 6.54b 

show the comparisons o f  mean and RMS C p’s with different grid resolutions for free-slip 

boundary condition cases. For mean Cp, the cases show that as the grid resolutions
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become larger, the mean Cp collected from FDS becomes closer to the lab data. 

However, for RMS Cp, predictions o f finer grid resolution are not necessarily closer to 

the lab results. For example, in Figures 6.52b and 6.53b, the results for grid sizes o f 9 

cells appear to be closer to the lab data. In general, the numerical results o f RMS Cp 

under predict the experimental results. This is most likely due to under prediction o f  free 

stream turbulence due to inappropriate inlet turbulence conditions.
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Figure 6.52b Comparison o f distributions o f mean Cp for case N=1, B/H=l between 
measured and calculated (Fluent) at wind direction 60 degrees

148

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



0.08

0.07 -

0.06 -

0.05 -

_ - A -  £ r
O  0.03 -

— B— B/H=1 Lab data 
— ♦——FDS-Free slip (12cells)
— -x— - FDS-Free slip (9cells)
— -A — FDS-Free slip (7Cells)
— - 5K- - ’FDS-Free slip (5cells)

0.02 -

0.01  -

40 45 5025 30 3510 15 200 5

#  o f p ressu re tap

Figure 6.53a Comparisons o f mean pressure coefficients on the centerline o f  the roof for 
case N = l: experiments and numerical simulation using FDS LES model

0.16

0.14 - — ■— B/H=1 Lab data
♦  FDS-Free slip (12cells)

— -X— - FDS-Free slip (9cells)
— -A — FDS-Free slip (7Cells)
• - X- - ’FDS-Freeslip (5cells)

0.12  ■

0£ 0.08-

°  0 .06-

0.04 -
' -H- -A-----

0.02 -

40 50300 10 20

#  o f  p ressu re  tap

Figure 6.53b Comparisons o f RMS pressure coefficients on the centerline o f  the roof for 
case N=1: experiments and numerical simulation using FDS LES model

149

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



■LL25-,

0.15 •

.0.05'

-10-40-60 -50-70O  -S O
-0.05 -

— ■ — B/H=1 Lab data 
— ♦— FDS-Free slip (12cells)
— -A — FDS-Free slip (7Cells)
— -X— - FDS-Free slip (9cetls)
— - 3K- - ■ FDS-Free slip (5cells)

-0.15 -

y  (mm)

Figure 6.54a Comparisons o f  mean pressure coefficients on the front edge o f  the roof 
for case N =1: experiments and numerical simulation using FDS LES 
model

(/)
S
0£
a
o

B 11 B/H=1 Lab data 
- ♦ —  FDS-Free slip (12cells) 
-X— - FDS-Free slip (9cells) 
•A — FDS-Free slip (7Cells)

■ 3K- - FDS-Free slip (5cells)

-QS-

0.25 -

0.2 -

0.15 -

0.1

______________

— — -  -  —  • -------------------------------- A

-90 -80 -70 -60 -50 -40

y  (mm)

-30 -20 -10

Figure 6.54b Comparisons o f  RMS pressure coefficients on the front edge o f  the roof for 
case N =1: experiments and numerical simulation using FDS LES model

150

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



6.3 Modeling of Pollutant Dispersion in Urban Street Canyons

Air pollution in urban street canyons resulting from exhaust emissions is a major 

urban problem. Often traffic pollution excess controls air pollution management 

decisions. There are a number o f elaborate predictive models o f  pollutant dispersion and 

diffusion that address the effects o f variable shapes o f  city buildings on pollutant 

concentrations, but few are fully validated. This section presents ventilation behavior in 

different street canyon configurations. To evaluate dispersion in a model urban street 

canyon, a series o f  tests with various street canyon aspect ratios (B/H) are presented. 

Both open-country roughness and urban roughness cases are considered.

6.3.1 Wind Tunnel Results and Interpretation

A point source was located at the center point o f  a cross street canyon in front o f 

our base building model (see Figure 3.6 for details). The dimensionless concentration 

coefficient used in the presentation o f the data is K  = CTJ-H2 /Q, where C is the 

dimensional tracer species density, U is the upwind free stream velocity at roof height, H 

is the building height and Q is the source flow rate. It is known that the horizontal wind 

velocity at street level is typically o f the order o f 10 % the free stream velocity. For 

reference velocities achievable in our wind tunnel, this results in horizontal velocities at 

street level o f  a few cm/s. Simple calculations show that the tracer gas discharge 

velocities from the point source are the same order o f magnitude, so they may influence 

the recirculating flow patterns in the canyon.
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Figure 6.55a shows the normalized concentrations on the centerline o f the upwind 

and downwind walls o f street canyons for B/H=0.5 and different values o f  N. The 

normalized concentrations are the highest for the B/H=0.5 case, especially in the street 

level comers o f  the canyons. The upwind wall areas have higher concentrations than the 

downwind wall areas, because there are two circulation flows inside the street canyon: 

the upper circulation flow is clockwise and the lower circulation flow is counter 

clockwise. The circulation flows carry the emission gas to the upwind wall o f  the street 

canyon, resulting in higher concentrations on the upwind wall. The lower circulation 

flow (CCW) carries some emission to the downwind wall o f the street canyon, so the 

ground comer o f  the downwind wall also has high concentrations. The results also show 

that the open-country roughness cases (N =l, N=2) have higher concentrations at street 

level than the urban roughness cases (N=3, N=8).

Similarly, Figure 6.55b shows normalized concentrations for B /H =l with 

different N. Since there is only one circulation eddy (CW) in the street canyon, the 

clockwise flow impinges on the upwind wall areas. Therefore, the upwind wall areas 

have higher concentrations than the downwind wall areas. Contrary to the cases o f 

B/H=0.5, the higher concentrations are in the street canyons o f  the urban roughness cases 

(N=3, N=8) instead o f  the open-country roughness cases (N =l, N=2). It is likely that 

with fewer upwind buildings (i.e. N  < 2), the flow field is more unstable and intermittent 

ventilation o f the entire canyon occurs more often resulting in lower street level 

concentrations.
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Figures 6.56 and 6.57 both show interference flow effects on the concentrations 

for the cases B/H=2 and B/H=4, respectively. Similar to the cases o f  B/H=0.5 and 

B/H=T, both B/H=2 and B/H=4 show that the upwind wall areas have higher 

concentrations. Wake zone eddies occurring against the upwind wall areas and the 

resulting re-circulation keep the gas against upwind wall areas. However, with the 

greater width o f  the street canyons, the downwind wall areas have very low 

concentrations, because the circulation downwind o f the upwind eddy carries the 

emissions out o f  the canyons. The concentrations are higher for B/H=2 than for B/H=4 

because the dilution effects the cavity zone are higher for B/H=4.

For the isolated roughness cases (B/H=6), the concentrations are almost zero at 

the upwind wall areas o f the street canyon, because the emissions are transported out o f 

the canyon. The downwind wall areas, on the other hand, have higher concentrations 

because the concentrations convect to downwind wall areas more easily. Figure 6.58 

presents comparisons o f concentration levels for N=1 but different B/H. The results 

show that the lower the ratio o f B/H, the higher the concentrations in the street canyons.

Figure 6.59 presents the concentration levels on the centerline o f  the roof area for 

N=1 and different B/H values. The results o f each case show that the concentrations 

become lower on the line o f the roof as the roof distances become larger.
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6.3.2 Comparison of Concentrations of Wind Tunnel Results and Numerical

Sim ulations

FLUENT and FDS were used for numerical simulations. The point source inlet 

was modeled as a 1.3 *1.3 cm vent emitting at a constant velocity and no turbulence. The 

inlet velocity o f  w S0Urce =  0 . 0 5  m/sec was set to be equivalent to the source emission rate 

used in the wind tunnel simulation. A tracer mass fraction o f 1 was applied to the point 

source inlet during the calculation. In presenting the results from the calculation, tracer 

species density was normalized to facilitate comparison with experiments and other 

numerical results.

A comparison o f  each set o f  data from wind tunnel experiments with the 

numerical simulation, reveales that the CFD software, Fluent 5.4, can predict the actual 

wind tunnel results by choosing optimum boundary condition, grid resolution and 

turbulence model. Figures 6.60 and 6.61 show a direct comparison between measured 

and calculated concentrations on the centerline o f the upwind and downwind walls for a 

street canyon where point source inlet located mid canyon for all cases and N = 1. The 

results show that Fluent predicts the right order o f  mean concentration for each case. 

However, Fluent gives higher concentration predictions in some zones, for example, the 

ground level comers o f the upwind walls o f B/H=l cases and the ground comers o f both 

upwind and downwind walls o f the B/H=0.5 cases.

Figure 6.62 shows a comparison o f measured and numerically predicted 

concentrations on the centerline o f the roof for open-country cases, N = l. The calculated 

concentrations (Standard k - s )  for the roof surface agree reasonably well with the data
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collected from the wind tunnel; however, the exceptions are the areas around the front 

edges o f the roof for case B/H=0.5. The numerical simulation predicts significantly 

higher values than measured in the wind tunnel. This is due to that the wind flow was 

considered more stable in the numerical modeling than that o f the physical modeling. 

The unstable wind flow caused the concentration value in the canyon o f  the physical 

modeling to be lower, because there was more ventilation inside the canyon, and more o f 

the concentration was washed out o f  the canyon.

A comparison o f measured and calculated concentrations for B /H=l with different 

number rows o f shelter models is given in Figure 6.63. Two concentration taps are 

chosen. One is on the downwind wall and the other is on the roof surface. Both 

measured and calculated results show increased concentrations with a greater sheltering 

effect o f  more upwind model structures. Figure 6.64 shows the calculated normalized 

concentrations using Fluent code are plotted against the experimental normalized 

concentrations on the centerline o f  rooftop and upwind and downwind walls o f canyon 

tappings.

For FDS simulations, two ground boundary conditions are chosen to compare 

results with the wind tunnel measurements. Figure 6.65 presents comparisons between 

wind tunnel and numerical concentrations for the centerline o f the upwind and downwind 

walls o f the open-country roughness case, N=1 and B /H =l. The result shows that with 

the half-slip ground boundary condition, the FDS predicts the measurements o f  the wind 

tunnel experiments. For the concentrations at centerline o f roof o f N = l, B/H=l cases, 

both Fluent and FDS numerical results predict the measurements o f  the wind tunnel
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experiments (see Figure 6.66). The calculated normalized concentrations from both 

Fluent and FDS are plotted against the experimental normalized concentrations in Figure 

6.67. There is a near linear relationship between the experimental data and the numerical 

data. The slop o f  the line o f best fit is 2.85 for Fluent and 1.15 for FDS. The results from 

FDS simulation agree m uch better with the experimental results than those from Fluent.

The numerical simulation results conclude that wind approaching angle is a 

significant effect to the concentration dispersion on the roof o f  the master building. 

Figures 6.58a, 6.58b, 6.58c and 6.58d show the concentration dispersion on the master 

building with different angles o f approaching winds. In the case o f approaching wind o f 

zero degree, the concentration distributed to the whole roof surface. The maximum 

normalized concentration (K = 4) was measured near the center o f  the roof front edge, 

and the minimum normalized concentration (K= 0.2) was measured around two sides o f 

the roof rear edge. The concentration in the case o f  approaching wind o f  15 degrees was 

found only at the lower comer o f  the front roof edge with the maximum normalized 

concentration o f  K= 2.5. The other areas o f  the roof were found no concentration at all. 

In the cases o f  approaching wind angles o f both 75 degrees and 90 degrees, there was 

almost zero concentration found on the roof with the maximum values o f  K= 0.04 and 

K= 0.003, respectively.
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Figure 6.61 Comparisons between wind tunnel and numerical model (Fluent k - e  model) 
concentrations for the open country roughness case N=1
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Figure 6.68a Predictions o f  tracer gas concentration on the master building
roof for the wind azimuths with zero and 15 degrees, N = l, B/H=l
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Figure 6.68b Predictions o f  tracer gas concentration on the master building 
roof for the wind azimuths with 30 and 45 degrees, N = l, B /H=l
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Figure 6.68c Predictions o f  tracer gas concentration on the master building 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS

In order to better understand the bluff body flow and dispersion in urban street 

canyons, this study has performed wind tunnel experiments and numerical simulations. 

Wind tunnel experiments record flow images, velocity flow fields, multiple surface 

pressures, and multiple surface concentrations around urban street canyons. Numerical 

modeling used two computational fluid dynamics software suites, Fluent 5.4 and Fire 

Dynamics Simulator (FDS), to examine the simulations o f urban street canyons with the 

same configurations as the wind tunnel experiments. The results can be summarized into 

four main conclusions: First, the shielding effects from the surrounding buildings are 

significantly larger than expected; Second, high concentrations were measured on the 

upwind walls o f urban street canyon except the isolated roughness case; Third, the overall 

performance o f  Fluent including predictions o f flow fields, surface pressure coefficients 

and mean concentrations is acceptable. Finally, the performance o f FDS is acceptable 

only in predictions o f  mean concentrations.

7.1 Wind Tunnel Experimental Results

The results o f the wind tunnel experiments suggest that depending on the street 

width to building height ratio (B/H), the flow in the street canyons can be classified as 

skimming flow (B/H=0-1.2), wake interference flow (B/H=l .2-5.0), or an isolated

169

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



roughness flow (B/H>5.0) as originally proposed by Oke (1988). Results differ 

substantially depending upon whether the master building is surrounded by only a few or 

many buildings. I f  the surrounding depth o f  buildings about the central structure is only 

one or two circuits deep, the approach flow is characterized by an open-country 

roughness surrounding the complex. But if  multiple building circuits exist, then an 

equilibrium urban roughness situation develops.

In open country cases, the characteristics o f  flow, pressure and concentration 

distributions were examined. The experimental results are:

• Visualization using smoke and vertical light sheets reveals that clean air is drawn into 

the canyon by intermittent eddies circulating down into the canyons or along the 

upwind street canyon intersections.

• Stagnation pressure occurred on the upwind face o f the test building, but their 

magnitudes are reduced by the sheltering effect o f  upwind model structures. The 

maximum value o f  mean Cp on the centerline o f  the upwind face o f the test building 

for single building case is 0.85. With the sheltering effect, the maximum value o f  

mean CP is reduced to 0.2, 0.3, 0.45, 0.47 and 0.5 for cases o f  B/H=0.5, B /H =l, 

B/H=2, B/H=4 and B/H=6, respectively.

•  The suction on the roof can be significantly reduced by the presence o f surrounding 

buildings. Compared to a single building case, building arrangements with B/H=0.5 

can reduce the magnitude values o f  mean, RMS and -peak Cp’s over 80%.

•  Significant pollution concentrations are measured on upwind walls o f  urban street 

canyons and along the rooftops.
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• Building orientations oblique to the street canyons result in higher street level wind 

speed, the development o f comer vortices over the roof o f  the test building, and lower 

concentrations on the building faces upwind o f the ground level sources.

In urban roughness cases, experiments were also performed on the dispersion 

within extended urban roughness associated with additional upstream dummy buildings. 

The overall characteristics discussed for the open country case are also identified in 

canyons amidst large urban roughness, but some significant differences are observed:

• For closely spaced multiple street canyons, skimming flow dominates, advection in 

and out o f  the canyons appears intermittent, and transport over the street-canyon top 

streamline appears to primarily by turbulent mixing.

• As the street widths widen with respect to building height, wake-interference flows 

dominate the advection and dispersion o f  pollutant plumes.

• Once the street width to building height exceeds about 5, the flow field even for a 

multiple building arrangement, appears to be perturbed by individual isolated 

buildings.

7.2 Numerical Simulation Results

As noted by Meroney et al. (1998), it is not difficult to achieve a correct looking 

presentation o f pressures and concentrations over a b luff body. However, it is not a given 

that quantitative equivalence between experimental and numerical data will occur unless 

careful attention is paid to inlet profiles, grid adaptation and the turbulent model chosen.
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In the calculation produced to replicate some o f the test cases studied above, it was found 

necessary to take upmost care in adapting the turbulent grids to assure that intense 

concentration gradients, separation locations and re-attachment locations were 

reproduced.

Wind-tunnel flow, pressure and diffusion tests performed about an idealized 

building arrangement replicate m any o f the features o f the urban environment previously 

noted at full scale and in earlier laboratory simulations. Numerical simulations using 

Fluent and FDS reproduce these patterns, but only with care taken to provide adequate 

grid resolution, accurate inlet flow profiles, and improved turbulence models.

Conclusions for comparisons o f the experiment with the Fluent model suite can be 

summarized as follows:

• Fluent 5.4 can simulate the velocity profiles in urban street canyons very well using 

the standard k - s  model.

•  The standard k - s  model and the RNG k - s  model give almost the same results for the 

calculated flow fields in urban street canyon cases.

•  Fluent predicts concentration levels in urban street canyons reasonably well; 

however, it systematically predicts higher predictions in high concentration zones.

•  Concentration magnitudes are generally under-predicted by numerical predictions for 

cases with N > 2 rows o f shelter buildings.

• Improved grid resolution also results in faster numerical convergence.

•  Adapted grids provide a convenient way to reproduce flow details o f  separation, 

reattachment, and high concentration regions without excessive calculation cells.
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Conclusions for comparisons o f the FDS simulations are summarized as follows:

•  FDS can well simulate the mean velocity flow profiles in urban street canyons using 

free-slip and half-slip ground boundary conditions.

•  Free-slip and half-slip ground boundary conditions give almost the same results for 

the calculated flow fields in urban street canyon cases.

• The time-dependent flow phenomena large eddy simulation (LES) has the capability 

to compute fluctuating pressures and concentrations on building surfaces due to the 

turbulence. However, results may improve with finer grid resolution and more 

accurate inlet turbulence specification.
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Appendix A

Flow Visualization Images
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Appendix B

Velocity and Turbulence Intensity Profiles

This appendix includes five pages o f data. Each data shows seven different velocity and 
turbulence intensity profile data with different rows o f  upwind buildings.
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B/H=0.5
Point 1

N=1
Point 2

U(m/sec) Height (cm)
Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u I .l.% Height U mean u T.l.% U mean u T.l.% U mean U T.l.% Height U mean u U.% U mean U i .l.% U mean U i.l.%
1 1.7489 46.9921 9 8.07 27.8051 7.9808 26.7013 8.3448 25.4701 1 3.1028 44.6376 2.0698 45.7639 2.0629 51.3195
2 1.599 45.4378 10 8.5424 26.9915 8.8641 24.2176 8.9203 25.2115 2 3.9153 35.1703 2.406 44.3696 2.5641 40.1801
3 1.4513 42.9929 11 9.0212 26.394 9.1357 23.8408 9.1879 24.6319 3 4.2745 32.2646 2.9861 41.8929 2.8397 43.4353
4 1.413 43.1804 12 9.436 25.1393 9.5836 23.8273 9.5532 24.4283 4 4.4817 31.4381 3.6285 37.2379 3.2836 40.282
6 1.3687 41.5541 13 9.8708 24.238 9.8566 23.6799 10.1077. 23.0646 6 5.2666 31.620 4.4942 31.9178 4.3873 33.9106
8 6.2837 36.7262 14 10.1619 22.3172 10.228 22.0949 10.0805 22.1909 8 6.1253 31.5740 5.9211 30.7366 6.0438 30.7835

10 8.3605 28.4887 16 10.7683 19.4375 10.5526 21.0081 10.704 20.6809 10 7.3742 29.3859 7.4110 28.7896 7.5662 28.5928
12 9.4855 25.327 18 11.3479 17.9976 11.1407 18.5018 11.0233 20.0981 12 8.9245 29.5017 8.6842 26.843 8.7786 25.852
15 10.8834 20.0191 20 11.6747 18.254 11.0014 19.0859 11.1668 19.0883 15 10.6524 21.8638 10.109 22.8927 9.7595 23.6150
20 11.6437 17.0168 25 11.8105 17.3589 11.6846 17.513 11.7214 15.9669 20 11.6596 17.3304 11.1477 18.3285 11.531 17.832
30 12.0197 16.4654 30 12.1065 15.9854 11.8426 17.087 12.0703 16.8821 30 12.3104 17.0142 12.1479 15.8464 11.8880 16.0336
40 12.4695 16.2285 40 12.4986 15.5446 12.4548 15.7096 12.4893 15.4742 40 12.6748 15.667 12.6738 15.4912 12.2743 15.4312
50 13.0365 14.5458 50 12.9562 14.6594 12.9225 14.2668 13.0532 13.8048 50 13.0634 15.3511 13.1059 13.9602 12.8444 14.5441
60 13.2773 13.9695 60 13.4058 13.5321 13.2609 13.7775 13.176 14.074 60 13.4295 14.0409 13.4312 13.3728 13.02 13.8304
80 13.8753 12.1815 80 13.7566 11.9721 13.7265 11.7552 13.6929 11.4852 80 14.035 11.3843 13.8285 12.229 13.5873 12.1516

100 13.5553 10.818 100 13.6952 10.2525 13.6834 10.5618 13.5903 10.1958 100 13.8899 10.7974 13.8411 10.2949 13.5328 11.2822

B/H=0.5 N=2
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean Height U mean u T I% '" U mean u TX% U mean u T.l.% Height U mean u 1.1.% U mean u T.l.% U mean u T.l.%
1 1.756 49.352 9 8.2764 26.4051 7.9602 26.2633 8.1951 25.3986 1 1.7403 49.1623 2.0521 47.805 2.8541 42.7618
2 1.6299 45.9832 10 8.6617 26.1659 8.4926 25.2911 8.4951 24.0317 2 2.3655 46.6519 2.4264 45.641 3.4223 40.8844
3 1.4519 42.8714 11 8.6956 25.7939 8.7376 25.0949 9.0237 23.9144 3 2.7557 41.6759 2.864 43.117 3.8865 37.0587
4 1.388 40.819 12 9.2968 24.9747 9.2466 24.5622 9.0076 24.0848 4 3.0236 41.8908 3.471 38.2912 4.4584 34.1559
6 1.3599 41.5877 13 9.6218 22.9407 9.5096 24.0472 9.3944 23.4719 6 3.7395 40.864 4.7427 32.4942 5.3184 33.4965
8 6.1071 35.2153 14 9.9689 22.117 9.8026 24.7889 9.8742 23.2249 8 5.4012 35.7518 6.5842 29.8137 7.078 28.3496

10 8.4223 26.3764 16 10.5059 21.7435 10.2432 21.9395 10.3291 21.4666 10 7.3247 29.0053 8.0145 25.8435 8.2367 24.8975
12 9.3437 25.1018 18 11.2401 19.5123 10.747 21.3679 10.7287 21.1971 12 8.3031 27.7299 8.8968 24.3771 9.1343 24.399
15 10.2861 21.8669 20 11.3825 18.7119 11.3323 10.8323 11.0806 19.4818 15 9.9401 24.7884 9.8203 22.8341 9.9748 22.5011
20 11.2838 19.2851 25 11.6835 18.2767 11.7085 17.6168 11.5667 18.3626 20 11.0666 19.903 11.1521 19.1657 11.1376 20.4496
30 12.1028 16.8181 30 12.1173 16.8461 11.8912 17.2747 11.7605 17.1828 30 12.0232 16.9282 11.9615 17.3925 11.0552 17.6352
40 12.6507 15.6017 40 12.7441 16.5851 12.3023 16.4094 12.3554 15.9917 40 12.5807 15.9207 12.639 16.0471 12.4708 15.5523
50 13.1549 14.6928 50 13.1228 14.4031 12.9976 14.8548 12.8288 14.829 50 12.9804 15.3906 13.124 14.4694 12.7333 15.1441
60 13.4231 13.9771 60 13.4568 13.8078 13.289 13.7811 13.3026 13.3016 60 13.5541 13.6833 13.4865 13.4763 13.2125 14.1249
80 14.046 11.3859 80 13.9934 11.6195 13.8541 11.9424 13.5897 12.1208 80 13.9672 11.6826 13.976 11.7495 13.6074 12.1699

100 13.8273 10.5899 100 13.7991 10.7564 13.649 10.3439 13.4941 10.4723 100 13.9827 11.1579 13.9814 10.7622 13.6284 10.9178

B/H=0.5 N=3
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u r n Height U mean u T.l.% U mean uTITo U mean u 1.1.% Height U mean u 1.1.% U mean u T T .^ “ U mean u T.l.%
1 1.732 46.3818 9 8.3 24.9465 7.9912 25.6985 6.3698 24.1642 1 2.0612 51.418 2.5259 43.8294 3.3452 39.0647
2 1.6133 44.1095 10 8.6445 24.713 8.6699 23.979 9.0071 21.6575 2 2.7125 42.7005 2.9745 40.7209 3.9266 35.9087
3 1.4984 41.7119 11 8.9609 24.6621 8.9114 23.7062 9.1864 22.3292 3 3.244 40.7851 3.2763 38.1204 4.3130 33.7364
4 1.4334 41.5166 12 9.2587 24.1944 9.4907 22.7659 9.5486 21.5940 4 3.4866 40.8719 3.8175 34.8012 5.0052 31.4243
6 1.3979 40.7771 13 9.4809 23.89 9.7233 22.4379 10.0122 21.0874 6 4.24 38.974 5.3787 29.5713 5.7074 31.2829
8 6.397 32.0886 14 10.0473 22.587 10.1692 22.017 10.1389 21.6985 8 6.1686 33.4 6.9798 27.3252 7.3117 25.5077

10 8.4872 25.7935 16 10.5303 21.1462 10.4988 21.5089 10.6837 21.0099 10 8.0048 26.8549 8.3189 25.1327 8.7449 23.496
12 9.2745 24.673 18 10.5986 22.1436 10.7102 21.1674 11.0714 19.8261 12 8.8759 25.2613 9.1495 23.9915 9.5506 21.5905
15 10.2995 22.9572 20 11.1641 19.3868 11.4391 18.0036 11.2106 18.746 15 10.1042 22.6909 9.9604 21.8146 10.3383 21.0010
20 11.08 21.0367 25 11.7941 17.2395 11.7068 17.5543 11.9575 17.7581 20 11.4223 19.8784 11.1696 19.103 10.9168 20.8679
30 12.1343 16.7147 30 12.0491 17.677 11.8701 18.0932 11.9771 17.4159 30 12.1812 16.698 12.1337 16.4249 11.8228 16.7949
40 12.6517 16.9041 40 12.5259 16.2386 12.3654 16.0499 12.7891 15.031 40 12.7256 15.303 12.6159 16.0073 12.5656 15.5735
50 13.0334 15.3125 50 13.0933 14.76 12.9700 15.5389 13.0057 14.6697 50 13.1214 14.7124 13.1161 14.7623 13.0064 14.0771
60 13.6173 13.4464 60 13.5941 13.4928 13.481 13.7741 13.4459 13.7239 60 13.5062 13.5326 13.3195 14.3949 13.3487 13.4314
80 14.0753 11.7562 80 14.0024 12.2223 13.9272 12.1884 13.8367 12.1281 80 14.0549 11.6063 13.9406 11.5231 13.7972 11.9318

100 13.859 10.8008 100 13.08 10.9904 13.7921 10.7531 13.6853 10.3596 100 13.9966 10.8915 13.8878 10.8312 13.7011 10.9751

B/H=0.5 N=8
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

height U mean u m Height U mean u T.l.% u mean u l.t.% U mean u"n% " Height U mean uT.1.% U mean u l.i.% U mean u i .l.%
1 1.74 46.6559 9 8.6385 22.2506 8.687 21.7103 8.9584 21.9336 1 2.3488 49.2466 2.7745 39.4103 3.1328 38.188
2 1.6282 42.6066 10 9.2831 20.8396 9.3895 20.9737 9.4564 20.4154 2 3.4194 38.1641 3.2717 35.1162 3.6913 36.8651
3 1.4653 41.162 11 9.7172 20.264 9.7557 20.9482 9.6992 19.8947 3 3.8357 35.6553 3.9708 33.3441 4.2706 34.3679
4 1.4207 42.2611 12 9.9376 21.0032 9.9489 20.2352 9.9317 19.8096 4 4.5029 33.3339 4.5219 32.2483 4.9243 31.4396
6 1.3725 40.5847 13 10.3141 19.2165 10.2176 20.2553 10.4766 18.6235 6 5.1219 32.5865 5.9231 27.267 6.0269 28.862
8 6.9786 27.6569 14 10.576 19.2636 10.3231 20.4147 10.411 18.4813 6 6.7559 27.8624 7.4618 25.7122 7.6537 25.0021

10 9.1695 21.7295 16 10.9464 19.0887 11.0438 19.0062 10.8692 19.0334 10 8.6407 22.9658 8.7375 22.6674 8.9358 21.2903
12 9.8914 20.6342 18 11.0448 19.2354 11.1295 17.012 11.1621 18.0582 12 9.7578 21.344 9.8427 21.7421 9.7414 19.8789
15 10.7267 19.1274 20 11.2406 18.4188 11.4325 18.1885 11.3799 18.5065 15 10.7647 19.5854 10.5922 18.0873 10.466 19.8966
20 11.0842 19.3125 25 11.9423 17.7081 11.8422 17.2032 11.9744 16.7555 20 11.2031 18.822 11.2982 18.0327 11.2376 18.5037
30 12.0771 16.494 30 12.2101 16.3039 12.1743 16.4338 12.1641 17.0614 30 11.8763 17.2842 12.1748 17.2598 11.871 17.356
40 12.8447 15.2822 40 12.5952 16.2556 12.4489 16.1798 12.5037 16.5941 40 12.4439 16.0793 12.6137 15.6939 12.4161 15.9515
50 13.1101 14.8997 50 13.2654 14.713 13.0692 14.7009 12.8169 15.5253 50 13.1425 14.1599 13.12 14.7722 12.8630 14.7745
60 13.5358 13.743 60 13.6527 13.6297 13.4238 14.1965 13.4577 13.5386 60 13.5083 14.2157 13.2174 14.3405 13.17 13.5625
80 14.0773 11.8927 80 14.1528 11.6136 14.0604 11.6903 13.783 11.7493 60 14.0469 12.0023 13.9143 12.1093 13.842 11.1311

100 13.9342 10.5439 100 13.9741 10.2567 13.8403 10.7035 13.5943 10.8964 100 14.1532 10.6754 13.8573 10.7813 13.7372 10.9741
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B /H = 1
Point 1

N = 1
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean U t.l.% Height U mean u T.l.% U mean uTT% U mean u T.l.% Height U mean u T.l.% U mean u I .l.% U mean u T.l.%
1 3.5607 31.8593 9 8.3611 28.2943 8.2891 26.6271 8.6989 24.3735 1 4.2488 41.5671 3.4305 48.188 3.6984 49.3537
2 2.7056 37.6862 10 9.0685 24.9885 9.0713 24.323 9.2381 22.9216 2 4.6666 38.5661 3.9838 45.3751 4.1429 44.1348
3 2.338 41.4485 12 9.6239 22.8689 9.7885 23.1179 9.8865 21.7698 3 5.1896 33.8346 4.6807 39.9013 4.4468 40.6909
4 2.1378 39.9047 14 10.3682 21.4354 10.3556 21.2782 10.2698 20.9794 4 5.542 31.377 4.8694 38.6321 4.8892 39.0436
6 1.7351 42.6822 16 10.7483 19.4712 10.6878 19.6736 10.693 19.1376 6 6.6508 30.4908 6.0563 33.2423 5.687 37.107
8 6.4502 35.9922 18 11.02 18.1552 11.1483 18.1762 11.1421 18.2301 6 7.5526 28.8712 7.1242 28.559 7.171 29.6383

10 8.8517 24.8487 20 11.3393 17.9681 11.3774 17.5322 11.0956 17.7147 10 8.7826 26.4826 8.1076 27.6615 7.9211 27.632
12 9.4374 24.2499 25 11.639 16.904 11.7756 17.3054 11.6444 16.7578 12 9.8708 23.0239 9.3442 23.9846 8.9316 25.0564
15 10.5552 20.964 30 12.0017 16.1011 11.8999 16.44 11.8901 16.433 15 10.7842 19.8502 10.3534 21.4737 10.2787 21.669
20 11.3968 17.2099 40 12.4784 15.3733 12.524 15.1397 12.3815 15.3084 20 11.4491 17.1143 11.2156 17.6411 11.1723 18.3313
30 11.9455 16.6797 50 12.9857 14.6052 12.9173 14.2626 12.7144 14.4882 30 12.0967 16.889 11.8363 16.1507 11.8709 16.4259
40 12.3246 15.9363 60 13.1906 13.549 13.0548 14.1983 13.0927 13.555 40 12.466 15.7142 12.4474 15.4062 12.3511 15.239
50 12.8615 14.6661 80 13.6623 11.2682 13.5691 11.6106 13.4307 11.6715 50 12.9234 14.9217 12.7959 14.6358 12.5824 14.8515
60 13.2531 13.7683 100 13.3964 10.5753 13.3353 10.5639 13.1175 10.4292 60 13.2129 13.468 13.1806 13.4953 13.0464 13.2383
80 13.637 11.357 80 13.6144 12.1412 13.5821 11.3073 13.3291 11.8839

100 13.3617 11.0257 100 13.5981 10.5497 13.4642 10.7766 13.257 10.7006

B/H=1
Point 1

N=2
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height U mean u I .l.% U mean u I .l.% U mean u T.l.% Height U mean u T.l.% U mean U U.Vo U mean u T.l.%
1 3.1943 34.5641 9 8.0073 27.782 8.2481 26.0759 8.1365 25.2778 1 3.3115 47.218 3.3807 49.543 3.4663 51.6283
2 2.4115 39.6445 10 8.7284 24.2781 8.6358 25.2655 8.4947 26.0264 2 3.5947 46.4237 3.6256 47.22 4.0241 43.5826
3 2.0266 41.4758 12 9.6146 22.8626 9.4223 23.1023 9.2925 23.3691 3 4.1335 41.992 3.9908 42.9714 4.6945 40.1568
4 1.7519 42.143 14 9.6742 23.2113 9.8907 22.7661 9.889 22.361 4 4.8752 37.3325 4.7246 38.5974 4.6682 40.9378
6 1.53 43.0181 16 10.4553 21.6874 10.7253 20.6201 10.4251 22.1386 6 5.3199 34.0951 5.2609 35.75 5.5949 36.4469
8 6.3714 34.3885 18 10.8535 19.6846 10.8711 19.9243 10.6843 19.983 8 6.4282 30.5611 6.5528 32.0983 6.5443 33.2443

10 8.9374 24.6417 20 11.0428 19.2264 11.1545 19.3847 11.077 19.0782 10 7.3438 29.6527 7.5779 28.0602 8.0282 27.1078
12 9.5544 23.0633 25 11.7632 16.7645 11.6048 17.4559 11.7263 17.0066 12 8.5535 26.3781 8.5297 25.2674 8.6077 24.7881
15 10.2089 21.4855 30 11.8642 16.2226 11.9888 16.4976 11.8981 16.6919 15 9.6636 23.3134 9.7819 21.8819 9.6357 22.4797
20 11.1714 18.5186 40 12.587 15.7327 12.4807 15.7153 12.4784 15.2736 20 11.0227 19.5654 10.9145 18.9346 10.974 19.3263
30 11.8578 17.0436 50 13.0247 13.841 12.766 14.4947 12.731 14.5291 30 11.7282 17.0157 11.9004 16.3816 11.7361 16.5767
40 12.3707 15.6524 60 13.2378 13.347 13.0161 14.0814 13.1907 13.1301 40 12.1349 16.4006 12.0956 15.8009 12.1113 15.5979
50 12.8579 14.8416 80 13.5908 12.3214 13.67 11.3299 13.487 11.3573 50 12.6756 14.9085 12.7315 14.1345 12.5793 14.4617
60 13.2271 13.5882 100 13.3966 10.8435 13.3378 10.3821 13.2419 10.6552 60 13.0924 13.4842 13.0443 13.3191 12.8104 13.3082
80 13.7485 11.8102 80 13.5033 11.1761 13.3292 11.5811 13.2438 11.798

100 13.5208 10.4193 100 13.4173 10.8006 13.3418 10.6168 13.23 10.7498

B/H=1
Point 1

N=3
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height U mean uT.I.ST U mean uT.r.% U mean u t.l.% Height U mean u T.l.% U mean u T.l.% U mean u \ .l.%
4 1.8373 44.1087 9 7.8502 27.9297 7.688 26.8118 8.1296 25.0859 1 3.4725 46.0271 3.4489 49.8204 4.2134 41.6744
6 1.4574 44.2273 10 8.2218 26.3717 8.4753 25.8929 8.9234 22.7438 2 3.9269 42.9448 3.919 44.355 4.522 41.5262
6 5.2956 37.7044 12 9.3342 23.3126 9.1453 24.0382 9.3261 22.3951 3 4.2264 42.5452 4.1786 42.1157 4.8745 39.8191

10 8.2155 26.7177 14 9.6939 22.6292 9.6219 23.5265 9.7181 21.9303 4 4.4329 39.5975 4.6897 38.058 5.2142 36.9519
12 9.0853 24.9677 16 10.0511 22.1749 10.2734 20.9958 10.5617 19.581 6 5.2218 36.1271 5.5071 33.5208 5.7635 35.8509
15 9.8909 22.3846 18 10.8012 20.0875 10.5175 21.4442 10.482 20.8173 8 6.1605 33.8174 6.41 31.2267 7.0286 29.9536
20 10.7185 20.2135 20 10.7849 20.3843 10.7355 20.1114 10.6963 19.3153 10 7.1748 29.7921 7.6299 26.8935 8.2499 24.6881
25 11.191 18.4364 25 11.2096 18.392 11.538 18.4815 11.4167 17.9074 12 8.2976 26.5234 8.5834 25.373 8.657 24.2512
30 11.7483 16.9549 30 11.778 17.8779 11.6951 16.9587 11.7278 16.8915 15 9.2685 23.1187 9.5864 22.1413 9.5987 22.2258
40 12.2562 16.168 40 12.4385 15.3773 12.138 16.2165 12.1112 15.7882 20 10.6054 20.5608 10.6599 19.3577 10.6047 19.9534
50 12.4802 15.4428 50 12.6233 15.0432 12.5257 14.6807 12.3922 15.2312 30 11.8141 17.4257 11.6339 17.4185 11.5225 17.9087
60 12.9298 13.8549 60 12.9265 14.4094 12.9569 13.7069 12.8738 13.871 40 12.2841 15.3439 12.1836 15.2277 11.9993 15.7107
80 13.4488 11.3913 80 13.5705 11.4097 13.3961 11.3321 13.3244 12.0709 50 12.5967 15.1331 12.6578 13.8731 12.2337 14.834

100 13.3771 11.0637 100 13.338 10.9227 13.108 10.8268 12.9953 10.9256 60 12.9572 13.6707 12.8529 13.6812 12.6485 13.5191
80 13.374 11.7093 13.1623 11.7627 13.083 11.7809

100 13.2555 10.8067 13.1379 10.7245 13.0235 10.3717

B /H = 1
Point 1

N = 8
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height U mean u I .!.% 0 mean u t .1.% U mean u U.% Height U mean u 1.1.% U mean u t.l.% (j mean u i.l.%
1 3.6707 31.0033 9 8.1685 25.6816 8.0941 24.0764 8.8891 23.0861 1 4.0537 44.2291 4.1111 45.7349 5.0279 38.9074
2 2.6921 37.0512 10 8.8014 22.2119 8.8146 23.0246 9.2321 21.7213 2 4.5069 43.8988 4.5968 41.9317 5.3936 35.838
3 2.2771 39.538 12 9.381 21.3763 9.6784 20.8321 9.7973 20.6486 3 5.0627 39.1357 4.938 38.2469 5.8747 33.2826
4 2.0207 43.1905 14 10.2037 19.0815 10.2065 20.4695 10.4648 19.6359 4 5.2222 36.4614 5.2339 35.2322 6.0686 30.995
5 1.6264 46.647 16 10.2388 20.3315 10.4688 19.0566 10.7328 19.272 6 6.0255 30.2487 6.2292 31.0276 6.4775 31.5633
6 1.5234 45.295 18 10.519 19.2689 10.7121 19.0054 10.944 18.5609 8 6.673 29.8473 7.1722 29.014 7.5326 27.3122
7 2.2106 41.8383 20 10.9711 17.5479 11.2588 17.6401 11.2683 18.0539 10 7.9576 26.1435 8.2632 24.2064 8.1353 24.8538
8 6.0643 33.642 25 11.5989 16.8248 11.4729 17.4473 11.5191 16.9703 12 8.9267 22.3876 9.1198 22.4595 9.1446 22.216
9 8.7137 23.498 30 11.9045 16.129 11.7273 16.7789 12.1093 16.0085 15 9.6497 21.0821 9.796 21.3509 9.9967 20.5611

10 8.8361 23.8498 40 12.2809 15.4399 12.3422 15.5473 12.5168 14.6384 20 10.4683 18.8339 10.758 18.8653 10.651 19.5799
15 10.3008 20.6243 50 12.7053 14.0241 12.6584 14.4964 12.7716 14.8018 30 11.5459 16.8583 11.7652 15.8818 11.406 17.1797
20 11.0655 18.7856 60 12.8946 13.537 12.8963 13.7517 13.0827 13.3059 40 11.9437 16.0148 12.0804 15.5339 11.8761 16.4337
30 11.9967 16.679 80 13.3904 11.9796 13.3996 11.3335 13.4389 11.8936 50 12.5087 15.0154 12.5428 14.388 12.3633 15.0536
40 12.5734 15.5603 100 13.0484 10.8826 13.1603 10.4101 13.2479 10.4845 60 12.7871 13.5058 12.8849 13.2317 12.7418 13.1364
50 12.8865 14.8914 80 13.197 12.2894 13.2923 11.7108 12.9581 11.6671
60 13.1973 13.557 100 13.2294 10.8602 13.2064 11.0258 12.9752 11.0456
80 13.5982 11.5549

100 13.3868 10.6595
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B/H=2
Point 1

N=1
Point 2 Point 3 Point 4 Points Point 6 Point 7

height U mean u t i % Height 0 mean u T.l.% U mean u T.l.% U mean u T.r.% Height U mean u T.l.% U mean u U.% U mean u 1.1.%
1 4.3633 39.593 9 8.7708 28.7384 8.1018 27.0318 8.4906 25.1528 1 4.9726 38.9265 4.7941 46.6563 4.9279 40.6706
2 3.3737 40.01 10 8.9668 26.6934 8.764 27.3004 9.0567 24.4115 2 5.548 37.9881 5.3479 43.8228 5.4138 39.8064
3 3.055 42.6678 11 9.6478 23.313 9.4094 25.3919 9.4957 24.0163 3 6.1153 35.2521 5.4038 45.7003 5.9136 39.1221
4 2.9787 50.7155 12 9.9438 23.1125 9.633 24.943 9.5858 23.0669 4 6.7423 35.2477 6.1923 42.0541 6.306 36.6586
6 3.9504 55.1937 13 10.1316 21.8636 9.9978 23.3174 10.1505 22.3592 6 7.8526 30.4965 7.2255 35.7342 7.2202 32.1485
8 7.3648 36.2242 14 10.533 20.6926 10.2815 21.1439 10.4891 21.608 8 9.1009 25.0075 0.4792 28.6075 8.0167 30.3514

10 9.3845 24.5054 16 10.949 19.8139 11.0885 19.6942 10.9421 19.2163 10 9.5541 22.3342 9.2576 25.3131 0.705 27.8312
12 9.9398 23.0872 18 11.0774 18.2658 11.0893 19.3455 11.1951 18.766 12 10.2009 20.625 9.0267 23.52 9.7866 24.0759
15 10.8388 19.9187 20 11.5621 18.4413 11.4479 17.5855 11.2762 18.1191 15 10.7945 18.6396 10.2616 21.203 10.3901 20.4928
20 11.3032 18.2098 25 11.8449 16.7337 11.7123 16.7634 11.7351 16.7712 20 11.1591 17.5941 11.0719 18.1402 10.8556 10.5977
30 12.0045 16.2372 30 12.1407 16.8152 12.2484 15.8336 12.3053 16.0072 30 11.9212 16.7196 11.7871 16.4201 11.4486 16.5485
40 12.616 15.6282 40 12.6409 15.6682 12.4629 15.2948 12.1792 15.9210 40 12.209 16.2086 12.1902 15.3825 11.8915 16.0521
50 12.6655 14.7082 50 12.9 15.2107 12.9382 14.6706 13.0426 14.58 50 12.8806 14.4612 12.531 14.9107 12.3332 14.9193
60 13.3295 13.6765 60 13.5571 13.2375 13.2599 13.984 13.2211 14.1792 60 13.0914 14.808 12.9779 13.7448 12.7678 13.8091
80 13.8438 11.8615 80 13.7596 12.1165 13.7216 11.4068 13.6962 11.9817 80 13.703 12.1277 13.3552 12.5507 13.1771 11.8759

100 13.8059 10.5472 100 13.7127 10.3503 13.5466 10.5174 13.467 10.8095 100 13.7466 10.9775 13.3163 11.5454 13.2937 11.4516

B/H=2
Point 1

N=2
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

height U mean U 1.1.% Height U mean u T.l% U mean u 1.1.% 0 mean u 1.1.% Height U mean u T.l.% (J mean u T.l.%' U mean u T.l.%
1 4.216 41.3835 9 8.3689 30.271 7.7821 30.7837 8.2391 27.7368 1 4.4203 45.7824 4.4577 53.1957 4.8474 43.9406
2 3.2125 42.3965 10 8.6652 27.4723 8.4755 28.6342 8.9953 25.5117 2 4.8976 42.8386 5.1308 49.6527 5.3825 41.5822
3 2.8975 43.6337 11 8.9964 25.4308 8.8989 27.0737 8.8293 27.0549 3 5.2115 41.9088 5.4318 48.8767 5.5873 39.9608
4 2.7959 47.7086 12 9.3604 24.0445 9.3296 25.4743 9.5681 23.7302 4 5.7122 40.687 5.7219 44.1299 5.9287 39.922
6 3.5759 57.1057 13 9.726 23.5771 9.8028 24.2553 9.6456 23.6633 6 6.8288 34.5232 6.6976 39.2942 6.8865 35.7572
8 6.959 38.877 14 10.1529 22.6429 10.1539 22.4635 10.0519 23.1589 8 7.8061 26.856 7.6713 32.0307 7.7921 30.5782

10 8.6787 27.8991 16 10.5501 20.7333 10.3856 21.9379 10.7597 20.4855 10 8.3115 28.6479 8.2348 29.2526 6.8031 26.9443
12 9.5325 24.2656 18 10.8525 19.7679 10.9105 19.833 10.7924 20.7787 12 9.0639 26.8179 9.1647 26.0591 9.5081 23.895
15 10.4257 21.884 20 11.1441 19.3779 11.201 19.5221 11.155 19.8376 15 10.2156 21.1302 10.178 22.437 10.2066 23.3149
20 11.2993 18.6037 25 11.6346 17.4905 11.67 17.6535 11.6899 17.7579 20 10.9453 19.3313 10.9324 19.3749 10.8392 20.3513
30 12.3544 16.1612 30 11.6481 17.9954 11.9764 17.5886 11.91 16.5057 30 11.6581 16.6517 11.0195 17.0393 11.8961 17.3815
40 12.5771 15.661 40 12.3106 16.2966 12.4762 15.9101 12.4564 16.0474 40 12.1228 15.6751 12.0503 16.1761 12.2475 15.4814
50 12.834 15.2836 50 13.0457 14.6773 12.9912 14.9141 12.7969 15.2284 50 12.699 15.014 12.5972 15.596 12.6149 15.0730
60 13.3557 14.2141 60 13.3561 14.1062 13.4461 13.2529 13.3545 13.4576 60 13.1675 13.8644 13.0426 13.6715 13.085 13.8231
80 13.9039 11.8014 80 13.955 12.0766 13.8452 11.7947 13.6253 11.9283 80 13.6052 12.3593 13.4973 12.6354 13.3905 12.5093

100 13.7531 10.3857 100 13.6255 10.6891 13.632 10.4267 13.3929 10.7445 100 13.7299 11.1613 13.6028 10.6302 13.4587 11.2215

B/H=2
Point 1

N=3
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u r n r " Height 0 mean u 1.1.% u  mean u T.l.% U mean u l.l.% Height u  mean u U.% U mean U mean u T.l.%
1 4.0998 43.32 9 8.4685 31.01 7.0282 33.062 8.3005 27.1065 1 4.318 45.8444 4.4 51.15 5.2035 43.2607
2 3.1647 44.1667 10 6.5061 29.5199 8.2099 29.4378 9.0192 25.055 2 4.0293 44.3415 4.7347 53.0547 5.3769 41.116
3 2.793 43.4282 11 8.8975 27.2618 8.7878 29.0454 8.8407 25.9483 3 5.2072 42.647 5.3492 48.4269 5.545 44.1128
4 2.5884 49.124 12 9.1189 25.805 8.9942 26.6274 9.5152 24.86 4 5.4137 42.1738 6.2974 43.9154 5.9782 39.3394
6 3.3573 57.1824 13 9.4465 24.6776 9.5777 24.3617 9.7445 24.1116 6 6.5197 33.6688 6.9752 38.607 6.9233 36.3172
8 6.7831 39.3202 14 9.5742 23.8337 9.8641 24.845 9.9953 23.2913 8 7.4141 29.6015 7.4174 32.4379 7.8195 31.4173

10 8.9588 26.4541 16 10.1881 22.0727 10.1626 23.3283 10.5074 21.5438 10 8.2183 29.1968 8.2878 29.2662 8.4212 29.6702
12 9.4046 25.0047 18 10.4598 21.5999 10.7983 20.1341 10.7095 20.7099 12 8.9457 27.7284 9.3204 25.8455 9.1285 26.921
15 10.1938 22.7693 20 10.8713 19.6068 10.9949 20.8206 11.1854 19.3348 15 9.9095 23.3803 10.0171 22.19 10.129 23.7465
20 11.1502 19.5882 25 11.4939 18.1219 11.5746 18.5776 11.763 17.6525 20 11.0197 19.3684 10.0812 20.7458 10.7381 21.4411
30 11.9397 17.9532 30 12.014 16.6876 12.1593 16.0301 11.9848 16.5455 30 11.6986 16.8028 12.1667 17.2987 11.8295 17.1166
40 12.2191 16.281 40 12.4053 16.4463 12.6615 15.1798 12.5414 16.3392 40 12.1538 16.4124 12.4985 15.138 12.2707 15.8314
50 12.8235 15.3431 50 12.982 14.9781 12.9601 14.4955 12.8401 14.7049 50 12.9114 14.9006 12.6969 14.7272 12.8024 14.6182
60 13.2206 13.8812 60 13.4253 13.501 13.228 13.8278 13.1043 14.4989 60 13.3175 13.6836 13.2956 13.5791 12.9058 13.9797
80 13.862 12.0316 80 13.0742 11.5131 13.7692 11.5226 13.5546 12.0222 80 13.8178 12.2705 13.518 12.4653 13.4206 12.2783

100 13.689 10.6309 100 13.537 10.801 13.5861 10.5119 13.4985 10.5322 100 13.8892 10.6842 13.7357 10.7002 13.5601 10.8906

B/H=2
Point 1

N=8
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean TTT.W " Height U mean u T.l.% U mean u T.l.% U mean u l.l.% Height U mean u U.% U mean u n .% (J mean u U.%
1 4.14 41.8319 9 8.3308 31.277 7.5143 28.7001 7.924 28.0955 1 5.395 38.1724 5.4366 42.549 5.7359 40.7602
2 3.1791 40.6853 10 8.5905 28.708 8.418 26.8780 8.5106 27.4482 2 5.5159 40.5552 5.5522 44.9731 5.6501 41.9701
3 2.8481 45.2728 11 9.0014 25.0943 8.6342 27.1525 8.9644 24.6722 3 5.8325 41.1336 6.1679 39.9598 6.4581 36.5811
4 2.5709 46.7591 12 9.1649 26.2561 9.0129 26.6164 9.0762 25.5792 4 6.3238 38.3315 6.1589 42.7199 7.0707 31.8339
6 3.6203 57.2176 13 9.809 23.5897 9.4856 24.0686 9.5937 23.1215 6 6.7187 35.1577 7.2527 35.6306 7.2592 32.1414
8 6.9753 39.7016 14 9.9429 23.9497 9.6689 23.9504 9.6764 22.6505 8 7.8594 30.0204 6.3109 28.7565 8.5114 28.9264

10 8.85 28.3907 16 10.4220 21.7367 10.1341 21.4841 10.155 22.218 10 8.9876 25.8106 8.9 27.0749 8.6709 26.3236
12 9.6487 24.046 18 10.9054 21.0496 10.3394 21.1862 10.6727 20.0512 12 9.0309 25.7302 9.4113 24.8529 9.4574 24.0922
15 9.9104 23.0247 20 10.8941 20.8152 10.7545 20.4242 10.7832 19.905 15 9.7383 22.5236 10.3469 21.9795 10.3253 21.0816
20 10.9332 20.8354 25 11.7968 18.2973 11.3132 10.7196 11.3198 18.2905 20 10.9795 20.3229 10.9216 20.1165 10.9055 19.0156
30 12.3673 16.6949 30 11.9566 17.9016 11.8573 16.6836 11.7711 17.2133 30 12.0173 17.309 11.9307 17.3888 11.9089 16.9999
40 12.6956 16.4707 40 12.9056 15.8453 12.299 16.1178 12.3427 15.8579 40 12.5227 16.3486 12.4981 15.4197 12.4036 16.3365
50 13.1318 14.3764 50 13.2413 14.6073 12.8102 14.7171 12.7145 15.1394 50 13.1109 14.7311 13.0281 14.7938 12.8635 14.6924
60 13.5687 13.6206 60 13.633 13.962 13.1704 13.731 13.0355 13.5367 60 13.3851 13.6236 13.3621 13.6464 13.274 13.3687
80 14.0874 11.5385 80 14.0752 11.8699 13.6319 11.951 13.545 11.5677 80 14.0277 11.8829 13.0222 12.0017 13.7387 11.8256

100 13.0923 10.7102 100 13.9575 10.4224 13.5362 10.3097 13.3479 10.0042 100 14.1977 10.6715 13.9333 10.6563 13.8325 11.0245
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B /H = 4
Point 1

N =1
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height U mean u 1.1.% U mean u 1.1.% U mean u i .1.% Height U mean u T.l.%’ L) mean u"TC%r" U mean u T.l.%
1 2.3991 45.421 9 9.2753 27.3752 7.0926 33.1483 8.2135 25.3064 1 6.3693 29.4378 6.8184 27.0375 6.2478 31.7252
2 2.5408 46.0268 10 9.2684 24.758 8.1803 29.6856 8.6615 24.7135 2 7.1428 27.2521 7.3305 25.8524 6.9433 29.3845
3 2.7901 47.8091 11 9.2698 24.7488 8.4548 30.4473 8.9642 25.3004 3 7.4957 25.9644 7.9654 24.8495 7.2585 29.63
4 2.9218 50.2753 12 9.4848 24.0763 9.1392 27.4115 9.2992 25.2393 4 8.0634 25.5173 8.3293 24.2582 7.7583 27.4598
6 4.1147 54.8328 13 9.7087 23.8014 9.7305 25.3442 9.6609 24.1615 6 8.7258 23.2369 8.7947 22.4514 8.4478 25.1073
6 6.2628 42.6166 14 10.2595 22.7993 10.1725 23.6675 10.2553 22.1516 8 9.2396 21.0528 9.5615 20.5269 9.2347 22.5438

10 8.3637 31.9054 16 10.9218 20.7934 10.5461 21.7352 10.4451 20.605 10 9.6697 19.781 9.7803 20.3042 9.6048 20.0958
12 9.2073 25.5711 18 11.0319 19.5225 11.1976 19.1278 10.7857 19.1616 12 9.9549 19.2156 10.0258 19.724 10.0637 19.5342
15 10.1421 22.3738 20 11.4291 17.6688 11.3727 18.472 11.2156 18.6417 15 10.1435 19.1927 10.57 18.6493 10.3707 19.4469
20 10.7999 18.53 25 11.7075 17.4139 11.588 17.6118 11.4717 17.8669 20 10.6764 18.6401 10.7869 18.4232 10.8748 17.9395
30 11.8069 16.525 30 12.1675 16.8529 11.8752 17.4101 11.6995 17.0967 30 11.1706 17.7723 11.2605 17.3345 11.3403 17.1275
40 11.8761 17.3094 40 12.571 15.974 12.3813 16.218 12.4485 15.1811 40 11.7197 16.6447 11.8781 16.9901 11.6278 16.4397
50 12.6024 15.666 50 12.9272 14.9821 12.7813 15.9007 12.7349 14.9666 50 12.0364 15.937 12.2801 15.25 11.993 15.8906
60 13.0295 14.3541 60 13.2152 14.5702 13.3105 14.1933 13.1162 14.0132 60 12.6567 15.5297 12.5416 14.4722 12.4627 14.4586
60 13.522 12.0685 80 13.7348 12.3059 13.6764 12.1467 13.6944 11.7944 80 13.0793 13.003 13.1199 12.2814 13.0392 12.5182

100 13.3764 10.4501 100 13.5525 10.8644 13.5732 10.3188 13.448 10.5947 100 13.3701 11.3612 13.1774 11.1866 12.9816 11.6373

B /H = 4
Point 1

N = 2
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean U I .l.% Height U mean u l'B S ” U mean u i .1.% U mean u l.l.% Height U mean u t :i:%"" U mean u 'I .l.% U mean u T.l.%
1 2.4604 42.9578 9 9.4271 24.2084 7.1175 32.4712 8.0614 25.2003 1 5.5698 31.6494 6.4459 26.8798 5.9044 31.7975
2 2.4884 44.2387 10 8.9377 24.4984 7.7325 32.6892 8.4799 25.5622 2 6.3366 31.6625 6.8703 26.6847 6.6358 31.3216
3 2.7175 46.7238 11 9.1823 24.7588 8.5161 30.0546 9.081 26.1441 3 6.7041 29.5248 7.2169 27.688 7.1388 30.4984
4 2.9741 50.5362 12 9.495 25.0504 9.0703 26.716 9.349 24.7094 4 7.2389 28.8495 7.6327 24.9633 7.4958 28.981
6 4.0665 52.0619 13 9.6638 24.5092 9.5231 25.9962 9.6951 24.0256 6 8.0396 27.1033 8.3544 23.3625 8.1637 26.338
8 6.2419 42.5112 14 10.2028 22.2774 10.136 23.8368 9.748 24.2529 6 8.5889 24.7353 6.9876 22.0137 8.6967 24.6753

10 8.1121 30.9021 16 10.5367 21.1829 10.446 21.407 10.4342 22.7235 10 9.1239 21.7921 9.381 20.7487 9.4166 22.6038
12 8.9678 25.8193 18 10.7226 20.6412 10.8186 21.2195 10.6612 20.7271 12 9.4978 22.2846 9.6734 21.3535 9.7374 21.7307
15 10.0068 21.6484 20 11.1545 18.8363 11.2707 19.4824 11.1228 19.6587 15 10.0618 20.8915 10.1262 20.2555 10.1923 20.6298
20 10.7585 19.8259 25 11.4058 18.3902 11.5988 18.2408 11.4324 18.3566 20 10.6472 19.6992 10.8155 18.7954 10.7196 19.6208
30 11.8451 17.1417 30 11.8695 16.7471 12.0267 17.7035 11.7866 17.249 30 11.3673 17.1866 11.2533 17.8639 11.5663 16.8784
40 12.2921 16.8914 40 12.3166 16.4706 12.4018 16.8537 12.3433 16.2109 40 11.9168 17.0941 11.9507 16.9578 12.0671 16.1438
50 12.8235 15.7587 50 13.0784 14.7998 13.0464 14.6945 12.8633 14.8792 50 12.4709 15.6941 12.306 15.7323 12.5426 15.5041
60 13.1013 15.5914 60 13.1946 14.2795 13.2645 14.2176 13.0971 14.0754 60 12.856 14.9266 12.6728 14.8364 12.8838 14.6056
80 13.7318 11.8878 80 13.8389 12.2673 13.7953 12.1488 13.7781 11.6992 80 13.5806 12.9098 13.2126 12.9486 13.3234 13.1946

100 13.6502 10.598 100 13.6391 10.8905 13.6743 10.344 13-.5107 10.6674 100 13.5174 11.5871 13.3505 11.9125 13.3629 11.92

B /H = 4
Point 1

N = 3
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T I% Height U mean u T.l.% ’ U mean u T.l.% U mean u i.l.% height U mean u T.l.% U mean u 1 .1.% U mean u T.l.%
1 2.2871 44.0909 9 9.2647 26.0852 6.7782 33.3382 7.931 26.5328 1 5.7237 33.3198 6.6843 27.3785 5.9893 32.4501
2 2.5354 45.4207 10 8.7323 24.8945 7.7171 32.8891 8.5581 25.9446 2 6.3792 31.0019 7.0063 27.172 6.6299 31.117
3 2.7848 48.5445 11 8.9784 25.0934 8.3899 31.0558 8.9768 25.4474 3 6.8304 28.8428 7.5541 26.713 7.0417 30.192
4 3.1367 51.2752 12 9.3029 25.1135 8.7728 27.8452 9.2094 25.7322 4 7.1823 29.0693 7.7809 26.5464 7.407 28.9598
6 4.4426 50.9173 13 9.7407 23.1245 9.1235 26.3155 9.5492 23.4968 6 7.8864 27.2353 8.3851 24.2953 8.0655 26.75
8 6.2679 42.4382 14 9.6924 23.6987 9.6833 26.0734 9.7203 23.8438 8 8.8498 24.5441 8.8682 23.9756 8.5435 24.9745

10 8.4106 30.1861 16 10.3006 21.6326 10.1527 22.0589 10.323 22.8653 10 9.2256 23.6003 9.3347 23.4885 9.227 23.3847
12 9.0848 26.6368 18 10.8656 20.0352 10.7594 21.0871 10.8665 20.556 12 9.5413 22.4583 9.905 22.0373 9.6048 22.4821
15 10.1534 22.9034 20 10.8749 19.5279 10.9322 19.7402 11.1463 18.9387 15 10.2697 21.3854 10.5732 19.9632 10.2080 21.0712
20 11.0174 19.7797 25 11.5208 17.7 11.3946 18.3729 11.5542 18.3816 20 10.9897 19.484 11.0678 20.1533 10.971 18.8149
30 12.1778 18.0157 30 11.8972 17.0588 11.7066 18.1147 11.9739 17.1673 30 11.8339 17.5918 11.8905 17.3111 11.9671 16.0319
40 12.4934 16.7914 40 12.3487 16.0701 12.2547 15.9207 12.3291 15.4215 40 12.3458 17.2324 12.2172 16.5802 12.4262 15.74
50 13.0744 16.1463 50 12.769 15.6855 12.7725 14.8265 12.8765 14.3949 50 12.7858 16.0313 12.8905 14.6167 12.7188 15.1645
60 13.6333 14.5781 60 13.2708 14.1875 12.8619 14.463 13.1248 14.0796 60 13.3338 15.0268 13.1692 14.216 13.1496 13.9983
80 14.1813 12.5868 80 13.8152 11.8276 13.5851 11.606 13.6202 11.9242 80 14.0266 12.7806 13.6883 12.814 13.4642 13.4976

100 13.9543 11.3468 100 13.6517 10.2213 13.5038 10.4678 13.4893 10.5833 100 14.0138 11.4003 13.8845 11.4995 13.5122 11.8821

B /H = 4
Point 1

N = 8
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height Umean uTI.% Height um ean u T.l.% Umean U 1.1.% U mean u T.l.% Height U mean u TJ.ST U mean u T.l.% U mean uT.l'% '
1 2.2273 44.6849 9 9.0001 27.6527 6.9388 32.6197 7.7478 26.8568 1 5.4163 33.9314 6.2263 29.1292 5.8994 32.8045
2 2.437 45.5457 10 8.9272 24.4624 7.5418 32.9038 8.2121 26.8629 2 6.09 32.2523 6.8843 28.208 6.5914 31.2563
3 2.6887 50.4373 11 9.1282 24.9498 8.2591 29.8878 8.7347 26.6609 3 6.464 32.3809 7.2107 27.5454 6.7771 30.8954
4 3.0332 51.5271 12 9.266 24.7586 8.8159 29.209 9.04 25.5656 4 7.0051 29.4823 7.6723 26.7482 7.3072 29.7834
6 3.9676 52.5837 13 9.6555 23.6905 9.2301 25.3796 9.2383 25.204 6 7.8346 27.2354 8.0908 25.055 8.1361 25.1274
8 • 5.9048 44.3231 14 9.7695 23.7889 9.4699 26.2187 9.6301 22.8037 8 8.6044 25.2524 8.8301 23.7883 8.7341 24.3609

10 7.8689 32.5414 16 10.3145 21.6306 10.0156 22.3092 10.054 23.1788 10 9.0094 25.0775 9.3552 23.4674 9.0693 24.0122
12 8.919 26.6199 18 10.6072 20.1171 10.5276 21.9901 10.4461 20.9573 12 9.252 23.7316 9.7093 22.1658 9.4913 22.5921
15 9.7737 23.5967 20 10.8582 20.2842 10.8484 20.0282 10.7318 20.6861 15 9.7594 23.2485 10.1239 21.1971 9.8993 21.7086
20 10.6934 21.8843 25 11.5121 19.3912 11.4906 19.1693 11.3619 19.2075 20 10.5602 20.8353 10.5599 20.0434 10.7257 19.9892
30 11.5917 17.9306 30 11.9281 18.1526 11.7066 17.5791 12.0139 17.6031 30 11.4935 18.8726 11.9259 16.8246 11.6945 17.9853
40 12.3808 16.5644 40 12.489 16.8071 12.4308 16.2981 12.3593 15.9338 40 12.4271 16.5029 12.2762 16.7042 12.2517 16.4854
50 12.9454 16.0079 50 12.9802 15.2052 12.8306 15.4199 12.8771 15.5701 50 12.8452 15.7578 12.9125 15.3168 12.7206 15.4029
60 13,3509 14.6328 60 13.463 13.8591 13.3324 13.8462 13.1903 13.993 60 13.3692 14.0158 13.3011 14.1933 13.1791 14.2545
80 14.0582 11.6736 80 13.9836 11.8185 13.9272 11.5148 13.8654 10.8701 80 13.9391 12.252 13.8971 12.2067 13.756 12.2855

100 13.7628 10.7907 100 13.794 10.275 13.6913 10.4273 13.6444 10.2741 100 14.0792 11.3136 13.9314 11.1047 13.8356 10.9134
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B /H = 6
Point 1

N=1
Point 2 • Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u TBS” Height U mean U mean u 1.1.% U mean u M.% Height U mean j  l'.l.% U mean U I A.% U mean u l.l.%
1 2.4473 59.8697 9 10.083 29.3225 6.3099 39.8955 8.2001 26.7927 1 5.9955 28.4698 6.5555 25,5836 7.6529 21.9201
2 3.0367 53.9626 10 9.9498 21.0972 7.2608 38.5753 8.6948 26.2542 2 6.7861 26.9058 7.1055 25.0399 8.2208 21.709
3 3.4301 53.3342 11 10.0401 21.0698 8.2981 33.0634 9.2469 26.7791 3 7.4736 25.4711 7.6904 24.4555 8.4153 21.8014
4 4.0343 52.0688 12 10.1733 21.3998 9.1755 28.6767 9.6925 24.6266 4 7.7445 25.5955 7.8436 23.8957 8.9275 20.5454
6 5.0456 47.6546 13 10.1723 21.9105 9.8747 25.3646 10.0898 23.6105 6 8.4625 22.098 8.5625 22.192 9.5092 20.2055
6 6.4827 40.9476 14 10.4253 22.0457 10.2873 24.0524 10.3693 21.8593 8 8.6767 21.2659 8.7188 21.3191 9.8558 19.5824

10 7.6555 32.4995 16 10.8241 20.8765 10.8709 21.3463 10.8141 20.3061 10 9.0608 21.575 9.0866 20.4861 10.1035 18.4519
12 8.8457 27.0954 18 11.0586 19.4849 11.2289 19.3831 11.2219 18.9948 12 9.1935 20.0452 9.3539 19.3086 10.2694 18.3098
15 9.6603 21.7758 20 11.4395 18.4023 11.2855 19.2422 11.4274 18.4431 15 9.6445 19.8679 9.6514 19.4729 10.3611 18.577
20 10.3092 19.9896 25 11.5237 18.7711 11.6941 17.749 11.5396 18.0795 20 9.7816 19.3736 10.0208 18.0407 10.9241 17.9423
30 11.1108 18.1888 30 11.8792 16.8647 11.9231 16.8579 12.0043 17.0423 30 10.584 18.1239 10.6208 17.5468 11.6001 16.853
40 11.7191 16.9286 40 12.492 16.1265 12.4542 15.8712 12.3465 16.5982 40 11.033 17.2995 11.0676 16.605 12.0414 15.56
50 12.1471 16.2155 50 12.9568 15.4148 12.9551 15.0974 12.6542 15.8246 50 11.3615 16.7697 11.3991 16.1095 12.26 15.3079
60 12.5778 15.1663 60 13.2384 14.4182 13.2207 14.6945 13.2391 14.1083 60 11.7793 15.4629 11.7451 15.5S79 12.4616 14.9104
80 13.0227 12.554 80 13.8124 12.2471 13.8567 11.9449 13.6524 12.2166 80 12.333 14.1914 12.2401 13.5695 12.9418 13.4379

100 13.1581 11.078 100 13.7773 10.9 13.6159 10.9783 13.5203 10.3756 100 12.5016 12.2201 12.3858 12.6374 13.0409 12.2501

B /H = 6
Point 1

N = 2
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height
1

Umean u T.l.% Height Umean u T.l.% ' Umean u t :i.%' Umean u T.l.% Height U mean u T.l.% U mean u T.l.% U mean u 'l.l.%
2.5387 57.4762 9 10.033 23.7117 6.1317 41.4359 8.1432 26.8167 1 6.5389 28.1966 7.3118 23.0118 7.2784 24.013

2 3.0895 53.6576 10 9.7428 21.3155 7.5304 36.1345 8.5252 27.0181 2 7.1682 26.7464 7.869 22.6527 7.9111 23.5812
3 3.6151 52.6924 11 9.6204 21.7532 8.2582 34.5394 9.0178 26.7557 3 7.6056 26.3687 8.3677 21.732 8.2544 21.2038
4 3.9828 51.2007 12 9.7944 21.6941 8.9449 29.1242 9.6573 24.775 4 7.8555 25.5031 8.6923 21.8395 8.5531 22.3206
6 5.1354 47.2715 13 9.7201 23.0623 9.5759 25.8529 9.9445 23.8544 6 8.2509 23.5994 9.1487 21.7047 8.9728 21.7215
8 6.6367 38.6151 14 9.9595 23.0645 9.9464 23.5595 10.1837 22.9448 8 8.9517 22.6849 9.3996 21.5803 9.2456 21.2269

10 7.8165 32.3147 16 10.5014 20.2857 10.7383 21.8733 10.5168 21.5245 10 9.4103 20.4474 9.5974 21.7167 9.803 20.8947
12 8.8339 27.3124 18 10.6365 19.8851 11.0648 19.8404 10.8167 21.1854 12 9.5384 20.7674 10.0759 20.214 10.2674 20.1776
15 9.5951 24.4466 20 11.0019 18.4293 10.9456 19.6215 11.1904 18.2384 15 9.7303 20.5525 10.3934 18.1164 10.3621 20.1643
20 10.4633 20.7471 25 11.4432 17.8262 11.22 18.7864 11.4659 18.0182 20 10.3581 19.0844 10.4933 19.4543 11.0389 17.8563
30 11.4614 18.5385 30 11.3843 18.0056 11.715 16.9931 11.9641 16.9194 30 10.8895 17.8835 11.3488 17.0117 11.603 16.9136
40 12.1301 16.5468 40 12.1027 16.3228 12.1652 16.6894 12.2497 15.8425 40 11.448 16.8937 11.732 17.1018 11.9706 16.4017
50 12.625 15.5754 50 12.6143 15.2887 12.5013 15.4598 12.3261 16.4558 50 11.9435 15.9863 12.1909 16.0913 12.4014 15.3513
60 13.0701 14.8899 60 13.0789 14.0236 13.0055 14.2992 13.0002 14.293 60 12.2345 15.1322 12.6472 14.4449 12.833 14.4289
80 13.5511 12.6736 80 13.6848 12.0169 13.409 12.4618 13.4823 11.4646 80 12.9142 13.3068 12.9955 13.4136 13.2704 13.6454

100 13.5053 11.3332 100 13.48B9 10.517 13.3694 10.9063 13.2736 10.8378 100 13.0232 12.4698 13.077 12.2284 13.3425 12.0691

B /H = 6
Point 1

N = 3
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height U mean u T.l.% U mean u T.l.% U mean u T.l.%' Height U mean u T.l.% ' U mean u T.l.% U mean u T.l.%
1 2.594 55.3707 9 10.0248 24.621 6.0347 40.4939 8.2575 26.5262 1 5.9955 29.2911 7.1552 22.8101 7.602 23.4768
2 3.1408 52.1201 10 9.5795 21.6567 6.7797 39.562 8.5164 26.4694 2 6.8754 27.3984 7.5913 22.7426 7.9283 23.0659
3 3.5138 51.6141 11 9.2865 23.1776 8.062 33.6368 9.0075 26.3052 3 7.4557 26.0204 8.0078 22,4693 8.2197 23.2677
4 3.9294 50.5166 12 9.6384 21.9127 8.9609 29.0959 9.4064 25.3149 4 7.6743 26.1682 8.5122 21.9394 8.4867 23.1747
6 5.3085 45.4066 13 9.9019 21.4804 9.4619 24.9023 9.647 23.9885 6 8.3757 24.3656 8.7769 22.6625 6.9582 22.6529
8 6.5924 39.8248 14 10.0128 22.705 9.7397 24.2374 10.0372 22.7843 8 8.645 23.5709 9.087 22.148 9.3611 20.8297

10 7.9227 32.8176 16 10.1802 21.9262 10.184 22.3582 10.5308 21.3832 10 9.0589 22.4532 9.582 20.0071 9.7897 19.842
12 8.755 27.0107 18 10.6565 20.786 10.8427 20.8044 10.6906 20.4455 12 9.3262 21.5446 9.9233 20.432 9.9873 19.1949
15 9.6724 22.8048 20 10.9735 19.7662 11.1339 19.1115 10.9636 20.4441 15 9.7123 21.6974 10.3559 19.3318 10.3267 19.7589
20 10.5299 20.4523 25 11.5216 17.8094 11.466 18.7043 11.2716 18.7157 20 10.2536 19.9964 10.7961 18.6209 10.6454 19.2624
30 11.362 18.913 30 11.6689 17.8977 11.6664 17.5781 11.7502 17.2368 30 11.0125 17.122 11.3221 17.736 11.4095 17.4353
40 12.0782 16.9926 40 12.1509 16.6029 12.2643 16.5027 12.0599 16.8353 40 11.4509 17.4271 11.9404 16.6822 11.7751 16.5296
50 12.6476 16.0517 50 12.5363 15.7791 12.6026 15.6332 12.61 14.8428 50 12.0473 15.871 12.3057 15.1636 12.2647 15.3059
60 13.2452 13.6478 60 13.1107 14.3058 13.0643 14.0147 13.0498 14.197 60 12.3753 15.7729 12.7135 14.622 12.383 15.2599
80 13.5906 12.3221 80 13.6302 12.1878 13.5505 12.4313 13.4962 11.8616 80 12.8922 13.6966 13.1042 13.4736 12.898 13.9139

100 13.5481 10.7465 100 13.4021 10.8998 13.4723 10.7631 13.3896 10.4122 100 13.0814 12.3486 13.239 12.1065 13.1734 11.8957

B /H = 6
Point 1

N = 8
Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Height U mean u T.l.% Height u mean u T.l.% U mean u 1.1.% U mean u T . n r Height U mean u T.l.% U mean u I.l.% U mean u l.l.%
1,01 2.7692 49.1741 9 9.4355 21.511 5.7237 42.6249 8.2664 27.1114 1 6.017 29.8594 7.0281 23.3132 7.1804 24.2856

2 3.1844 45.8874 10 9.0092 21.8507 6.6924 38.9147 8.7472 26.9227 2 6.6167 28.2767 7.6118 22.7923 7.7565 24.2121
3 3.5675 47.1777 11 8.8633 22.1272 7.7787 34.8246 9.0039 25.8178 3 7.1281 27.5584 7.9611 22.8983 8.044 23.7708
4 4.0592 46.943 12 9.0242 22.965 8.7375 28.8646 9.2705 25.5086 4 7.6184 26.0048 8.3854 21.7244 8.3469 22.1412
6 5.1846 43.0143 13 9.1725 23.3055 9.125 26.0375 9.8298 22.6335 6 8.1215 25.0252 8.9591 21.7388 8.7628 23.1634
8 6.4125 37.2412 14 9.7599 21,8493 9.6556 23.5648 9.7876 22.9968 8 8.4631 23.6818 9.0699 21.6717 9.2244 21.357

10 7.6418 30.7085 16 9.9641 20.8839 9.9349 22.1577 10.4669 20.8183 10 8.8767 22.6449 9.5802 20.7257 9.4395 22.6441
12 8.3541 27.0843 18 10.2986 21.2412 10.4987 20.32 10.6974 20.4901 12 9.1685 21.4842 9.8526 19.9979 9.8418 20.1173
15 9.0511 23.996 20 10.36 19.4988 10.9904 19.4326 10.8923 19.6978 15 9.4225 21.734 10.2327 20.3594 10.0666 20.2246
20 9.8878 21.0664 25 10.8417 18.3196 11.1185 19.1941 11.0665 18.353 20 9.8354 21.5073 10.7118 19.0043 10.5328 18.9553
30 10.8629 18.2273 30 11.1324 17.6783 11.4598 18.0613 11.5234 17.4055 30 10.8059 18.7915 11.4147 17.324 11.2543 17.4766
40 11.6373 17.0426 40 11.5546 16.446 12.1226 15.6915 11.9617 16.7567 40 11.4993 16.7359 11.8748 16.9867 11.9003 15.9987
50 12,0203 15.7224 50 12.1416 15.5275 12.4792 15.1744 12.3769 14.804 50 11.8533 16.3956 12.3715 15.5088 12.2136 15.873
60 12.4836 14.4128 60 12.6727 13.1587 12.6907 14.9999 12.8573 13.6567 60 12.4878 14.6303 12.6789 15.4818 12.6201 14.4283
80 13.0427 12.3188 80 13.072 11.94 13.3274 12.2093 13.2945 11.711 80 12.9275 13.2662 13.1455 13.6733 13.0271 13.0082

100 13.0665 11.1685 100 12.9226 11.2934 13.1772 10.4676 13.0097 10.8364 100 13.0246 12.6163 13.2209 12.5976 13.0954 11.874
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Appendix C 

Pressure Coefficients

This appendix presents the values o f minimum, mean, maximum, RMS, -peak and +peak 
pressure coefficients for 95 pressure taps on the surface o f  testing building.
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B/H=0.5 N=1 0 degree
w oi lap Ivlin Mean max S n W " " • peak ♦ peak

u.ayyy i.2oo 2.104b 0.2010 0.4022 2.0490
1 •O.ooBi U.UUU4 U.UBU 0.0900 -o .n /u y ■U:ZS5B
2 •U./B42 d.b ioo 0.4240 U.1U21 •U.2yU4 0.0221
3 •U./U22 U.U2U? 0.4002 • ■ 'n n w / •tT2303 b.04bz
4 •U./BBb 0.b</02 0.44 /0 0.1049 -B.UBbb 0.0099
& 0.0204 b.4242 0.0992 •0.209 0.0209
0 •1.0242 0.0090 0.4 /22 u.wjyy •b.Jbbb ” U.33Bb
/ •0 .0 /09 • d .b n 0.4000 0.0900 •0.2910 0.2090
0 •0 .00 /9 U.U443 0.0900 0 .0 //0 •0.1 obo 0 .2 / /2
y ■b.4001 0.04 /2 0.4000 0.0 /90 •o .i m l).2Bbb

10 ■0.4412 b.0b99 6.4040 0.0020 •0.100 0.00 /0
11

. . .
•0,000 (j.bby; 0.4010 17.1)7815 • b .i /b 2 0.2900

•0 .0 /A U.UB43 0.400 U.U/B/ •U .l/2 " “ U.'3U85
111 •0.00/4 b.b4oi 0.0440 0 .0 /09 •0 .1 0 /0 0 .2 /0 /
14 •0.4219 0 ,0 0 /0 0.0 /20 o .b /bo •0.1B41 0 .2 /0 /

•0.0ob4 0.0002 0.4100 0 .0 /4 "■ itrrS B S D.'2B52
10 •0.010/ b.UBbo ..... U'.UIMU 0.0 /40 •0.1001 0.2090
1/ •0.4140 0.0000 0.4100 —0.0705 "•U ‘T4B1 b.2 /92
ia •U.BUU 0.b /04 0.4024 U.U/U2 •U.1J02 U.UBB
19 ■0.410/ TTUSDb 0.0000 o.oobo •0.1202 0.2091

...... 20 •b .0200 0.0b09 0.4UOO U.U/12 ^TT.T^77 b.U/bo
21 -0.2400 U.b/2 0 0.00/1 0.0091 -0.1040 0 .2 /9 /

•U.2U12 U.UBUB 0.0040 U.UBB1 0.200
2!) •0 .2 0 /0 d.bbo/ 0.0000 0.0001 •B.111B 0.2001
24 -0 .04 /9 U.UB11 U.BU1B b.obbo •b .l lbb 0 .2 / /O
20 •U./uBo O.OObti 0.0024 0.0/ -u. 1000 0 .20/
2b ■0.0041 U.U//2 b.B/BD o.bbbi! •b .l 01)0 0.2049
21 •b .0 lb9 U.UB32 0.4102 U.UB/b -U.llUB U.UBb?
20 -0,240 0.0914 U.41/B o.boob •U.11KW 0 .2B02

..... ....... 20 •b.olB / 0.0900 0.0 /90 0.0010 •0,0944 —i r s n s
3U •0.2049 U.UBUB 0.0040 —o'. D8i y •0.090.4 0 .2 /04
31 •b.bo41 0 .0 / /2 0.0 /09 0.0092 -U.lbbb 0.2049
•12 •0.0291 U.UBB 0,4094 — 0.0883 •b .l lb9 0.2929
33 •b.2oB4 0.0940 0.0909 0.0000 -b .l U22 u.uyuy
04 •0.202/ 0.100 0.0041 0 .0B 1/ •0.b022 0.2002
00 •U.1 A 4 U.IU2B U.4UBB 0.0002 •U.U//B 0.2030
Ob •0.2209 u.uyy/ b.o/B 0.b002 •0.001 0.2004
0 / •0.020 U.UBB3 0.410 U.UB42 •0.1040 "T J .280y
00 •u .uy /y u iu y a 0.4109 0.0000 -0,1009 0.2929
09 •U.obb u.uyyu 0.4109 U.UBB " .U.U8y/ 0.200
4U -b.IBBli 0.1040 0.4124 0.0000 •0 .0 /1 0 U.UBJ3
41 -0 .249/ 0.1000 'ITBBiT 0.00/4 -0.0000 0 .2 /0 0.... „ , ^

•b .i /B i U.1U1B 0.0400 o.bb /y •11.072 b.2 /0 0
40 ■“ U 3U B 2 " U.UB8B 0.000 0.0019 -U.lW/3 0 .2 /3 9
44 -0.0000 0.1041 '(TBB48 0.000/ -0 ,0 /0 0.2002

'4 5 - o . r o U.1U32 U.348 — 5.0588 •0.UB73 b .^ /3 0

4b •U.IBUb b .io io U.32/b 0.0004 — 701J5BS 13.2614
4 / •U.1B1 0.09/0 b .3 i2 0.0000 •0,0000 0.209
411 -u.2by U.UbUB U.2B8/ 0.00b2 -0.1149 0.2101

" " " 4 0 •b.ob2 0.0000 0.0410 “ "(TUBUS •U.ABy b.2102
00 •0.2000 U.14U 0.000/ 0 . 110/ •0 .2 0 0 / 0.4910
01 -0 .2 /04 0.109/ " ” o:y2!w 0.1109 -0.191 0.0104

.... w
•b.20bb U.1B8U 1.220/ U.1322 •0 .2 0 /0 0.0000

00 ' -U./U32 0 ,2)9 0 1.0/ u .ibuy •0.2092 b,0 /03
04 •0.2090 b.2Bb/ 1.1/41 0.1009 •B.UB/ 0.0903
00 -U .l/B 0.0900 0.0014 0 .0B00 •0.1409 u.jyby
b8 •U.8U7? o.boio 0 .0 /0 0 U.U/81 • b .lb /b 0.2011
0 / •0 .0 / 2 / b.UBio 0.4104 0 .0 /0 0 •0.1004 0.2000
ob -0 .2/0 1 U.UB71 b.boob 0 .0 /0 0 -0.1090 0.2030
ay •b.24oo 0.1000 U.B13I u.iuyb "  -U.'T&bl 0.4921
00 -0 .0 /0 0 — u w i y 0.400/ 0.0090 - u . m y U.UBU7

............ Bl •U'.UBUb 0,0000 0.0400 O.0Bb4 •u .i4 2 a 0.2494
02 •0.2140 0.0499 0.0040 0.00/0 •0.100 n)7Ub2B
00 -U.2DU/ U.Ub5 ITJb / / 0.0/01 •0.1002 0.2001
04 7 n > b in 0.1002 o ./o o o 0.0094 •U .iayy 0 .3 /03
00 -0 .1 /24 U.UB4B — 0:2011 0.0042 -0 .0 9 /9 U.UU7i
00 T5.221 0 .0 0 /2 0.2440 U.UbBB •U.1035 0.210
0 / -0.0421 0.0004 b.2000 0.0091 -0.109 0.2100

-----------gg •TJ.3/U1 -o.Uboo U.24y 0.0000 ' ,r,-U.2lW2 0.1930
bb •0.1002 U.UBB4 b.20ub 0.0036 -0.0940 0.22 /3

---------- ;U •b .2010 U.Ub/B — 0!2*05 b.obbb •b .;o 9 0.2243
/ 1 -0.2094 0.04/0 0 .2 /02 0.00/1 -0 .120/ 0.210/
m -U.4/B3 •0.0142 U.23I1 0 .0B/1 ■0.2100 U.IB/U
/8 •U.1B42 0 .1)011 U.2/2b 0.0033 " " u . w i w U. 221
/4 -0.2009 0.000 0 .2 / /O 0,000 -0.1101 U.ZM!
/O •0.181 U.Ubbl 0.0209 o.ooBB •o.1 boo 0.2104
/B •0 .0 / /9 •o.bobo 0.2000 0.0000 •0.2009 — 0!TH74
/ / -o .y o /i •0.0008 b.oool 0.09 /0 •0.3004 U.2BBB

... ........  78 •U .39/b o.booo 0.0099 — 0:UBS'G •b .1o i2 0.2323
/9 •0.040/ U.Obl 0.0929 u.uuuy •0 .1 0 /0 TJ.2JyB
BU •0.0010 U.U5B2 b.4 iob 0.0040 •0.1001 U.UbUb

............ B'l •U.bU22 0.000 U.3B2B ""O '.w & y -0 . 104 / 0 .200/
-----------"J£ ■ "-Trans? 0.b410 0.0100 0.000/ •U.TOJ7 0.2230

00 •0.0020 “ "U'.Ul 7 / 0.002 0 .0 /40 —U7ZTTB
B4 -U.2B8U U.UU/4 b .bo /o 0.0613 •0.1400 0.2210
Bo -0.29 U.U403 0.001 / ■ir.uttfi! •6.1014 0.2299
BB ■0.0491 ...... U.UB 0,0044 0.0012 •U.lkBb b.2430
0 / •0,3000 U.bBBb b.9001 0.002 •0,1190 0.2020

. ..  . y y
•U.2BB3 U.UB4 0.0000 b.oBio •b .l 209 U.24BB

■'HB •U.UBbb 0 .1)402 0 .2 /0 0.000/ •(J.12BB U.21U2
yu •0.4009 U.U424 b.oooo 0.0000 •0.1049 u.uyy/

.............y i ' -U124BB 0.0410 0 .0 0 2 0 — 1)'.D5B7 -0 .104/ U.2177
U2 •0.204/ 0.1)4/1 0 .0 0 /1 0 .0 0 / / •U.l!4by 0 .22b 1
9 0 •U.2884 U.UB4I U.oob 0 .0 0 0 0 •0 .1 1 1 0 0.2399
94 '•U.23 ’42 o .b /2 0 U.31B4 — 0:(J571 •d.U9t)o 0.2430
90 •0 .1 0 0 0 —OTEBb b.29J9 0.0014 •0.0990 b.UbBo

B/H=0.5_____ N=1 10 degree
» 01 tap Min Mean max BTDv ■■ ■ peak + peak

b.0304 1.2GU/ 2.1033 0.2010 U.5!b 2M2a4
1 •0.0340 0.020 0.010/ 0.1021 •U.2BU2 0.3322

1 -U.ByU4 u.uB/y u.buyu ■'"M UST •0.2093 0.3002
•U.Blbo 0.0000 0.0004 0.104/ •0.2000 8.372/
-0.0200 "U.U/B 0.0990 u.uyyu •0.2190 0 .3 /0 0

•0 ./390 0.000 0.0402 “ "■0:i)S52 •U'.2l9/ d .3b i/
•0.009/ 0.002/ 0.4 /92 0.090 •0.2324 0.33/0
-0 ./403 U.U243 0.4b / ' U.UBbB *0.2331 U.2B1B

................8 •0 ./4 1 / U.UbB 0.4 /33 u.uyiB ...... ‘U.2V 0.332b
9 •Ur4BUB 0.0 /3 0 0 .44/3 0.0 /03 -0.1012 0.3004

1U -0 .30 /0 ‘ " “ O.OUbU b.0023 O.Udb4 •U.UbB 0.3303
11 •0.330 u.uyu 0.0004 U .b/U 7). 1371 U.321
12 •b.boo 0.0001 0.4301 0.0 /03 •U.14U7 U.Blby
13 •0.3014 b.0 /2 1 U.40y3 0.0 /03 •U.IBBB U.2B3
14 •0.0191 U.UB8B 0.4004 0.0040 •b .i 00 0.3220
10 •0.3003 0.0002 0.40 0.0/21 •U.12B 0.3044
10 -U.2bU7 ■ ■ ■ u m v b.4ooi U.U/22 •u .u y y 0.3132
1/ •0.00/1 0 .0 /0 0 0.4009 1 W 7 7 •b .io4o b .B lib
10 •0 .31 /0 0.0903 0.4000 0.0004 •0.1000 0.3014

..........iy •0.330/ TTTUT/ 0.4449 o.bo/y •b.09/3 0.3000
2U •b .bboi 0 .0 /4 0 0.4000 0.0003 •0.1002 U.Blbti
21 -U.4Bby "  'U.'UUBB b.4Bo2 0.0 /13 •0.1203 0.3024
22 •b.b320 0.100 0.4424 0.0000 TJTKT4 U^fU35
23 •0.2230 b.1130 0.4040 0.004/ •U.UBU/ 0 .3 0 //
24 •0 .100/ U.11UB U.4U/B 0.004 ""•0.UB11 0 .9U28
20 •0 .3 0 // b .090/ b.420/ 0.004 •0.0904 0.2000
2o •0.0020 0.0930 0.4000 "DTJ72S •b.i24b U.3T2T
2 / •0 .3 /30 b .101/ 0.0200 0 .0 0 /3 •0.1002 0.3030

...........  28 •0.3090 U.114B 0.4249 b.UB2b T .U 7 8 / U3U12
29 •0.2113 0,1104 0.400/ U.UBUb •U.UBbU u.uy/y
3U •0.24/3 0.1202 0.4009 U.UBUB •U.bbib U.1U2!
31 0.030/ 0.1/91 b.3303 0.033/ 0 .0 /0 2 0.2001
32 •0 .0 /09 0 .1 1U2 0.4000 TJTJ7 ■ “ -u.uyy? U.72U1
33 •0.430/ 0.1101 0.4200 0.0042 •0 .0 /0 0 0.3000
1)4 " '-U.24UB 0.1204 0.42/ U.bbb4 •U.UbbV o.3Uoo
30 •0 .2 0 0 / 0 .1 2 /0 0 .4 1 // 0.0099 -0.0010 0.30/4
30 •u .iy ;b U.12U2 0.402/ “ "U.UbS7 •0.04 b9 0.3003
3 / •U.lbo2 0.1249 0.4003 0.0010 •u.uby? 0.3090
30 -0.0900 U.11B1 0.4092 0 .00 /b •0.0004 0.310/
39 •0.4202 0.1214 0.4211 U.UB18 •b .bbib U3Ub4
40 •U.lbbB ' U.12B8 0.300 0 .00 / / •0 ,04 /0 0.2904
41 -u.iuuy U.12U/ 0.4229 U.Ub6B •0.0400 0.3003
42 •b.2bo3 0.1330 0.4022 U.Ub/1 •0.03/4 U.Boo
43 •0.2902 U.12B2 0.3 /3 0.0099 -0.0030 0.3000
44 •0.2420 — in u z y 0.3 /03 b.boob •0 .0 /19 U .2 / //
4b •b.2aoo 0.0991 0.3039 U.Ub4U •b.UBoo 0 .2B30

40 •U!TK!IB 0.1004 0.3003 U.U020 “  n n s U.2000
4 / •0.3292 b. 123 u r n 0 .001 / -U.U32 U.2/B

" ■" 48 •0.1909 u.uyb 0.3/31 b.bolB •b.0009 0.2029
4b •b.Bbo/ 0 .100 / 0.3049 0.0092 •0 .0 /09 o .2 /o3
bU •U.381 b.2044 1.0/20 0,1240 •U.l? 0 .0 /00
01 •0 . 1 /0 0 0.2020 U.U400 0.120 -0.1010 U.bBB/
b2 •U.2UU2 U.222B 1.0/01 U.T88y •0.1001 0.0334
03 ' “ •U:2U84 0.2001 1.0009 U.122U •U.1BU4 IT5AJ/
04 •0 .1 /03 b.20 3 / 1 .19 // 0.1294 -U.1B4J 0.0910
00 -0.302 0.1032 U./8UB 0.ob24 •0.1141 0.4404
bb •0.3240 U.U//b 0.4114 0.0 /30 •U.l'W / o.2bob
0 / •0.300 b.ooUi 0 .4 /13 U.U/2/ •U.12B2 0.3003
bo -0 .2 /23 u.uyy/ 0.43 “  U.'U/IB •0.1102 0.314/
by •0.2440 0.130/ 0./493 U.UBlb •U.i 139 b .3 /04
00 •0.303/ 0.143 0 ./0 /2 0,0001 ■0 . 10 /4 0 .3 /34
01 -0.4332 0.1)8/ u.4uuy b.bb/B •6.1109 0.2099
02 •U.4UB b .0020 0.4204 0.0000 — 3JT17 — O J 2 T
03 -U.2BU8 U.U82B U.41lkb 0 .000B •0.114/ 0.2002
04 ^J727U2 0.0900 0.4009 U.U/B/ •U.122B U .blo/
00 -U.214/ 0.039/ 0.333 0.0090 •0.1392 0.2100
00 -0.2203 0.000/ 0 .2 / /9 0.000 •0.0903 o.Ubio

" '8 7 -0.2014 UTJB5B 0.3022 "  U.Ubl2 -0 .00 /9 0.2390
00 •u.uyva 0 ,0 0 /1 0.310/ O.Ubb •0 .0 /0 0.2023
09 -U.22Ub u.uyy/ "'"U:2BBB 0.0093 •0.1303 U.21/B

“ " “ ' " 7 8 •0.24&2 o .u /o 0.3003 U.UbbB •b.oboo 0.2409
/ l •0.2000 b.0031 b.2dt)j 0.0024 •0 .0 /42 U7403

------  yi. -U.BW/ U.U782 U.3U11 U.Ub45 •0.0003 0.2410
/3 •■U.'272y 0.0304 0.2030 0.00/0 0.2o /9
/4 -0.2302 U.UBU4 b.Booo 0.0033 ■0.0/00 0.2493
7b "" -U.1BU4 U.U82 U.2U ■” U!U52 •0 .0 /39 0 .23 /9
/b •0.2003 0.004/ 0.2934 0.0001 ■ n n m > “ r a y e
/ / -0.93 •0.0443 U.B4bb 0 .102B •0.3013 0.2020

---------7(j •U.4B22 0.0334 0.4412 TJ.D/32 •0.100 0.2029
/9 •U.2B12 0.0 /40 0.302/ U.UBW •U.UUB 0.2b9/
BU •0.40 /3 U.U84B 0.3010 0 .002 / •0.1043 U.2/1U

1 — Bl ' -U.4UUB U.0B84 U.3BI/ b.0t)2b •0.099 0 .2 /0 0
82 •o.4b>o 0.0912 0.3424 u.uaya •b.bbok 0 .2 / 0 /
03 •0.0009 •b.bi44 0.3223 0 .000 / •0.2000 U.2blB
04 -0.3000 U.U41B U.41B1 0.0000 -0 .100/ U.241U

' —  a , "  -U.21U4 U.U/BB ■“ TO8S2 trubffi •0.100/ 0.2042
80 •U.Ubbb 0 ,0 0 /0 0.3000 U.UbUB ■"“ U.UU18 0.2009
0/ •0.3000 U,ub4 0.304 0.0003 •0.0000 0.2 /40

' ' UB -0.329/ u.uyub 0.3299 o.boub •0.000/ 0 .2 /42
yy •b .2 /4o 0,0940 0.3190 0.0004 " ".U.U71b 0.2011
UU •0 .30 /0 U.U2B4 0.3090 0.0 /10 •0.109 U.24W

....... y i •U.2b4U 0.0514 0.3010 b.obt 1 •0.1319 0.2340yu •U 107/ 0,0 /b4 0 .33/9 0 .00 /2 •b.bobU 0.2001
93 •0.2013 0.0902 b.bobo 0 .0 0 /0 •0.0/02 0.2000
\k •0.4240 0.1030 0.3090 w n •U.UB'/b U.2/51
90 ” ^ n 4 K ) b.1009 0.34/1 U.UbliB •0.0044 0.7882
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B/H=0.5 N=1 20 degree
ff ol tap Mm Mean max “ STDV • peak *■ peak

U .5 i/b 1.242b 2.U/24 u.2 / / y 0.400 2,0/51
l •U.HI// •U.U12 U'4/BI U.1102 •0.4b0/ 0.445/
2 •1.1 WB ""-33*35 u .b iib 0 .144b •U.4144 0.4044
3 -0 ./ /2 0 U.U4U4 u.bu /y U.1202 •0.4404 u.yyyy
4 •u.buub U.U7S1 0.551/ 0.105/ •0.2451 u.JU bi
5 ' " z r . i w O.Obl 0.51 /5 0.0055 ■ '"-irsus? 0 .4 /0 5
0 •U.5454 0.0511 U.5b44 — ITIWI2 •0.2224 0.424b
/ •O./BIB U.UU14 0.424b U.UB2 •0.244b ' ' U.IH73
y •u .u u a U.UIB 0.4b/1 0.1 lbd •0.4424 0.4554
y •0.0011 o.UBib U.4bBb U.UB'M -U.21U0 0.4145

10 •0.4411 U.UBBB 0.5144 O.Obbl •U.1141 0.040/
l i -U.UBUB 0.0914 0.440/ a 'U.U/B9 "TT.IBSfT 0.422
12 •0.452b U.UtJlb 0.44/b 0 .0 /44 -0.14b/ 0.4010
14 •0.45.12 U.U4B/ U.4U0U O.Obbl •0.155b O.2b01
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..
•U./504 U.U4bb 0.4214 0.1 U25 •U.2/1U 0.4442
•U.4545 O.U/94 0.4b 1 y U.U//4 •U.1B2B 0.4115
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'  4U - i .ubbb 0.0514 aur46&2 U.U044 -U.2B1/ 0.4445
•u.44b U.U/5/ 0,445/ 0 .0 /54 •0.1040 U.BU40

22 -0 .22 /b u.uyy 1 0.4405 '■'"UWII// •0.104 0.4021
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44 •u.b w b U.lUlb 0.4510 0.0520 •U.UBB0 U.20U2
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28 •U.4B04 u. 1112 0.4442 0.0040 U.4020
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■Si "•V.TO7B U.1144 0.5542 0 .0 /4 0 •U.11UB 0.4402
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bi -0 .421/ U.1045 O.bbU U.U/2B •0.1142 0.3444
b i •0.254 O.flJJ U.4BB1 0.0 /05 •U.1UB/ U.014b
bJ •0.4429 U.U022 U.4b44 O.OboB •U.ilUU U.4U1
b4 •0.2552 'u:uy;2 U.BTHT TTB705 •0.1242 U.2UBB
bb mm4S.XGB •U.U144 U.U22B 0,0552 •U.21BI — LTTBTJ
bb •0,4042 d.UJb 0.45.20 U.U33 •0.1541 0.2241
b / U.UUIb U.4255 0.054/ m m 0.2425
BB -0,1299 u . iu ib o.Bi/B/ U.UUB4 •0.0554 0.202
yy ' •U.'4B5) •013157 U.404 0 .0 5 /2 •0.21b2 ' "U.TS4B
/o •U.44bb U.U545 0 .4 /u i U.UB/7 ■"TJT4HB U.2b'//
/ i •0 .20 /5 ff.Cf/24 U.J!BBU u.uuy •0.1044 0.2400

"  n •0.1440 U.UBB 0.41b/ 0.0545 •U.U/BJ 0.2514
13 •U.444U •U.U141 ' 'U120B0 0.055b -0.211 U.1B2/
/4 •U.fSfS U.UUBB 0.425b 0.0542 •0.001 U!2BB

' 1 "  18 -0.5059 u .u a iy 0.442 0.050 •U.0051 U.2500
its •o.2 ibb O.U005 G.'S'IfT 0.055b -U.U/UB U.2B0B
/ / '"Tr.U779 •310540 0.2020 U.U022 •0.441b "■UTTfB
/b •U./bUb •U.UU42 0.444/ ......U.'UBIH •0.244/ U.2BB4

--------  /y •0.2404 U.UBUB (J.B44B U.Ob/2 •0.140/ U.2B4B
bU •U.J^IB — 33H9B 0 .4 /1 0 0.050b '-U.U02B 0.272T

' ' " ' B l •o.2 b0 b U.IUU4 0.4 /14 1 U.UUU0 •0.0524 0.2041
tii -o.botti U.11 lb 0.0400 ""injutre •0.0541 U'281'2
54 •U ,/lb 'l *11.0450 0.4025 U.UB4B •U.2UB0 li'W
B4 •U.BUi U.U044 0.4452 0 .0 /44 'iU.’21!>b 0.2244
55 •U.2BBB U.U/lb 0 .40/4 ......U.UB31 •0.1 l /b U.2B12
bb •U.33/B U.UU'Jl U.U708 U.UBUb •U.UBBB u.2 /4 5

5 / •U.244i u.uuub 0.4004 O.UbUB •U.U/UB U'.27HS
"  fid •0 .20 /4 U.1U2B 0.4bb0 0.0504 •U.U/bB 0.2000

—  By •0.1449 U.112b 0.4440 U.Ubb •0.0524 0 .2 / /5
yu •6,4920 ■■'•U.WJUB 0.4142 0.0 /04 •U.2114 U.2TM

" ' 01 •U.3J44 U.U2UU 0.4512 O.Obbb •U.1/0 U.ZIU0
yj. -U.IBBB U.U/jy ir s r jT “ T ru ss* -U.1U12 U.240
y j •U.IZJT4 3.TIJ5B 0.402b u.uyy •U,o/1b ""072527

'0 4 •0.2294 U.1141 U.4bl4 O.UbO •U.UB20 U.201---  yi. •U.UB/B U. 1221 0.4540 U.Obbb •0.044/ U.2UUU

B/H=0.5 N=1 30 degree
w o> tap Min Mean max STD7------ • peak ♦ peak

0,52b 1.2421 2.1<24 U.25/0 0.4bb5 2.0155
1 •0.0005 •U.Ubyb 0.4521 0.1144 •U.4T27 U.2/UB

■■ ...j. ■■■•u.Bssa ■U.U0UB 0.5205 0.1473 -0.5420 0.451
4 -0.0504 •0.0440 ""U.tfBU? 0.104/ •0.4050 U.4b0l
4 •O.blbO 'i n w E 0.445b 0.1144 •0,01)4 0.4524
B' ” u:704y U.U/b/ 0.454b 0.005 •U.UUBB 0.4510
b -O.Obbb 0.0421 U.4U45 0.0504 •0.22bl U.41U4
/ •U ./22/ •U.U010 U.30U1 U.U/Bb ' •'U'.SBU? U.1UB

" " " B •U./040 -U.UB4U 0.4 /54 0.125b •0,441b 0.421b
y •0.4402 0 .00/B 0.4141 0,0552 -0 .2 4 // U.^bUU

1U •0.41b1 'U.U5*9 0.4bb U.UBB3 •0.204/ 0.414b
' '  T'l •O.JbliB 0.0 /4 5 0.4400 0 .0 /5 / -U.IUBB 0.40)5

12 -0.0241 0.0541 TJ.371S 0.0/04 -0.1402 U.k/44
14 •0.520b 'U.W7* 0.2504 0.0524 •U.l/Ub 0.1042

..........'14 "■'•U'B4UB •U.U20/ 0.4542 0.1004 •U.45/0 U.2UB2
IB -0,404b 0.045b TJ.0U71 0.0 /42 •0 .1 // U.2B82
lb -0.051b 0.0004 U.BBBl U.U/UB •0.15 /0 U.2/B/
17 •U.4/42 U.UUBB 0.4555 U.UBUB •0.254/ 0 .2 /5
IB •0.4505 U.UbB4 IT37T2 0.0504 •O .lb lb U.0B4/
10 •0.24b2 0.0 /24 0.4 /14 O.Obbb •0.1244 U.2BB0
2U -0 .021/ 0,0(.t52 0.4104 0.005/ •0.255 U.20BU

' 21 •0.4100 0.00/B 0.4442 U.U/bB ■.3.1090 U.255
44 •U.02/0 0 .0 /55 0.4504 0.0542 •0,11/ 0.2bb
24 -0.21 lb U.UBB — 01SS2 0,051/ •U.1'002 "■ '3 :2702

""•'U.'J'IbU 0 .0 /4 / 0.400/ U.UbU -0.1024 U.UBl/
25 •0.450b 0.042b U.0UB0 0,05/4 •0.1002 3121*9
0b "":u:'4bU9 0.0054 U.0B41 ■ U.UBl/ ■“ ^r.T /07 0.4115
i f -0.405 0.0 /54 '“ 5 3 7 5 * 0.0 /00 •U. 1 'S/2 u.yyy

............."28 •0.2441 U.UBUb U.BB4U U.UB13 -U.UUBB 0.2 /24
20 •0.21b O.Ob/5 0 .45/1 0.05 /b •o.oBB4 0.2505
00 •0.0442 O.ObO/ 0.4022 0.0552 -U.UB10 0.2554
41 U.U2/0 o.iB41 0.4540 0.0422 o.UB/b 0.250/
40 •0.b04 u.uuub 0.451b U.U/B -0 .14/2 U.31BB
44 •0,454/ 0.000b 0.4B4/ O.Obbb •U.iOU2 ' 31209*
44 ■ -U:21U2 0.1 U24 0.4525 U.UB03 •O.U/51 ' U.2/0B
45 ■0.205b o.oy-14 o.!0b!/b 0.0550 •U.U/B3 U.2Bbl
4b •0.1042 U.U041 0.4502 U.UBB/ '“ TTU729 0.2512
B/ -0.4401 0.0044 O.bb0/ 0.0545 •0 .0 /02 o.ltBBy
4b -0.4044 ' 'T ru ss 0.4454 0.0/51 •0.13B3 0.4144

"  """ " T jy ■“•u irb itt U.U03/ 0.4142 0.0545 •U.UUBB U.2BJ2
40 -0 .215/ o.obb/ U.0B00 0.055 •0.0t&4 0.254b
41 -O.IbO 0.0000 0.4425 U.UB43 •0.055b 0.2504

-----------12 •U!2B03 0.1004 0.4b0 0.0545 -U.UBUB O.2b0/
44 •0,4025 0.0050 n u . w j 0.0542 •0,0004 0.2550
44 •0.4551 ■tf.UT7 0.400 0.0554 •U .i/uy U.212B
45 •0.4101 0.0154 0.2044 0.0550 •0.1524 0 .154)
4b • u .i/b y 0.0424 0.2000 0.0545 -0.141b U.lUBl
4 / -0 .2/52 U.U/3/ 0.444b 0,054 •U'.'U8B3 0.241/

1 4B •0.1554 U.UBB4 0,4545 0.051b •U.UB/ 0.244b
'" ........"40 "■•U'.’iSU'l U.1U30 0.4544 0.054b -0.055b ' U.2B43

bU •0.1501 0.2541 l.^U B 0.1454 -U.1B3 '■  3.9091
51 -0.4002 0.204b 1.34BB 0.154 '•U7i254 0.5040
52 •0.2204 0.24/ 1.1 0,1414 •U.IB/U O.bbll
b0 ■a,.U.15Bl U.100B O.bb/4 ’ 0.114/ -0.1444 0.5440
B4 -0 .1 /02 0.15/1 U./0B0 0.0040 •U.1274 0.441/
55 -U.134U "U:2T5T U.UUIb 0.1042 'TT.USB 0.520/
bb •0.2050 U.U031 0.4451 "U.UU3B -0.1504 0.4405

T 7 •0.412b 0.0025 TJ.3HBT 0.0 /55 -U.lBBU '"  U12919
5b -U.3B0 "TTUB3T U.44B0 0.0 /15 •U.10IB 0 .2 0 //
by •0.201^1 0.004/ U.UBBB " "  U.U/I -0.1104 o.JobU
bO •0.21 0.2102 U.70BB 0.0000 -0,0005 a s m
b l •0 .2 /40 U.UB43 0 .4 4 /4 0.0 /4 -0 .14 /5 0.4054
02 •0.4044 U.UU/1 0.400/ 0 .0 /5 4 -0.1250 U.323T
04 •0.444 o.o /bb 0.454b 0.0/51 ' '-'(J.USB 0.4011
B4 •CI2ff/3 U.UbU/ O./b ■ "u .o /iu -0.1551 0.2bbb
bb -0.44/1 •o.U/ U.3UUB 0.0 / •U.JB u .u y y
bb •U.’0^19 •U.UUIB U.3B4I ' 'U.UBBB •U.2U1 U.10BH
b / -0.1004 U.0b10 U.0B/1 0.0554 •U.1U4B U.23/1
bB ' "-O.IBT* U.UBB4 0.4 /24 U.UBBB -0.0/44 0.24b2
uy -0.4242 •0 ,0 /05 O .l 'k b 0.0 /05 -U.2BB4 0 .1 4 /0

' /u •0.2054 0.0254 0.4121 0 .0/11 •0.1005 0.240/
/1 •U.344 U.UbUB 0.4554 0.0510 •0.1451 0.24b
n •U.1B01 '0.U717 0.4520 U.054U "•0.3027 0.2401
73 •U.4IBB •U.UB/3 0 .1 / /4 U.UBB •U.2/12 o . i j o /
/ 4 -U .lbl / U.Ob/b 3709 0.054b -U.12B/ " " 3 .2S 23
/5 -0 .24 /0 0.05/1 0.45 0.05b5 a^U.TUB5 0.242/
/b ” .'U:2UU2 0.0b4/ 0,4544 0.0555 •U.UBB/ 0.2544
i f •U.B/71 •U.UBBI ""U'.ZUU? 0,054 -o.oB/i: U.IBI

7U -0.5542 •U.UblJ 0,2545 0.0/Ob •U13UU2 0 .1 / /5
7 0 •U.B3S3 U.UU4B U.3BU1 — 010726 •0.2142 0.2244
BU •U.104 U.UBB4 0 .3 1 /0 U.UB/B -0.1054 U.43B4

" Bl •0.251b U.0B44 0.415/ 0.0552 ■^lO B n U.44/U
........ B2 •0.240/ u.uyyy 0.4501 0.0544 "■"•■U'.UB* U.2B1B

53 •U.bb0/ •U.U/UB 0.2142 — rco rcz •0.4114 0 . 151/
B4 •0.4552 -U.UbBb U.43B4 0.0/51 •0.2055 U.1B0B
05 •0.4404 O.U000 U.3BBB 0 .0 /0 / '• t n s s s 0.2454

-------  UB '"  ' -U.I/U7 U.UBIB 0.424 0.0505 •u .u y y 0.2444
0 / — .U:T79B 0 .0 /1 0 0.4454 0 .05 /b •U.lUiU 0.4454
bb •0,1554 1 U1UBUB IT3TTJ 0.0554 •U.UBB/ 0.2450

■ '"  'ay ' "-U .1/1I ......cr.uuHV 0.452b 0.0525 •U.UBB/ 0.2051
uu •U!B"0B* •0.044 0.2245 — 010682 •0.2405 0.1 bob
01 -0.4444 •0.040/ ' U.5H4S O.O/Ob -0.2030 ""0 .1 7 T 7---- 2̂ •O.lB05 TT.U3SU 0,4054 O.Obbb •U.lUlb U.4U04
04 •0.204/ 0.0525 0.4405 ..... U.UBB4 -U.U02B 0.4B/B
04 -U.14/2 u:uuuy — 0! 317*5 0.0554 •9.0751 0.25/
05 "■  -U.TOB u.1 1 / 0,4525 0.054 •U.U421 U.4/B1
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B/H=0.5 N=1 40 degree
# ot tap Mm Mean max STDV • peon ♦ peak

O.boOo 1.248b 2 .ild b 9.4088 0.401)0 4.9998
i -9,9100 •9.1441 9.4000 U.8000 •0.4400 9.100/

• i . i3 o i •8.1884 0.84/b 0.1404 -U.OUbb 0.2200
j •9.998 •9.1814 9.491/ 9 .14/b •9.0189 9 .4 0 I4
4 •9.0404 •U.U84 9.89b/ O.tOtK) •9.804/ 9 .494 /
b •U.o343 ■"■00305 U.2082 9,991b •9.4808 9.8184
b -9.000b 9.9481 9.840 U.0BIO •0.442b 9.2bB/
/ •U.BbTH •8.8882 0 10/B '" 0 0 /T / *9.4/04 0.1310
8 • 1.188b •9.1409 9.8944 9.144b -9.0190 9.44 /9
9 •U.4bb •9.9b48 9 .4 /0 / 9 .9 /4 / •0 .2 /05 "U.1B95

" " 1 1 1 •9.4418 .....-00841 U.d4bb '” '0 0 /0 5 •9.4890 9.4818
11 •u .4 i/y 9.9840 o .o io o 0 .8 /0 / •9 .1 //8 9.4409
14 -U.bbll 9.9808 0 .2 /8b 9.9000 •9.104 9.232/

... . jy
•y.oik4 ' ".00J0H 8.2201 '""00500 -0.2026 9.1889

14 •y./oo •9.190b 8.284 U.1000 •9.4888 9.4494
1b •0.8044 -8.8840 8.201/ 9 .00 /0 •0 .40/8 " " 0 .7570
18 •U.3771 — 0 0 1 0 / 9.894 9.900/ •9.1080 0.2100
1/ -u.wuu •9.9480 9,8 4 /8 U.0O33 •9.8891 ' 0.2420

1 10 -(1.4888 ' U'.OIU/ 0.8021 ""IX5B02 "'""0.10? 9.4104
—  'ry •9.4900 9.9819 9.8901 0.0B22 ■9.104/ U.2103

49 -U.B3U/ -9.9804 9,8041 9 .I9 /4 •0 .80 /0 9.2030
. . . . . .  ^

•9.803b •575U83 8.208/ 9.9090 •0.2401 9.4800
22 •9.8900 9.9801 9,8908 9.9044 •9.1014 9.4484
48 •0 .2 7 * 9.0491 0.8l2b ""005BB "■1T1255 — 5722?8
44 •8.2888 9.980 9,4044 U.UBB -9.18 9.490
4b •0.4401 •9.9918 U.240B 0.0081 'TXlBUb ........m s s

—  '28 •9./411 9.989b 9.804b 9.9941 •9.4010 9.8140
4 / •U.bU4b 9.980 9.8801 U7O801 •0.2021 "'U 27U 2

--------  -.jy •U.4UUJ U.UBUB 9.4 /0 9.9080 ■9.1494 ......0.4405
49 •0.4000 8.8b 1/ ' 8.2/BB 0.00/8 •0.1498 0.223b
JU •9.401/ 8.8b 12 9.8101 9.904b •0.1122 9.4140
81 0.UU21 9.1448 9.4094 9.0891 9.084 9.212b
32 -u ./0 4 / 9.98/4 9 .8 /0 U.OBOb ■9.4811 9.8900
88 •8.8488 U.U3U0 9.8844 0.0 /04 •0.1//B "  0:2753

-------- '3? "“•0.075? 0 0 8 1 0 9.849 9.904 •9.1894 9.408/
8b •U.4bbb U.9b44 0.4 /04 U'.UbB4 •U.12U8 ' 0.2205
30 •9.4/48 9.9bb4 9.8100 9.900 •9.190/ 9.4410
8 / •0 .2 /88 8.8bBB 9.400/ 9.9010 ' >0.0000 9 .4 128
80 •0./884 .... v n ia 'i 0.4UbO — 0.0020 •9.4090 9.490/
89 •9.0989 9.9844 9.819 9.9 /84 •9 .10/8 9.401/
4U •8 .8 /28 0.884b O.oOOl 0.00 •0.1400 ' U.21?5
«TT •8.2884 9.9b/ 9.4980 9,9008 -9.1119 0.2230
44 -9.849b 8.8821 9.4989 9.9089 •0.0000 0.2240
48 •0.2037 9.8b yb " 0:203 "U.05UB "•■0.003 ■" U.TTir
44 •9 .0 /8b •9 .9 b /1 9.4094 9.9/01 •9.4000 9.1 /18
4b -8.8888 ■8,848/ U.2420 0.0B0B -9.4440 9.1414
4b •9.808 '•08128 0 .2 4 /0 ' 0.’0bB2 •0:1014 o.looB

'“ """ "47 •9 .49 /0 8.08/1 9 .4 /08 9.9089 •U.1240 " '■ (TT5B5
48 •9.108b 9.9004 9.8911 9.908 •575925 9.4404
49 -0.4089 8.8/Bb 9,8110 U.U322 -U.0/B 9.4849
b(j •9.244b 0.2044 1.84b/ 0.1142 •U.I80I 6 .34/

'  ” "57 -9.4900 8.1804 9.9181 9.1801 •0.2240 0.0030
04 •0.4010 9.4494 9.944 9.1804 •9.10 0.0304
bb -U.25UB ' U.IBBB 9.bl4b 9.1 I/O •U.IBBB 9.089
b4 •9.4080 8.1212 ..... 05W O '"'075928 •5.13/1 0.3007
bb •9.440 9.10 /9 9.0980 9.9984 •0.0017 9.40/4
bb -8.2884 1 U.U/0B 9.4411 U.0//B •0.1340 0.3122
b / •0.2033 0 0 548 0.404b U.07/5 •9 ,1/b 9 .40 /2
bb •8.288 9.9b 9.8004 9 .9 / •0.1301 0.2/01
bo -U,4o2o O.Obl/ 9 .8 /18 U.U/lb •9.1049 9.4008
bU •9.8808 8.1828 U./2dd 9.1914 ■■“3 j:h s b 9.40/4
b l -0.2848 8.040b 9.804 9.9000 •0.140 9.440
b2 •9.8809 — 'U7UB3/ 073/5 (TO/23 •0.1833 0.3007
bb -9.0844 9.9004 9.800 9 .9 /0 0 •9.1048 0.2031

1 y •0.b482 '" 0 .0 2 0 / 9.8494 0.909 •9.1008 0 .2 2 //
bb -o.bbO) •9.1104 0.1032 9.9 /00 •0.341 / 0.1112

' 88 -9.2080 •8.98 9.4498 0,00/ •0.4811 9.1 /14
o / •8.1080 8.8488 9 .4 /0 9.9000 •9.140 ■02077

" 1 88 •8.1081 0,9bbb 9.8909 U.0322 •0.0002 9.4484
bb •9.0810 •9.1100 9.1099 U.0/23 •0.333b U.1503
/u •9.80/b 8.8880 9.8144 9.90 /0 -0.202 9.4980

— ......n •9.4401 TX5383 ” D'dTV2 U7UBUB •0 .14b1 ''" 0 .2700
a •U.1U84 9,9bbb 9.401 9.9081 •0.103B 9.414012 •U.4d4B "" •0104 / 0.1098 0.90 /0 •9 .8U0 0.0000
/4 •8.21/8 8.0211 9.4904 U.0B4O •0.1 /30 9.4109
/b •9.4294 9.9b8 9.884b 0.0b/ •U.11B 9.444

---------- 7B ~:077575 0 0 570 ' "07272b 0.9bdo •9.0933 U722BB
I I •1,U4bb •9.144 0.1340 9 .9 / /b •9.8004 9.1114
10 1 -8.880/ •9.11b9 0.1002 0.0 /00 -9.8000 0.122/
/y •9.448b •0.U43J " ” 072132 '"'UTI/29 •0.404 0.773?
BU •9.8494 9.9494 0.2338 9.904/ •9.1480 9.4940
b i -U.8U/0 ' 8.8b/b U.2B0b 0.062/ -U.1000 9.4100

"  82 ""512051 ......Tj.o/y 0.dU48 0.9048 •o,u/ b ( 9.28b
---------- S3 •9./08 •8.1280 9.1090 TTO'/BT T X 340 / 07705

84 -8.880/ •U.1288 9.4800 8.U//U •0.3341 0.1120
bb -9.421b •8.9104 9.4444 9.9 /19 -9.4848 9.19/4

' ■'■"SB “ ■■•orra 00270 "'0 .2407 1 "  0.00 •9.1044 " 0:2070
07 •9.4/41 9.9899 9.4b4 9.9000 •U .i2 /o 0 .20/3
88 -9.4/b9 9.9b84 U.23O0 9.9081 •0.1003 0.2120

..............80 "•U.T55? 0,0 /00 0 .82/ 9.001b " *0.0/0 9.4881
yo •8 .88/8 •8.880/ U.IBUb ""'1X08/2 'T5.2912 077719
y i •9.044/ 1 -8.1811 9.10/8 0 .0 /00 -9.8189 9.1110

........." " 8 2 •U.2JUJ ■"U7UIW 9.2b8 0.9091 •9.104 1 0.1000
98 •8.2408 U.0M8 0.2BB2 0.0B01 •0.1204 072315
94 •u.2d0 9.9b9U 9 .4 /0 / 9.904/ •9.1944 9.4489
9b •8.1818 U.U04/ — 0.W51 "'"5.5309 •0.9001 9.24/4

B/H=0.5 N=1 50 degree
» 01 tap Min Mean max STDV ■"■ • peak ♦ peak

' U.bU/2 1.1000 2.0020 0.4414 9.484b .....'1:582V
•1.8948 ' -0.2208 0 .7 /8 3 9,1891 •9.0494 9.109/
•1.8994 -9.40/1 9 .4 4 / 9.1041 •U./49J U.1031

' '-1.4430 •9.4190 9 .84 /0 U.1830 -0.3181 0.10/2
•0.9052 ■■ nj.'ioaa 9 .8 / / 9.1104 •9.4040 9.4401
•9.0009 •9.9109 9.4801 9.9998 •9 .8 l4 / ""U.201

0 •9./94b •9.91/4 9.3090 U.Ub/4 -0 .2/04 9 .4 44 /
/ •KB! 1H '■'■"U.U9B8 9.4940 9 .9 /0 / •9.8400 9.1811

' ,y
•1.2/30 -9,480 9.4/94 9.1081 •9.09b4 U.2232

0 •U./U08 •9.144 U.25U1 U.0023 -u .0990 9.1004
19 •9.008 •0 .0 /3 9.8084 0.0881 -9 .88/8 9.1918
11 -9.0911 -9.9440 9.8040 9.9 /98 •u.2o0o 9.41b
12 •9.098/ •9.9990 9.2o2 / U.0/14 -9.4441 9.4940
18 •0,490 ( "■ -M /a B 0.1082 U.9041 -9.4b0 U.10B4
14 •9.9414 -U.1/4B 0.2804 9.1498 •9.0040 0.4181
10 •9.4990 •9.9080 9.408/ U.U83B -U.314/ 9.10/1
10

. . . . . . .
•9.4/41 •U.0433 9.4010 0.0/01 •9 .4 /90 0.180
-0.0321 ■0.1013 0.3104 9.118 •9.4404 9.48/4

10 •0.0090 •9.9004 9.300/ 9.9000 •9.8119 9.4910
10 •9.0900 •0 .0 2 // 0.2000 9.9/01 •9.4001 U.2U08

------IfU •9.0981 -9.9998 9.8900 9.142 -0.4882 5.273'/
41 •9.0108 •9.9009 9.898/ 0 .00 /4 •9.8091 9.4408
24 •9 .44 /0 -9.9404 9.8990 0.0 /04 •o.2o8o 9.2u3
48 •0.4332 •9.003 " ' UTSBB? 9.909/ -9.4141 9.4901
44 •9.4040 -9.9180 9.810/ 9.9044 •9.2900 9 .1 /9
2b •0.8944 •0.0434 U.2008 U.0300 •0 .221/ 9,1890
40 •1.U3B1 -0.0021 9.84/1 9.1110 •U.390O 9 .4 /4 0
4 / •9 .0 /4 / •9.9403 U.3232 U.0O24 -9.8480 9,481
20 -0.4100 •0.0102 9.8180 9.9 /04 •9.444/ 9.2oo2
20 •0.4409 •9.9002 0.2003 0.088 -9.4194 0.10 /0
89 •9.0/01 U.0003 0.2821 U.U043 •0.1940 9.(981
81 •9.99 9 .9 /9 9 U.2513 9.9884 -9.9494 0.1803
84 • 1 -0 .0 / n 9.840 9.1194 •9.4908 9.4080
88 •00490 •9.9404 0.3 0.0802 -0.2080 0.2182
84 -9 .4 /00 -0 .00 /0 9.8944 9,9 /10 •9.4444 9.4U/4
80 •9.4090 •9.9110 U.30U1 U.UBBB •0.2110 U.188/
80 •0.3470 •9.9910 0.3101 9.908/ •U.1020 9.1090
3 / •9.0418 0.0000 0 .2 / / 0 .0 3 // ^u.nrdB " 077527
80 •TJ'.KfB? ""3X1)878 9.8199 9.1900 -U.4U/0 9.4448
89 •9 ,0 /4 / -9.9491 U .23// 9.9010 •0.254 "■ U.iUb/
49 •9.0400 •0.035 '" 0.2208 9 .90/8 •U.2408 9.1040
41 •9.8090 •9.9948 0.2 /08 9.908 •9.1914 9.1000
44 -9,8194 9.9190 9.8908 li.boib “ 5.17?'3 U.(0b4
48 •9.3909 "U.'UfWJ 9.2380 U.Obod •9.1088 0.1704
44 •0.0402 •9.1400 9.400/ U.0O10 -9.4944 9.140b
40 -0.3002 -0 .004/ 0 .20 /8 9 .9 /89 •0.8108 0 .12/
40 •9.00/4 •U.UbbU "0:270 U.5582 •9.4048 9.144/
4 / •0.502/ ^1X0059 0.2838 9.9044 •0.1024 9.1090
40 •9.490 9.9801 9 .4 /4 4 U.0001 •9.1448 9.4100
49 -u.3iuy 0.0442 9.4000 " 1 U.U383 •0.730/ 0.2151
30 •9.4904 0.1414 9.0381 0.113 •0.10/8 9.4094
01 •9.0404 '— 071788 U.B800 9.1100 •9.48/8 9 .4 /40
04 •9.8091 0.1 /70 0.0104 9.1408 •0.100 9.008/
38 •9.8804 9.140 0.B401 0.1 i2b "♦U.'1070 0.48j 7
04 •9.4010 ' '070/08 0.75B0 9.998/ •9.4910 9.809/
00 •9 .80/0 U .12// 9 .0 /09 9 .99/4 -9.1040 0.4100
00 -9.4440 9.9400 9.8 /44 9.0/ob •9.104 9 .4 /0
5 / •9.4000 0.980/ 0.3310 — 5.0/SB •9.490/ 9 .40 /4
30 •9.4408 9,9414 9.8 /18 U.U/23 -U.1/30 0.2388
09 -0.2074 9.910 9.8090 9 .0 /4 / •0.2031 0.2331
09 •573133 0 .11/ 9 . /  900 9.999b •9.1014 9.4104
01 •9.8449 “ 07077 9.8800 9.9008 '•0.10/0 " U.2U0B

" “ ‘ 52 •9.81/1 0 .90 /3 U.35U0 TTUH •9.1000 9 .4 /9 4
08 •9 .84/0 0.0300 9.8944 9.9 /80 -U.1000 9.4090
b4 •9.8080 •9.9034 0.2573 0.00 /3 7)7205? U.I OoB
00""3X7900 •9.104/ U.1118 U.0803 -9.4180 0.1047

' ' ' 'Bti •9.4910 •U.04B1 U.201 ' U.U/Ui •0.4008 U. 1041
0 / •1X3730 9.9149 0 . 2 / / / 9.904/ -9.1/81 U.203
00 -9.8800 9.98 /8 0.2/21 0.038 •9.l8b0 9.4114
09 •0.000/ ■■ "071452 U.T2T2 9 .0 / /8 •9.801 9.9040
/U •0,3/01 -0.0223 9.4088 9.90 /0 •9.4408 U.1804

— —n •9.4011 0.023*8 ■ " u i ^ y U.0B3/ •13.7553 "57217
/4 •9.49 9.9409 9,4440 9 ,9 0 // •9.1401 0.1000
/8 •9,4400 •9.1840 U.1O01 ' ■ u:u/40 •U .83/l "■"U.U010
/4 •U.3U00 “ "3J7U251 9.4 /40 9.9000 -0.2228 0 .1 /03
/O •9,4404 9.9890 9,4090 9.9090 -9.1014 9.4144

■ '""” /8 •9.4444 9.9444 " 0.2T2I ......0.5381 " .ITttOZ '■“ 0.2185
i f •9.041/ •0.1010 0.1103 U.0821 •0.4002 9.9040
10 -0.002 •U.13B/ 9 . 10/9 U.U830 •9,4190 9.9981
19 •9.0448 *0 .0 / / 1 ■ 0:2703 U.b/44 ""-■0:3504 0. (4b4
00 •9.8040 9.9998 U.2011 — 575575 •9.1048 0.1028
01 •9.4090 0.0248 9 .4 /0 0 9.9008 •9.1444 9.1989

........... 02 •9.4900 0.031/ 9.8109 ' U.03/0 •U.122 9.4404
-----------83 •9.0040 •9.1002 9 .123 i 5.58X1 •0.403b 0.0832

04 ^1X7203 •0.1040 571558 0.0831 -0.4108 0.000/
00 •9 .0 8 // •U.031B 9.4094 9.9 /00 •0.2018 9.1/01

..........."00 •9.4114 -0.0032 9.40/4 U.00b3 "-0.2U1 ■ 0.1000
0 / •9.8090 5 .0533 ' "7X2SUB “ "5.5SE& •U.1/43 0.183
00 •9.890/ U.U100 9.4090 9.90 /8 •9,104 U.10I8

' " 00 •0 .2 /0 / 9.9018 9.4 /40 U.038/ •0.110/ 0.2212
00 •01340 •0.12D0 0.1513 "■'50/1)9 •0.3332 9 .0O4
01 •0.40b •9.1890 0.1008 9.9 /08 •9.8000 9.9008

.......... 02 -9,890 -0 .001/ 9.8290 9.9000 •9.4918 0.10 /0
98 •9.4U11 0.01/4 ......072882 9.900 • 9 .1 / / / 0.2123
94 •9.4900 9.940/ 0 .2 /80 0.0303 •0.1320 U.2041---- ■yb •0.2324 'U7U/UB 9.80)4 " 1 0,0330 •0.0008 0.48/b
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B/H=0. N=1 60 degree
w oi tap Min Mean max STDV • peaK *  peak

0.4/61 1.1029 " T.B0S5 0.204 0 .4 /1 I.Ub48
• t J2 b y -0,412 0.424 0.1bb4 -o7 /2 4 U.T482
•1.641b •0.419b 0.2849 ■ " '7 0 6 8 7 •U.B2bB 0.1002

"T.'47V2 •O.BBbb 0.2/41 0.1444 -0.090b 0.104/
-I.O blb •0.1 /2b 0.2b4/ U.12Ub' •U.o842 ■■■" u iiyy
•o ./9bb •O.Obbb "■'U.'253b 0.1048 •0,49b 0.2J1
•U .8//2 •0.0/41 0.29b2 o.uo /b •0.400b U.21B4
•U.bb4b •0.120b 0.2108 "  019822 •0.872 0.121

B •l.b lU / '" 413062 ■ " u n r / o . i b / i •O.bO/b U.lUbl
y •1.124b •0.1812 0.2491 0.1014 *0.4bb4 0.124

tu •0.096b •0.1444 0.244/ U.obl •0.4U/b "  '0 1 3 8 8
i t •b.04lB •0.08b2 0.2bb/ 0.0044 -0.4490 0 , 10 /1

----------- 12 •U.BH3U •U.0B4U 0.242/ 0.U/8U •0.401b U .1 /!/
i j -0.4944 •u .iu y / 0 .2884 O.Obo/ •0.4090 U.UU04

14 '•'V.4V4 "•012267 0.4444 0.1402 -0 .04/2 U. 19*88
1b -0 ./42 •0.1200 0.2b9 U.U88/ •0.4b/ 0.1402
lb -0.6691 •0.1044 0.24 lb ■■"inwr? •0.440b 0T4IB
1/ •U.BUbb •0.1019 0.444/ 0.11/1 -0.0041 0.1994

------------IB -0 7 4 /1 •O .llb l 0.2944 U.'UBUb •U.BB4/ 0.1024
18 •U.b04 •u m j i .....U.0077 0.0702 •0.4200 0.1404

... . • - - jo •U.U82b •0.1401 0.4049 0.12b4 •0.0104 0.240
21 •87884 •0.1241 0.4401 ”  IT1U07 •0.4204 " '  U.T/91
22 •U .bb// "■•0^5303 0.8084 0.0/U •0.4204 U.14B/
22 -U.41bb •0.0b9b 0.4b1b U.U/81 ' -8.279 U.1094
24 •U.b4bb •0 .U0 / / .......... 1723 U.088/ -U.2/4 0.140b
2b -0.4441 -0 .081/ 0.20b8 0,0014 •0.200/ 0 .1 0 2 2

2b •u.u ibb ♦0.1454 ""U.3TH2 0.1144 •0 .4 /00 U.2U4U
2 / -U./UB/ -0.1UUB 0.4129 U.UU22 •U.4bbo U.1B/2
28

-----------
•0.b44b •0 .0 /8 4 ■"U.'^BSB o.o /bb -0.3U81 IH S05
•0.491/ •0 .0 0 0 2 0.2 /94 0.0092 •0 .2 0 // 0 .14 /4

40 •0.bb2U •o.osoy U.BobB O.Obbb •0,2004 U.UBB
41 " " T O W 0.0440 0.214b 0.0449 •0.0bb4 0.1402
42 •0.924b •0.14 bo "012820 0 .1 1b4 •U.4928 0.199
44 -O.Obbb •0.008 U.2b2b U.UO/O •0.4090 U.1B/B
44 •0 .b l22 •O.Obbl 0.24bb O.U/2b •U.2/29 0.102/
Bb •0 .0 /04 •0.0021 0.22 /4 U.U888 -0 .2 0 /9 0.144/
4b •O.bOb/ •0.0b04 0.2b24 0.00b •0.2404 0.1440
8 / •0.404/ •0.0404 0.2208 U.Ub/U •U.2UB8 0.1404
4b •1.0204 •0 .12/9 0.4242 0.1192 •b.48bb " "  U 229 /
8b ♦0.b44 •0.092b 0.2048 U.U888 •U.3b88 0.1 /49
4U -U.blbb -0.0b44 0.219b 0 .0 /0 0 •U.29b2 U.12BB
41 •0.42U8 •0.0428 "0.2282 O.Obbb •U.24U1 0.1040

■ ......... 42 •0.0400 0.2241 0.0041 •U.219/ U.lbB/
44 •0 4224 ■0.082/ 0.20b4 0.0004 •0 .2 0 1 0 1462
44 -U.o/BU •O.'i /21 0.2414 '619993 •0 .4 /0 0

4b “ U.721K •0.1404 0.241b 0.0d12 •0 .4 /bb U.1U81
4o • -0.460 -0.0008 0.24b9 U.U/U1 •0.4009 0.119b
4 / -U.4bt i t -0.0442 0.4029 "  6.6842 •0 .2 8 0 b " "  utuub

48 •U.2SV8 "O.'0191 ' ” 1 0 3 8 2 0.0021 •0.10/1 0.2004
4U •U.IB/UB 0.0181 0.4b21 u.ubuy -0.1 bbb 0.194/
bU •U.4BUI 0.0 /14 0 7 08b 0,1111 •U.2B1U 0.4040
b l •0.494b 0.0b2b 0 . / /U 1 '  "U 1(B 9 ■"•0.2858 " "  8 .3 /02
b2 •0 .4 b / / 0.1039 U.BUBU o . i io •0.241 0.404b
58 •0.44/ 1 0.0022 0.848/ 0,100/ •0.22b 0.4124
b4 •u .buuu 0.04bb O.bbbb U.UBBb '•U.22U'I U.8l12
bb •0.4041 0.0bb2 ' "0.0089 u .o y // •U.22/B U.8bB8
bb •0.4044 0.0080 U.40U2 0,0 /04 -U.21U1 0.2429
b / •U.bUBb •0.0004 0.440b 0 .0 / /b •0 .2 8 4 3.8424
88 •U.4bBb 0 .0 2 8 8 0.4201 0.0 /42 •U.19B2 0.242/
bb •0.444b •0.008b 0.409/ o .oo /b •U.2UB8 u.iyy2
BU •0.4bl 1 O.Obbb U.bU'/U " U.WT6 •0.2214 "" U.32B4

............."B'l •0.444/ •0.019 0.41 /b 0.000/ •0.210 U.1781
b2 •U.UU// 0.02bb 0.4414 O.Ob/2 *0.1/0 U.22B2
bb •U.845U ...... U.OT! " " " O T o .o o // •0.1921 0.2141
b4 •0.20bb •0.0108 0.2494 0.0b2b -U.2U/B 0.1092
bb •o.bbbl •U.1730 ■ ' '  U.'ISb’b ■"■06929 •U.4o24
bb -U.4WJ2 •0.0bb2 0.2bb9 U.U/U8 -U.28yj 0 .1 0 2 0

8 / •0 .42 /9 •U.UUBb 0.2boi U.oBB/ '"HJ.'UJTB ..... U.TB4B
bb ■0,b4 0.012 0.2014 0.0092 -0.1004 U.1B9b
b y •0.0090 •0.1 b4 "0 .1 8 0 8 ' 'U 6/93 •0.4034 U.U/b8

......." " 7 0 •0.8888 •O.U802 — IT2712 o.ooo •0 .24/2 U.IbBB
n •0.2000 0.0008 0.204 0.0014 • 0 .l/4 4 * 0!194

' -------T2 ■8.2bU4 U.U038 0.24 i0 U.U5B4 •U.lBb4 0.1/41
/ 4 •U.bBUB •0.1449 0.1902 U.U/B/ •0 .4 /4 U.UBB2
/4 •0.4bb4 •0.049 0.2102 O.UB44 ^U.OTT 0.1441
/b •0.210 "'T O J073 ""TOCTB7 U.Ub82 -U .l/U l o .ibb
/6 •0.2440 0.0204 0.2412 U.UbB4 - u .u y y u:ib u /
/ / •O.bblb •0.1b12 U.11b9 U.u88 •0 .JJ02 — 3 6 879

...... " " / 8 •0.8814 •0 .10 /9 0.1288 U.U888 •0 .41 /0 U.1U18
/9 •0.4042 -0.0812 U.IBUB U.U/4U •0.400 o .U b o
80 •0.2bb9 -0,01 lb 0 .2 8 1 b 1 0.0589 -0.T37J 0.1S9!---- HI ""TO2Ttff ■"  '(f.ixr/i 0.218 0.000/ •0 .1001 0.1092
82 •0.2404 0.0281 o.2 bbb U.lib/ •0.144 U.1991
88 •0.881b •U.lbOO U.UU4 U.U881 •0.409 d.Ub9b
84---- •3.6964 •O.lbbU ' u.uyy "  '0 6 8 8 9 •0.4420 "010U B

•0.U88U " '" 0 6 7 9 3 •0 .40/0 U.1B98
bb •0.4000 •0.0244 0.24bb U.UBbb -U.221B U .l/29
a / -0.2004 •0.01b4 0.2404 b.booa •0 .11)81 '  'U.1BU2

"8H •8 .2 8 9 8 " - o w n "U12210 U.UbBB •0 .1 /1 / 0.1091
by •0.2411 0.0280 0.2b12 U.UbbB -U.IBBB 0.1959
«u -O.blbb -0 .12/2 0.094b o .o /2 -b,848 " U 688/

.........81 •0.0422 ■■■-0:1484 " "011U28 U.U/U2 •U.BB2U U.U921
82 •0.2/04 •0.U120 U.2/D8 U.UBb/ •U.2UU/ U.184B
94 •0.444 •0,00b 1 0.24'82 o.6o4o "'•'U.VUB4 " U1BHB

----------- B4 •0.240J U.U042 0.2402 U.UbbB •U.1/1B O.lb
8b -0.1822 0.04 bb 0.2/U8 U.Ubb2 •U.11 /2 0.2144

B/H=0. N=1 70 degree
4 01 tap Min Mean max 5T u v • peax ♦ peaK

0.01 /0 1.104 " "  rsyyu “ U2419 " '"U .7T/7 "  "17JBB5
1 ' •T'2207 •0.2020 0.4004 U.UUb -U ./U ll 0.1962
2 -1.0209 •u.iuy 0.4024 U .U /B •0.6424 3.2444
4 ♦U'.BBU/ ■•U.T34 0.462b U.1291 •0.0014 0.2240
4 -0.0044 •0.1040 0.440/ 0.1046 •0.4144 U.2U/ 1
0 -U .//1 ! •0 .04 /0 0 .8 /00 ' "O.'UV/S •y.4lb2 0.24
0 •1.4104 •U.o3o4 0.409 U.U921 •0.411/ 0.24UU
/ •0.099/ •U.048B 0.4619 U.UB22 -0.2900 u .iu /u
b •1.0009 •0.214/ 0 .48 /4 b . io lb "  "•U.B/U'f 1T270U
9 •0.090b •O .llo4 0,4090 0.0964 •0.400/ 0 .1 /4

■ — ’1U •0.0099 -0 .0 /04 0.4424 0.0664 -0.4444 0.1640
11 -0.4409 •0.0444 0.8b 1 U.UBU1 •0.2040 b.lUBU
12 •U.9294 •0.0200 0 .4b/ / U.U/B1 •0.2609 U.2U/U
14 •0 .4 /04 •0.0400 0.4490 0.0696 •0.2440 0 .1 /44

14 -U.8294 •0.129b 0.4412 0.12 /b •0 .b l44 O.BbBo
' lb •0.0000 ' " u:u bib U.4241 " “ 770057 •0,419 0,1904

10 •U./490 -0.0490 0.4640 u.u/yy •U.28B2 U.1B8U
1/ •U.9U45 •U.UB49 0.4442 "0.1UB4 '""•U.3UU2 0.2604
IB '" • 6 . 7 / 8 ' -U.U5T2 0.4001 U.UB/b -0.414b 0.2114
iy -U.414B -0.044 0.4611 U.U//U -0 .2 6 // 0.1990
2U -1.UUUI •U.U495 0.4810 ' "'ir.l R52 •U.bUbJ 0.2UB2

------- 2T •U./904 •0 ,04/0 U.884B u.uuuy •0.4294 0.2442
22 •0.4409 •0.0401 0.446 U.U/Bb •0.26bb 0.2004
24 •0.36T4 •O.OObb 0.4444 0.0 /49 •0.22/ 0.2161
24 •0.4242 -0,0100 0.444 0 .0 /1 ' -U.22BB " " 0 1 9 7 0
20 •0.84U/ "U.U189 “ "672925 0.0649 •U.21U/ U.1/2U
20 •0 ./424 -0.0049 0 .4 4 /9 0.1104 •0.49O U.2bbl

•0.b44b •O.089U u i m i — 073929 •0.4164 0.2491
28 •0.444b -0.0112 0.449 0 .0 / /o •0.244b U .Z iU

■ ' ' "uy •U.44o9 O.0UI4 0.410 0 .0 /1 •0.211/ 0.2144
40 •0 ./92b U.UUBB 0.41 /b 0.0692 •U.i 98 "'"£T7U 2
41 •U.uyy/ 0.09 /8 "'"172903 U.UBUB •U.U2U8 U.2152
42 •1.0240 -U.U83/ 0.0000 0.124b •0.4001 ' "03077
44 •U./292 •0.0812 0.44/4 '" '“ 07)972 -U.BB2/ 0.2604
44 •U.54U9 0.0110 0.4606 0 .0 /9 6 •0 .2 2 /4 U.UbUB
40 •O.Jbbb 0.0014 0.88b4 1TU720 •0.21/ 0.2196
40 •0,4904 U.U1U8 3.3834 O.OObb -0.1962 U71B8
4 / -U.2512 U.U21I U.414 O.00U/ •U.1BU 0.2044
8b •U.914o • 0 6 7 73 0,0460 U.1BU4 -0.4664 0.8 l4b
49 -0 ./1 /9 •0.0410 0.4414 0 .108 / •0.4490 b.BBBo
40 •U.o/oo •0 .0 4 I9 3 788 ■ '"0X 000 •0 .2 /44 U.21U5
4 i •0.441b U.U149 0.460b 0.0 /42 -U.2U48 u.8b4b
42 -U 33bl 0.0294 0.46/1 0.0692 •U .l/93 U.2462
44 •U.20/1 U.U1U4 " '6 6 1 9 5 —D.TXaJT •0.160b u .iu y /
44 '"  TO0BU3 '" 6 T 2 0 1 0.4464 0.1044 •0.4442 0.194
4b •o.buuo -0 .0/64 0.442b 0.069b •0.4409 U.1U88
40 -0.0221 •0.0404 ■■■"u.2y iy 1' '7j:u /0 •o.H/2b 0.2010

4 / •U.4884 ""0.UU55 0.4460 0.0/41 •0.2164 0.22b
' — 35 •0.4200 u.uby/ 0,4691 U.UBUB -U.UU8 U.23UB

49 -U.4bb9 0.004 0.442/ 0.0642 -o.iBbb 0.2400
00 •0.044b 0,00 /b 6.5244 ""07)937 •0.2264 0.B41U
b l •o.848o ■"o.vfoy 0.6 /26 U.UBb/ •U.D1U2 0.404

"5 2 •0.020b U.UBBB 0 ./4 6 / U.UU42 -0 ,135/ b.BoUB
04 -0 .40/ 0 .0 /94 O.O/bb 0.UU24 •U.lbri 0.406/
04 •0 .2 /04 0 .0 0 // — "o:*yy3 U.UB12 •U.IBbB 0.4011
bb •0.4001 "■ '0 6 5 3 7 0 .0 / 4 / 0.066 -u .i yyu 0.4166
00 •U.2271 U.U2/B U.38U4 0 .0B99 •0 .1B19 U.88/b
0 / •0.4444 0 .024 / 6 .8 b l/ "07J7TT ""TO3093 0.24/1
58 •0.44/1 0.0641 0.469b U.UBUB •0.1406 U.B/W
bU -U.2/B/ 0.0444 0.8001 0.062b •U.TT8S 0.2426
00 •U.2B4 "'U.'Uta'S — '0108* U.UBUU •U .IB // 0.29 /0
01 •0.2144 0.010/ 0 .4 / /6 0.0644 -0 .1 /46 b.2UbU
02 •U.1UB3 U.UbIB 0.46 /8 U.UBB! -U.1B/4 0.241
B8 " 'TO7470 0.0404 0.4406 0.0029 •0.1044 0.224
04 -0 .2 /09 0.040/ 0.2669 "U.U5U2 •0.1453 U.BUB4
00 •U./8b8 " 6 0 9 0 7 U.2/8b U.UU21 •0 .4 /01 0 .1 / /6
BB -0 .4 /2 -0 .001/ 0 .4 b // 0 .0 /14 •o .2 lo5 0.2124
0 / •<J.8iaJb U.U485 0.4211
Ob -0.4444 0.04/1 0.449 0.0649 •0 .U 4 / 0.2469
09 "  -u^b 'iy •U.U891 U.2b/B ''  "07)003 •0.4404 U.lbZ)
/u •U.2/99 U.UU89 0.4011 0.064 -0.1642 U.ldUl
/1 •0.4092 0.0006 0.841/ U.oBlB •U.IBBB 0.2490
/  2 •U.I827 0.042 U.29U1 0 .0 0 /6 -3 ,140/ 0.214/
/4 -0.0410 -U.U/11 U.3U41 U.U/Bb -0 .4UU/ U.lbBb
14 1 :u.'2893 ""•'0.3077 0.440/ 0.0620 •U.1UU2 U.1B48
/O -0.240 U.U4B 0.416/ U.Ub/8 -0.1200 d lL /lb
/b -0.1044 0 ,0 0 /0 0.4100 o.ooo4 '  •U.TUBfl 0.224/

"  ■ ' / / •015338 •o.ooUb V.TM8 0.0 /42 •0.2620 0.1029
/B •U7938 •0.0624 0.214b 0.0 /00 •U.2/U U17T2
/9 -0.400 U.UUU1 0.406b o.oobB '"•U.aUB* 0.2006

' ■ BU ♦U.iB// " U 6 3 9 o.BuUb 0.TS02 •0.1400 0.2146
81 " “ •61992 0.0464 0.44/2 0.0060 •0.124 0.^109
82 •0.2109 0.0640 0.4 /49 U.UbBb ' " -0 .U 1 I U.L2JUI
04 •0.0200 •O.OObb 0.1690 "U.U/2/ ■'•U.273S 0.1614

.............84 '•0.4081 " 6 .3 5 7 1 — O W 3 b.U // •U.2BB 0 .1 /4 6
Bb •0.4/41 — 0.WT4 0.4204 0.0 /14 •0.2124 0.2102
88 •0.2211 0.0494 0.4062 0.0644 •0.1 bbb ' ’ UX29!)
b / •0.201b o.o8/4 3.409 0.U58B •01383 0.2142-----B8 -D7T9PJ7 — 0 6 *73 0.4009 '""0 7 J5 3 5 •0.1222 U.^IB/
89 •U.1828 U.UB54 0 .4 / /6 U.UbU/ -U.1U4B U.2454
90 -0.4190 •0.040/ 0.2294 U.UB71 •0.242 0.1606

.......91 '" " •O llS ! •U.U488 '  0 2 093 0.0699 •0.2062 U.1BU
92 -U.2258 0.044b 0.4294 U.UB2B •0.1040 ' 1 U.'27J1
94 '-U'.IUUB 0.0040 '"  0.2358 "uiuyra •01302 0.24/1
94 •0,2100 0.0066 0.41/1 0.0066 •0.114 0 . ^ / 1
9b •0.1241 U.UB/3 0.4094 U.Ubb ' '-U.U'7/6 U.BbH!
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B/H=0.5 N=1 80 degree
ft ot tap Min Mean max STDV1 * • peaK ♦ peaK

0.3391 1.234b 2.1904 U.26/2 0.4327 2.0462
i -1.00B4 •9.121 0.0404 u .12/3 -0.3034 0.2614

“ 2 •U./9 /4 •o.o46b 0.0409 0.1030 •0.3663 0.2691
J ♦0.649/ •9.924 9.3176 9.102 •0.4302 9.2021
4 •0.3426 U.UU5 0.0431 O.oo4o -0.2493 0.2393
b •0.0001 u.Ubb/ 0.403 0 .0/0 2 •0.1090 " 0.2083
0 *0.4666 0.03 0.0334 u.o /00 •9.1/57 0.2/9U
/ •0.4126 U.U6S7 0.0032 0.0/U9 -u. ib /J 0.2662
b •0 ./2 I1 •0 .0 / 0.0930 0.1240 •0.4444 0.4044
w •0.4396 •o.u i4o 0 .04/4 0.0030 •9 .2 /55 0.241b

'75 •0.442/ U.UT63 0.0099 V .0 / /5 -u.21bl s

11 -0.4614 U.94U4 0.0422 U.U/40 •0.1620 U.2604
1 2 •0.4013 0.0334 0.0011 0 ,0 /0 •u .iob / 9 .2 /26

73 •0.2190 9.967T 0 .00 /2 0.030/ •U .U61 0.2624
14 •U.3202 •0.003 9.4326 0.100/ •0.4231 0.316
lb -0.040 U.U288 0.424 0.U0U9 •0.213/ 0 .2 /14

'TO •0.000/ U.Ubb/ 9 .0 /u / 0 .0 /44 •0.10/6 0.2366
1J -0.bU44 9.U3/9 0 .4 /92 0.0900 •U.2b/ 0.3320
TS •U .6 //4 U.U452 0.4239 u.oo4 •9.212 0.2924
10 •0.0402 0.0313 0.4911 U.U/60 •0.1 /  0 0 .2 /0
20 ■ -U.BU88 9.9493 0 .3 /10 0.1003 •u .2 /b l U .3 /4 /

"7! •0.3313 9.9455 0.491/ 0.990/ •u.2261 0 .41 /b
'22 •U.2/2B 0.0330 9 .3 //1 0 .U //6 •0 .1 /74 0.260
22 “ ” -0 .2 0 /9 9 ,9 /57 0.0021 9.0 /26 •0.130b 0.296
'24 •0 .2 0 / u .0000 0.0 /30 0.0690 •0.1403 0 .2 //1
25 -0,40 o.oby 9 .3 /36 u.uo4 ■0.1225 0.2609
2b -0 ./941 9.9077 9.4900 0.1130 •0.4400 0.4331
2) -U.5817 o.oo3b 0.4301 0.0990 •U.2obU U.3331
75 ♦ 0 .0 //I o.9bb3 9.4300 0.9024 •U.1009 0.3136
29 •0.4009 9.U6T2 0.4004 0 .0 /3 / -u .i4b 0.4064
0U •0.0203 9.0917 9.0940 0.0/11 •0.1219 0.3946
0T ■0.0000 9.1673 9.3390 0.04J2 u.u34b 0.2949
22 •0 .093/ -9.9216 9 .33 /0 0.1202 •0.4992 0 .36 /
43 •0.093/ o .oo iy 0.3203 0.103 •u.2034 0 .44/
44 •0.4913 9,'07U5 U./014 0.UB7U •0.1646 0.4443
43 •U.02B5 9.9 /26 9.6009 0.0 /09 •o. io3B 0.4093
0b •0 .09/ 9.UB31 0 .4 /3 9 0.0 /42 •0.1493 9.4036
4 / -0.4196 9.966b 0 .0 /0 0 0,003 •0.9065 9.2034
44 •0.9190 -U.558 0.0404 0.1264 -0.4912 0.4 /92
44 •5 .775/ 9.92b4 0.3430 0.1031 •9.2605 0.4406
40 •0.0133 U.93T7 U.4001 0.00 /3 -0.2309 0.2944
41 •0.3000 9.080T 9.4402 0.0 /00 -0.1392 0.4193
42 •0.2496 9.9963 9.4640 0 .0 /4 / •0 .1 2 // 0.3203
7J ""•0.326b U.U805 0.0 /34 0.0642 •0.1032 0.2622
44 •0 ./0 2 •9.9421 9.3004 THOU? -u.4441 0.26
4b ' -0 .451/ 0.0064 01436 0.0009 •0.2642 0.2 /0 9
4b ""-U.5048 9,9301 9.3079 0.00)4 •u.2Ub 0.2023
4) •0.0120 9,9775 9.4411 0 .0 /0 / •o .ib b / 0.4016
48 •U.0200 9.1163 0.320 0.0 /30 •0.103 0.4 4 /6
44 ' -0.429b 9.194*1 0.43U0 0.06 /3 •U.U0B3 0.4066
bU •0.4322 9.9657 0.6669 0.0001 •0.1604 9.3 3 /0
b l •0.1999 9.9996 U.43U/ 0.9600 -u .i 102 0,4004

" 5 2 •0.2246 0.1204 9.6966 0.0 /06 -0 .0yib 0.4422
30 -0.2010 U.1U87 0.0011 0.0 /16 •U.1UB 0.3234
b4 •0.2919 9.1902 0.344/ 0 .06 /4 •9,'152 0.3923

■55 •0.2261 9.0555 0.3900 0 .0 //4 -u.i424 0.421 /
30 -0 .204/ 9 .9 6 /6 0.404/ 0.0636 •0.1905 0.2643
b / •0 ,23 / 9.9508 0.427 0.0642 •0 . n  1 / 0.2 /3 3

""SB -0.1302 9.1262 0.4029 0.0644 •0,0640 0.4134
b'S •0.101 0 .110/ 0.0022 0.0604 •0.0644 0.2 9 /6

"50 •0.2112 9.9557 0.4909 0 .0 /4 / •u.i344 0.4146
bl ■0.1 V28 9.9616 0.3034 0.0923 •0.1034 0.2666
52 ■0.140 9.1957 0.4000 0.06 •0 .0 /0 3 ■" 0,2057
U4 -0.1302 9.999/ 0.400/ 0.0604 -U .00// 0.269
o4 -0.104 9.1926 9.3611 0.0364 •0.0654 “  5'.2/2
bb •0.3400 9.9025 0.0009 0.0064 -u.2bbb 9.261 /
bb -0.013 9.9 /63 0.301/ 0.0 /02 •u .u 2 4 0.269
b / ♦0.32b/ 9.9555 0.4190 0.960/ -o.iObb U.300
b’B •0.0011 o .iu 3 / 0.0000 0.06/1 •9.0y/b u.403
by •0.4001 9.9955 0.0091 ™ u:ubw •0.2327 0.249/
/u - 0 6 6 2 9.9616 0.422/ 0.0631 •01755 0 .2 / /2
n •0.2009 9.1215 U.401/ 0.0644 •0.0603 0.312
/2 3T2058 0.1010 0.0041 0.0601 -0.075! 0.261/
12 -0.2099 9.926 0.4033 0 .0 /6 / •u.2o4 0.260
14 •0 .1 /09 9 .9 /94 0.04 /3 0.0646 •o. i242 0.2649
/5 '  -9.1229 u . i i3 / 0.4410 0.0609 •0.009 0.2964
7B ♦0.1002 9.1162 0.0 /04 0.0303 •0.9658 "  9.2012
7/ •U.2b2B 0,1590 0.0019 0.066/ •0 . i4 0 / 0.2600
15 •0 .2 /04 9.9666 0.3300 0.06 /6 •0.1446 "U.272
/y -0.2221 9.9966 U.0030 0.0643 •0.0000 "  0.20

'50 •9.1004 0.1100 0.0400 T O 5 5 •o.o623 0.206b
B1 •9.1U34 9.1122 0.4010 0.0606 •0.060/ 0.291
42 -0.1400 9.117/ 0.0001 0.0621 •9 .0 /18 0.4009

'S3 •0.2022 9.9532 0.0303 0.0639 •0.1377 0.2600
'"B 4 “ "3J.2H/2 919577 0.3O4O 0.0600 -0.1385 0.2 /42

bo -0.2320 ■" o.(jyb2 0.0000 0.0646 •0.0066 0.269
46 •0.124 0.1266 0.303b 0,0619 •0.06 0.311b
4 / •9.1101 9.1142 0.0339 0,9603 •0.0535 0.202
HH ™  37.6965 0.1134 0 .3 /4 9.06 •0.9646 0.2933
49 •0.1449 u .i 162 0.3032 U.039/ •u.oo3b 0.2941

'5 5 •0 .20 /3 9,9715 0.032/ 0.0620 •u .i 16/ 0.2505
01 ' -U.2621 U.U09 0.020 0.064b •0.124/ 0.262/
92 -9 .14 /3 9.1977 0.0040 0.0601 •o.u/32 9 .20 /4
94 •0.1102 9.134b 0.3 /74 5.5557 •0.0440 0.3130
04 •0 .0 / 0 9.1270 0 .3 /3 0,0302 -0 .W 1 0.4024

"95 •U.1139 U.1355 U.4000 0.03/2 •0,043 0.406

B/H=0.5 N=1 90 degree
ft o t la p Mm M e an m a x STDV ' -p ea K ♦  p e ak

0.0006 1.4049 2.2066 U,2o23 0.6 1 /6 2.002*4
"  ' ' “ 7 -0 .0/64 -0.0104 0.46U4 0.102 •0.0233 0.2666

•0.32/4 0.0401 0.42U2 0.UB0/ •0.2211 0.2614
•0.41/4 '"0.0683 0.4332 U.U080 "■'♦0,1004 U'.3U53
•0.44/4 5 5 / 8 / 0.439 0 .0 /0 •u .13 /4 o .4 iu /
•0.4124 0.1120 0.4020 0 .0 /4 •0.1061 0.4410

— .0.4206 "U.IUbl 0.3241 U.U/22 •0.1114 0.4216
•0.4262 0.1242 0.3249 0.06 /6 •0.0604 0.426/

6 •0.9UOO 0.0201 0 .3 0 // 0.1046 •U.2U10 0.44l4
9 •0.4b04 0.042 0.300/ O.U644 •u.2114 0.2062

10 -0.4004 0.0663 U.7728 O.U/61 •U.1600 0.2966
11 •0.4022 0.0022 0.4364 0.0 /2 •u.124/ o.4ob2
12 •0.43 0.1044 0.313 " TJ.'O/UB '•U.1001 0.4139
13 •0.2496 0 .1 2 /6 0 .61/b 0.063/ •U.0606 0.4246
14 •0.6443 0.0b20 0.3434 U.0066 -0.242/ 0.440b
13 •U.412/ 0 .0 /3 4 U.6004 "U!0U26 •U.1/26 0.4242
16 •0.4466 U.U026 0.4036 U.U/6/ •0.1443 0.4093
1/ •0 ./696 0.0641 0.6091 0.101 •0,2466 0.46/1

........ 16 •0.b4J 9 .0 /4 6 0.3104 5 5 8 8 •U.1691 0.446/
19 •0.463 0.0011 0.3042 U.U/06 •U.14/6 0.4299
20 ” "•1.0064 0.0644 0.6443 0 . 111b •0.2/11 0.49/6

--------- 71 •0.3034 0 .0 /44 0.614 0.004/ •U.2106 0.43/4
22 •0.4464 0.0914 U.6123 0.U6I3 •0.134 0.406/

......... 7 3 •0.263/ 0.12 0.496 0 .0 /4 / •0.1041 U.044
24 •0.2/16 0.1107 0.44 /6 0 .0 /12 -0.1026 0.4242
23 •9.160/ 0.1194 0.446 U.U620 ■■■■njmw 0.4U/9
20 •1.94/2 0.0266 0.6066 0.1101 •0.44U/ 0.404
2 / •0.6134 0.03 /3 0.6124 0.1046 •0.1/342 0.4662
26 -0.446 0.0065 U.3426 0.0633 •0.1611 U.4322

..........20 •9.36/ U .)l4b U.46o2 0.0 /63 •U.114U 0.444
40 •0.4124 0.1266 U.62U6 0.0 /16 •0 .0 0 /y 0.44 lb
31 0.9603 U.1926 0 .46/ 0.0404 0 .0 /13 0.4142
42 •1.4409 0.0161 0.02bb 0.124/ •0.433 U.46/0
40 ■•0-8006 0.0666 0.3606 U.1022 •U.20B2 U.4/34
44 •0.4224 U.1140 0.344/ U.Ubb/ -0.142 U.4/10
43 •9.6/44 0.1064 0,4134 U.U//3 •0.1261 0.4466
40 •0./049 0.1143 U.4669 0 .0 /4 -0.1044 U.4444
4 / •0.20/4 0.1299 0.42/4 ' '5.U610 •0.036 U.413/
46 •0.0072 U.0493 0.662 0.1205 T JIS lb l U.4121
49 •0.396/ 0 ,0 /43 U.3426 0.00/1 -U.2170 U.8678
49 •0.6630 0.0699 U.4491 ' ■"55/52 •0 .16 /6 U.bU/5
71 •0.4392 0.1181 0.4113 U.0/4/ •0.106 U.44U2
42 •0.3/44 0.1207 0.4413 0.0 /14 -U.U061 U.4426
44 •0.1696 9.1144 0.464 0.060/ •0 .06 /6 U.2966
44 •0.6641 0.0052 0.45*21 0.0046 T I 2 7 0 B U.2B5
43 ■0.6/46 0.045 0.4323 0.U641 -0.2U42 0.4U1 1
46 •0.4409 0,06/4 0.4916 — tfU/B •0.166/ 0.5515
4/ “ TWIBB 0.096 0,4000 0.0 /42 •0.124/ 0.42U/

--------TO -0.33 0.1463 * U.7555 U.0/21 •071705 0.4326
40 -0.3434 0.10/7 U.4U01 0.0646 -U.U007 o.20yi
3U •0.bO92 0.0942 0.4600 ' "05 8 2 7 •0.1329 0.0410

"■tfl • O .l l l l 0.126 U.460/ — 55851 •0 .06/0 0.4244
32 -0.4609 0.1346 U.5678 0.066 •U.0441 U.4316
34 •0.2B40 0.1462 U.4060 U.06/1 -0.0642 U.440O
34 •0.266 0.140/ 0.330b U.Ub4b •0.0342 U.4446
bb •0 .4339 0.9545 "  0'.'4'69 0 .0 /43 •5.7200 0,416b
30 •0.1064 0.1413 0.303 0.0649 •0.0602 U.4200
3 / •0.1/02 0.119 0.4639 5.560/ 1 "-U.U/22 U.4102
60 •0.1141 0.1634 0.516T 0.0642 •0.0262 0.434
60 ' -0.110 0 .1 /00 0.349/ U.062 -0.0134 U.4360
69 •0.41/3 — 0:0021 0.4326 U.U/06 •0.1264 0.4123
b i -0.1000 0.1406 0.3061 0.064/ •0.0604 U.4216
02 •0.0946 0.1319 U.4002 U.06lb •0.0446 U.40/0
b3 -0.1246 0.1203 0.3041 U.0606 •0.0546 U.41U2
64 •0.1014 *0.1660 0.4649 1 U.U666 •U.010/ U.4 4 I J
bb •U.31/4 0 .0 /0 0 U.432T u .u /4 3 •U .Ubb U.4U4
bb •0.1609 U.1264 U.4024 0.0633 - 0 .0 /0 4 0.0225

"57 -U.19/1 0.1404 U.30/0 U.U640 •0.0340 0.4431
60 •0.9462 0.1449 0.4496 0.064/ -0.U671 U.4240
b0 • 0 1 2 5 0.061 0,4010 — 55705 •0.1403 572925
/0 -0.1060 0.1269 0.4332 U.0624 -0.0602 U.414
f i • 5 5 6 / / 0.1631 U.406J U.Ubib •0.0214 U.04/B
12 •0.004 0.1403 U.427H U.03/4 •0.0418 U.4U2/
/4 •0.2462 0.0946 U.4204 0.0 /06 -0.1101 0.4U3/

"V 4 •0.122 ^ T .1 7 0 3 u.4222 U.U620 •0 .0 /24 0.403
/3 -U.0634 0.1349 0.4319 0.0607 •0.0232 0.444
/6 •0.0364 0.1433 0.4001 0.0336 -0.0219 0.0128
/ / •0.1063 0.1414 0.3240 0.0642 ""•■0.0462 0.441
/0 -0 ,1/46 0.1505 0.6464 0.0626 •0 .04 /3 0.4494
70 •0,140/ 0.1322 U.6U4B 0.0391 •0.0262 0.4206

"55 •5.7565 0.1406 U.4 I 3 TT5570 •0.0242 0.4203
""■"""81 •0.1421 0 .1 2 // *""* U*.40B8 0.0604 •U.Ubb! 0.4066

02 -0,1944 0.1042 0.4396 0.06U1 -U.U/B2 0.2643
63 •0.14/4 ■"U.1406 U.4BJB 0.0621 -0 .00 /8 U.405

" 5 7 •0.134/ 5.1634 0.3 /64 0.0624 •0.0449 0.440/
63 •0.1100 0.1400 “ *■0.4551 0.0366 •0.0261 0.423/
06 -0 ,0 /4 0.1666 0.4426 0.06/ •U.UU4 U.44//
6/ “ ■•U.'l'0'll 0 .14 /6 0 .4 /1 / "  'u .ub /y •0.043/ U.41U

....“88 •0.149/ U.1206 U.0/65 U.U60/ •5.0601 U.blUB
00 ■0.14/ U.0507 0.446/ 0.0601 •U.U/4/ u.2 /4

'00 •0.1062 U.13/4 0.4629 0.0396 •0.0216 0.0081
... yr •U.1262 0.1329 ' 0.782 0.06 "“ •5 .02/2 0.444

102"  -0,0061 0.1436 0.4699 U.06B/ •0.0244 U.4139
03 •U.0643 U.1644 U.40/0 5555/ •0.0036 0.4444
04 •0.0666 U.1638 0.3464 U.U600 — rojxjy 0.4404
0b •0.146 0.1142 u.00/0 U.036 -U.U508 0.2822
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B/H=0.5 N=1 0 degree
Hoi tap Min Mean max S T u v • peak + peak

u.b/yy 1.200 2.1040 0.2010 u.4o 22 2.o40O
'I •0.0401 " U7WW " “ U.3B2 — u:oub5 •U.B/UU u.uuyu
2 -U./442 u.uiby 0.4240 0.1021 -U.BUU4 0.4221
4 ' -U./UUU u:uuu'/ U.4oa2 — 0.T0B7 •o.2Uub " “ (TWO/
4 •o,/oo4 0.0202 U.44/0 0.104b •0.2000 0.4400
0 •u.byyy U.UUB4 0.4242 o.oUaU •U.BH9 0.4200
b '•I.U232 ■■"UTOya U.4/UU u.uuuy •0 .200a U.j BBo

/ -o .o /oa -0.011 0.4000 o.oaoo -0 .2bl0 U.UBUB
0 •U.bU/U u.oU o o.oaoo 0 .0 / /o ' -U.IBBB u : u n

"0 •U.40M 0.U4/2 0.4000 u.u/uu •u.iyuu ^).!TOBU
IU -0.4412 u.ubyy 0.4040 0.0020 -u .ioo 0,40/ti
\ \ •o.obo o .bba/ o .4o ib " " u :u 'tou ■ -u :i/B2 0.2000
IU •U.B/'/4 "'U70W3 ' “ U.45U ■■'U:U7U7 -U.WU 0.4000
14 -0 .00/4 1) (.1401 (1.1440 u.u/uu -O 1M/f*
14 •0.4210 O.ub/O 0.4 /24 o .o /bo " -Ui lBHl U.2/U/
IP •UJUb4 0.0002 0.4100 0 .0 /4 •u.ibuy U.UBBB
10 -0.010/ o.oooa 0.0042 0.0 /40 •0.1001 U.UBUB
V/ •0.4 l4o b.llbob U.4ibb 7J.3/U9 •U .U bl 0.2 /02

"“"'TB •0.0014 0.0/04 0.4024 U.U/UB •0.1402 0.200
ia -0.410/ U.UBUb ' U.BUUU o.ooao ' -u. iuub U.UBUI

-------- 2{J •U.oUUo o.oooa U.4UBB 0.0 / 12 •0 .1 4 // — uiu/yb
21 -0.2400 0.0 /20 0.00/1 u .ooai •0.1440 U.2/U/
22 ' '.U.BUi'U "  U'.UHBU (j.oU4b U.UBBI •O.IUW 0.20b
24 -0 .20/0 U.Ubb/ U.UBUb 0.0001 • U .ll lb U.UBBI
24 •0.04/U U.UBl 1 U.oalb U.oboo •0.1 IbB U.U//B
20 -O./OOO 0.0000 0.0024 0.0/ •0.1044 0.20/
20 •0.0041 0 .0 //2 O .o/ba U.0bb2 •U.140b 1 U.UU4U
2 / “ GBTSU — W3S32 0.4102 0 .0 0 /0 •0.11b4 " ' “ TOS57
20 •0.240 o.Uai4 (j.41/0 'U.UBUU •U.1UU4 0.2042
20 •0.010/ o.oaoo o .o /ao U.Ublb •0,0044 0 .2 /40
40 •0.2040 U.UUUU '0.'BU48 0.0010 •u:uyB2 0.2 /04

----------71 •0.0041 0 .0 //2 o .o /o a U.U0U2 •0.1400 U.UU4U
02 •0.0201 U.UBB U.4ua4 o.oobo •U.UBU 1 U.UU2U
UB •0.2004 U.UU43 o.oaoa 0.0000 •0.1022 u.uyuu
04 •0 202/ 0.1 uo U.0041 "  U.UBl/ •U.UUBB u.uuuu
•iO •0.1/44 0.1020 , U.4UUU 0.0002 •U.U//U U.UBUb
00 •0.2240 u.uyy/ 0 .0 /0 " U.UBU!/ -U.UUI U.UUU4
37 •u.bUU U.UBUb 0.410 0.0042 •0.1044 ""'U.UBUU
00 -u.uu/y o.oao o .4 io a 0.0000 •0.1000 U.UUUU
4a •11.400 1 u:uuyu '"TJ.41I33 u.Ubb ■ .U.TJUU7 1 U.UBU
4U ■0.1000 U.1U4H 0.4124 U.UbUb •U.U/1U 0.2014
41 -0.240/ 0.1000 U.BU41 0 .0 0 /4 -o.uoob 0.2 /00

" ....... 42 • li . l /b l 0.1010 0.0400 u.ub/y 4J.U72 0.2 /00
40 -U.4UUU U.UBUB U.OOO U.001U •u .oa/4 U.U/UU
44 -0 .0000 U.1041 b.oo4o ' U.UBU/ -U.U/b 0.2002

' 4S> '.'U .U0U7 " 'urrosji U.B1B U.UbbB •U.Ud/4 0 .2 /40
40 •0.1000 0.1010 0.02/0 0.0004 •U.UBBB (T.UHT4
4 / -0.101 u.uy/u 0.012 0 .0 0 0 0 •0.0040 0.200
4B •U.2by o.Uooo " 7J.UB87 O.UobB -0.1140 U.UIBi

' ' 4 3 •U.BUU 0 .0 0 0 0 T n r r c U.UBUB “ '•U7TOS3 0.2102
ao •U.2000 0.1414 U.Ubb/ 0.110/ •U.BUU/ n n s r f b
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lb -0.2044 U.0/40 U.4204 ""U.'U'/U/ •0.14/0 o.UUb/
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B/H=0.5 N=3 0 degree
tt o i tap Min Mean max 5TDV ■ - peak + peak
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B/H=0.5 N=8 0 degree
w 01 lap Min Mean max STDV ■' ' - peak ♦ peak
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9 •0.4212 9.9211 0.2262 9.0718 •0. TO3B TT236
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bb •U.btUb U.BT4 " f!/242 U.aalb •B.JbOb u .y /b /
bb •U.4bb/ u.abbU i.ubuy U .1 / // • u .a / / i U./BBO
b/ -U.biyb U.IUBB U.01/B U.14B1 •U.b4U4 1 U!b4B2
bb "•U.-40/B 0.041/ U.byd4 O .ilyb “ 7T3TS5 0.4002
by •U.bUlb U.04/4 U.OB/1 U.120b -U.b 14b U.4U9
OU •U.4B2/ u .a a u l.b b /l u.aaa/ •U.44bb ' 11.1895'
b l •B.40bb " 0 . l ’/T2 U.5128 UIUOS •u.au/b 0.440b
bb -u.4uia U.U402 U.4bb U.U04 •u.abb U.bblb
Ub •U.b4b4 •u.uJbJ U.bbBb u.iuJ "^U!342!3 u.a/bb
b4 •l.BBBB •U.UBbB u./oya U.1 lb / •u.bbbo U.b14b
bb •u .y jb / •U.lbbb 0.21bb U.IUBB •B.47B0 0.1/2b
bb •U.bb4U •u.u4ia u.a4bb u.uubb •u.baiy U.4b9b
6 / •U.ab/b U.U6U4 U.bbbb U.Ub/ •U.14UU u.aaia
bb •u.bbby "U.TJyf4 U.4B4! U.UbUl ■U.1150 0.20BB
by -1.B1U1 •u .i/b U.a4b! U.11 IB •U.b lib d.lbyb

'" 70 '■“ '♦TOWB 73 .0 /75 u.220i O .f l l l '  -UTOTB u.abay
/I ■U.J//b U.U2/B u.buy/ U.U//U -u.au4i 0.2b0/
72 •u.abba ' "" U.UBB U.bibb U.Ubb/ •b.1441 U.bbbl
/B • l.a ib b -u .ib /a u.abU4 U.UbU •U.4BB0 U.lb4b
/4 •U.44UU •U.U1B/ u.byyi U.UB IB •0.2B2 ' 072288
/b •O J B 9 TTU7T2 T33S54 UUU8H •U.lbbl u.a 4 /4

/ B •u .ab// U.UB10 u.bbbb u.ubba •U.lbbb U.abU4
/ / -l.uUbb •U.1bb4 u.ba4b U.12/1 •U,bl4ti u.a4b
/B •B.B24/ •u.U/04 U.B1U/ U.1108 •U.4UB1 u.bbbb
/y ' -013247 •u .uai/ U.bb4b U.UOBB •U.blb u.a/4b
HU -U.Obbl U.UbUb U.4UBU U.UBUB -u.ab/b ' B.2U54

'"Bl •l)./bb4 O.LwbJ U.4bb4 0.uul2 •U.22bl U.bblb
U2 ■B.B/UO -------ITUB3 U.4b/4 U.BBOb •U .l/9b u .bb //
bb • i .i ib b •U .lllb U.bbbb U. 1194 -0.4U05) u.a4/
04 -0.B8B4 ' -U.U/Ub U.b4bb u.uooo 1 -0 ,3 /03 '072203
Bb •U.b0b2 •u.Ol/ 0.4 ib 1 ' U.IMI " "-3.2513 U.^4/4
BB •u.bbbb 0.0279 u.4bbb U.UB22 -U.21BB u.a/4b
B/ •U.4J44 U.Ut4b u.ayy / u .u //b -U.10B2 B.2B/2
a s •U.b4bb U.UbOb u .4 tiy U.U/bl 1 -u.T/yy 0.2/b
BO •U.4bU "'"3.U50B U7J74 U.U/BB •U.lblb U.b1U4
00 •u.byja •U.U712 U.bbl 1 U.UUbb •u.bbui u .a i/b

"01 -0.444 •U.Ubd U.bblb U.BBB4 -O.blba U.2U31
02 •U.4bbb •u.ua4 U.bOJJ ' "'TJ.U/SO •u.aau/ 0.212/
Ob„ -U.bbbl U.UBUB U.4bUb U.U/24 -U.1B/1 U.ab/b

•u.B/ub ...... O.Uti/1 u.bbab U.BBBB •0 .1 bOO .....TT2739
Ob •U.44 lb U .l l /2 u.4biy U.U/bb •U.1Ub4 U.bb/b

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



B/H=1_______ N=1 20 degree
# ot tap Min Mean max STCTO------ • peak ♦ peak

U.d44b VT8T8 1.9/b2 U.db/d U.BB l.»d3b
i

. .  ■
-l.bUbb -U.dbl U.4blb U.22bd • 1.0b U.2BB
•l.b l /b •0.3/bb U.4b4d ' 'THUST • I.UUUd U.24bb

j - 1 . / / / 4 •U.ddUb U.4bbb U.2U24 •u .y2 // u.2bbb
4 •7.111)74 "4J.2blb U.4db/ " O B W '"^TBSUT U.d/b4
b -1.B4B1 - u .n /d U.bUdb U.104 b •U.b/Ub u.4db3
b -l.ddbb -U.Ubb U.4b/b O.Hbd •u.bidB u.dbdb
1 "■■•rrow ™ .o :n w U.32BB u.iubo -U,44bd U.2Ubb
8 •l.dbbb -u .i/2 y U,41bb U.ldbb •U.bbdd 0.2304
y -I.UbbO •U.1B28 ' U.40B2 U.ldd •u.bblb U.21bd

...............10 ""■a j b t o •U.1311 U.bUlb U.1d42 -U.bddb U.2/1b
11 -U.bdld •U.UbU4 U.4b2U U.1112 •U.db4 0.2033
12 •U.bbb •U.Uddb U.4UU1 ■u:oy&3 •0.3223 u.dbbd

" “ ...... 13 ■"♦179772 •0 .0 09 / 172 / tb U.Ubdb -U.d2 U. 100/
14 -1.1l>b4 ■U.1204 U.41b) U .llbb •U.4b1U U.'229T
lb •U.'B426 •u.uOib U.4UU/ O.lUdl '"".Tr.4UU8 0.2 l/B

.............. IB •U.bUd/ •U.U//b U.42&y U.1U2 -U.dbdb U.22bb
i / •U./14b -u .oy/o U.BBUB U.IUdb ' -0.4031 U.212B
IB ' -(TBIB/ •U.Obd U.dbUO U.OBbB •U.d22b U.IBB/
IB -0.47U9 •u.udbb U.BBBB 0.0321 -U.2B22 U.21Ud
20 -U.b44d •O.OBB U.J4U2 U.10/2 •U.4 IU4 U.2d2b

......  21 •U.bbd/ •0.002b U.3/U3 U.UBlb •u.ddbb U.BUB
22 •U.4bb/ •U.UJ42 U.4Ub2 U.U/U2 •U.2/1/' 0.2034
2d 1 -(IIbbs ""UM JB U.Bbdd "'170742 •U.22d d u.221 /

~ 2 Z •U.dbUb -U.UIdb U.2B34 U.UBUB -U.22db O.i ObB
2b •U.bd4 •U.uBbl U.42BI O.U/bb •U.2bbb U.ltid/
2b •U.b4// •U.Ub/B u.db/b U. 1U2d •U.db4/ 0.23BD
d/

-  ...»
•U.bbbl •u.o42 j U.dbbl 17UU42 •U.2Bb U.21Ud
•U.dblb •U.UU/2 U.dUUd U.U/1B -U.222U U.dObb

2  y •U.bdbd U.UUBb U.3ubb U.Dti/'l “ '•U'TBSB U.BUBB
dU •U.dbb2 u .u i / / U.d/4 U.Ubbb •U.1/b/ 0.2141
dl •u.ObUd U.07BU U.db/b 0.0340 "•TJ.0255 U.IBB/
J2 •U.bbdd •U.Uddb U.dUb U. 1U44 -U.d4/2 U.2/0b
dd •u.buM U.OOBB U.42d 0.0B14 •U,2dbl U,2b2b
33 •U.dd// U.Udb U.ddl U.Ubbd •U.1/BB U.2dbb
db •U.bUbb 'U.OOBB '"  U.2B2B ' u w i "-171893 U.2U/
dd •U.dlbl U.U14B U.U122 U,Ub4U -U,1b 0.2Uttb
d/ •U.4d2d U.UdU/ U.d/d/ u.u/dB " iu.ruus U.2b21
3b ’"•T0B97 U.UUd4 U.42U1 U.1UB4 -u.d2 iy U.d2b/
dy •U,4bb2 U.UIbb U.dbbl u .u/b •U.21BB 0.2bbb
4U •0.3/Bb •U.0TT4 11.3155 — U75675 •U.21d/ U.loUb

...........”4T -u.ditM 0.02b 1 U.db/b U.Ubdb -U.ldbb U.21bb
42 -U.dbbd u.u464 U.dblb O.uddb •U.IbTJ? u.2duy
4d "•U.UWB U.Udbd U.JB24 U.U/41 •U.1 bd U.2b1/
44 •U.B2bti •0.00/ U.2dUti U.IUdl •U.4Ub2 U.2122
4b •u.bbl -U.U04U U,24Uy 0 .U //2 •u.2ydB U.lbb/
4b ' -0.378 •O.Obdb U.23U4 ■■"crcrm •0.2B4B U .l / / /
4 / •U.d2b U.U1U/ U.d4db U.UB 04 -U.1B/4 U.21b/
4U •U.22bd U.UBBB u.d4/y U.Odb " -U.1112 'U.2/BB
4U •u.bbdb U.U9T7 U.4/bb t j :o; s 4 •U,14dd U.d2bb
bU •U.42bti — U.286B l.Bb/B U.2db2 •U.41BB 0.094b
bl •U.ddbd U.dd4b l.Bdlb U.2B10 -U.bl 1.1/HO
b2 -U.bbd 1 U.4U10 1 .b //d U.dbb4 -U.4bb3 1.2/u2
bd •U.'4UUB " U.20B1 1.bb2/ ""0:2281 •U.dbdd u.y/d4
b4 •d. 4222 U.1b4 1.d/b4 U. lb /4 •U,ddb2 U.BBB 1
bb •U.bUbb 0.2304 1.0291 0.2303 -U.4/BB U.Ub/d
bb -U.29b/ U.22bb ).1 /4b 11.1071 •0 .2 /b / U./2bb
b/ •U.344/ U.IbUb U.U/Bb U.UBB •U,2Ubd U.bBBb
bb -u,bd/d U.1UH U./ddd u. iddy •U.2/U1 U.4/db
b9 •u .jy /b 0.0494 O.Obb) '"8.'1U94 '"•■U.2789 U .d//b
bU •U.b4Bti U.111B 1.4BBB U.2ddb -U.bBBb U.bldd
bl •U.dbbl u .nB b U.ttbdb u .iid 2 •0.241 0.4BB
b2 •U.4bti U.Ubdb U.bbd 1 U.UBBB •U.20BB U.d/dd
bd -U.bdbb U.bbb U.1U24 •U.dUbb u.dOu

' 84 ' -ir.Hxys ' '“ U.03W1 O.bibl 0.1114 •U.d/20 U.2UD
bb •i.2bbb -O.IBB U.dd// U, 144b •U.blUb u.24/b
bb •0 ./4 /1 •U.UBB “ "0:29HB u . i l / 4 "•U.3TST "“ U7B9T

— 87 •U.391B 0.0403 U.dbUb u.u/b -U .l/B l U .2 //b
bb -0.24d0 "U.U912 u.4u4 J (j.uoBd —•u .f ie s "■■U.VOTl
09 • i . iu o •U.21U2 U.2ddd U.1410 -u.bdb U.214b
/U -0.0304 •u.udbb U.dUUI U.134b •u.4uj4 U'JTBB

. . . .  , . . jj
•U.4bbl U.Udbl 0 .3 b // U.UBBb •U,24db U.2Ud/

u •U.2bdd U.Ubbd U.dbdb u:u/ •U .lbld U.26Bt
/d •l.dbtib •1)1779 17.2681 TJ7TO3 •U.bl 12 u.2bbd
/4 •U.BU24 •U.U22B U.4bb4 U.UBB/ •U.dlbb U.2/db
/b -U.dbbb 0.040 u.4ib2 U.U/BB •U .f/74 U.2/b4

... ........'/8 •U.2B0/ U.Ud/B U.421d 0 .0 /1 2 •U.14b U.2b1d
/ / • 1.1d4d •U.142d 0.3040 U. 1244 -U.blbd u.dBi
/b -U.bbdb •u.iu4o u.3bb4 U.T144 •0.44/B — U.73H3
/y •U./bbl •u.ubua U.db4d U. 102/ •u.dbbu U.2b/1
BU •U./4dd 0.U2/B 0.4000 U.UBU -U.24b4 U.dU12
Bl •U./bd/ U.Obd ' 014222 U.UBUB "-0.2197 0.323/
B2 - o . /y j i ' " U T O 0,43 /3 U.Ubd •U.1b2b U,J4bd

............. B3 ”  178857 •u.1210 U.dbdb U .lld •U.4bU/ U.21/b
B4 •U.B22/ •U.U0U4 U.d2d U.UBB4 -U.BB4B U.IBb'B
Bb •U.bd/d •u.Ubbb O.BdiB U.UB2B -U.B2B3 0.22 /3
BU •u.4b/3 U.Ulb/ U.4U0/ u.ub4y •U.2BB9 U.2/Ud
3 / •U.44JU U.U2/1 U.3112 U.UBUB •U.214D U.2BBB
BB •U.4bU2 U.U4/d U.d/4b 'U.U//B " -U.1BB/ 0.2BI
By •0.4bti/ ""U.UBB'l “ ”D'.'4U2B irU7U9 •U.12db H1.3U17

■ " " y o •o./yyu •u .uui/ U.d41d U.UU2d •U.BBBB 0.1 Bb2
yi -U.bd -O.ObOb U.20dl 0.0041 -U.B41U D.'1B2B

.... .■ yy •0.4bbU •U.Ub 14 '  0 2 923 U.UBU4 •U.2U2b U.IBB/
U3 •U.dbdd U.U4BB U.d44 U.U/B •U.lbb U.2B2/
04 •U.41U1 u.uBBB u.BUlb U.u/4b •U.lbBb ......U.'287B
Ob •U.ddd/ U.) 1b4 U.441U U.U/2d •U.IU04 U.dddd

B/H=1_______ N=1 30 degree
« 01 lap Mm f3ean max 5TDV • peak + peak

O .bll / "“ '1 1 0 /9 T0393 u.24titi (738/4 1.B4BB
....... " 1 -l.bUbd •U,4d/b u.dbbl U.24bl • 1.1 /d i U .29/0

2 •l.bbbd •U.4b4/ "U.2BBB U.dddl •l.IbJH U.244b
1 — 1 3 ' " T 8U6 T •O.BBbb U.2b/2 — U3T9B •l.Ulbd U.24/2

4 •1./1B1 •U.dlbl U.2/UB u.duyb •U.U4Jb U.bldb
b •1./4bb ” '-U.2121 1T.42U U.291 ' "CTBTbl U.BBUB
b •l.dbdd •U.1/4d U,422d 0.1/21 -u.buu/ U.d421
/ -1.11b/ -U .l/b u.d/yd U.ldd •U.b4UU “ D1BU9
b • l.d  /  Id •U .2/4/ O.dtiOd u.l/tiB •U.BUM U.dbb
9 •l.UdUd •U.2bl4 U.dddb u.i4by -u.bbd U.1BB2

1U -1.14b1 -U.22BB u.dy U.lbdd c 1 a 0.2271
11 •1.2114 •U.1422 0.4dtib U. Id / / •U.bbb4 U.2/0B

—  lli •1.U40/ •U.UBBB U.dU4b U.l lbb •U,44ad U.d4bb
13 •U./bd4 •u. 11 /2 U.2d/b U.U0b4 •U.d/b4 U.U21
14 • 1.2U/B •U.221B U.dOBd u.ib2b "9.HBU2 u.ddbb

... . .. .. jy
'  '•17.9298 •u .i by ------ IT.29T U.UU •U.blb U.1B/9

lb -U.b/b / •u.ibbi u.da/b u .n y b •U.bldb 0.203b
1/ •1.402b •U.1/bb 1 '9.3204 U.ld49 •U.btiOB U.2292

---------- -re •U.B22B •U.ldbb U.dl 0.1 U/2 •u.44 bd U.IUbl
19 •U./bb/ •u.uydd U.d/4b u.uy/4 •U.3tib5 U.1BB1

■ " — '20 •l.bbbb •uriByy 9.4929 U.Ub •u.ay4y U.d/b4
21 •U./b2b ■u.id/b U.Jdld U .llb / •U .4//b U.222G

" 22 •U.bb4b •u.ubud c k i U.uOdb •U.dbbb U.1B42
2d -U.bU4d •U.U4BB U.Bdbb U.UBB2 -U.dUbd u.20yi
24 •U.bbb 1 -u:ub/B U.ddbd u.0/94 •0.290 U.IBUb
2b •U.bbOB •U.U/40 u.dbbb U.U/bd •U.dUUb U .lbld
2b •l.lb b d •U.IUdb 0.d/4U U.l 4 •0.b23b U.dlbd

------- yy
•U .b/2/ •U.U/b4 U.db4b (J.lUbB •U.dbdb ' U.24U9

2b -U.bb/b •U.U42d U.db/ u.ObBy •9.2941 U T O
----------29 •U.b •U.U24b U.dldb U.U/b4 •U.dbdb U.2U4b

dU •U.421b •U.U14b U.dUbl U.U/dd •0.d313 U.dUdd
d l •U.14lb U.UbU 1 U.ddlb U.OBbB •u.ub/b U .lb /b
d2 • l .ld b l -U.U/Ub U.41bd U.1d4d •U.4/34 U,ddd4
d3 ■TO.1T/ •U.llU/4 u.dbbb U.UBB -U.dUlb U.dbbb
d4 •U.b/42 U.UU/4 U.dd/1 u.u/yd •U.2BU5 U,24bd
db •0.431b — 1(7921 U.ddbd u.u/bb •U.2414 u .iyy4
Bb -U.d/Ub •U.U1/ U .d l/b u .u /0 / •u.ddy ■"“ 9 1 9 4 9
d / •0.4d3u "■ UM J7 — o .u r n U.U/ •U.2U42 0.21S /
db •1.2/dd •U.Udbd U.422 U.129b •U.41bb 0.3tiu4
db •u ./b i / ' -U.UUU3 U.db4b 0.091 •U.d/33 U.d/db
40 •U.b32d •U.U413 U.dbdd u.u/dy •U.2bd u.ibud
41 -U.dUUd -U.UUI U.ddUb U.ObOb •U.2U9B U.20/B
42 •u.ddBb U .013/ U.ddOy O.UtiB4 •u .iy i4 U.21BB

' 4’3 •U.db2/ U.U1/2 u.dbdd u.Ubbb -U.IBIB ' U.22b9
44 -i.bdUb •u.i4yb U.241U U.ldd •U.blBti 821 9 5
4b -U.B413 •0.1041 u,du3/ U.UtUb •U.db// U.14bb

""40 •1R5283 •(71962 — (726T1 U.U/bd •U.d441 U .ldlb
4 / •U.4db •u.uddy U.2B17 U.U/b -U.20B9 " U 1 9 1 2
4B •U.dbU2 u.Ubbb U,4lbd u .0 /2 i 1 -U.l 594 U.2B21
4U •U.bUdb " U.UB/2 0.4104 U.U/bd •U.ldbd U.dld/

'■"'bU ■•U.'BBBy U.1B2B l.bUdd U.ddbb •U,b24b U.bbUd
bl •U.bddb U.l 792 l.b /2 4 U.BUBB •U.44/2 ■"9.69b/
b2 -U.bb22 U.d/bb l.bbtib U.2410 •0.44b2 1.0034
bd •U.3BB1 U.24 /  / '"l.'49'lb U.2UBU ♦u.d/wi U.b/4b
b4 •U.bbl U.ldUb l.Ubbb u.ibdd •u.doyd U.tilUd
bb •1.2bd4 U.14U2 1.4B1B U.d40l •U.bb U.ObUJ
bb •U.41d4 U.lblO l.OUd ' "0 .18T8 •u.dudb u.bu/d
b / •0.44/4 17193B U.9B31 U.140 •U.dU41 U .b /1/
bb -u.4d/y U.14bd 1.Ud21 U.12/2 •U.BBBB 0.b2/B
by •U.b1b4 ' 1 U.030B 0 ./4 0 i " "  0 1 198 •U.291/ U.d/dU
bO •U.bb4b U.Ub4/ 1.242 U.2dd4 •U.b4bb U./b4b
til -U.d94d u.uyib U.bddb 0 .1 i9 •9I2657 U.44bb
b2 •O.dbbti ■"■91948 — 8.'7T77 0.1019 •U.2U1 U.41Ub
bd -u.dby 9!U994 U.b41/ U.Ubbd “  -U.2495 9.3283
b4 •U.bbbb 11 -U.'U23/ O./Bbti U.113/ •U.BB49 U.d1/b
bb •l.4b b l •U.24bl U.ddbb U.lbdb •u./dby u.23y/
bb •U.bb2/ •U.lddb 0.3u3d U.ldbb •U.b 124 U.24/d
b / ♦U.bbUb u.uidb U.dbbl U.UB/2 -U.24B2 ' U.'2/bl
bb •U.ddbd 1 U.UBUb 0.4d4d 077745 ■•91131 U.BU41
69 •T.239B •U.2/23 U.1B42 U.lbU4 •U./dd/ u. i / y
/O -u .y /b / -U.lbby u,dd4i U.15/8 "•8.8398 O.JUbU

"  71 " -U.bBW "“ •(79187 U.dbb4 U.1Ud4 •u.ddbd 1 U.BBBB
12 •U.d4b/ U.U4U2 U.4U2b U.U//2 •O.iyib "■ 9 2 /1 9
/d •1.12b2 •U.ddU 0.d3ld U. 14b •U.B/b2 0.212b
74 •u.bblb •U.U/bb U.4bb1 U.UtiB •U.4dbd U.2/b1
/b -0.4U4 U.Udbb U.db/4 U.UB/4 •0.22bti 0.29B/
/b •O.ddld U.DtiBB u.dyud U.0/B1 -U.l/OB u.dy/b
II •1.41b4 •U.1912 U.21/4 U.ldbb •U.80B1 U.ddd/
IU - l.lb 2 4 -u .lbb / U.dUbb u.1233 •0.b2bb 172142
/U •U.btibb ""•U.UBB5 U.3/2d — 9 1 9 5 •U.4Udb U.ddbb

-----------BU •U.bUdb U.U22B U.ddbd 0 .0 //B •U.21UB " U.2bU1
Bl •U.bddb U.Ub4B u.ddyb u.0 /3y "•U.18BB 0 .2 /b4
B2 -U.4b24 u .iu iB ' 'U.3!T7/ 9U737 " 1 7 1 7 9 8 U.B22B
bd ' -i.UBB'l •U .1//4 U.2U14 0.12B2 •u.bbiy U.2U/1
B4 •l.Ubbd •U.lbb U.ddbd u .lid b •U.4B8b U. 1 /  bo
Bb •U.02d/ •U.UBbB U.2B/9 U.UBBB •u.ByU '“ 0KM 2
titi -U.bdld •U.Oubb O.dUlb ""011817 •0.2bUti U.ddbd
b l •0.3323 UI913T “(72B52 U.U/db •U.2U42 U.dddd
BB •U.dbbd U.04UB 0.29bti u.ubyy •U.IUBB u.2bUb
B9 ♦U 23 /b U.Ubbb u.dBiy ""U.96B9 U.2925

"■"'UU • 1.b2db """01838 U.ddbd U.lddb •U.b24b U.21B9
Bl •U.B/94 •U. 1 b 1 b U.2U42 U.1U/9 •U,4/b4 U.1/1B
U2 •U.4BB -O'.UBUB 0,2b4d U.0Bb4 •U.d4bb U.lbbd

' 93 •U.3T13 u .w U.dbU/ U.U/dl •U.1/B4 U.2b93
94 •U.2B4B U.Ub// U.d/Ub U.U/UB •O.lbb "  9.2/U4
Ub •u.dd3d ' U .U // U.U/2/ •U.1U04 U.ddb/
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B/H=1_______ N=1 40 degree
# ot tap Min Mean max BTDv • peaK ♦ peak

0 .4 /50 1.000 m b * ? O.B4Ub 0.4204 l.B I/li
1 •U.UU4B -0.40/1 0.44/1 0.2012 • i.Uooo O.dlbo
2 • 1.0220 •0.50/ 0.24b2 U.204b “ T 2 S 5 5 U.UB4b
8 • 1.7410 " 'T T J U U 0.2 /05 U.UUB/ • 1.1100 0.2551
4 •1.0020 -U.4442 0.441/ U.U1/B ' "•O.WSB U.31U3

"b ■■ '- ry 2 o / •U.24/d U.4/bd 0 .200 / -0 .05/4 0.4020
0 • 1.4U2b -U.217U 0 .4 / / / 0.1045 •U./bbb 0.44U/
/ •1.1001 •U.2404 U.2UU2 0 .14b8 •U.b4bU U .l/43

...............B •2.4401 '" “ 03USI 0 .40 /0 0,2514 •1.150 U.34BB
o -1.IU07 -U,2BUb 0.2521 0.1504 •0 ./0 /4 " U.1BB4

10 •1.2444 1 -0.2BUU 1 U.2BUy U .io il •0 ./542 0.2144
................M •U.Ub4U ■■■Trreui U.3UBU 0.1 4 /0 -O.K/Stf U.UUI/

1U •1.0251 -0.1405 U.2Ub7 0.1200 •0.5102 0.24.41
14 •O.bbOO •U.WOb u . i / / y U.ooob ■■TJTbTB DTTUB
14 "• '1 .0230 •O.ddUd 0.4441 U.UUU4 -0 .0 0 /5 U.UBBB
15 •0.0444 -u.iuyd 0.254 U.1U/B •0.5d22 o .l b io
10 •0.04/0 •U.IUIU u.ubuu — IT.'! 257 •0.5000 U.lBbl

17 “ "•T.20U8 -0.2045 0.4421 0 .1 /04 •0 .//5 4 0,2405
1U -0.0224 •0.1004 0.4214 0.124 •U.55b4 U.'fflUB

i n -U./UUB •0.1 BB8 U.37T0 0.1040 -0.4442 U.17BB
UU •1.5041 •0.24/ U.4UB U.IBUU •0 ./0 /5 0.2045
21 -0,0400 •U.2U1U 0 .4 UU •U.bBB 0.2444

---------- ^ 2 ""IT71BS -U.1BU1 U.27UU U.IUBB -0.4411 " " 0 1 7 0 0

24 -0.5015 •0 .00 / 0 .4 / /5 0 .001b •0.3823 " " 0 1 8 8 3
U4 •0.055 7 •0.1020 U.3UB1 U.UBb/ -0.450/ 0.1544
25 •U.bbU -0.14 0.1044 U.U/U1 •O.dd/4 "" U'TU'72

' "2B • l,bJ4k) "  :U"1B3y T 3 8 8 5 0 . 10 /2 •0.0054 0 ,4 1 //
27 -0.0051 •0,1424 0.4102 0.1205 •o.bdoo 0.24b

............20 •0.bbb2 ' "-V.UBW TJ.27BU "■“ tn jg w -0 .4/10 U.1U47
2b -0,4/04 •0,004 0.2050 0.0015 •0.40/0 U.l'BlB
41) -OUBU nj.ubsu U.2B7S 0 .0 /0 / -U.UBBB U.17B1
41 •U.1UBU U.U1UB U.1BU7 0.0400 •U.UUH 0.1404
dU ” •1114/ •U.IbUU U.4b T7!b"T5 -0,500b 0.402/
44 •U.U/Ub •0 .0 /24 0.440/ 0.1121 •0 .4U0 / 0.2040
d4 •0.bb4 7 •U.OBbb 0.J1BU CTJBW •0,4040 0.242/
45 -U.4BU7 •0.0021 0.4101 U.UBUU •0.402/ U.l/BB
40 •o.4lbd ' TCUSbU ' "U.27B2 U.o/4b -U.U7U7 U.1B/U
4/ •0.440 -U.U31B 0.4155 U.U717 •0.2400 U.1BB4
4b "  -1.3004 •0 .1)22 b.4500 "" U.14/B •U.obbo U.J4 1 1
du •0.0200 -U.UBB! 0.410 0.1012 -0 .4 /1 / 0.2455
4(J

...........
-0.502 •0.0020 U.2U2B U.UUU1 •0.344 U.14/U
-IT4V4 •O.UJbd '"'U 7S3U ITU747 -U.UBUB 0.10/0

42 •0.4504 ■0.010 0.4024 U.U/UB •0.2450 U.1UUU
44 -0.4241 •U.U1B4 0.2502 0.000 •O.U2b4 U.'IBB/

............1 1 '■"1.217B "":0 7 0 3 B ""U.2U1U U.IU/U •0.50/5 — ITT759
45 •o./ooo •U.1B/U 0.2214 U.UBU4 -0.4052 0.1400
40 -0.b777 -0.12 U.2/UU U.U/UB •0.40Uo U.UBb
47 *0 .4 /4 8 •b.bbbo ....U.281B U.0/5b "■ •T O sr/ '■ "(J.TH l

----------- 38 •0.4004 0.0545 0.4005 0.0 /40 •0 .10/4 0.2 /4 4
4b •0.4022 U.U72b 0.404 U.U/UB •0.1450 U.UBUB
5U ■ -o . /u u 0 . 1 1I4 1.4BU7 U.U IB •0.5424 0./bb4
bl •0./512 i n m 1.4bOd U.200U •U.4Bbb TT7B32
52 •0,5500 0.2551 1.5025 0.2422 •0.4/14 U.UB1B
54 •U.4BB 0.2055 1.440/ 0.22/ •0.4155 U.U4Bb
b4 •0.5240 0.1102 V i/4 ' ' UM//B •U.4144 U.bbU/
bb •ITH772 U.UU4B “ T39SB U.2lUb •0,5542 U72T8
50 •0.4/14 0,1100 0.0441 0.1442 -0.4150 0.5404
b / *0 .b4l/ 0 . I24 U.U4U7 U.14Bb •o J2 2 5 0.5005
50 •0.4000 — 01787 0.040/ 0.140/ •0.2415 ■ " '0 3 8 0 5
5b •0.4051 0.04/1 !.UB2b 0.1440 -0.455b U.4bUU
ou "'•1'.'41B/ U.052O 1.2b50 U.2^40 ' '“ O.'BUIU U. / 20b
01 •0.551 0.0050 0.5005 0.1141 -U.U/BB U.4U7B

‘02 •o.dood O.IOlB 0,044/ U.UUBB '•U.lUbB 0.4001
■" “ "03 •0.4401 0.044/ u.bduu U.OUbB •0.242 U.Uilb

04 "  -U.BIBB •0.0401 1.2441 U.141B •0.4b1b 0.4004
bb •1.0002 ■■■nrunu U JJbb 0.14/4 •U.bU4! ""'071UU3
00 -U.B222 •0.1045 0.4144 0.1125 •0.4400 0,244
07 •U.4B4b ■■'■“ irucsu U.dd2d UlOUbU •U725r6 U.2BBB
00 -0 ,40/0 0.0054 0,4001 0.0 /45 -0.1551 U.UBbB
oy “ “•l'.W2S ' '  -11.22517 0.2441 '" U.'IU/'/ •U.B1U7 U.lb44
/o •U./U/7 •0.1225 0.4202 0.14)0 •0.51/1 0 ,2 /22

' ' "71 •U.4/45 '"U.UU17 0.4250 U.UU7 “ U.UBUU U.UUUB
72 •0.4404 0.0400 0.4544 U.U/b! •U.IBBb 0.202
/4 •1.005 ' -U.IBbb U.34b3 U.lUUb •0,5/41 0.2041
74 V.B343 •U.UBBB 0.3483 TJ.1U7J •U.4U7B U.23tffi
/5 •0.4400 0.0450 0,401 U.UB41 -U.UIBB U.UBB 1
10 "  -U.2BBB U.UB3U 0.4010 U.U/b! •O .lbbl U.UBB4
7/ -1.042 •U.Ud/b U.T485 — onyo'/ " ■ re s z u / U.Ub47
70 •1.0504 •0.2445 0.2240 0.10 -0 ./244 0.2405
/o •1.240/ •0.1542 0.220 U.1U17 •0.5lb2 U.UI IB

----------no “ ■■•V.5SU6 3TOTJB U.3UU7 — U:UH12 ^ J 7 3 7 3 0.24UT
01 •0.4410 0.044 0.4412 U.U/IU •U.IBUb U.U4BB
02 •0.2005 U.UUUB 0.4000 U.U7U7 •0.1215 0.402/

1 ' '‘M "  -J.B/U1 "  '-U.UBU U.1UB4 U.I7/B •o .B M O.Ubl5
04 •nsm •U.2b2! ""'U .'Jlb 'S — CT.T4/2 378038 U.lBUb
Ob •U.B127 •0.1040 0.2402 0.1204 •0.524b U.1U71
Oo " -U.bUW •U.U4Bb 0.4010 U.UU44 •0.4410 0.2440

....— a? •U.3B11 •U.0 U05 0.2B40 b .o /u o '” 0,.2BUU ' U.U1B
00 •0.4402 0.0124 U.UUBB 0.0 /42 •U.U1UU 0.2440

'OU •0.245/ 0 .0 /4 0.4 /40 U.UBB/ -0.140 U.UBUl
........... uo ■'"•T.UBB1 •U.U524 0,^200 o . ib /o •U./bb 0.2b01

U1 .•1 .21 /4 •0.2444 0.2224 0.144/ •O.b/54 U.IBB/
U2 -U.UBU •0.1445 0.41/0 U.1UBU -0.44b) U.1//U
04 •U.!5Bf3 — D/un/a O.BBUd U.UB4'd •U.U4UU " "W BbB
04 •U.4U27 U.UU4B 0.420/ U.UBU4 •0.2105 0,205/
bb "  -U.22Ub U.IKJU 0.4U44 0 .0 /4 •U.UbU 0,4224

B/H=1 N=1 50 degree
n o t  tap Mm Mean max STD7— • peak ♦ peak

0.2010 I.UUlb i .b b i i 0.2424 U.J//47 1./204
1 •1.BUUB •o.oOo 0.1414 "U.U48b - 1.4 5 /5 0.1405

................u •0.0105 0.251 0.2555 •1.JB84 If.ISVJ
4 -1.010b •0.5400 U.1UU1 0.2801 • l.U b B 0.1414
4 •1./U17 ♦U.4B/1 U.4U14 “ '7 1 7018 -1.0425 0.1504
5 •1.0005 •0.414 U.4U1U 0.1054 •U.b U.B/B
b -1.B/14 •o .d ib 0.2054 ' U.18UU -0.000/ 0.224/
/ • 1 ./2 /5 •0 .B0B U.Ub/ 0 .14 /5 -U.BUbb U.U/Ub

1 " “ "B ♦U.b/Ub •0.0404 0 .2 4 /b U.UB4B -i.4tW b 0.224
0 • 1.4004 -U.4UUU 0.150/ 0.15b2 •U.BBU4 0.04 /b

1U •1.4015 •0 .4 / b l 0 .1 / 4b 0.1454 •0,512 U.UbUB
..............T1 • 1.1B44 ""U .U 552 U.UUBb 0.1455 •O.bUl/ U.IU1B

12 -1.2214 -0.2401 0.2400 0.124/ •0.5244 0.12b
14 •1.042b •0.2b/b ' "  U.VTBB U.U8UU -U.bBbU u.Ul
14 •2.1152 -0.5400 0.2040 0.2252 •1.8)b4 0.1410
tb •1 .00/0 •U.B1U4 0.2)04 'U'.TU/I •U./UU/ 0.0510
10 "  •l.U/BU •0.2U4B O.IbdJ U.UB -0.5422 o.ooBb
1/ •1.4420 •U.44 0.2505 0.1004 •0.8B1B U.IUIU
10 •1.0010 -0.4455 U.1B1U U.1U/4 •U ./1 /4 0.0454

--------T y •U./boU ' -U.U5J3 0.1/oB 0.1U25 •0.5504 U.UoB4
20 • 1 ./ /2 0 -0.415/ U.U/IB U.l 05 ' '•T.TOU9 0,lb04
U1 •1.4/22 •0.45b 0 .28 0 ! 0.151/ •U.B111 U.UU8T
uu •0.0414 •0.2500 0.1020 U.1UU/ •U!b'b80 0.0455
24 •U.BbUl •0.1025 0.1044 'U.U9T! -U.4bbU
24 •U.oboU •U.UU4/ U.lBb4 U.UBbB •0.4bd 0.042b
25 -0.00 •U.U4bU U.UUb/ "u:u w b '"3J3t5D3 o.oubb
Uo • I.B lB l •U.B/Ub U.U444 U.IUUB •0.8518 0.1024
2 / -l.UUBU •U.3UU4 0.1511 o.iB bi •U./14B U.1UU
Uo "'•U.7'1UT ' ‘•U'.UUUB u.U!4B U.UUoB •0.5141 U.Ob/4
20 •U .0//4 •0.104b 0.101 U'.U348 •0.4451 u.u /uu
40 •U.54 Ub ' " :u :re89 ■“ i n u o s U.UBU/ -U.4! 1 U.U/BU
41 -0.2415 •u.oooo 0.0 /54 U.o4Ui •0.2102 u.ujiJo

bU •1.7U13 •U.db/B ," “ U.'UU/2 U.IBUU •U.BU/U U.IBBB
44 -U.UBU/ -0.2242 U.lBlb 0 .11b4 •0 .5 /44 0.125
b4 "•U.W bU •U.IbJb U.U1B 0.001 -0.4455 " U.'1U53
45 •0.0044 •0.2042 U.l/Bb U.UBUU •U.4bl8 0.0450
40 •0.020 •0.1 BUb O.lbb/ U.U/U4 -0 .4 2 // U.U4B5
4 / •0.0000 •0.1505 U.1U/ U.U//B •o.BBBB U.UBU4
40 •t.B l/B •U.U/BU U.UUU4 0 . 1/21 -0 ./054 0 .24 /5
4U TJ.SBBU •U.UIBb 0.2005 U.IUBB •0.54 U.UUU
40 •0 . / 1 /0 •0.2442 0.0554 U'.UBUl •U.4UU/ u.uuuu
41 •0 .b /40 •O.lbUB 0.1 bob U.U//B -0.402b o.U/4
4U •0.554/ •0.1400 0.154 U.U/bB •U'.36b0 U.UBB/
44 •0.4024 •0.1421 0.1044 O.U/Ub •0.4505 U.U/54
44 '•1.U/BU •0.4B44 '  U.TUU 0.144 •0 ./454 0.05/b
4b ■"•UIBBBU •0.2512 ■TTT25 0.0044 •0.5414 -------O.'OUB
4B •0.0500 •U.UBU 0 .12 / 0.l)b12 •0 .4 /5 / U.U11/
4 / •0.002/ -0.1504 U.UUbb TT.ur/y •0.4014 0.0 /20

............48 •0.521 ' "U:UU22 U.BBB/ 0 .0 /5 4 •0.204 U.24BB
"  " " 3 5 •U.3411 0.01/5 0 .4 /4 5 0 .0 / 4 / •U.2U87 0.241b

50 •1 .2 /05 0.0440 1.UUUB o.UUbo •0.504b 0.5514
51 •U.BBB4 0.0004 1.4bb4 "U.'TBW •0 .4 /45 0.5441
5U •0.b4dl "U.UDSB 1.481b U.UUU/ -0.4b04 U.b/bb
54 •173578 0 .21 /4 1.200 0.2224 •0.4484 U.BB4B
54 -0.005 U.UBUB 1.1UU/ U.182 •0.4054 0.055/
55 • i  .44 lb •o.olBo l.blMT 0.1500 -0.5024 0.5552
5b •0.0200 U.Ub74 U./44 o .ijo o -0.4444 0.4402
5 / -0 .00 / U.UbBU O.bObO o .)4 ib •U .J/lb U.4//U
50 •0.401/ 0.1 bo 0 .0 J 21 0.1445 •0.2404 U.bb 83
50 " ■ • u .w n T5355B 1.042 U .lb // •o .4 u d 0.5420
bO -1.0002 •0.0044 1.5804 0.UU54 -0 .5 /05 U.bbUU
b l •o.4o4b 0.0000 0.0228 U.IUB1 •0.4115 o.BBb
BU •0.4012 U.Ubb/ 0.5002 0.102 •U.^bU4 0.4510
04 •0.5111/ •U.UUBo U.4lb U.UUUB -U.BUBB U.UBUB
B4 •U.BBB •0.0404 1.22/b 0 ,1 /25 •O.bbbB 0.400
05 •1 .42/0 •0.2^40 0.1104 U.lUUb •0.5054 0.145b
bb •'ff.5808 •U.IUBB U.UBUB U.UUUB •U.4U/B " 'T n S Y T
0 / -U.4UbB •0.0214 0.4Ubb " "tf.U SJ/ •0 .2 /5 5 0.242b
Bd •0.5500 U.UI/b 0.4245 0 .0 /54 •U.U11B U.U4db
00 •1.2041 •0.2404 0.24 /2 1 U.'IOBU •0 .5 /0 0 .0 / /4

..............7U •0.8B5B •U.IUU1 U.U448 U.UBU •U.41U U.1/4U
/1 •0.401/ 0,0045 0.4202 U.UBBB •0.2454 0.2544

■yjj •0.405 '•U.UUU4 ' "U.UUUB 0 .0 /4 4 •U.UUU/ U.U1UU
/4 •1.214 •U.IU14 0.4245 0 . 10/0 •U.bl 52 U.1BU4
/4 -0.0000 -U.IUIU O.BlU U.UUUB •0 .4 /4 / 0.1 /14

’ 7 b •U.UI&3 '"UlUIW 0.3178 U.U/BB •0.2104 U. Ub re
/O •0.4212 0.0242 0.4550 U.U/4U -U7M3b’ 0.240
/ / •1.0040 -0.4/B u 0 ,0 /0 / "U.'TB/U •0.04/4 0.1004

------- — /y •1.UMU •U.JU7b 0 .1 /4 ! 0.1504 -U.BlbB ' U.UUUH
7U •1.0042 •0.1040 ■0T5B U.IUUB •U.bbUJ 0.1 /45
00 •0.40/4 -o.oBou 0.40/ O.Ub54 ■■"■UTUCU O.UUUb

............B! -0.4452 '•U.UUUB "  U.UUb/ — 10J734 •0.244 0.2142
7U!2bpK U.Ubbb U!8837 •0.101/

BJ •1 ./140 •0 .4 /0 0 U.UUU/ U.IUUI • u :w !2 U.lUUb
B4 •l.U /U  / •0.412/ U.1/4B O .lb lb • 0 ./0 /4 U.14IB

1 m'"TH} •0 .U45U •U.U147 u:i8B / 0.1402 •0.5054 U.I/bU
00 •0.5051 •0.0/54 U!UU73 U.UUBB •0.4/2B U.U1UU
0 / •0.4004 •0.00/ / U.UUU/ U.UB4U •U.BUUB U.1B4U

. . .  . . y y
•0,414/ •o.UBUb 0.2402 "C T/U 1 •0 .2 /50 U.1U/B

BU •U.U4UB 0.045 U.3337 U.U/UB -0.1044 0.2542
00 -1,/BUB •0.444b 0.1400 U.IB/4 ■•u:bw>8 U.UU/B

. . .  ... y j
• 1.B2 2 ) •0.4882 u : i 8 i / U.lbW •U./BU4 0,1421

UU -0./051 •U.IBbb 0 7 8  n 0 . 115b •0.542b U.IBUU
04 •U.bBBl •U.UUbB 0.4445 U.UUU4 •U.BUB! 0.2512

------------w ""•o.'4'uuy ' -U.U5T5 ■"U.UB 18 " "17U857 •U.UBBb U.UUbb
«5 •U.UUM 0.0 /40 U .43I/ U.U/b •O .lb lb "  'TTBUH?
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B/H=1 N=1 60 degree
« oi tap Min Mean max sT O v • peax ♦ peaK

3.41 /0 1.0059 1./330 3.245 " " 7 .2 5 0 9 17626
I •5.3B92 •U.Bal4 0.I25B U.2033 • 1.44 /y 3,1432
2 •2.133 •3.332/ 3 .1 /3 3.2201 •1.251i U.1230
3 •1 ./256 “ "•O.'aBbU 3 .1/ / 3.23/ -1.1303 3.1332

-------------?
•1.33/ •3.433 3 .14D3 3.1000 "  -7.9066 O.uUbo

3 •1.4333 "•U.269/ O.OldJ 0.1644 •U./323 3.1 /34
'6 • 1.331/3 -3.3144 0.2200 0,1606 •3./033 3.1303
I -1,500b •3.331 3.14U3 U.1313 •0./434 ' '"D.'tfTJS
d •2.jB3b • 0 7 /8 / 0.1645 0.2/21 -1.433 3.1393
9 •1.3321 -U.44/1 0 .11 /9 3.1020 •3.3330 3.3413

10 •1.2100 •3.6333 3.1114 3.1242 • 3 ./3 lo 0.B15B
t i •1 .3 l2o " "•7 7 5 2 2 3.2343 U.l 120 •0.6299 3.3433

' ' 12 •1.0201 •0 .2 /29 3.2434 3,13 /0 •U.bUbb 11 0.0496
u •1 .1 /33 •U.29/2 ' O.OHbT 3.3501 •U.3 /0 6 •O.0T7J
14 •1.3344 •3.33 3.1334 0,222/ •1.2201 1 0.1UB1

.... ^
•1.1432 •3.3203 0.120b 3,1243 •U./333 3 .3 4 3 /

10 -u .u/by •3.203 ' "0:1212 0.1041 •O.oOlb 3.3234
1/ •2.220/ •U.4642 3.20/4 U.1904 •1.3432 3.1349

'""  — MB •1.210 -3.3423 0.1B04 3.120 •3 ./23J 3.0566
10 -U.U/34 •3.2033 0.22 0 .05 /0 •3.333/ U.U32
2U •2.36/5 •3.4033 3.342 3.2404 •1.2340 3.2 /33
21 •1 .3 /33 •3.3323 ' 0.2B02 3.134/ "".7:6156 3.111/
22 •0.3401 •B.20BB 3.2U3 0.0961 •3.3331 3.3213
25 •o.oyoo •U.2U/0 3.1032 3.3004 •3.40o9 3.0b Id
24 •u.ouib •3 .2 4 /3 3.133/ 0.069b •0.4U69 U.3U3
2o ' -0577 -3.2322 0.0565 0.002b •U.31 •3.3)44
26 - 1.96 3 / •0.4U09 — 02858 — 00125 •1.0462 3.2313

" 21 '•07722 •U.2B2 3.2232 3 ,12 /3 •3,004 ' 0.1701
20 -07666 •3.2232 5.1999 " ■ 0 7 0 1 7 ♦3.49/3 0.0b)

" 20 -07259 -0.19B2 0.1901 3.3013 •3.442/ U.o4 o2
3<J -3./203 •3.1 a — 0.160 / ""TJ.0706 •3.4231 U.343
31 •3.2010 -0.0964 0.11B9 0.7416 •3.2210 0.02B9
32 •1.431 •3.3331 ""7.23S2 3 .1 /00 •0.6969 0 .1 /2 /
33 •0 .0b /1 -0.2110 3.2330 3.13 /0 •3.3343 3.1114
34 -U.3334 •b.1330 0 2 0 6 ■"D.'CBbl -04T9 0.091b
33 '•07502 •0.216/ 3.1434 0.0/91 •3.4341 0.020/
2b -U./314 •3.2303 7.1354 0.U/B5 •3 .4 3 // 0.0204
3/ •3.3033 •0.1654 0.174/ 3 .3 /33 -3.33 0.0612
20 -1.3233 •3 .2 /0 0 0.2 /77 7.1636 •7./6S4 — D.’/IT B
36 •u.0 /7 7 •0.221/ 3.2134 3.1342 -3.3343 0.091
40 •3 ./1 4 / •0.2631 0 .1 /1 9 0.0 /92 •3.3330 •3 , u2o4
41 •u.d2j •3.1 Mo 0.10 0 0 7 4 7 •3.333/ 3.3323
+2 •b.04b0 •3.1343 3.21D3 3 ,3 /3 / •3 .3 /30 3 .300/
T J •U.0121 -3 .1D03 O.iyOo u.OOy/ •0 .3 /3 / 3 .042/
44 -1.232) •5.359/ 3.223 3.12/ •U./2U6 0.0412
4b •0.0B00 •3.2333 3.2130 0.09b6 •3.3313 3.3230
4b •1.2144 •0.2000 3.2231 3,3034 •3.6306 1 0.0066
4 / • l.UBlb •3 .1/34 '" "7 .203T O.OOl •3.4220 0 .065/
40 •l.'OWl — 0.0052 3.33 /4 — 07617 •0.24 '" ''0 .2 6 0 4
40 •3.0023 •3.3133 3.3333 0.0B1 •3.2300 3.2294
bU • 1.0/04 •3.3330 l . l b l / ' 0.21/2 •0 ./332 3.390
b l - u . / l y j b .oobi 3.0103 0.1429 •3.4234 3.430/
32 •U.33U2 0.1022 1.2423 0.1683 •3.432/ 3 .03 /1
&5 •3.300/ 0.0560 1.0B69 U.1003 •3,4023 3.030
b4 •3,3333 3.3133 1.2692 0.1 /00 •O.bu/b U.b'552
33 •17605 •0.100/ 3.020 0.204B •3./21 3 .3 3 / /
bb •3.4/31 0.0029 3.0200 3.1113 •3,3312 3.3309
6 / -0.5452 •3.31/3 3 .09 lo ■o:vi97 •0.3/04 7 .5T 1/
30 •3.3109 ' " 7 7 5 2 9 3.0230 0.1229 •0.2/66 3.4013
30 •3.3232 0.0299 3.34 33 3.1301 •3.3043 3.444
t>U -1 .43/3 •3.140/ 1.7277 0 1 0 0 7 ' ” 0.7149 0.41/4
Dl '•IHBOS •0.0 016 3.43 /3 U.UW4U -3.3102 3.2331
D2 •3.4323 0.01/B 3.3552 0.0941 •0.2644 3.2559
69 •0.564b •3.3433 3.30 U.U946 •3 .32/0 3.241

........ ” B3 -3 -/23 / -0.0402 '1.1BBB 0.1323 ' '  -U.49B6 0.4165
D3 •1.1051 •0.20BB 3.2333 3.112 •3.342/ 0.1291
bb •3 ./ 300 •3.1343 0.2906 0.0555 •3.4340 ' 0.1546
By •1.052 •0.u429 3.3222 0.0941 •3.3240 3.2431

........ .. 60 •1.1033 •3.313 3.3424 3.3342 •3.331/ 3.203/
B0 -U.9206 "•0:2292 0.1 bUb 0.0964 •3.3243 3.300

1 "711 •3.3232 •3.1130 3,2233 0.06 /9 •3 .3 /90 0.146
/ I •3.3U32 •3.333 7.6128 0 0 /0 2 ^02476 0.294o
n •U.3404 •3.3230 3.3230 3.3 /03 •3.2033 0.2092
13 •3. / 334 -3,1/34 ' 0.2596 1' 0.0969 •U.4/0 3 .1 1/2
/4 •3.30b4 " ■■•0:,1579 0.24U/ 3.3 /33 •3.343/ 0.1299
tb •3.3033 •0.0044 033E> 0 .0 //6 •3 .23 /9 0.2291
/6 -U.4106 •3,330/ ' 7.927'/ '  '0 0 / 9 4 ' •5.24b 0 .251/
II •1.3209 •U J I5 / 0.1042 3.1430 •3 ./320 0.1212

' " ' 78 •1.6600 •U.2/32 3.1313 3.1049 -3 .0 /0 3.1313
---------7 5 •1 .2 /05 •0,1 /Ub '"0:1B65 " 0 1 U 8 ? •0.5047 0,1466

B0 -3.364/ •0.03T/ 3.3103 3 .3 / /2 •0.2652 0 1 7 0 7
Bl •3.4403 •U.U213 3.3020 0.0 /06 •3.2330 0.1911

............ '02 •3.330 3.3234 3.4301 '  U.0//1 •3.2319 3.203/
B2 -1,01)00 -3.3133 U.1449 3.1320 • 0 7 /7 4 3.1443
34 - i.i4 9 5 ■■'•U.'2BTB 0.1409 0.1266 •3.0003 3.1344

' 'Bb •3.3/42 •3.2230 3.1 /30 3.1202 •0.6104 ■ 0.1 boy
■...........77 '•0.0626 •3.3030 7.2632 '"0 .0911 •3.3309 U.lBy/

til •0,422 ■•0.0/5/ 0.26 /b 3.3 /32 •3.3333 0.1469
B0 •3 .43 3 / •3.33/1 3.2334 0.0 /09 -3.2099 3.133/

..........." 0 5 •3.331 0.00B1 3.3354 "0.0746 •3.2135 3.232
UO • 17946 '•0.'25BB TH517 3.1014 •07629 O.lBbb
U1 •17501 •0.2696 3 .2 4 /0 3.1320 '•0.661b 3.1143
92 •0.6/B4 -0.1926 3.3332 3.1344 •3.3330 U.1233
U2 •U.9'/69 "  -0.031 3 .2 /3 / U.0B14 •3.2033 0.2055
94 •0.4002 •3.3333 3.313 U.U/bb -0 .2 /9 / U. 1 / 3 1
93 •3.23/3 0.0466 ....7.'4O05 00/59 0 1 / 9 5 0 .2 /29

B/H=1_______ N=1 70 degree
h ot lap Min Mean max STDV • peax ♦ peax

0.2256 3.91/3 1./432 3.2021 3.131 17095
' 0 -2.3596 •■075)6/ 0.j 2u 3.3330 •1.001 3. l433

•1.9320 -3.3103 U.202 3.190 •1.104/ U.U/ 1U
•2.3/00 •9.4424 0.5BB6 U.1942 •1.3249 0.1401
-1.BB26 -3.3922 0.9094 U.l34o •O.boo/ U.Cf/29
•1.3010 -0.2614 U.3430 3.1312 •3.0/49 01122

' •'1.4567 •5.3103 3.2330 3.1203 •0.696/ 3.303
-1.2444 •3.3309 01788 0.1i42 •O.obU 0.7096

B •2.4302 -U./4// U .2332 0.2B52 •1.39/2 0,1016
"■""9 '"!'.//24 •04647 5.2930 " 01/61 • 1.019 3 .34 9 /

10 -1.426/ -U.3313 U.269 5.11/2 "■"•0:/029 u
11

„
• 1.3333 -U.2959 U.2400 3.13/3 •3,0210 0.0219
• l.uOUb •u.2531 3.2000 3.1323 •3.0331 3.313d

13 -U.033/ -U.3300 0.1/92 00952 •3.3002 ' ■ )0U29
14 -2.006 -3.033/ 0.2069 ""7.Y448 *1.5562 3.133/
16 "■•T.0VB4 •5.5301 U.3102 3.1333 •0./29O 3.3334
10 -1.3134 •U.2930 0.2009 3.1333 •5.604 0.0156
1/ •1.6626 -3.4394 0.96/ U.21/6 •1.1129 3,1941
IB •17611 •0.95oB 5.2390 3.129 •U./23/ 0.0506
19 -3.0232 •u.2 0 /2 0.1961 '  07HRHJ •3.3009 3.3320

......... 20 •2.39/9 •5.3123 3.4043 U.2U/6 -1.4340 3.3033
21 -1.4301 •3.3200 t o o /’b 3.1343 •079 01769

' 1 22 •3.Z443 •0.2/2 0.16/6 3.3994 •3.3/34 U.U203
23 •3.Z349 ♦0.2136 ' ‘01761 '"O.'OBU/ •5.402/ 0.058/
24 •3.0932 -3.2032 3.1130 00671 •3.3200 -0,0099

. ... .gg •B.o9B4 •0.261O 9.3o5o 3.503l •5.351 •5.5921
20 •1766 -U.3/0/ U.323 02166 • 1.U342 u.2 /0 0

21 •1.199 •5,2630 3.22lO 3.1210 •3.0260 0151
2d -1,1126 -0.2216 3.1449 0.0999 •3.331/ 00662

--------29 •77/04 -0.2Uio '01409 3.503Z ' '-0:4565 0.0653
33 •3./039 •0.1962 3.130/ 0062 -U.4412 U.05U/
91 •0.2/65 """•0.176 ' '0/129/ l).04'41 •5.2403 5.5249
32 -1./411 -3.3040 3.3323 3.1/// •0.69// 3.1003
55 '  '-T1B14 •9.2300 5.35/9 5.1194 •u.396 '"UT21’S
34 -U.//04 •0.1/66 0.2269 u.3944 •0.4699 3.1303
56 •0./05B •3.233 U.13Z ""0.0662 •3.4900 5.5230
30 -u.0 / 1/ •3.2231 0.1662 0.0B1B •U.4003 3.3224
3/ •0.3124 " -U.'l//B 3.1304 3.U/32 •U.4UJ2 " 0046
30 • 1.0303 •3.3100 U.3321 5.1619 •0.6B2B 3.2233
99 •1.313/ -U.2/3/ U.330 3.1204 -3.0349 3. iuo4

.......... 40 - t o u b i •0.7101 '7/1BB1 ""0.096/ •3.39/4 "■■.'0:022S
41 •3,033/ •0.19/6 0.19// 00675 •3.4394 3.3043
42 •0.6966 -U.1/40 01/9 / U.UB91 •3.424 U.3/4/
45 •O.0163 •U.lOu 0.1901 7.0/’J7 •5.4125 5.05
44 • 1.334 / •0.9926 0.2BOB 0.1416 •0.6169 3.332/
43 •0.560/ ■U.3119 0.210/ 3.1130 •3.0320 U.U29
4b •I .3960 ' '•0:2529 02211 3.134 *3.0349 " ' 0.0192
4/ •0.6541 •3.2234 U.230 3.39/3 •3.3130 3.3003
40 -3.012 -O.UObB .... 0.4169 3.3931 •0.2906 0.2/9/
49 •3.0000 -U.332/ 3.3/1/ 0.0919 -0.9064 3.2429
69 •2.1034 •5.1243 5.5/5o 3.2035 ""•09209 3.6/13
31 •0.6626 •3.3133 9.6215 ' “ 0TT53 •3 .0 /3 3 3.3424
32 -0.4091 U.3303 1.0/06 3.12 /0 •3.0240 3.4411
33 •3.4021 0,0196 3.9034 3.1440 -U.4149 3.4341
64 '06096 ""•0U36B " "07129 0.14/2 *5.4d/1 '"'7741K9
33 •1.9303 •3.1302 3.033/ 3.2334 •0.9096 3.3932
30 •3.3243 -0.00// 3.30/3 01049 •3.3223 3.33/2
3/ "•07461 •3.033 5.3653 5.1339 "  -0964/ 3.25dO
30 •3.413 U.U6 I8 3.0 /4 9 01066 •3.233/ 3.3/94
39 -0.6626 3.333 3.9302 3.1103 •3.3403 3.3324

- - - - - - BO • l./i25 •0.1b 19 9./293 072046 •77666 7.J519
01 -0.6294 -0.0506 0.4666 00962 -U.323 3.204
o2 •3.4902 9.3140 5.6/32 3.3913 •5.2394 ' 02666
B5 •0.4652 •3.3033 04042 00694 •U.3314 0.2046
04 •3.04/4 •0.0601 1.0642 ' 011/ -U.4111 02909
03 •1.3004 •3.2309 3.4/44 3.1333 •3.03/4 0199/
00 •0.6266 •3.393/ 9.4239 3.1114 -0.42B1 3.2430
0/ •0.9561 •3.3333 774778 5.1065 •0.9/14 3.2033
BB •0.696 -3.339 3.3330 3.1334 •3,333 U.2//1
09 •U7//6 "■•072TB/ 5.592 01149 •5.5556 "" 01281
/U •0.6226 -U.394 3.033/ 3.3931 -0.3/94 01914

'  / I •0.332/ ■' -0.0006 3.4439 5.3053 •5.200/ 3.2b/1
12 •3.3030 •3.330/ 3.32/4 3.30/3 •3.2993 02259
13 •07694 •3.14/4 5.3332 01049 -3.4033 01666
/4 •7.4605 •3.13/3 '  "775742 '“ 0787T •075686 3.133/
/3 •3.4201 •0.0126 3.3/22 00694 •3.2029 3.23/3
/O •0.46/9 •5.3190 0.264/ 0064 •U.2/10 3.2323
77 '"•T2749 •02465 5.159 01214 "'•'0BU55 — UTT88
Iti •1.2230 •3.2233 0.1422 3.1194 •3.3010 3.1340
/y -0.6946 •3.1393 1 5,261 5,1314 •0.4696 3.144/

. . .  , ro •7.9609 ■ " in ju re U.54/3 ■"■7.0705 "'7)72279 UTTfb
Bl •0.9144 •3.3111 3.3133 u.u/ 10 •3.2203 3.2343
02 •0.5646 3.U230 3.3300 0.0646 -3.23U/ 02/62

....... 65 •1.1401 -3.233/ 0.'1B29 3.1244 " '-0.609 3.13/3
""0B7V4 '•02147 i n r a ' 0 2 0 9 -0.59/5 '■"0128

Bb •3.020 •3.2232 3.1/03 U.l 209 •0.604 3.13/0
00 •0.4912 •3.33/ 0.2B66 00661 •3.3214 3.23/4
6/ •9.3/by •3.9o33 0.2/ 5.3/35 ""-'0:2695 01625
BB •3.3024 •0.0606 3.2031 3.U/3 •3.2093 01664
09 •3.3034 0.0069 3.3139 3.3034 •3.2440 3.2333

.... 97 •1.390 •9.2322 5.2222 '"  0.'12B1 •3.01U3 U.140
"0T •0.94/1 •3.2394 3.2393 U.1321 •3.033/ 0.1969

92 •U./343 •0.1669 3.3431 3.1300 •3.3392 3.1314
. . . . .  • y3 •5.4l22 •9.92u3 ' "0.7994 010624' •0.26/5 U.22/

94 •3.4193 •3.349 02/02 00604 •0.2901 3.1922
93 •3.3/U1 00466 5.3303 1 '0.0691 '•0.202/ 1 02559
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B/H=1 N=1 80 degree
ft oi tap Min kiean max STDV • peaK ♦ peaK

U.4t>04 I.U14/ 1.0124 U.6016 ’ 'T J3598 l./bOb
i •2.01 /4 •U.boUb TJ.aSBH 0.2002 •1.40/2 0.1 b b i

' ""2 ♦1.41/3 •U.24/ 0.1024 0.140b •0 . / 02U .....ITBB83
•1.4200 •U.2U/0 0 .26b / U.IBUB •U.bbbb 0 . 10 )

4 '"• 't.T S B / " " -3 7 3 9 9 U .I / / 8 0.1204 •0 .b201 o . i i b i
b •1,004/ •0.1 boo u.2 1 /0 U. 104 •U.4/B4 0.1404
0 '•1.3'4UU wausn '3 7 9 7 B ■""013367 -0.4002 u.u/u

............... / •0.0244 •U.6UB/ 0.1401 U.UBUU •0.400/ O.0023

B •2.240b •O.bbl 0.44bU 0.2010 •1.6184 0,1040
0 • l.bbbo •U.j 4B U.6661 U.U31 -U./0 /4 U.UUU

1U •U.B4B6 •0.2444 0.1414 0.0044 •U.bibb U.UBU/
U -0.0142 -0.2002 0 .1 /1 0 0.0004 •0.4004 0 ,0 0 /0

12 •1.241 ■"•IT19/B U .I84/ 0.0004 -U.40bU 0.0014
rc TO.F17B •U.IUbU u.utu U.U/UU •0.4404 U.U4 4 /
14 -I.BBU4 •0.4142 0,2001 O.214 ^1.0582 U.22/b
ip •0.6840 " '"•37261 u.66/o u .i uh:i •0.0400 U.1U2B
lb •0 ./020 -u.auaa U.1/14 0.0004 •0 .4 6 /0 0 .UB2B
1/ •1.4000 •U.2000 0.2800 ' tT.T7Uy -0 ./042 0,2422
IB '""■1.U2BB •u .a is / "1 7 2 3 3 1 0 ,1 0 // •U.041/ 0.1044

...
•o.04bb •0 .1 /04 0.4204 U.UBUI •o.44bo ...... 7J7J8B

2U •1.0220 •U.J6j 6 u.auuu i i ' i m •1.0022 0,400
" "I\ •1.0422 •0 . 10 /4 0.24b U .U I •0.0b04 0.1 bbb

66 •U.004b •0.104b 0 .206b 3UBU* •u.4bau u.uaa/
24 •U.bbl •0.1440 U.6B46 0.001 •U.4/b0 U.IUU
24 -I.O blb •0.102b 0.1 /  00 u.U/bb '■•d :4 u b U.U4/B
20 "•UV4UB " ■ ^ n a n u .i/a u U.U/lb -0.4U1/ 0 .0 2 /0

2b •1 .86/b -U.204b 0.4400 0.1044 ♦O./0 60 ..... 372255
2 / •1.1400 •UiUUo 0.664U U.l 144 -u.bbay 0.144/

----------t b •U./410 •0.1010 0.4244 U.UUUB •0.466b " 'UMUUU
6U •O.bOf •U.I3ob '■3:2303 U.UBU/ -0 .4 /00 0 .1 UOb
6U -U./004 -U.UB 0 .2 /1b U.U// •0.40bd u .IW u
41 " •ird u / •3.3879 'T J 7 7 / / 0.041 •0.100 0.0011
22 • 1./JU4 •0.4100 0.4012 0.102 •U!bU4b O.lb/B
44 • 1.1BU •U.6l32 ....3T4567 0.1202 •0 ,0 /40 u .u /a
24 ■U.B/B8 •0.140/ 0.4bb4 O.UObl •0.4200 u .U o o
40 '•U 7bb4 " '3 .6 8 9 / U.UBbl •U.4J00 u.u/aa
4b •0 ./4 0 / -U.IBB 0.210 U.UBUI •0.4004 0.0 /40
4 / •U./B16 ' - ir i ib 'u 0 .60B! " "O U '/f  B •0.4412 U.UUUb
2b •2.0204 •u.6bub U.b02b U.I/BU •U.B1/4 U.UbbB
40 -1.140 •0.2404 0 .4 0 /0 0.1240 •U .oU i o .U J J
40 •1.U8/0 •U.6B48 ■"07492 u.uuuy -U.bBU 0.0421
41 •0 .02 /0 -0.1040 U.6bUb U.UBB 1 •u .41/o U.UUB
42 •U.B963 •U.UB 0.64oo U.U866 •U.6/B "  '"3 .T 22
44 •U.bbb/ •0.1441 o . io ib 0 .0 /2 •0.40 o .u /iy
44 •1,44b4 -0.4010 0.4400 U.UBU •U.BUB6 U.UBb
4b '•1 .1848 •U.6841 0.2001 0.1140 •O.ouoo 0 .0 / /b
4b " “ •UiBBbl •0.2444 0 .6 6 // ■"137337 -0.0404 U.UBBB
4 / •0.0141 •0 .1 /14 U .4 /14 0.0044 -0.4012 U.IUB/

”  “ I B •U.B42U 0.022b 0.0004 U.UUUb •U.24oo U.20l
40 "■ T O / •U.UUU 0.4066 U.Uo44 •O.6W 4 0.241b

... ... '50 •1.4bOb •U.UU/ U.U1U4 0.2404 -U.B6B8 U.0b04
b i -U.8UB u .u u / 0.0400 0.0024 -0.2044 3.2BU/
b2 •0.4200 U.UB4 U.UIU/ U.Ubbb •0.2004 0.4436
b4 •U.bl by — 0TWJS3 1.02 U.UUBB ♦U.6/48 " U.TB/T
b4 •0.400/ •0.0414 0.0 /02 U.UUU -U.4144 0.24 )0
bb -\.mi •U.U3B 0.0401 0.2240 •0./001 0 .0 4 /0
bb •0.41b U.U2 /4 "U.'4*0b O.UB/b •U.ibbB "  USUBZ

.............. b7 •0 .4 4 // •0.0200 ' {WB5B U.UB6U -0.2/04 0.2104
bb -0 .2 /22 O.ObOb U.bb/4 U.UB06 ■0.1/2 u.auui

' bU ■"•U.366I U.U6U1 U.bU/b 1' 13.37UB ' VCfiUUb ' U.2BUB
bo •1 .4 /02 •o.oo/b 0.000/ u.lbbb •0,0044 0.4202
b l •0 .4 /20 0.0104 0.44b/ U.UB43 •0.244b 0.2 /12
b2 •0.J36U U.U4/U 0.4b10 u .u //a •U.1B41 — 3 7 7 3 9
b4 •0.4404 -0.042/ 0.4202 0 .0 /4 4 -U.6bbB U.lUUb

•U.2/b " " • irc n ra TU5161 ' '  3 3 /8 9 ' “ U!24B6 (J.2I2B
bb •1.4420 •0 .1 /40 0.402b 0.1400 -0.00 U.24UB
bb •U./2bb •U.UbUb "U.496/ U.I020 •0 .44 /2 U.2bb1
0 / -O.bOlO -u.uiay 0.421/ 0,0044 •U.2U/1 U.2BU3
bb •O.U442 ""•3 .0348 1 U.46U6 ' U.39U4 •U .i/b U7BB4
bo •U.bUUb -0 .1 /04 U.6/B1 U.UUU -0.0401 U. 104b
/U •0.4624 •U.04bb u.4b41 0.0014 •U.40U0 u.ioBo

.............. 71 •0.4b4b 0.0400 U.6B/8 U.UB4I -0.2124 — 3793T
/2 •U.41IB •0.004b 0.4401 U.U/B4 •0.2400 0.241b
/3 ■U.S736 ""•33B 91 U.'419b " ' U“TO7 7 ^U.3Ti2 U.244
/4 •0.4104 •0.004b 0.4200 0,00/ •0.4144 0.20 /4
/b •0.3000 0.020/ 0.4/Ob u.u/ua •U .ii 1/ 0.2042
/b •0.41/ U.UUUb U.6BI 1 — 013733 •0.2110 0.2410
/ / •o ./2bb -0.0U1 U.66B6 U.UU64 •0.4002 0.1002
ib " '•U ./I8 B •O.U/84 0.2004 0.0004 •U.4042 o . io /4
73 •0.0041 •U.U834 U.UIBb " "o u B o a "  -C.TSJI 0 7 8 7 3
bU •0.2400 U.U56B 0.414/ U.UBBU •U.l 04 0.2002
01

, ,
’■"•u.aubb U.U1B/ 0.4000 U.UBB/ •0,1004 u.aaa/

•b.22b/ uioaua U.4bbo " ITU/W •U.IUoB 0.12/46
B2 •0 .0 /04 •0.0/b 3.7*17 U.UUb •0.4b — 0 7  TOT
04 •0 ./40 •O.Obb u.6/ u U.IUU/ -U.aBB 0.2101
Ob •O ./b /b -0 .U0 0 / 0.4040 U.0000 •0,4042 u .i  woy

'SB ■U.375B "  ' 3 3 4 8 3 '"3 .4388 '  " 0 3 /3 4 •U .i ia ■U724SB
Of •0.420b •U.UObb 0.4004 u.u/ua •0.21/1 U.2U4I
00 ' -U.41UU -U.UU/ u.6Bua U.UBB/ -u.aiuB 0.1024

.........yy •U.46bd ■■"336/B U.42/U O.U/Bo •U .iu ii o .3 o /4
uu •O./bOb •0 .U/ / 4 u.aaaa U.UU/ •U.3BB4 0.214b
01 •0 .0 /00 -U .I11/ 0.4010 0.1114 -0.440b u.aaaa

----------02 •0.0010 •U.UU4 o.a*&6 ...... 3U9U1 •U.4B4i 0.T/B2
04 •0.410 0.U4/ / 0 .440/ 0.0/01 •U.1B7V 0.2041
04 "-U.48UB •U.UU4U 0.424b 0.0 /40 '•u.aabB 0.21 /4
Ob •0.4400 U.UUB 1 D1TBT ■'■"37)737 •U .lbbl 372873

B/H=1 N=1 90 degree
h 01 tap Min Mean max 5TDV •peaK peaK

0.4004 1.0210 1.00b! U.2 0 /I 0.2002 1./020
1 ■•JT.TBB4 •D.BBbb ""IT /J4S 0.1 /  02 -0.0242 0.1000
2 -1.2244 •U.26UU 0.1 /04 U.IUBU •0 .0 / / / 07)/bS
4 •I.IUbb •U.l/U / 0.20b ' 'U 7355 •U.4U 0.1400
4 •I.UBiB •U.U4I 0.4101 0.1004 •0.444b 0.100/
0 -U./bOl •U.U/2U 0.4100 O.Ub/2 •0.3344 — 071HHS
b •0 ./400 •U.UUU 0.20U4 ' U7I8T7 -U.4U0 0.1242
/ •U.4oB/ •U.UU24 0.4240 U.U/B/ •U.42bb 0.144/
b •l.bUbb •0.422b 0.4200 U.lBbl •i 0.666/
u •I.UB4B •0.2422 0.ib4b U.l 134 •0.0/24 U.IU/U

10 ""•U72UU •u.i oaa U.UZ14 U.UBB4 -0.440 u.u b u

U -U.0224 -U.UU 0.202 U.UBIB •0 .6/46 “ ' D7VTB2
VI •0.004 •0.1244 0.20 /0 U.U/U4 •0,4bl0 0.114/
14 •U.4/UB " '•U.UBUI “ ' "U72/B* u.u/ba -0.4140 0.1400
14 •1.20bb •U.2434 0.442 0.1011 •U.B08B U.71
ib •0 ./002 •0 .10 /b 0 .6 /04 'U.1U23 •0.4b40 0.1402
IB •u.bua1/ • o . i4 / / u.aaa U.UBUI -0.4101 U.UUB
1/ •1.0020 •0.2104 0.44 /0 0.1442 •U.8I4/ “ ■■3MB42
IB •U./040 •U.IBU/ 0.4040 0.100/ •U.4U/B 0.1404
IU •U.bb/U •0 .13/ 0.24/ 0.004b -U.4'1 /B 0.144b
2U - l . / l / B •U.22BU 0 .40 / 1 0 .1 /24 •U./46B u.au
21 " u : a /B i •0 . 1/ 4 / o.BoBi U.UB2 •0.0204 U.I/UB
22 •U.bOOb •0.1012 0.2040 0.000/ •o.43bo U.lJb
24 •U.B3U4 •U.UBB4 0.6449 U.UBb •0.4440 U .l /I /
24 •0.0440 •U.UB/ u.abub U.UBU/ •0.6 /1 U .li6b
3b •U.4Ubb •0.1040 0.6410 U.U/3B •0.4202 0.11/4
2b •27329 •U.2B4B 0.42 /4 0.1bb4 •U./04 3.6145
V -U.UtbU •U.ZiBU 0.400 'U.T7/9 •U.BUB U.I64U
3B •U.BUB2 •0.142b u .a iu 0.101b •0.44b 1 7TIB2B
au •U.BB43 •0.1 u.ausb U.ObOO •0.4bb4 0.1bb4
Bo •in>923 •U.U/B 1 u.auub U.UBIB •0.4641 U.iBbB
41 -0 .1/44 -U.U3B1 U.I/BS "3.W2B •0.1044 U.IU66
42 •7.1232 •0.4004 0,400/ 0.1 /02 *U.b44 U.2246
44 •O.b/Ob -0,1024 U.0 U 4 U.737 •0.0042 U.IUB/
44 0.1517 ' " .u:397 U.4IUB 0.1024 •0.4044 ' 0.6136
40 -U./U4U -0.1442 u.auui 'U.U834 •0.4114 0.1240
4b "•IT/84'I •u.U b4 0.24 /0 U.UBJ/ •0 .4 /04 O.Ubb
a  / -U.BBba •0 .0 /2 U.20b4 O.U/4 “ '•'U79TC 0.14/2
4b •2.404/ •u.24bb U.o/Bb U.2IBI •u.uua 0.4000
au •1.U200 •o .ibb / 0.4200 0.1200 •U.b444 ■" "|)!2f39
40 -U.UU34 -0.211b 0.2040 o.UUob -U.4U83 U.U/66

....71 •U.biab •0.1014 U7B/B U.UBBB •0.4010 U. IbUl
42 -0 .0 / /4 -u.uBia 0.4000 U.UBIB •u.66bi 0.1040
44 •0 ,4 /4 -0.1244 U.IUOB o.oobo •0.4401 U.UBBb
44 '" " •f/1U / •o.abua 0.4041 U.1BI9 •U.UUb 0.1004
40 •0,0004 •U.IU/I 0.42/ U.11b2 -0.040/ U .io i4
40 -I.1UUU ■U.l/B/ 0.2400 ■ u . 'iu a u •0.4000 0.1200
4 / ' -U.//U1 •0 .11U4 "  UViUb1!) 0.0000 •0.4000 0.1022

........ 48 •U7)B72 O.ObOb 0.4041 0.0b44 •U.IB/b U.4102
4U •0.440b •u.uuab 0.4004 0 .0 /4 / •0.6604 TJ7615
00 -1 .000/ •0.1042 0 ./4 0 u .iu a / •0.0044 0.4/b
b l •0.40/ o.o4bB U.42B1 U.UBBB •U.213B 0,40/4
02 •U.aaa " " 'U.U993 0.0200 U.UBU2 •0.1410 0.44
04 •0.B14U 0.0442 0.4422 U.U/UI A s m 0 2 /1 4
04 -0.4/bb u .u a u 0.414 "U .378 - u . a u / 0.2001
00 •1.btl22 •0.1UJ2 U.biB/ 0.1b2/ •0.0014 0.444b
Ob •0.4404 o.oboi 0.4204 U.UBZ! -U .U /b U.410/
b / ■0.40/1 0.004b 0.4bb u.u/ bb •0.66b/ 3 7 3 * 9
Ob •0.4b14 U.IUBB 0.448b 0 .0 /4 -U .llb l 0.420/
ou '"TO7DU9 0.1142 0 .4 /2 0 U.U/bB -U.114 U.440b
BU -U.Ulb/ ' "O.Ubb/ 0.042b 8.'138S •0.4bb2 7T35*9
Bl •o.ioob 0.0b 04 0.400/ U.U/BU -O .lb /4 0.4002
82 -0.210b 0.00b4 0.4041 o.U/6o •U.T23* u.aiuu
84 •0.4420 0 .0U0J U.a/46 U.U/I/ •U.2U6U 0.2240
04 •U.22U3 0.00 /0 0.414b 0.0/42 •0 .I026 U.20/1
bb •1.4200 •U.04U U.4bBb ' “ 3 7 2 3 9 •0 .41/b 0.420/
bb •0.040/ u.ubua U,4bb U.UBBB •0.20b4 U.420I
0/ •0.444/ U.U/UB ' U!4/UU " in iB B •0 ,1 /00 0.4211
bb •0,400/ ■“ 373*79 0 .4 /1 U.U/BB -U.IB2B 0.2/04
bU -0.0002 -0.004b 0 .4 U40 U .iU b ■U.40bl — 37938
/U •o.B 4// ""U.'359* U.4/3 0.0b44 •U.lUUb 0.4004
/I -0.242 0.124 U.OOOb 0.0/04 " •O'.TT'l 1 U.359T

—  n *0.2441 0 .0 4 /b 'U.3U27 0.0 /04 •0.1044 U.68B6
/ a •0.0400 0.0339 0.0b2b 0.1044 -0 .6/04 U.44/1
/4 -0.4100 0.044b 0.442/ U.3S22 -37128 0.2004
/O •u.iBoa U.1U41 0 .0 0 0 0 0 .0 /0 2 •U .U U 0.4200
/8 •0.2204 0.UB1B 0.4/bb O.Ob/U •0.1410 U.2bbb
/ / -0.204 0.0440 0.4244 "U.'US33 •0.1000 — 9.2BJ7
/o •u .a a // u.ubua “  '37 2 8 3 U.U/Ub •u .i/u a U.6UI/
/U •0.2040 U.U64U 0.4200 0,0 /40 -U.lbbb U.6/B6
uu -0.24b 0.1000 0.4210 U.U73I '" •3 7 3 3 9 0.410b

------- , .y j
•0.404/ 3.U1B/ U.62J6 U.U/U3 •U.1U26 U.66U/

B3 •U.4U11 U.U334 0.4420 0.0 /04 •0.1024 0,2001
BJ •U.24bO U.UB4U 0.440 U.UUU2 -U.T/bU U.4000
B4 •0.2040 U.UbbB U.'40UI U.U7U6 •0.102/ 3!69*6

■ "Bb -o.aubb o.UiB 0 .4 / /4 u.0/0 2 •U.IUU/ 0.2010
Bb •0.440O 0.1044 0.404b 0 .0 / 14 •U.UU/ 0.41/0
0/ •U.3U4 U.04b/ 0 .4 /02 0 ,0 / l i -0 .1 /40 'UUblB

' BB 1 -U.6UB4 •U.OlJb 0.441/ '  U U /76 ■'“ •3.'2*B8 37193
BU •u.4aa/ "" U.U2T8 0.44b U.U/4U •0.2041 U.24bb
00 •0.2442 0.0b24 U.404b U.U//U •0 .1 /10 U.6UBI

. . . . . .  y j •O.J/Ob 0.U404 U.4bbU U.U// •U.iUb/ 0.2004
U2 •0.4/1 ""■331)22 0.4000 U.U/22 •U.2IB/ 0.2144
04 •0.400 U.1U3U 0.4141 U.U722 "•U.TUB U.4206
04 •U.2bbb 0.044/ U.5UI3 U.U/33 •0.1004 0.204/
UO •U.2B/2 O.ObOb 0.4bb0 0 .0 /1 0 •0.144/ U.6B4
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B/H=1 N=1 0 degree
B o! tap Mm Mean max STUU— • peaK ♦ peaK

U.40 I.IO fb 1.002 0.2021 0.0010 1.0200
1 "•'1 .1813 •O.louo U.BoUb U.Ubo •U.bbbb 0.2100
2 -1.24bb -U.UBU 0 ,4 /2 0 0.1000 -0.0020 U.200U
0 -U.oUfb •U.1UB1 O.bO/b ' U.U1B •U.0010 ■ 'D.BIU2
4 •0.000b -0 .04/2 '  CT5H5B 0 . 10 /0 •0.4001 u.oob/
0 •O.OObb 0.0140 U.4UB3 0,1044 •0.0000 0.41/0
b ■■'t b b i b •00672 U .4/ "U .l'/IB •8.0828 " T ? 4 5 o
/ •1.b020 -U.BUU4 0,0422 0.10 /b •0 ./020 0.002
b •U.f2bb •O.OfO 0,000/ U.IUUB •0 .0 /0 / 0.2 2 /0

y ♦U.//b3 ' “ •'U950U U.4B1o U.IU21 •8.38b2 9.24/3
10 -O.bOOO •0.02b 0,4140 U.IUIB •0.0004 8.3BU8
11 •O.blOO U.UUU/ U.4U1B U.UUbd •0 .2 /02 0.2000

---------- Ti! •U.BUbl “ “ U0U3T u .4 io / U.IU4 •U.314 9.3uUy
10 •0,0100 •0.002b 0.411 0.104b •0.0401 0.BB11
14 ' -U./Ubl •0.0040 0.004 U.UUbB •0.0210 0.2821
IP •U.bUbB •U.UUU U.B/B/ 0 .0U21 •USU/B Ii.2b4b
lb -U.blbB -U.UUb/ 0.0024 U.UBBB •0.2 / 14 0.2b01
1/. •U.b2f •0.U211 0.0040 U.UBU4 •U.3BU4 0.24/2

•U.4BB1 -U.UUB2 8.3/8B "'"0.UH3U •U.2b88 9.2481
10 •0,4204 O.OIbb 0.040/ O.OOUI •0.2240 8.2888

"  'BU '" -8./3B ? •U.0U4 ' U.BB4B ' U.UBUU "•U.3B3I 8 .20/0
31 •U.4400 U.UUb/ 0.0040 0.0000 •0.2402 0.2000
22 •0.4140 U.0214 0.0bb2 U.U//B •U.3l2 0.204/
20 •U.2bOO U.U44B 0.0022 O.U/Ob •U.l/BB — 0 3 0
24 •0.0000 U.Ul/2 0.0444 O.U/41 •U.3U81 0.200b
3b •U.b/83 ■■■■90029 8.32Bo "■ U 0 8 4 9 •0.2000 “ 53 8 0 9
2b •1.2014 •U.UUbB 0.0000 U.UBB/ •0.2000 0.2400

..... "21 •8.4BB2 '"■'{f.UUUU U.Bb/J .....U.UVBB ■U238S 9.3o/3
2b -0,0211 U.UB1 0.0040 0 ,0 /  to -0.100b 0.2400

■■ "  ny -U.2228 U.U44B U.342B o.oU/b 9 .1 5 0 0.24/0
00 -0.0002 0.0400 0.0204 U.OOOl •U.lb/B U.201
J  i •1.4814 ■^ iruusB O.BBoB ""■0.0537 •U.2588 9.2483
02 -U .//1B •U.UUU O.ObbO U.U/UU •0.2000 0.2002
33 •U.4BUb U.03T3 ""T M T O 0 9 7 8 •U.1VJ7 " 'T .2 8 9 3
04 •0.2440 U.UBB4 0,441 u.ooui -U.UUB 0.2 /00
Ob •U.4b4b " W J f 0.7338 " 9 0 8 5 1 •ll.tBW 11.241b
Ob •0.0410 U.UJOl 0.020/ U.UBBb •U.IOJb 0.2000
Of •U.b/'12 0.04 O.ooui U.0 /0 1 •8.1/04 l).2bUd
Ob •O.bbbb 0.0400 0.0000 0 .0 / /4 •U.IBBU 0.2788
00 •O.OfOf O.OObb 0.0020 U.U/1 •0 . 1 /bb 9.B4U8
4U •U.B/UI U.UUUb “ '0 7 T S B 0.0004 ■“ 9 T 8 / 9 '""OBIMB
Hi •0.24 lb 0.0401 0.001 U.0020 •U.IBBB u.2 0 /
42 " *8.389/ 0.0020 0.0000 U.UB4 •U.120B U.2bb
4 3 •o.fouo U.UBU 0.0004 0.0 /24 •U.1/B4 9.2oB3
44 -O.OObb -U.U1UU 0.0042 U.U/4U •0.2440 9.BU4B
4b •U.4ibb •0.0141 0.0000 U.0 /0 2 •0.200/ 9.BU88
4b •U73W0 •U.UUb ""T3!2U03 ""U.'OBBB ' “ 0 .21 /2 T .'JW B
4 / -U.BB1U 0.0420 0.20bb 0.0010 •0.140b 0.2281
48 -U.B31U U.ObOf 0.01/ 0.0044 -0,1204 0.2020
4o •0.4bbi U.oboB U.41 bo "  O07UB ■■■.u':v/B/ U.01)10
bo •0.4412 0.1000 “ 'T 2 4 9 9 0 . 1/02 •0.0010 U.bobl
b i -0.0040 U.3I7B 1.0bb4 0.2001 •U.4B/B 0.0200
82 -0.4014 U.BU/B 1.842b U.244 •0,4040 I.U2UB
bo •8.3898 U.'JBUT I.B 2/3 ' UBVUU ■0.49U0 1.2100
b4 •U.blOb 0.02/4 l.O blb U.B48U •U.41U2 “ "TUS?U
bb -0.0400 0.0414 1.0/01 O.IbO •0.41 / / U.bUUb
bb •u.oBB U.bloB " "  'U.7UU3 U.13/3 •0.B004 0.4240
0 / •U.bbb4 0.0204 0 ./1  lb — 012 7 7 •o.ooao ~ "0 .? W 7
88 •U.OOf U.1U// l.UBBB U.IBB 1 -U.BBBB 0.000/
bo •o.BoBB “ITJB?! 1.8994 8.2134 •U.blb (1.9942
bU -U.B4BB •0.012 U.BbUB 0.1024 •0.4000 0.4/04
b l •U.b4B2 •U.U140 U.420 U.IUUB •0.0401 0.0144
b2 •O.40U3 0.022 0,0020 0.0000 •0.2000 0 1 2 5
bo -U.4UUB 0.0001 U.bbbl U.JUB1 •0.2002 0.0 /  ib
b4 •U.4Bol — 0 7 JK ) 1.4bb0 0.101 •0.020 ' "'U.BBBB
bb •O.Of 00 •U.UUU 0.2 /42 U.lUbl •U.4UBB U.BBBB
bb •U.48BB •U.UBoB U.3b/B — 00B2U •9.2749 U.B220
0 / -0.024b 0.04bb 0,0000 0,0000 -U.l 82 U.240
bb •8.3848 U.UboU “ '0.1283 9 0 7 ? / -U .lb/1 8.2000
bO •U./BBB -U.UUb U.UBIB 0,1100 •0.401U U.BBUB

"  '7U •U.bbJ/ •U.UbU u.2331 "U.'IUYU ... -0 .394 / U.B4BB
/ I •0.4bb2 0.0000 U.2U/0 U.0/40 •U. 1U 0 .2 b //
12 -0.0010 0 .0B00 0.0200 U.U/UU •0 . 1/0 4 0.B81U
7*3 •0U7T •0 . 101/ 0.0000 0.1121 — 9.'43B 9 .2 3 4 8
/4 -O.bUfb -0.0102 0.010/ 0 .0 /0 2 •U.244B 0.212b
/ b -0.2800 "U.'UbUU " 0.34UU ■"o.uyvB •U.loUy ' 1 ' U.BbBB
/B •0.J200 O.Obbl 0.0000 0 .0 / 0 / •O .lbbl 9 7 2 7 /2
/ / •1.0201 -0.104b 0.4004 U.IBUb -U./OO u .o / /

............. /B ■ -'i i i u b ''  -U:UfBB 8 .41 /2 U.l lib •U.BBl/ 1 1 U.BUBB
tv •U./2b3 U.UIBB U.B811 U.UBUB •0.2204 U.204
BU •0.440b U.UBUU 0.4002 U.UUB •U.1B4B U.2040

1 Bl -u.42Bo 'U.UBW O.bl b .o /o o '"•U.1B/B 0.2010
"....... “ 02 •U.BBBb “ U.IUIU TT./T87B "'T>:07B'7 •0.1040 8 .B0 /O

BB • l.o o f 1 •U.UUB 0.4410 U.l 888 •O./Ob/ 0.4201
04 •U.BUBU •U.UUB4 0.4044 u .iu 2 o •0,0102 O.OUOb
Ob •0.0012 0 .U11 u .4 182 0.0 /01 "  -0.22B4 U.B4BB

-----------BB •8.8B23 U.UbU 0.424b U.U/BU •U.1B2/ U.B0U0

Of •U.bbl 0.041 0.0020 U.U/1U •0 .1 /40 0.2000
BB •U.2fb U.UBUB U.432b O.U/20 •o .ib /o U.B//U...""BB •U.BBUB ' ' “ 90 9 5 9 1J.4SB4 o .o /b b •0.1000 U.022
UU • 1.012 •0.020/ 0.400b U.UU!/ •0,4/04 U.41U
U1 •U.bfOO 'U.UTBB 0 .4 U 2 o.UUb ....-UI2BB4 O.dUOO

—  “ 92 9 7 0 8 1 “ ■ 9 0 9 9 5 0 .0 /b / U.U/BB •0.24b 1T.BBB
00 •0.0002 0.0001 0.44 /0 U.U/U1 •0.1410 0 .2 / Wb

........“ 04 "  -U.2B'17 1 U.U/BB "■0'.T26U ■ " " itbbu •0TJU5 U.BB3/
Ob •0.044 0.1014 0.0210 O.U/Ub •U.1U/B U.B/

B/H=1_______ N=2 0 degree
» ot lap Min Mean max 5TDV "■ • peaK ♦ peaK

U.BUB/ u.Uboo I'.BBBb u.Bbb2 9718// " '1 ./W 8
................1 •U.UbIB - 'T & iy n U.4U10 U. 1040 -U.bbUU U.240/

2 •l.bObb -U. 140b U.4442 U.lbUl •O.buoy U.OUO/
0 •1.4040 ' -U.'lTMJl U.bBbU ■“ 9.1528 “ ■“0!85'/7 U.Ob/b
4 •1.2422 •u.uo/0 U.4UBB U. 1440 -U.4UUB U.O/bb
b •1.UU42 -U.UUbb U.0421 U.10U1 •0.434 u.4i8b
0 •l.bbbO '■:U.U/B/ U 4b8B '"U.15B9' -U.0040 U.BBU
/ •1.1/Ob •9T422 U.4BUI U.1004 -U.9U24 U.Olb
0 -U.bbOb •U.U01 U.00U2 U.lUlb •U.Obbb U.2bJ/
V •U.UOB •U.U41/ O'.’JBBB "■9 :1 9 2 / •U.04U/ U.2000

"  T J •0,8438 •U.UBB? u.ooui U.1U40 -U.0O24 U.2/01
11 •U.b4‘J0 -U.UI/I U.4UU1 U.1UU0 •U .o i/y u.2bBo

' ' I B •U.bllb •0.8200 U.ObUb — 9:'nj3B •U.BB// U.705T
10 •U.bUbb •U.UBU4 U.4B4/ U.IUUB -U.0012 u.2 /2 0
14 -1.0/01 -U.U144 U.004/ U.UUbb -0.0U12 U.2/24
lb " -U.4BUB •U.UUI U.OBbb ■■■■u.ayiy •U.obob O.BB44
10 •U.b/BB •U.UTT3 U.O I I I u.uu •u.2010 U.28BB
1/ •U.bb4b •u.o 12 U.O/ /1 U.UBBU •0 .2 /9 / 0.20-1/

.............. Id •U.4000 •u.Uuoo U.B294 9.0011 •U.Bb/9 U.24/
19 -u.ow/ U.UUU4 U.O/ lb u.uoiu -0.2002 U.204U
BU •U./200 -U.UU1B U.dbbb " "U.UBUU " -U.'B/UU “ U.BBBB

---------- 2T •0.4384 U.UUo U.B4/B U.UB42 •U.BBBB U.20/2
22 •U.4104 U.U10U U.Obbl U.UBUB -U.220/ u.2b49
BB ■U.0221 U.UBB U.BB/b U.U//B •U.IUBU U.BBUU
24 -U.O 022 •U.UU 18 u.ooo/ U.U//4 •U.200 / U.20U/

" ’Bb •U.bOlb •U.U 12 u.obB/ — U:O057 •u.2oa i U.240
20 •U.0014 •U.U140 u .o/uo U.Ubbb •b.2/14 U.2422
21 •U.4044 •U.UUUb U.oib/ “ "U.OBUU -U.2020 U.2001
28 •u.4ooa U.UB1U U.020C U.UUB •U.BUBi U.24b2
BU •U.04UU U.UObO u.o/43 .........01172 " " •91790 U.2024
ou •U.0412 U.UOUb u.o/au u.u/o -U.l'/Ub U.2bbb
01 •U.0014 •U.U140 u .o /09 — 0.9059 9 9 7  f? U.2422
02 •U./BBB •U.U210 U.04bb U.U054 -U.2 / / 0 U.2040
00 •U.4440 U.UB/ li.0 /4 2 U.U/bB ""•972IU9 U.200
04 •U.OOUO u.uo/b U.4000 U.U/01 -U .lb lb U.BB/B
Ob -U.BUB/ U.U2bb U.0U04 ..... U9/UB •TTIB37 U.241
Bb •U.44UI U.UIB u.oo /1 U.U/BB ■U.IUB/ U.204/
0 / -U.bUUU U.U2bb U.OOU2 U.UU21 •U .2 l/b 9.2752
00 ■ '-U.b/UU 11 ' U'.UBUB U.4/48 U.UB4B •U.2100 U.BU81
BU •U.bbUU u.UBuy U.BUB U.U//2 *lJ.2U0b U.28B9
40 -U.d/24 •U.U1U0 U.B90B u.89Ud •O.BBBB U.IUUB
41 •U.BbB4 U.UB8B U.0004 u.uob •U.IObd U.2JUU
42 •u.ouai U.0b4b U.41UB u.Uobu •8.1002 u.2b44
40 •U.U4/1 U.UBUB U.4l2b U.9B2U •U.22b U.20U0
44 •U.bbUb •u.UbBB U.OI/b U.Ubbb -U.012U U.2UOO
4b •U.4WU0 •U.UBUB U.4tf/ / U.UBB4 •U.2UU1 'U.BlOb
4b •U.B/BB -U.U42 U.OUIO "U lf/ '18 •U.2/oB U.IUIB
4 / •U.4U10 U.U201 9.719 u.uooo •U.I7UU U.BBUI
40 •U.BIBB U.UbbB u.dbbb U.U0U4 -U.'lbBb U.2042
4U •U.0020 U.U002 U.41U1 U.Ubbb •u .32/8 U.394
bU -U.4b/2 U.BUBB 1 .0 /1 / 9.2TB8 •U.4010 U.B4U8

' b l •U.40U4 U.2bb4 l.bb lb U.240/ •U .4//B U.UUBb
bB ”  '•'U.BUBB U.B/UB 1.94B U.204U •U.404 u .y /oo
00 •u.bb/ U.2040 I.UbbO U.B9U4 •8 .020/ '"“ VUS2B
04 -U.40UO U.Bl/4 "1.9022 1T.7J49 -U.4bbb U.U210
bb •U.0024 "  U.971/1 I.B48B U.IBbb -U.4 IBB U.b/bb
00 •U.bb/4 U.U94 U./404 U.IOOb •8.00/b U.4bbb
0 / -U.4/U0 U.UUOO U./8b2 ■ " 9 : n s / •U.04/4 U.004/
oB •U.bbUl "  U.T3D/ U.UUBB U.IBbB •U.2/4U U.0002
oa •U.4UB/ u.iuao 1.40/0 U.l/Ub •8.3ou2 ' U./302
bU •U.0410 U.UBbl U1U5U2 U.lbb/ -U.4401 U.4U02
b l ■ " i r / r / / U.U204 U.4400 U.1U/U •U.2U/0 U.00U2
02 -U.4U04 U.UObO U.4BU1 U.9U6B •U.BbJb U.0200
BB •U.4Ubb "  "-UDU/ U.48U1 u.uyao •U.BU4B U.BUUB
94 -U.0U4U U.12U1 1.0204 u.ibo4 •8 .0 8 I U.9IU1
bb •1.U420 •U. UaB U.BU82 U.1202 •U.0240 U.2204
00 •U.7UUB •U.UBUB U.200U U.UUbb •8 .04 /2 U.BBbB

" 9 / •U.OUbO U.U200 U.Bb U.U/10 -U.IUU U.2000
bb •U.0104 U.U4J0 U.004W U.U/U4 -U. 1U4 / U.2blb
BU -I.Ub •U.1/B4 U.248U U.IOOU •U.bbUl U.2202
/U 7T9971 •u .iu /o U.24/U 0 .11/1 •u.4oy U.240/
/1

-----------
•U.bBBB U.U120 0 .001/ 9.0B4'4 '  -0 3 4 9 9 U.2000
•U.oU4b '' 'U.'UUB/ u.0121 U.U/71 -U.2240 U.20/0

/o •U.UUU4 -u .io U.2/21 u.i 00 •U.bbby b.oBdy
/4 •U.40U0 -U.U02b O.BJ4 " '" 9 9 0 9 •U.B1U/ U.2140
/b •b.oBI 9.93BB U.0200 U.U/02 -u .iyoo U ,2b//
/8 •U.BUIB U.UB/B U.0b4b U.Ub •U.2i21 ■""U.B077

, n
•1,4 /bb •U.IBUB 0 .4 8 /8 U.IBUU •u./uoo U.002

-----------70 '.'U.BB/B " lU.TBBB U.4BI1 U.l 104 •U.3B4U U.OU/4
IV •U.020U •U.UU04 U.4104 U.UUIB •8.2011 ""U.B0B4
BU •U.0440 U.U21U U.bl 11 " “ 9.9001' -U.2424 U.200J

............'Bl -U .//42 u.UB'/y U.89BB U.UBUI •U.22U4 u.ouoi
BB •U.9BBI U.Ubbb U.4000 U.UB/I :u : i /b / U.dOOU
00 •2.0UJO •U.IB9I U.4U// ' U.IB19 '" •9 .0 /4 9 U.4IB/
B4 •U.BBB -U.U210 U.4/91 ■■"U.1992 -U.B4U1 u.2 yoy
0b •U.4bl4 ' '-U.DUfl U.BBB4 U.Ub/ •u.ooyo u.2b iy
BB 79!? 127 — 9.9529 U.4044 u.uooo •U .IU // U.OUOb
0 / •U.4010 U.Ulbb u.obBo '"  U.UBBB •U.2B28 8.3834

.......... 90 •U.bUB/ U.liob 'U.'4390 U.UBB/ •U.2102 U.2000
09 •U.441B U.U/Ub U.4UBB U.Ublb -U.lbbO U.0242
UU •1.240U •U.UObb u .o /y U .U lb '  -(J.4B1 ' U.BBB!

"■ Ul •U.bbbO ' -U.UUbB "U:?'05U U.UUBU •U.OU20 U.2U1
UB 7U!30B5 •U.UBIB U.OU02 U.UBBU 1 -U.BBBU U.22U0
00 •U.4U04 U.U94 U.404 " 9 9 7 0 0 •9 1  /BB 0.3003

..............U4 •U.40U1 ' U.Ub UB U.OUbb u.u/bb •U.l/UB U.BBU4
Ob •U.OOlb U.12bb u.ou/o U.UBBB •8.122b u .o/8b
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B/H=1 N=3 0 degree
k  ot tap Min Mean max S7T3V" • peaK ♦ peak

U.dd4b I.UUUB l./bd4 l).23'5 u.ddbb l . /b b /
1 •U9262 •U.lbbl U.ddbd 0.1248 -U.bdU4 U.21B2

-------~2 -l.ddbb •U.l J ib U.bdbd u.idb4 •U.W53 "  IT2B3B
j •1.2411 •U.U/bb u.bdb U.ldb4 -U.4UU/ u .d jy /

------------ ^
-u .//b b •IT0212 U.bb/b u .id /y •U.4lWb U.ibd4

0 •U.bb42 U.IUbb U.b Id U.ldbb -U.ddd U.419b
b ■•w u b b / •U.U041 U.4UJU U.1544 -U.B2/2 u.juou

/ •l.d4bd •U.lbb U.db b 0 .1 /dd •U.bB2b li.JBu/
a •0.7/43 — r a a o U.dbbl U.UyU4 •U.dbd U.d4dd
y •o .rc i2 •U.l)4d U.44/0 0.0984 -U.ddbd U.dbdd

'"TO •U.b40b -U.Ud4b U.4 /  1 U.UU Ib •u.d2/d U.4B//
i t •U.bdbb u.uuuu U.dU4 0.09'JT •U,d/b4 U.2BUI

"  "  yj
•u./30b " '•M U /I ' 0.4299 u.uuod -0.2956 U.2B1B

Id •U.bb4b •U.UIBd U.4dbd U.UU4/ •U.2U84 u.2b9
14 -U.bdd/ •U.Ul/b U.d4bb TJ.TJ935 “ '7 12959 U.dOJO
1b •U.bbbb •U.UI lb U.dbbb O.Ubb/ -U .2 //0 U.db4b
10 •u,b/b ■U.UUb 1 U.d/dd ......0.UBB7 •0.dB5i ....  1T741)
1/ •U.b4bd •U.UIBB U.BBUU O.UB/4 •U.UBU/ U.d4db

---------- TU •U.bbb •UW24 O.Oidb u.um y •U.dbbl U.dddd
iy •U.404 U.UUBB U.dbbl UU/B5 •U.dd U.241/
20 •U.bU24 1 *0.1)004 U.dU4d U.UBU4 •U.d/4b U.2U1/
21 -U.bU/B u.uuuy U.ibdb U.Ubdb •u.dJBb uiboB
u •U.dbbb U.UUb U.3292 u.u/bb -U.ddlb U.dd/b
23 •0.3906 “ TOWoy TUBbb U.u/dd •u .i/B o U.dbu4
24 •U.d/U4 ■U.UUb 1 0.3594 U.U/24 •U .2222 U.2I2I

.............. 25 •0.423 •U.uiub U.d/db U.UbUb -U.dbdd U.dJUO
2b •u./byy -U.UdUd u.db4b "1TU54 “ '7T2B24 U.221U
2 / •U.bibb •u.udbb U.d429 U.U/b •U.dbUb U.dU/b
28 ■U.db4/ U.U) Ib u.ddjy — 0.0717 •U.dUd4 u.ddo/

..............a» ♦0.2/3B U.ubuy u.dd/y U.Ubb4 •U .l/4d U.ddb
du •U.dlbt U.Ud/ / U.d/4b TTUBBZ •u.iboy U.2424
31 "■•■07599 •O.OdUd U.db4b U.Ub4 •U.2624 U.22IU
dd •u.bid/ •U.U4Ud U,d/db U.UblU •U.2B6 U.dUb4

7 3 ...... iruibb U.412 u.u/o •U.2U92 u.d4oy
d4 •U.db/b U.UU84 03)794 u.uoy/ •U.14U6 0 7 7 /3
ib '“ •0:277/ 0.ulb4 U.dddi U.Ub/d -U.1b24 U.dd 11
db •U.d2d U.UUBB U.b/b/ U.UBBU •U.1921 U.2U93
d/ •U.b/4 U.udub u.dbdd U.U/db -u . iy n U.dbU4
db -U.012/ U.UdBd U.bb04 U.O/tb "-0.1W2 " O.'27/U
39 •U.dbdb " 0 .0 2 / 0.4892 U.0734 •U.lBbl U.24/1
41) •U .d//b •O.OdB/ U.dbdb U.Ub/1 •U.ddbl U.1040
41 •U.2b4d 0.U2B9 U.41U4 U.U044 •0.1W4 113222
44 •0.2/3 U.Ublb U.d/lb 0,0648 -U.142B U.d4bb
4d •0.BB21 U.Ulbb U.d/bb U.U/db •U.dUdb U.ldd/
44 •U./1b2 •U.UBl/ U.4Ubb 0.0842 •U.dl)44 U.2Ui
4b ■"•■o:42ub •U.Udd U.4U4 U.Ubdb •U.2B2/ U.2IBB
4b •u.dbdb •U.U440 U.dlbb U.U/b •U.d/db u.iBdd
4/ -U.22db U.Udd U.db/4 O.ubB •U.1'73 0 3 1 '/
4B •U.d/46 U.U4db U.d/lb U.UBBU •U.104d U.d4bd

----------- TO •U.bUb TJ.022B 0.44bb U.Utt4d •U.IZbUU U.2/BB
bb -u.bbbb U.lbb i.boyy O.dlbd •u.4buy U.bdUb
bl •U.b41b 0,2211 1.bdU4 U.238B •TJ.TOTO 0 3 3 /
B2 ' -03572 U .2 //2 1./BB9 U.dd/b . *U.4d0d “ TT9905
bd •u.bdb/ U.3B9b l.y4by U.d04b •U,bb4d i.d /d i
b4 -U.db/ U.2BBB i.bddi 0 .2 /3 8 •u.bdio l.llU d
bb •0./24d U.Uddti i.yb/d U.1/1B •U.4B2/ U.b4bd
bb -U./UbJ TJ3J1B7 U./ybd U.ldbl •U.bUIB U.424U
b/ -U.Ud14 •u.udb ” 0.6524 u .i m l •U.d/b4 U.ddU4
bb ^ JlB /b ' U .l/bb 1.U1B1 U.l 632 •U.bHI U.BBbl
by •U.44U0 U.2BU5 l.bdbi U.ddU/ •U.dblb U.U4db
bU •U.b/bd -0.03U2 1.1B29 U.i /ub •U.W2& b.40d
bl •U.b/db •u.Uiu/ U.db U.lldb •U.34B2 U.ddbb
62 •O.bbdU U.Udld U.bUlU U.ua/d •u.d/Uo U.dldd

... ,,gy
■ THiBBB •U.UUUb U.4/J9 0.1082 •0.BJ41 U.dlbl

04 •0.49bb U.dl)b4 l.ibdd U.dUbb •U.4121 U.bddb
bb •I.UbUd •U.1401 u.dbbl U.l 282 •U.bdU/ " U33B5
bb -0.BB95 •u.uoo U.24U2 U.Ubd4 •U.d4bd U.d14d
B/ • u .3 i / i U.UUBB U.J244 U3J/T7 ' i0.2U94 ......v m
bb -u.duiy U.Uddb u.dby/ U.Ubdb -u.ddb 0.4(4
by '•1.0UB9 •0.IB29 u.dbbb U.idOB •U.BU2B O.23o/
/u -U.b/Ub •0 .1163 U.d/bd U.ldUd •0 .4 /92 U.2420
n •0.4962 U.O022 U.dU44 O.ub/3 •U.dbBb 6.2b4

----------- 72 ♦0.4Bb3 •U.UIdd U.2B52 U.UbIB •U.dbbb U.ddd4
/d ■U.b44d •U.lbb U.ibbb U.ldbb •U.bbiy U.dblU

7 * •U.bbd/ •U.Ublb U.d4Ud U.Ub/b •U.d249 U3U16
/b •U.ddb4 0.023b U.d4db U.U/41 •U.lbbb U,d40d
/b •u.4bb U.UUB 1 U.dddi "■ "O.Ubb -U.ib li.dbbd

...............77 '"1:0287 •U.2U/4 U,db4b U.dUdd ■■"•■o'.Brn U.4U2B
/B •1.0092 •U.U4db U.4dU4 U .llbb •U.yyy u .d iiy
/y •I.UObd •U.UId/ U.UB/B U.Ub/d -U.d/bd U.24/«

' "  'BU •U.bddb U.Ulbb U.4bU7 ■cro/95 •U.ziby U.iBbl
b l •U.4U71 ' U.U26 U.b4bb U.U/Ub •0.2119 U.2B4
B2 -U.4bb U.U//b 0.42bb U.Ublb •U .ib /l U.dddd
bd •l.b lb l ■U.l /dd U.41dl ■U.2UCT • u ./y l / U.44bd

"" " " " 'W •1.326b -U.Udbd 0.4 /22 U.IUbd 7J.3W2 0 3 0 1 U
bb •U.bU/b 3 K in s i u.dbbb U.Ubdd •U.2B2/ U.ddUb
bb •U.40/0 U.Ubdd H I ,4248 U.l)//b •U.l/Ud U.dbbb
b/ •U.b4bd U.UUB 1 U.dbbb — ITU/in' •0.2252 U.23i4
bb •U.bU/d U .u db u .d /jy U.U/bd •U.dU/4 U.2SU4
by -U.412b O.U/21 — 0'.4'f96 u .u /y / •u .iooy U.3II1
do •l.d /bd -U.U4BB U.bbbd 1 0 6 4 9 •0.WU6 U.44bd
yi •0.BB31 •U.bui U.bldl U.IUdb •u .d n y U.d1
92 •U .41// •U.U410 U.diMb U.ubdi •u.db/y U.2U4/
93 ■TT4U14 U.UbbU U.dbbb U.U/44 •0.1573 '' 0.3591
94 •u.duy 0 .0B2 / U.d/Ul U.U/d •u.iood U.d/1/
bB .u;2Ub U.ldb U.bddd 0.UB45 •u .i 164 U.dBb4

B/H=1_______ N=8 0 degree
» 01 lap Ivtm Mean max sTOv— • peax + peak

U.bbb4 1.J//B 1.941 U.dd/b U.4b4d i.bb id
1 " - l . l l l B •U.Udb U .ib i/ 0.1 Ub9 •O.ibBb U.2BBB
2 -l.b dd / -U.UU/1 U.4/bd U. 11 bd -U.dbbd U.d41b
d •u ./uy  / U.U4b4 U.44BB U.Ub •U.dbbb 0.39b4
4 •U.BB4 B U.UUB U'BIUT 01U74 •0.22/2 U.41/1
b -u.bbdi u.ibdb U.BB 11 U.1U2 •U. 1424 U.4bbb
b •u.aiub U.Ub4b U.bdb/ u.id2 •0.34 Id u.4Bu/
/ "■•HU902 •U.U2bi U.43/B U. 149d •u .4 /jy U.4dib
u -U,49Ub U.UBBB U.dbbb U.OBBB '-0 .I9 /B U.dlbd
y -U.bdU/ U.UBB U.4U/9 U.Ubdb •U.l b2b "" 0.'3UB/

ID •U.bbb/ U.UUb4 lTT28y TITJ3T9 •0.1 B02 U .d lll
11

-------
-U.bU4b u .i ib / U.4bb4 U.U/bd -U .lld ] U.d444

•U.4b/ U.IUUB u.4dbb U.U/bb •U.ldld U.3403
13 •u.bu23 u.u93/ ll.3 /b i 0.0/B 70.T3TJ U.Jlb/
14 •U,bb44 U.UB4B U.dbbb O.U/94 ■U.lbd4 U.ddd/
1B -U.b/bb u.uyyj U.4U9 0.0/4B •U.ldb U.3ddb
ib •0.4uW U.luid U.4 IBB O /T T •U.IIUd U.dlbb
1/ -U./bbb U.U9U1 U.d4dd U.U/d/ -0.1309 U .d lll
IB •U.4bb U.Ubbb U.dbbd O.OuBi •u.l 09 0.300o
19 -U.dbUI U.l Idd U.dbUb U.OB49 •O.OB23 u.duuy
dU -U.b4/ U.llMb U.d/bb U.U/4b •0.119/ '" 0.32B9
dl •U.4B/4 U.UUb U.3/lU O.OoBi •0.0943 U.dlbb

-------  ^ -U.2B2B U.IU34 U.dbdd U.Ubdd •U.Ubbb U.dbd4
dd •0.2103 U.Udb U.4Ubb ■'■ 'o.OB'sy 7U.U359 u.dddb
24 •U.lbbb U.lUbd U,414b U.UBU/ •0.0699 0.2B2B
db •U.4/ub "O.U941 U.d//1 O.OBB ""•U.'TOOB U.dbb
db •U.09b4 U.U/41 U.d4bb U.Ubbb •U.1d4b U.2B2B
2/ •u.iui)/ U.U/Ud u.34bi ' 'U.'UOTO •0.122/ u.dbdd
yy ’U.44J0 U.l Id U .d /ld u.ubb •U.Ubbl U.dbbd
2U •U.d4l4 U.l j i a U.dbbd ......0.055? •0.03/4 U.dUUb
dU -U.dldb U.l 444 U.4UB2 U.UBB9 •U.Uddd U.dldl
31 •u.UUJt U.u/4i U.i4bB O.ObOb •0.134B U.dbdb
dd -U.4044 U.UBB2 U.dblb O.Ubb/ •U.ldlb U.2BB2
33 •u.b4by U. lid/ U.4l)4b ' '0:062! •0.0B94 U.dld4
d4 •u,4dbd U. l/db U.4b44 O.OBB -u.uuob U .d4//
db -u.4bUB U.l2bb u.BUid O.ubbi •0.0423 U.dbbd
db •u.dbbb 0.1141 U.4UUB U.UBBB •U.Ubdd U.2B0B
d/ -U.4419 U.141/ U.4bbb U.Ub 12 •U.O41 / 0.32B2
3b •U.3UUJ U.1d4d U.4/bl — 0TJ5TO •U.UbUd U.ddbb
dy -U.4bdd U.ldUl U.4bd1 U.ObUl -0.0BU1 u .d iu i
4U •U.4943 UU7W U.dUll U.Obbi ' "-T1.08TO "“V.Z377
41 ♦u.iy U.lddd U.4UUB U.Ubdd ■0.02/6 0.2919

......... 42 -U,4dbd U.lbld U.4ddd U,Ub4d •U.UI 14 0.d14
4d •U.42BB ""U:i2UB u.BBub ' '  O.UBW TO.08U6 u.duib
44 •u.bd/b U.Ublb U.d4b4 " 'T O 59T •u.lbbb U.2BBB
4B •U.49db U.UBUB U.dbd4 U.Ubbb -0 .12/9 U.2B9B
4B -U.44b/ " U.UB U.ddb U.Ubd/ •O.ldid 0.2B13
4 / ■■"0,.'VO77 U.1414 U.4042 O.UBJB •U.Ulbb U.dUdd
4b •U. 1/04 U.U/B/ U.d/dd u.ub/b •U.094 U.db14
49 •U,4dtt9 U.Ubbb U.42UB U.U/dl •0.1B9B ' U.2'/2B
BU •u .4 b ii O.dUld 1./B11 1 0.1966 •O.Jbbd 0.7BU5
bl •U.4b/ U.244d I.b312 U.dldb •U.dbdd U.BBIB
bd •U.04d0 U.29B2 1.4299 0.1999 -U.dU4b 0.B9B
bd -u.ddbb u.db/ 1 1./2B2 U.2454 •U.dbbl 1.1022
b4 •u.dB ' '0.2881 1.66/3 0:229/ ■ '” 0.4009 — US77T
bb •U.0441 u.u /b i l .b l /b U.lb •U.4Ud/ U.bbb
bb -U.4940 U.UBBB U.BU2B U.1224 •U.bl id U.4dd1
B/ •U.bBbb •0.uu24 U.4bd/ u .u y /i ' -0.2939 072B9
bb •u.dbbb 0.1921 u.bbbb 0,1413 •U.ddlb u.blb
by •U.d4bb U.dUbb 1.44 /b U.dUl/ •U.dbb/ U.9l4b
bU •0.B702 U.uli 1.0244 U.l 669 " •0 .4 8 9 / 0.B1IB

........ Bl •U.41/b O.U292 U.4d14 U.Ubbd •u.dbbb U.dddb
""■82 •U.4d/4 O.Ubdl U.441b U.UBUB •U.l/bd u.30Bb

bd •U.41b« u.ud/b u.ddbd U.Ub4b •U.2401 U.J214
64 -U.44U0 U.24BB 1.2U/9 u.iOdd •U.dd Id U.B2B3
bb •U./4d4 -0 .10/ U.2U94 (TTT2 •U.44d1 0.229

..............BB -U.B9U1 •U.U2B U.ddl 0.0B2 •U.d/11 U.2211
b / •U.JU40 0.U439 0.2931 D.06 •U.ldbd U.dd4
bb •U.d4d0 ' U.UBBU U.dbdb O.U/UB •U.l 441 U.2B0/
by •u.uu •U.I49B U.UUi 0.12b9 •0.B30I 0.231!

. . . . .  ,1/tJ
•U./Udd •U.U/BB 0.I9B9 U .l ld / -U.4)bb U.dbbb

/I ■ '-U.4B8/ U.U432 U.d2bb u.O/bb •0.1904 '"  0.2B2B
/d •U.292I U.U439 u.dbbd u.ub/b •0.IB9/ U.d4/b

' 73 -U .//dd -U.IUdb U.dlbd U.1214 •U.4bb/ U.2BIB
/4 •U.B1U4 •U.U231 0 3 6 9 O.CT/5’9 •0.2B0B 0.204b

............. /B •U.2B/B u.ub4b u.ddbb U.Ubbb •U. 14d U.2B09
/B •u.d2/u U.Ubb4 U.dbUb u .u /11 •U.lb/ " U.2B9B
/ / • l .ld lb •U.lddb — 0T421B 0.164/ ""” 'IT5TB U.3/U3. . . . .

•u.biuo O.UIBI U.4bbl U.U9B2 •u.db/b U.dUdb
/y •u.duUi U.U4tid U.41b/ u.ubbi •U.lbbb U.dbbl
BU •U.B10B U.UBUB CTTOB/ o:o b j / T r . n o / '“ ■'U.^IS

............. Bl •U.4bdU U.U643 U.4d4b U.l)b4b •TT.W! u.db/b
---------- m2 ' -U.2B/ 0.1167 U.bbbd U.Ubbd -0.0924 U.ddd/

bd ' -T.2307 •U.imid U.d/bd u . i / u 4 •U.bb44 U.4db
B4 •U.bl) U.Ud94 0.3Bd4 O.TJBrJ 7J.222 '/ u .3014
bb •U.4dd u.ud/y U.3BBB U.Ubbb •U.IBIB U.dd/b
BB -U.db/d u.uudb U.429/ U.Ubdd •U.Ubbb U.dbdb01 " '• 0 .2 7 0 1 U.UbBl u.dUb/ u.uBIb •u.i294 Ud41b
BB •U.4210 U.UBBB U.d/d4 ■ ""0 U 5 3 ? •u .ld lb ""T)'.24 8 /

" "B 9 -u.db4b u .u b b 0.BU93 U.UBB/ •0.0B91 U.dddb
9U ' 1 -1 .0073 "0:U IB 2 U.4bdd u . id l / •U.d//1 U.41d4

...... 91 ■U.d//1 U.UBBU U.4UB9 OTJ/93 '“ "U.'ZDTO
yj. -U.ddbd 0.U 1/9 U,dbd4 u.Ubbb •U.IBIB U .d l/4
yd •U .IB Ib """UITOBI U.4buy O.OBub •u .0 /6 / u.2b/b
94 •U.1/40 u.Ubbb U.4B0B u.ubib •0.0961 0 .2 /1 2
UB •U.ldbb O.iui U.bldd U.U/bb •U.U4b/ U.4Ubb
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B/H=2_______ N=1 0 degree
» ot tap Mm Mean max S T d v  ' • peaK + peak

" u ib b b 1.44/4 B.U11U 0.4024 o.Uoo B.bb4j
1 -1.0404 -U.22J1 0.444 U.BlbU •0.0/40 0 .42//

' B •2,240b •6.3664 0.4404 0.2204 •o.oobo 6 4020
2 • l./OOO •U.l b ib 0.4000 0.3l40 •TJ.srn 0.4400
4 •1./UI1 •U.IUbU UI32U2 0.2244 •0.0402 0.0040
0 • i . / '/b •U.lUUb U.4B/4 0.2444 •o.blbo U.04bo
0 •1./044 -0.2400 0.4006 o.BolB •U.bby 1 0.0142
/ •1./100 •u.2obo U.Ui/b 0.2414 -1.UBU 0.42/4
B •u.bww •0.0/04 U.BBUb U.1U// •0.4020 U.B4bb
y -0.04/ •0.0/40 U.42U ’  TFIT50 •0.4402 0.2020

!U ' -U.B4B1 •U.uiUb U.4BJB 0.1241 -0.412 0.4420
•1.133 •u.uyw 0.44/0 0.1400 •U.'432B U.obio

12 -1.IU34 ■0,0/41 0.44 U.loUU •0.0440 0.4000
u ♦ l.looo •uiua/y — IT2797 U.IBUU •0.4401 0.2/40
u •T05S7 •U.U4BB 0.4424 0.0044 •U.BBB2 0.26/6
10 -U./1/4 •0.04 0.400/ ■ "o .vsor ♦IT3002 0.2402
10 •0.040b •U.UIBB 0.4004 U.Ublb •0.2014 0.2000

.......... "T7 •0.0400 •0.0214 U.B/BB o.oboo ' -U.B7B2 U.Bbob
ib -U.01/0 •0.0040 U.2/20 0.0/42 •0.22/0 0.210

■jy ' -inUb'B U.UUb/ 0.4401 0.0/42 •0.2100 U.B3B4
BU -0.04/2 •U.UBBU 0.2/ )4 U.UbBo •U.BU64 0.2400
2\ •O./U/O •U.UU/B ""'U .U TC 0.0/00 •0.2404 U.B1U/

--------- - g •0.4210 U.U1U/ 0.4200 0.0/04 ' -U'.B8U8 TJ2Z2
24 -U.B14U 0.0i40 '"  U.BBB5 U.Ubbb •U.IUBB U.2214
24 U.UI 12 0.2000 6.2166
Bb -1.0000 •U.UBBU O.U24U 0.0040 •0.4044 0.20/0
20 .... -CT7SEF7 •0.000 0.441/ U.U/Bl •U.B3U2 ' 'U.BBUB
2/ -0.4040 o.oo/o U.4io4 0.0/ •U.BUB 1 U.Bl/U

...........BB •6.3/Bb U.UIUI 0.4420 U.UBl •U.1B4 ' "U.'BUBB
20 -0.2/44 0.010/ U.404l U.UbB/ •0.1000 0.100
40 •U.bibd U.Ulbb 0,414 0.000 •0.10/4 U.l 000
41 -u. / bu/ •0.000 0.U41/ '■'“ IfUTBT •0.2402 U.BBUB

-ursuTii U.UUUB 0.44/ U.U/1/ •U.BUbb 0.BB42
BB -0.4/00 0.014b U.UUBB 0.0002 •U .lbbl 0,2124
44 ... -u.uysB U.UB4B U.B/BI 0.00/4 •0.14/1 ■' u.'ibu/
40 -0.2002 0.02/4 0.200b u.000 •0.140/ 0.1004
4b •U.3o/4 .... G.UZ8 0.4021 U.Ub/1

-
•0.1442 0.1066

3/ -0.0020 0.0102 0.400/ ■’ ’•82058 0.2202
40 •0.004b U.UTT4 0.4022 U.U/1 •U.BUU/ U.BBbb
!4U •U.4UBB U.U1U4 0.40/4 o.oobb •U/TB89 OSIBV
40 -0.2004 0.0200 U.BB78 0.000/ •0.1442 U.IUBB

........... "4 f •0.2 k/b "'THIBBB 0.420/ 0.0044 •U.VJ4B U.IUIU
4B -0.2104 U.UUB 1 0.4104 U.Ub'7 ♦8TT379 U.BU4I
44 •o.ooOo U.UIBB 6.6646 0,0/20 •U.IUBB 0.2404
44 ’ "•IT572T U.UU// 0.4004 U.Ub/B •U.BBBB U.4012
4b •0.40/0 -U.UU4 0.4011 0. 10I0 •U.BlIbb U.JUIb
40 -0.4402 -U.UUI/ 6.JIB4 U.Ubbb •0.20/4 0,204
4 / •O .ilbb 0.0141 U.B//B U.UB/B •U.IUUB 0.2100
4B •U.BB// U.UUUB 0.4000 0.00/0 •U.22U3 (J.Iibb/
4U -0.4040 U.U41/ 0.444b "■ 'uncrr/ •0.2040 0.4400
ou •0.00/ 0.22b f.BU13 0.2041 •0.0404 u.uBuy
b i •0.0104 0.2000 1.UBB1 U.BBUI •U.BUB/ 1.0/00
bB -U.bBB U.U/41 1./010 U.B6U4 •U.'4333 I.1BB4
04 -0.400/ 0.4002 B.O/I — U.'B795 •0.4004 l.B IB /
04 •0.002b "O'. 3342 1.U4U 0.2/00 •0.4000 1.1/0
00 •0./440 0.144/ 1.4044 0.24/4 •U.bbBo ' ' U'.BBbb
00 -0./200 0,2004 ' I.Bbbb U!BI7b •0.4204 — TO33B
or ' -U'.blKH 0.2U/0 i.o4B4 U.BUBB •0.44/2 U.UIBB
00 -o.4oa 0.40/1 1.4022 0.2412 •U.bbbb 1.000/
00 •0.0420 0.2014 1.UI47 (TBSUU •U.4UU4 1.0022
b6 •b.Bibt) '"17.0792 1./U4U 0.240 -0.020/ U7B4!
01 ♦U.B4IU U.lbUl 1.0002 u .iob i -DJ3271 U.BB/B

'62 •0.4444 U.IUbb ' “ '173222 0.1440 •0.2444 0.0444
04 •0.4000 0.2204 1.1404 0.1/04 0./b21
04 • -0.0/14 0.20/ / "  '1.8/8 0.2400 •0.0401 U.IUbb
Ob " " - f ru y ru "■•Tnnsu 0.4244 0.1042 •0.40b4 0.42/
00 •0./10 •0.0440 'U'.BBB 0.110/ •0.4000 U.BU/4

----  . -y  y "■•(HEfBB •0.0041 0.4044 U.IUU! •0.4404 0.4241
00 -0./024 0.0100 0.42b4 1 U.I337 •0.4144 0.44/0
by •u.bBby '•UOTBT 0.4020 U .lb lb •U.b020 U.4UBB
/u •0.0401 -U.U/Ub 0.20(k u .r ju •0.4000 0.4201
VI •U.ooo/ •U.U4UU U.B/1/ U.lBbl -0.4400 0.4441

— 72 " ’ T0829 •U.UIBb 0.41 o.UUo •6.443 U.TTB
/4 •0.04/1 •U.UUU 0.40U 0.1004 •0.0404 0.4100

"74 " ' • 0 7  7W •U.UbU4 0.4114 0.1114 •U.i040 U.BBBB
/o •0.0102 •U.UBbB 6,40 // U.1193 •0.400 0.4000
/o •UiyUtib •0.0U I4 " '  U/490? 0.1040 •0.4002 0,4020
/ / •2.0/40 •0.2010 0.4011 0.2402 •O.U4B4 ' ' U.4BBB
/o -1.402 •U.UUU/ 0.4024 U.lbUl •0.0/1 0.4000
/o -0./004 -U.UUUB (3.424/ — KB999 •0.4040 U.BUB!---- uu •O.bBBJ U.U1/U 0.4201 U.U/bl -U.Bl1 0.240/
Bl •0.0140 U.U41B 0.4214 U.U/B/ 1 -13.7783 U.BbUb
62 •U.4/01 U.0442 0.44/b ’ “ 11.0933 •0.2420 U.BBBU
04 •i.booo •U.24/o U.f?23 0.224/ •U.UBIB 0,4200
04 •1.4000 •U.1U4I 0.010 U.l/UJ •U.UUU U.400/
Bb •U./b U.UUU 0.4/00 6.00 Uo •U.Bb4b U.BBB!
oo •0.0001 0.020/ ' U.UBIB 0.U//4 •0.2004 U.BbBB
87 " ’•U.'4!’7B U.oJ/1 ' " “ 8:3858 U.U/IB •U.1/B3 0,2020
BB •0.4000 0.0400 U.41U1 U.U/1/ •U.'IBBB ..... 'O.BBB
ou -0.4/20 0.0422 0,420 U.'U97B •0.2011 0.4400

...... 1)0 ' -I.BUB4 •U.IS4B U.B1U1 U.BBUB •U.BBUU 0.4040
— 9T •1.BUI3 •0.0/40 0,021 U .lb lb •U.obb2 ' U.41UB

'62 -0 .0 // 1 U.01/ / " i w i r a U.UBB/ •U.BBU4 1 U.2B57
yy "  -u:2«y7 U.U43b 0.4 /0 / 0.00/2 •0.1002 0.2442
w •U.B/11 U.UbBU 0.442b 0.00/u •0.1440 TI'BBBB

"Ub ' -U:4Bb'( xsm\ £8863 — IT099B •U.BBUb 0,4004

B/H=2 N=1 10 degree
H ok lap Mm Me3n max 57D v— • peck peak

0,4004 1.0001 2.0000 0.410 0./402 2.04b
1 • 1 ./4 /0 •u .4 /ob ' "U 'Buyy 0.2b22 • I .I jJB 0.4002
2 "  "-271)89 •U.4U1B 0.1 /00 0 .24/ •1.1420 U.BBUB
4 - 1.0 0 /4 •0.4024 0.2040 ' U.BUbB •U.b/B! 0.2044
4 •i.4 o o / •o .y j/B ■'“ U.’BUB? ............. 0!2 •U.biB! 7J.BB7/
0 •2.140/ -0.4144 0.4400 U.BBb/ • 1.0044 0 .4 /4 0
0 -l./OOO •0.24 0.4142 U.BB/1 •U.UU4 0.4014
/ •U.OObo •U.lb/B 'Vi.2Y£\ U.IBbb •U .o/bl U.2010

------  . g
•1.1UBU •0.1400 0.4411 U.IBUB •0.0440 U.BUU

0 -1.2410 • 0 .1 //0 0.2411 0.1400 •0.0144 U.BbUI
' IU •I'.BIBl •d .ibob U.iUoo U .lb i/ •U.bU4/ H ).B b /b

11 •1.2044 •0.140 0.4001 0.10 /4 •0,0112 0.4444

12 • 1.0/00 -0 .0/0 1 0 .4 /4 / 0.120 -0.404 0,4020
14 •0.001/ •o.UboB ""  ITBBUb ” u :obbb •0.44ib U. 1044
i4 •k.UB/ •0.0000 U.BUBb 0.1140 •0.4401 0.2401
10 •1.024/ •U.004 / 0.204 0 .104/ •0.4000 U.B1B4
10 •U.U4U/ ' ■•U:il)U4 U.4Ub4 D .U '/B •U.4BIB U.B440

1/ •U.bBBb •U.U71U 0.2020 U.IUBU •0.404/ U.BBUU
10 •U.0042 •0.0402 0.200 U.U/UB •U.B/B/ 0.2024

■ lb •U 4/B ■"•U:U3BU U'.BBBB U.U/B4 •0.202 "U.fUB'J
BU •U.//41 -U.UBBB 0.24/2 0 .10 /0 •0,4114 0,244/
Bl •0 .0 /40 •U.U4BU 0.2040 " u:ub/ b •O.oOBb U .2i4 /

------- BB •U.444/ •U.U1U/ 0.2000 0.0 /14 •0,2440 0.1042
24 -0.4040 •0.0144 0.4014 O.UOOO •0.2l01 U.IBB4
24 •U.BbB4 U.Bbib
20 -0 ,40/2 -U.U4BB U.BBBB 0.0020 •0.2440 0.1412
2b •T.U/BI •u .ubib U.io4b — OTOff/2 •0,4100 U.BU/U
21 •0.0024 -0.0440 0.2004 U.UBU •U.B/B 0.2004

........... BB •U.4200 •U.0U02 ’ "  U.B5B7 0.0020 •0.100 0.1020
20 •0,4221 -U.UUU 0.4401 0.0040 •U.IBbb 0.104
40 •U .2/1/ U.oUlb U.BBb4 0.0014 •0.1022 0.1004
41 •U.U/bl 0.0410 U.lbbb U.UB4U •0.0420 0.1100
42 •I.OO/4 •O.UJti2 U.ibob U.UB7B — ’ 07B95 0.2200
44 •U.Ubb/ •0.0204 0.4100 0.0 /02 •0.202/ 0.2122
44 •u .04iy '"  U.UU2B U.Biol U.UbUb •0.1000 U.IBbt
40 •0.4000 o.uooo U.B1UB 0.0024 -0 .14/0 0.100/
40 •U.4O0O U.0 U 2 .....U.BB lb " “ 0.0491 •U .u y 0.1014
"SI ■M:iT29B8 U.UU/ 0.2400 0.0024 -0.1002 0.1044
40 •0.0204 •0.U441 U.B47b U.001 •U.olibo " 'U.BBBB
40 ' •U.'QTBB •0.0220 U.BB/4 U.UBUB •0.2042 U.BI'/U
40 •0.0202 0.0020 0 .200 / U.UbbU -0 .1 // 0.1022
41 •U.BUBB O.Ul44 0.2/B O.obbo •U .li /b “ TJ'IBBl

............ '4B •U.Bb/4 0.0204 U.BibB 0.04/B -U.UBl U.lbO
44 •U.BBBU U.UBbb 0.4204 0,0040 •0,1440 U.IBbU
44 •U.UBUB •o.ooBb U.2tb4 U.odBo ""•U.'BW i — U'.lUb
40 •U.bBUb •U.Ublb U.ilUb 0 .0 /0 0 •U.B/BB U.l/bB
4b •0.4000 •0.0244 0.4100 0,0000 •0.244 U.IBbB
4 / -0.2004 0.0000 0.4012 0.60  b4 •o.ioob U.IBBU
4B •U.2400 o.!Uo4 U .o i/b O.Ubb “ '•UXJ597 U.B/Ub
'4b •U.oBl 0.0002 0.4014 0,0042 •0.1244 0.200/
00 •0.0040 U.B/Bb 1.410 U.BbUI ■0.4//4 1.0241
01 •0.4400 U.2UI2 l'.41Bb " U.BIBb • b . i / 4 i ' '  TJ.U3BU
02 •0.4bU/ U.i4bb "' T.BIbU 0.2440 •0.404 — T.UB37
oJ •U.bbU4 1.4201 0.2400 •0 .40 /U 1.0 /40
04 -0.000 0 ,1 /0 0 1.1404 0.1042 •0 .402b 0 ./0 0 4
00 •U.BIB/ 0 .20U/ 1.44m u.2 ioU •U.Ub! "“ T3!U'/Db
Oo •b .y /b ■ u.'rorc l.Ubb/ 0.102 •U.BU4B 0 .0 0 /2
0 / •0 .4 0 /0 0.4140 !.bU34 U.BUB7 •0,2044 U.UBBU
00 -0 .4 /0 1 0.2b l4 1.200 / U.B6I •U.U41B "U.SSJb
bb •u.'Bins 0.0042 0 .0 0 /0 0 .1 4 /0 -0.4000 U.bUBU
00 •0.0000 0.2240 1.2210 ' U.BUBb •0.400/ 0.0440
01 •U.4oib ■"u:b41b " ’ T.U 73 0.1001 •0.2044 U./B/
02 •0.2024 0.240 1.1000 0.1010 -0,2100 0.0020
04 •0.4104 6.UB4 •U.B4 /4

""B4 " '  -175888 •0.0102 0 .0/44 U.IUBB •0.440/ 0.2022
00 •0.0114 •U.UUUB 0.4120 'U.UUB •0.422b ” u:B4uy
ob •U.'BbUB “ “ •■UTiblU U.BBBb U.UUBB •0.4422 U.BBB4
b / •0.400/ 0 .0 1 /0 0 .200 / 0.0004 •0.1 o ib U.1000

00 •U.4ib4 U.Ublb U.ibUo 0.000/ •0.11/2 0.241
Bb •U.UIUI •O.OOf 1 0 .2 / 4 / 0.110/ •0.4201 0.240
/U •U.BIBB •U.obo/ 0.2^40 " U :U 8 8 “ “•U7J9B3 0.2040

—  n •0.414/ •U.UUBU U.B437 0.0000 -0.2044 U .lb / /
/B -0.1040 0.0414 U.2 0 /0 U.Ubbb •U.lBoB "■“o :bu / /
/ j ' " -U:BB88 •U.UU! "IPBBB 0 . 112/ •0.4402 0.220
14 •U.b4bB •U.UIBB U.BUBU U.UBB4 -U.BUB4 'u:bubi

/o -U.42bb 0.0041 0.40 U.UBBB “ '^ □ 8 3 5 U.IBbb
/b •U.BbBB 0.0004 0.401 "■TTU59B •U.IBBB U.BBUB
/ / • 1.2102 •0.2100 U .lb lb 0.1444 •0 .04 /1 0.2140
Iti •1. 10 /0 -o .lboo U.2U/2 U.1BB9 •U!bin3 — 0!2B9B
/b •0.0224 •U.IB44 TTB3U8 U.UBU •U.4B1I 0.2424

”  " 8 0 •U./bbB •U.IUU! 0.2000 U.U/B/ •0.2/04 U.lUOl
Bl •0.401/ 0.0142 0.4200 o.oo44 "  -U .l/b O.B0/4
BB ■U.UI'BB " "  U:i)5B U.4/ob "UXJBW •U.14/2 ■U339B
04 •1.0307 -0.2102 U.BBUb 0.1440 -U.UBU/ U.IBBB
04 •l.lbUB •0.1000 0,2140 U.1B/I •0 .0 0 / U .lbbb
00 •U.BBlb •0.1100 0.240/ 0.1222 ' -U.4B23 6.2000
ob •U.7BB1 "•O.UB2b U.Bi/ '“ 'TJ'reBT •0.4000 U.BBbo
"61 •U.4BI4 •0.UB4/ 0.2/ 0 .0 /40 -0.240 U.IUB7
BB •0.4004 U.UIUI 0.2 /14 0.0020 •U.1//B 'U .lb /B
00 -O.2 0 /0 O.uo44 ’ ■'TOrsia 6 .0 0 / i ""•U.'TT/i ' “ TJIBBBB

■...... . UU •U.bby/ •U.1B/4 U.BIU4 0.1111 •0.0000 0.100

b l •U.BB4/ •0 .1 /14 0.2440 0.1104 •0.0204 U.IBBB
uB -U.ti/b2 •b.Ubi 'U.251B '■"U.TJ99/ " ’ UI3917Y U.BUBB
04 •0.401/ •U.UUBB 0.4201 U.U/Ub •U.BIU4 U.BUbb
U4 •0.201 0.0202 0,2024 'U.UbUB • o .io i i 0.2000
00 •U.'3B02 ''"  U.084U U.'iUbb — ITU582 ’ ■“ in c f f i ; U.BBU4
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B/H=2 N=1 20 degree
ft oi tap Min rJean max S IU V — • peak ♦ peak

0,0900 1.101 2.0001 U.200J 6.4661 1.9019
•U.UIUI -U.4U0 0.4^4 U.OOOO •1.4144 0.0U44

•u.uuo -0.4604 0.0009 U.049 • 1.0 0 /0 U.0004
•2.4020 •0.440/ 0.0012 U.20/1 •1.6646 " 6 .7 7 /b

' -2 !6b22 •u.46ui o.o&jy "'"0.2618 '"-TTH3B u .0000
•2.0910 •0 .41/0 0 .0 / /o u.2 yyy • 1.0100 U.40U2
•2.0000 •U.4104 0.402 0.0201 • i .u 6bb u.oo

'
• i .6b2 i •6.261 0.4646 6.23oo •l.UOU/ U.4100
•1.6466 •0.2421 U.OOOO u .2220 •0.9090 U.4200

y •l.DO/o •0 .22/0 6.461 " ' 6.26U/ •0.6290 ""813747
"  ‘ MU •i./o u u •1T2921 0.490 TT?r/ •0.9402 U.009

11 •1 ./400 •0,2004 U.0/U1 0 .220 / •U.62B4 U.4 100
12 •i.ou62 ■"•U.'W/b U.4000 u.2 6 /0 •u:/yy3 817774
n •1.1209 -U. 1404 0.4020 0.1001 •0.0040 u.2000
14 • 1.6666 -0.1900 U.4U20 U.2 •0 ./900 U.4040
10 •1.1400 '“ •6.74UI u.42o4 6.101 •U.09Jl "013129

..........""113 • 1.2 0 0 / -U.l 61)1 U.44U2 0.100 •0 .0/01 0.01 /9
1/ •l./OOO -0.1616 U.4100 0.1000 •U./U2 / U.0/09
16 ' 'UUBUB " ” U.U/6 f 6 .46 /4 o.fbUb •6 .4 /6b U.0120

— re -1 .6/42 •u.uooo U.0144 0.1109 •0.4141 0 .2 0 /0
au • I.Bbl6 '"-8.1/62 0.0290 6.1614 •U./160 6 .obb6

" — 2 T • 1.4202 -U.1102 U.4 666 0 . 10/ •0.0002 U.OOO/
22 •U ./2 /0 •U.U400 0 .000 / 0.1110 •U.O/ /2 6.286/
23 "■re:uou!2 7 8 8 3 4 / 6 .4 /64 U. 186/ •U.Ublb 6.2B24
24 -U.0020 *6.6266 0.0400 U.U9/0 •0 .010 / 6 .2/21
20 •6.04b/ •U.Ubuo 6.6246 6.66  io •6.33bl 0.2141
2b •2.0022 •u.i 2 U.4/02 U .l/61 •6.6462 U.40OO
2 / • l . /o b / — -uruyy ..... TT4/81 6 . 102 •U.b441 0.0001
2 B -u.bbiy -6.612b 0,6116 o.iuoo •0.00)9 U.0U09
26 •B.bb63 '"T.OOb/ u.4/b3 ' 1 6.6666 •0 .2b2b 0.2/41
UU -U.0294 u .u io i u.oouo 6.6616 -U.22B/ 0.209
01 '•u.uyyi '“ IKKJBI 0 .20b 1 o.uobo •U.80S3 6.264b
02 •0.U224 •U.U666 O.bBOB 0.1004 •0.0400 U.4040
u3 •2.9t>44 •u.uooo '''' Olb-flT U.104ti •U.o2 / U.4U19
04 •U.002 u.ooo U.40/2 0.1044 •0.00/1 U.019
00 •0 .o2 W ■ff.028/ u.4obi ""6.6664 ' -0.2300 ' ""012921
00 •u .4 iyy u.uooo U.400/ U.U/BB • u .iy /6 u.2 /0
0 / •U.ooui u.IMuo ' 8 .6 8 6 0 .6/01 •U.1BB1 6 .2 bbb
liB -1.6661 -u.uooo U.66 /U 0.1910 •u.0010 6.4664
oy •1.4420 "■:u.U4ya u.0212 0.104/ •0.0109 0.4142

" '40 •U.OOO U.UIOI 6.466b u.1611 " '8.2682 0.0100
41 -U.0U1 ' U.U666 U.4101 6.U646 •U.2140 6.2636
42 •0.4162 '■"0'.6bB2 U.42/0 o .u /oo •U.1/12 6 .2 b/o
43 •6 .46/6 u.uooo 0.0990 6.6 /46 •0.1002 U.26by
44 - i./u o o •U.U020 0,000 0.1002 -0.0224 0.0909
40 •1 .66 /5 •U.U090 U.OIU/ 0.1214 •0.4U0/ 6.020
4o •u./ooo •U.U004 0.40 /0 "6.8808 •■81276 ' ‘" 83891
4 / -U.4/02 U.U646 U.OOOO u.u /y •U.2621 0 .2 /IB
46 -U./094 u.Ubbb U.090/ u .u /b / '■-•DIY&US '" '•83634

' 40 U.U6 /6 ..... U!b(W7 0.600 -6 .1o / / 013822
611 •1.0040 0.2010 1.0990 0.0190 •U./004 1.1090
01 •6.B242 u.20 /0 1 .//0 0 0.2040 -U.OOO i.uouo
02 •O.oo4o U.6000 1.9000 0.2 9 /0 -U.bb/1 1.2264
oJ •U.0902 0.4000 — 5f.TO05 6.3344 •6.0469 l.4bbb
04 -U.0422 O.OOU2 1.664/ 0.2667 •u.ou/ 1.2U/4
66 •1.1400 ■' '6'.26U/ 2 .16 /2 u.ou/ •0./200 1. 121B
ob •U.0000 0.2090 ""T.BBOT 0.2002 -6.4692 1.6302
6 / -U.OOOO u.ooo 2 .00U0 0.2090 •U.440 1. 1)0
00 •U.0401 li.09/ 1.9409 U.2/42 •0.4200 1.216B
oU •U.0042 0. 1 //0 1.4040 0 .20 / •6 .44bo 1 8.7964
ou • 1.0001 ' 6 .1 /36 1.0000 U.26'/6 •6 .666 / i.u o /4
01 3HB3I2 6 .602 / 1.409b U.2001 -0 .402/ U.6bB2

—  '52 •U.62Uy U.6666 1.0090 ' '8 .288 -■013782 — oreos
66 •6.4960 u.600 / 1.666 0,2 •0.0100 6.663/
o4 -u .0200 U.029 0.0010 u .1313 •U.385 6.42o
00 •U .//61 "•u.u/yy 0.4110 6.1126 •0 .41/0 6.2666
6b •U.0404 •U.U66 6 .6 0 /6 u .1606 •6 .0 /0 0 u.2boo
6 / •U.9009 U.U202 U.0940 6.6624 •0.2241 U,2 / 6b

------ yg •u ./4 /y 6.0622 u.4o64 0.604 •6 .109b 6.3o4i
oy •U.0241 •U.U/ / 6 0.0424 0.1000 •0.0902 0.2420

' " '/(J •U.0920 •U.U661 0 .2 / 6 / 0.1690 •0 .09 /4 0.2010
/I -6.62B4 -U.UU16 0.001 6 .6 6 6 / •0 .2 0 /0 0.2041
/2 •0.666 U.Uoo/ U.4026 0.UU2/ •U, 1944 U.0U19
73 -U.766I -U.U6U6 U .0/90 6.T6B1 •u.4646 6.244
✓ 4 •B.oiu2 •u.uooo U.OO01 0.0900 •0,0420 6.226
/b •U.422/ — 8 8 0 8 / 6.3374 0.0622 •U.200 " 6 .2bbb
/6 •U.410 U.U/Ub U.4/0 U.66B4 "■"3)1887 "813737
/ / •1.4001 •0.3IB2 U.2000 U.IUU/ •U.0004 6.226

" — 78 •1.0090 •U.6U61 0.272 " " 6 ,186 / •u.o/62 U.2 BB1
/y •1.000 -U.214/ U.0004 u. 1 /yy •u ./oo 0 .000 /
BU •0./O2O •U.U404 U.OOO/ 0.09 /0 •0.0090 0.2400

.............tff •U.OOOO 0.62b/ 6 .oo /2 U.UU10 •U.2lU9 0.2 /04
66 •U.401 / U.UUb 0.4000 ' 6.881 S •O.TSUb 8.3297
66 •1.0 /0 0 •U.0142 U.2040 0 . 1/44 •U.00/0 — 8.2809
04 1 "T.6124 •6.010 U.0114 u. ibub •U.OOOO U.22BB
6b • 1.66 •0.2040 (1.2676 0.1600 -U.OOOO u.oo/
66 •1.UBBB •6.126b u.0002 T H 3B 5 •6.b4M 8.293b
6 / •6 . / 6 B/ "•6 .051/ U.4000 0.1627 •0.0090 0.2000

'■ '66 •U.4004 U.UU14 u.bobi 0.U041 -U.20U0 0 .200 /
yy •U.4BUH u.0/0 0 0.404 8.5/bH •6.lo3y 9.261
yu - 1.10 •U.2/62 U.1666 0.1004 •U./BBB U.2 MU

.. ,y t
'” "■1:288 •U.buob u.aubo 0 .1U1/ •U.0042 U.23ti3

yy - 1.U66 •u. 1000 U.00U9 0.1000 ■"“ 0!BS2T UJBbb
y j '•'(J'./64B •6.U209 U.4002 u .iu o i •6.34b3 0.2910

.......  57 •U.OOOO U.U20 6.4166 o.uuo -u.200 U.20U9
yo •U.009/ O.UOOO U.4409 U.6 /U2 •U.1400 0.0209

B/H=2 N=1 30 degree
ft 01 lap Min Mean max 5TDV ' ■ - peak ♦ peak

U.b264 1.2166 2.0000 U.2400 6.4/36' 1.6483
1 -2.0290 •0.0041 0.0120 83743 - 1.00/1 U.bUBU

"2 •2.o223 "-8352H U.474B O.OJbti • i.ouoo u .o i/B
0 •2 ,02 / ■0.401/ 0.0900 6 .2 /B6 '-7.2837 ■""”U,'3B3
4 •1.6 b/2 •U.OUl U.4Uo/ 0.2409 • 1.1200 0.040/
b •2 ./4 0 0 •0 .000 / 0 .000 / 0.2000 • 1. 1/00 u.4362
0 -2 .40/4 •u.ooo U.0904 " '82878 • 1.2 10 / 6.4666
/ •1.6616 •0.2002 ■"U.298B U.21I6 •6.661b u.ooui

. ...y
' -2 .2T/6 *U.2bo1 U.0229 0.2001 • 1.UB14 0.0260

y •l.bUUB -U.16/3 0.014 6.1606 •u ./oo U.0904
16 -1.0029 •0.201)4 0.4312 0 .200 / •6.6664 u.oouo
u •1.0 0 /0 •0.2404 0 .0 /0 0.2U04 •6.0060 U.OO]/

------------ -2.U611 ■U.IBB/ U.466b ■ '6.162 •U./B46 U.00/4
10 - 1.2020 •U.1442 U.aUbb 6.1322 -0.04 UO U.2020
14 •1.6TBI ■■■■■•817292 u.0 /0 2 0 .20/1 •0.64U0 U.4b2

’  '" 15 •1.U140 •U.UBl u .0010 o.i46o •0.0009 U.029/
10 •l,U 2/b •u.ioub 6.4obi 0.1094 •U.OOOO U.UIOI

' 17 •l.o32b '""3J2033 U.009/ U.26/B •U.0200 ' UMltfT
IB - 1. 1/01 -0.U040 U.0090 U. 18B1 •6.4666 u.oo
16 •u.0 /0 0 ' •86662 6.3624 0.1120 -0 .0 0 /0 U.20/1

"'28 •1,0009 •6.2222 0.420 6.2090 •016681 6.466/
21 -l.bbB6 •U.I4 /4 U.JB6B — 077 7 9 -u.0011 U.0002

..........  22 '■•6.7982 ■“ 7T835T U.0414 0 .10/0 -o.3oo ■■ "U.2B7B
23 -U. /120 •0.020 P.O/22 " ■ U16666 •u.020 / U.2/00
24 •u.0602 •U.U23 0.0012 6.661 •U.2901 0 .2b
20 •6.614 -U.UbbU 0.0410 " '8 .88 /7 •U.0221 U.2U42
2b •2 .i 34o •U.1/4b U.OOO/ 6.266/ •U.OUO/ U.404b
2 / -1.0104 -0.1200 6.4666 8.1 /27 •U.0401 U.OOUO
26 •U./bbl " •TT6TS7 1T4TW8 0.1000 •U.OOOO u.ou4

------- 29 -6.4662 U.U144 0 .0 / 11 ’ '6.'U649 •U.24U2 6.2B61
ou •u.4bob 7)8235 6.362b o.u/oo •0.2000 u.2o26
31 -O.OOU4 0.1010 0.2400 6.o322 U.U663 0.1900
02 •2 .2U0 / •0.104 — 8.7879 U.216/ •u.o13 U.OUO
00 -1.0009 -U.U909 0 .4 /4 0 O.louU -0.0000 0.410/
04 •0.000 " TTDUOS 0.4100 u.iuoo •0.0101 O.OIlB
3b •0.000 U.U32 0 .0 0 / / 6.0B3B •6.2224 U.2000
00 •0.4010 618502 U.3/34 u.0 /0 0 ■U.l/6 / 6 .2 /62
0 / •U.B6/4 U.U020 0.4229 u.u/3o •6.1664 — 6.283T
36 -2 . 12/1 •u .U oy 8.4632 U.2241 -U.UIUI 0.0200
36 ■•117872 ” ■•88/77 0.400 0.1000 •0.0000 ' '6.4126

7 8 -0.0900 U.UU14 0.4400 ' U.IUUB •O.0UO9 U.OUO/
41 -0.4642 6.841B 6.436b 6.6621 •U.264B 6 .2B //
42 '•UlTOBB U.U/04 0.4010 U.O/Oti •U.16B6 0.26/7
40 •0 .40/0 U.Ubbb 0.4200 u.0 /0 0 •0.1012 0.0220
44 - 1.0 / /o -U.12o4 H3.3B37 U.1000 •0.0191 0.0020
4b •112786 •U.UU Id 0.0001 0.1240 •0.4000 6.2623
40 •0.000 •U.64U2 0.0102 0.0942 •u.o316 0.2000
4 / -U.4642 U.U190 u.oo2 ■'"818/55 •6.2166 U.266
46 -U.2BBB ' 8 8 6 8 5 0 .4 /2 0 U.0 / / 9 -0.1000 U.0140
46 •0 .0 9 // 0 . 100/ 0.0029 U.UBB/ •0 . 12I0 u.ouB/
bU • l.Ub/4 U.2I2 1./001 U.2904 •88502 1.0920
b l •l.uooo 6.2240 1.44b 6.224b •0.4409 6 .B6B2
02 -0.010 ' "012632 1.62/2 6.2316 •0.4000 6 .6B1
b3 ""•817T08 0,0040 2.0004 6 .2 /bB •0.4920 l. lb lb
04 •u ./o /o U.2B6 1.0010 0 .206 / •0.4929 1.U/1
bb -1.2940 U.2o4 I.bb32 6.2BI4 -0.0101 1.U/U1
00 •U.o/41 0 ,2 /90 I ./4 /B 0 .2)00 •0.0004 u.6 iub
b / •0.0012 U.29U0 1.000 U.20U3 •6.3164 — 83517
by -0 .004/ 013271 l.o 2b6 6.2211 -0.0092 6 .66/3
06 •U.b616 0.1040 1.66/1 U.IBb •U.3664 u ./ iu /
BU • 1.2 /2 0 0.2420 1.92/b o.2o i / •U.0020 l,66 /4
b l •0 .0 /24 0.2900 1.0 /0 0 0 .2U10 -U.OUO 6.6611
b2 •0.4219 6.2612 1.0000 0.1001 •0.214 B.//bb
00 •U.2B76 1 82582 1.2B5T 6 . 1b66 •u.2210 U ./0 /9
64 •U.4/01 U.040 0.0120 0.1142 •6.26/b 6 .0b/b
bb •1,0042 •0.1 bbo 0.1943 6.13b6 •O.O/bO U.2400
bb •1 .4 /4 -U.I264 6 .2 / / / U.l 16 •0.4000 U.22/6
6 / -0.4009 U.0104 0 .0 /0 0.(167 •0.2440 U .2//0
bo '•Ulff/’H 0.1100 u.ouio U.UB46 -6.1364 0 .0 /

------69 • 1.1000 -0 . 1/02 0.1000 0.109 •6.o632 6.246B
/u •i.224o •U.IBbb u.ouio U.IbIB -U.04U9 6 .2 /

.....""""71 •u ./io o -U.Ubbl u .0100 0.1144 •u.3662 ' "8.'2B78
/2 •o .3o /o o.6o4b 6.3643 — 813571 •0.2000 U.0109
/u •1.09/4 -U.1663 U .24// 0.1419 •0.000 U.240b
/4 -0./9U9 •0.1240 6.2604 ' "U.'12UB •6.4B6 6 .2u/b
/b •6 .0 b / / " •8 8 0 9 9 U.0041 0.091 / -U.2B6 0.2001

.............VB •0.009/ 0.6662 0.0100 U.U6U1 •0 .1 /42 6 .000b
/  / -1 .40 / •U.2 4 I2 6.3266 6 .I006 "re.'78B8 U.2204
/o • l.b /b o •0.240 6.2266 u.i buy -U./200 U.2090

"  "■ "79 •1.26B6 •U.1010 0.2000 0.1402 -0.0109 U.2042
BU -U.6JBU -U.6099 0.0002 o,o6o3 •0.'2/75 U.2bb
Bl -0.6460 ' 8 8 8 0 6 U.4B3 6 .U/6b •0 . 1/ U.OU/2
62 •U.4B6B U, 1204 0.0200 u.uooo •U.l 16b 0.0000

.............8 3 •1.0090 •U.2000 0.2020 6.1612 -0.0620 ' 6.2146
64 •1.2 / 6 / •6.2400 0.1932 u .ib jy " 8 7 7 8 1 6.213b
Bb - 1. 12b / -6 .20b2 6 .2b2b —  8.75 •u.0002 0.2440
Bb •U773T •U.U6B1 0.0009 6.112 •0.4021 0.2099
0 / •0.009 -U.U100 0 .0 0 /0 0.0001 •u.2uoo 0 .24 /6
66 •0.02U0 u .U 2t) o.34o2 o.u /63 ""•87552 U.20U0
06 ■•U.'1796 U.lObB 0.4012 U.U/4 •u.i 100 0 .0 2 /0

-----------98 •1.1667 •0.224 U.262b 0.141 •6.64/1 u .iy y i
61 -1 .0/04 •6.2011 o.3uo o.lbob •U./104 0.2102
U2 •0.9/04 •6.1662 0.2000 U.I2B6 •0.0009 0.2000
90 •0.0100 •6.6162 0 .0 /4 9 0.091/ •6.2910 6.206
64 •U.28UB U.bobb ■■“ ■017TB2 — 8.8688 •U.lbbl U.29/2
6b •U.22B2 0.124 0.4 /04 U.UB -6,1166 0.0009
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B/H=2 N=1 45 degree
oi tap Mm Mean max ST O v— • peaK + peak

u.bbuo 1.2 0 /b D.U3M 0.2000 0 .4 / / ' l.UUBl
1 •2.bb /b '-U.1BU1 0 .01)2 ■■"OUUg ” 138 2 8 0 ./2 2 0
0 -3 .6  111 •0.4D6U U.4b4b 0.4002 • 1 . / / /4 0.9200
b •0.10U2 •U.bUJB U.4bb0 U.4142 •  l . / 4 / o " ■ 3 .7 3 7 0
4 •D.bb44 ' "-U .'4588 U.4334 U.0144 •1.4019 0.4040
0 •2.1U14 -0.000/ O.Obb/ 0.200b •1.1024 0.009
b •2.1004 •o .o b /b u .o /B o U.24ob " " • 1 1 3 5 0 0.0099
/ •1.0044 •0.0404 U.220 U.IBB •0.9400 U.DbUb
a •2.0010 •0.104 0.4000 u .2000 •U.BUbb U.b2/0

. . .  , g ' '-1 .887 •0.0834 U.B4B0 ■ tri7 U 7 •O.B04B 0.400b
1U •i.bb24 •U .IB b/ 0.40b/ U.2000 •U.UB / I O.Obb/
11 •l.bbbO •0.24bb U.0/b2 0.2024 -u .y 4 o / l).4bl)/

----  \2 •1.0942 "•U.DT02 U.ObUl U.DIMD ""3 J:8 0 4 5 0.4000
-  "\H • 1.44 oy ♦U.04BB U.DU/B O .lbl •U./019 0.2040

14 •d.udui -0.1200 0.4201 0.2244 •u ./yyy U.b4b/
- - - - -  lb •I.UbBB "•U.'WJD U.oy/o “ (TT3SB •0.4bb0 0 .0 /2

lb • 1.BB4U •0.0400 U.BBBD 0 .1011 •0.490b U.4UB1
1 / • i .o o o y •0.1000 o .oo/b U.IUB/ • 0 ./1 /4 6.4BB/

" " ... .  IB •1DU5U •0.0883 U.BBBD 0.140 •0.4900 u .o /b b
IU •U./010 -u.uudu 0.0 /42 U. 10/ •0.001 0.0111
HU •1.4bbb •U.ib4b U.4000 '"U.TU8/ •U ./b l 0.4410
2\ • l.IbOb •0.102 0.0014 0 . 1/00 •0,0220 0.4104
22 • u ./u y / •u .u ioy 0.0944 U.10O2 •U.02t)b U.BU/B
23 •6.B/D 7T323 0.000/ U.ODDb •0.2044 U.BUU4
24 •0.0299 U.UIUD 0.0002 U.UB/1 •0.2012 6 .2 /1 0

2b •6 .9  lUo •0.118 0.038 6.6004 •0.0900 U.l bU 3
20 •I.BBUI •0.1490 U.4UU4 U.l 920 •0 ./2bb 0 .4 2 /
2 / " • f .4 4 8 b ■■■•iniHfl TTJUW u.iuoo •0 3 8 W U.O/b/
20 •U,/bb4 •U.UIBB U.40UB 0.100 -0.0202 6.004/
29 •B.oDBe 6.60BD U.404I "“ WOWS •U.2204 U.D/BB
JO •U.0b04 u.uoo/ 0.0402 0 .0 /4 4 -U.IBBB 0.2001
01 •0.024b 0.1 Bob CTB12B U.0014 u .0110 U.1990
02 • I.B 3U •0 .1 4 // U .4 //4 0.2000 •U./bbb 0 .4 /12
00 • Vb'KB ■■"•ITOOTD U.4WJ 0.1042 •0.040/ 0 .0 /04
04 •UV/Ub 0.0041 U.41 By u.uuui •0.2900 0.001b
Ob •U.ooBI “ 0.3358 0.4B41 U.UBUB •0.2101 U.2000
Ob -U.Obbb U.0bb4 0.444/ U.U/B2 -0 ,1 /20 'U.DBBD
0 / "U.DUVI " "  U.U7/B "  "0:B22d H J.0 7 5 8 '■"TT UV 9 0.000

00 •d. i bud -0 .1 4 // 0,4201 U.00U0 -U.B020 U,00b9
00 •1./921 •o.oBoo 0.402b U .ioD / •0.0244 """U.'ByiB
4U u.uoby 0.0000 0.0901 •0 .2 /24 U.HBB1
41 -U.4U3B U.U4B1 U.4DIB O.ObOb -0.190b 0.26
42 •O.botW o.u/Bo U .b / // U.U/bb "  -U'.T485 0.0002

40 -0.2b0 0.1104 0.0000 u .o /bb •0.1104 0,04b2
44 •1.2004 -U.U/BD 0.0919 0.10/ 1 -U.B4 DB 0.0900
4b •6.bb92 •U.UDoB U.0941 U.1U/2 •u .B 4 / 2 '" " U !2 K U
4b •U.bbUo U3C73 U.4 UB/ U.UBBD •0.2420 0.2009
4 / -0,0904 o.oobb U.b2B/ U.0/b2 •U.l/B 0.291
4B •0,0/11 U.'IUBB 0.4021 U.U/BD -u '.ibd u o.o4uo

' '"•U.VVI U.lb4 U.b/U/ U.UB4/ •TH I3.TO8
bU ' “ T D TU 7 U 7 0 3 5 2.009b U.BUBB •0.//U 4 1.0090
b l -U.b/b O.Obb/ l.blBB U .2/U / -0.4200 1.1UB/
BD • 1.10/1 U.Obbb 1.3U/B 0.12212 -U.DU8D '"  1.UHU1
o4 •U.y4b4 0.04 I.38U3 U.IUIU •0.2000 0.9000
b4 -0.bb40 U.lbBB 1.2100 U.IblO -O.ObOb 0./U20
bb •l.bbb U.4104 i .w u b 0 ,0 0 /1 •U.BBUU 1.4BIB

.. .. . . . .. . bB ^3.4785 U.4T03 VB34U 0.2004 •0.0209 1.211b
0 / •U.O/bb 0.0900 1.00 U.2000 •U.01B0 l.UUbU
bO •U.OOOO O.Ob/b 1.1 zoo U.T/UB •0.1042 0.0092
bU •U./094 0!0BK> "  "3 .84B 4 0.109 •0 .04 /4 0.4000
bo •1.1 /10 0 .414/ i .y y / i U.0U1B •U.4bUB l . M

--------- Bl "'U.bU34 6.4/oD 1.0010 6.004 1.U B 0
02 -u .iuu U.4UBB 1,2 0 / (J.1/U4 -0.1049 0.91 /b
00 •0.2002 0.020b l.O/Ob U.UUB ' '  -U.UUBB o./4b4
04 •0.4400 TTCUC5 0.BUB5 0.099 •U.2UBB 0 .29 /b
bb •U ./1/0 -U.UBBU 0.0104 'U.UUB/ •0.o4b9 0.201
BB •1.0201 •0.0400 0.024b 0 . 100/ •U.BBUB 0 .2 /00

' B/ •0.9001 O.ObOb 0 ,41/9 l).U94b •U.2001 0.0040
'B8 •1.0b20 6.1040 (J.5D/8 U.UDD/ •0.1009 0.4020
by •U .//00 •U.UBIb 0,000/ U.UDD/ -0,0090 0.2100

" 7 U TJ.B '182 •U.Ub/ 0.21DB 0.0944 •0.04 U.Z!Bl
/ i

--------
■0.4024 0,0202 0.410b 0.0904 -0,2202 0 ,2 /00
•o.441o ' U.UBB/ 0 .40 /b ■"0.UU4B ""•U .TK jB 6.3444

70 U.2331 0.0940 •0.0400 0 .22 0 /
/4 •U.b/02 -0.0410 0.0299 U.UBU/ -0 .01U4 U.24/0
/b •0.0 /00 u : « r c U.oDB/ "" 3 3 8 Z B •U.06B1 U.DBUB
/O •U.4000 0.1201 0 .0 /20 U.UUbB -U.IBBB 0.4009

.......  / / •1,oU44 -U.BBUb U.2U2U u. 1 /  /  b •0.9144 0.1020
'  '  ‘ /8 •1.4 •U.4323 ""U .IB B B 0.1909 •0 .9 /02 U.l/Ub

/y •1.2010 •0.0409 0.2049 0 ,10/4 •U.B430 U.IBIb
" BU •U .b l/b •0.0214 0 .0 0 // U.UB/B -U.2b42 0.2414---- a i ’ "•■u .db'u U.UB4B B.49d2 '  U.OBBB — -TJ.'Tffn U.33BD

02 •0.202 U.UBB 0.0041 U.UBBU •0.1002 0.4004
BB -MUUb •0 .09/b 0.1b2 0.1 BOO -0.900/ 'U .lbBI

1 B4 " '-U bU B •0.4224 0.144 U.lUbl "  -i.U O /8 U.loo
Bb •1./03U •U.4B0'/ o .i /b o u .ddbd •1 .14 /0 0.2100
BB •U.UUBB •U.DU/U U.IBBB 0.1011 •0./211 0.1000

0 / 1 -U.BDUU -0.110 U.00U5 0.1004 •0.4002 ■U.D1D1
00 •0.444 *0.0660 U.0000 " T O l 'B ""•U .'H B b U.DboB
BU •0.1941 0.1004 U.4bUb U.OOOO • 0 . 100b 0.0404
yu -1 .10/ •O.O/Ob 0.1400 0.1001 •U.BbB/ U .llbb

............U1 •1.o4bo -0.4bol 'U .U /1 " H 2U02 •l.UbU/ n r r a w
\}2 • l .b /o •0.4000 0.1 /bb 0.1900 •u.ubuu 0.1090
uo •U./4/B -0 .11/2 0.0210 o . l  io o 11 -U.4B3U ""U.DDU4
04 •U.bb/4 U.UUBB """Ty.3885 .....U'.08B9 •0.2001 U.D/BD
Ob •0.1901 0.1019 0.0100 U.UBUB •U.UB 0 .0 /9 /

B/H=2 N=1 60 degree
4 ot tap Min Mean max STd v — • peak * peak

6 .44b/ !.loB4 2 .2 / 0 / 0 .2 /b U.3BB4 1.UB44
•2./441 -0.024 0 .0 /01 ' uiDby; ' "T1UUD "  U!8‘4DD

2 •2.0WM •U.0b4B '■"0.8067 U.bU40 -1 .2 /00 0.0409
0 •D.7J57 •0.0004 0.01b U.2bb2 •I.DUB1 0.4902
4 -1 .9 /4 -U.3U4B "  U.BU'l 6.44b -1.0420 U,4bbl
0 •2 .460/ •0 .D0 U U.bUBB U.2bb •U.UbU4 U.4000
b - . ’Z i W •0.24/0 0 .04 /9 0.2440 ' -U.UBIB 6.4oo2
/ -l.bOU/ •U.21/2 6 .42D2 U.DUBB •U.BDBI o .jy jb
B •2.404b "  :u:’42D4 0.0104 U.b042 •1.2J 01 0.0902
3 •TB5U1/ •0,2100 0.492b 0.199 •U .b lb / o.Buoo
10 •l.UblD -0.2100 6.024b ......CIUSB •U .blU U.bbOO
11 • l./DBb •6 . 160B U.blUl U.IUB1 •u./uuu o .jy /4

'"•T70TC •u.i boo 0 .0b 11 U.IBBB •U./2U9 0.4

13 - 1.1 10b -0.1400 6.42b 1 c r r i rb •U.bUUb U.BBBB
14 •l./OOb '.U'.DBflT U.B4bD U.DBB4 -l.O bbl •8.48/
10 •1.414 •o.iobo 0.4200 0.1014 •0.042b 6 .b20b
lb -U.BUbB •U.1DU1 6.4940 ......CTUKB •U.bBUB — (TJTU

"  T/ ■■'l.yyBB '"'•TT2BSD 0.414b U.DDUb -o.yboo U.BUDD
IB • 1.31BD •U.lbbb 0.411b 0 .1/bB •U./6b! 3 334b
ID •0 . / 0 /2 •U.UUBD o 'j s r ? U.1244 •0.4094 0 .2 / /

•1.UB4U " “•TTDBin U.4202 j .2200 •U.UbBB 0.b9b2
21 •2 .0 / /1 •0.20b4 u.Bblto 6.263 " '• i r f fT /b U.37U8

'  22 •b .U iy j "•37U 0D U.41DB U.lDbb •0 .4 /0 / 0 .2 /bb
D3 •0./191 •0.042 U.40bb U.l 16b •U.b/34 " 3 7 K W
44 •U.tWbl •6 .U02D 0.0111 0 .100b -0,b019 U.DB/U
20 •u.ooo •U.UbUl 0.4U1b U.1UUU •U.BBB/ 377UB
DB •2 .0 0 /0 •U .3IA U.4bB4 U.DB1B - 1.102 U.02 /b
2 / •1.0441 •0.2401 0.4002 U.DDUU 1 -tfyODU 6.4DDB
DB •u.uu/u •u.uu/u 6.4BBB U .lb lb •U.492/ U.DDBB

..............20 •U.O/40 •O.UObb 0.4904 U.104b •6 .4 o ii " '" 0 7 / /B
ou •0.09b "  •U!UU4B U .b l / / U.UUBB -U.DUDD U.DBDb
01 •o.uooo U .U /1 U.blb o.o4ol ' -U'.O'IBB U.DbDb
02 •2.b920 •o.o /4o ■“ ■(/.'bTfT7 U.b44/ -1.4004 u.bbyy

“ 33 •1.0244 •U.DU/B 0.4909 U.2b4b •u :uuu 6.4Do/
04 • 1.0 /01 •o.oo4J U.4Ubb U .lb lb •U.44BD u.bjyo
Ob •0 .bb2 •0.0221 U.420 U.fU/8 •u.44 00 6.boi4
00 •U.BUDD 0 .0 0 /0 6.4b/ 6.6661 •U.BBUy U.DDbU
3/ • u .J /b / U.UBUU 0.4021 U.UBBb •U.D1U/ U.2900
3B •2.0100 -O.Obb/ 6 .4boi U.'44'U •1.4019 0.0040
09 • 1./200 •0 . 106b 0 .01b / U.21/9 •U.BU4I U.bUb
40 ' “ rB75 •O.OObb 0.441b U.UUU •o.bbbb U.3D2B
41 -O.bOO O.UObb 6.4014 U.IUI •0.2900 8.8887
42 ■'•U.B4V3 6 .6 obb 0.4bb4 U.09J0 -0.2401 U.b 102

44 •U.4 IBB U.Ubb 0 ,4 /62 U.UBDB •U.l 004 U.BUB
44 -1 .0 /0 9 •0 .221b 6.4164 U7D153 ♦U.bb/4 0.4242
40 •l.UUDB •U.13IU U.B4BU U.UUU -0.0442 U.bUl

' '  4B •6./D 4J •U.U/B1 U.b02b 0.104b •U.b91b o.Dbo/
4 / •U.40/7 •U.UI 10 U.bUUb U.O03 '"^TDBUB 0.20/4
4B -1 .092/ 0.0400 U.BU4B U.UU4/ •U.24J0 0.4240
49 •O.bbbb ' "TOU28 0 .011b U.UU/B •U.DUUI O.bOO/

—  so •TH2B0 U.U4U/ 1.04b0 U.DUIU •0 .02b U.0200
b l •M.Bl.^4 0.149b 1.4900 u.2dbb •U.bbl! 6.Bb6/
02 •6.BB/4 O .io lb 1,8004 U.DlDb •U.44bB U.029
00 '•U.BDU/ “ "37DU82 1.204b U.DUUD •0.b940 U.BUBU
b4 •0 .090/ 0 . 12/b 1.240b 0.1/09 •U.4ob2 U8bB4

bb -1,911b 0,Ub4b 1.bb9b 110784 •U./442 U.91b9
Ob •0 .040/ "  U.Dl'bD l.bBBU 0 .2bb •0.49b 0.92b4
b/ •U.4U1B U.Dl'/b l.bUOO U.DU41 •o.by4/ ITBDUB
bB •0.4200 U.20 U2 1.21b / u .i/U b •U.DUUD U. / / / 0

09 •u.BoUi TTl'fOT 1.DB43 U.lb/U •U.bbbb O.Obb/
bU •1.0U41 U.1 / /0 1./2b4 0 .2 /b / •o.tUbB U.UDBb
bl •0,4904 u.D/y ).bBD4 U.2b 10 •U.410/ 0.9 /bb
b4 •CT’JISS U.204/ 1.104b U.1021 •U.29I0 " u'.Buuy
bo -U.DBIU 0 .22J 1 U.UUU '(TU09 •U.2200 0 .0 / 2 /

'  B4 •0.4bUI '""075 /78 l. ib o y U.10UJ •0.b/b4 U.b2U/
bb -1.090b •0.24b U.bbOb o .ib iB " 7 3 7 5 1 / U.DDbB
bb •1.4b09 •6 . lUbB U.DUUB u .io o i •U.OObO 6.36/
0 / - 1.2001 •0.004b 0.4001 0.1290 •6.4441 O.bbOO
bb ■1.04 OU ' 3 3 4 0 8 U.o44/ 0 .110b -U .29// 0 .b9/2

—  "B0 • 1 .2 //9 •U.DbDD 0.b49b 0.1/04 ' '  -u./uub TJTBB’D
/u • 1.3UU4 •0.2444 " U .M lb """T j. 'rcn -0.8173 0 .b2bb

........... 71 •0 .00/4 •o.iubb 0.4004 U.UUB •U.bDUD 6 .BI00

/D •U.OOOO U.OOlb 0.406/ U.13D -0.b041 U.bO//
h •I.D 4/0 '""•TJ;DBB5 O.bOb u .io o i — :o :b i4b ' "0 .3018
/4 •1.0909 •U.lUBb O.bUOl 0 .102b •U.8b'4B U.DBIU
/O •U.Ublb -u.o4 / j 6 .4U2H 0.111 b " '" (0 8 1 .7 U.DBBD

— 78 •6.4344 '3 .W 32 0 .0 2 b 0.0900 •U.DbD/ U.db9
/ / -I.BbB4 •U.DBUB U.Bbb/ 0.1019 •6 ,/Dbb U.D4B
i t -1.4219 -0 .22 2 / 6.4204 U.IB/b •U./201 U.D/UB
/y •U.U/24 •U.loUU 0.420/ 0.1042 •U.b4bO U.b41/
BU •0.0221 •U.U1UB 0.44 lb 0.094b •u:dbuv 6 .D0UI
Bl •o ./o y i 0.002 6 .4 /49 U.UBU •U.IUDI U.2902

" BD •0.0442 ' U.UUUB 6.bU4 U.UB/B •U.l '/DB U,b041
' " '03 •0.24/4 U.b/04 U.IBbb •U./4J0 6,249

B4 •l.OOU/ •0 .22bb O.b/Ob u .io o l '•U./DBB U.DBBB
00 - 1.200b •0.1012 o.boD U.IBU3 •U./49b U.bbbb

1 ■■ bb "•3.8634 ' -03803 '“ ■ D7JBB7 0.144b •0.02b4 0.b402
3 7 •0.0900 •U328? U.42bb U.IUUB •O.bO/9 U.bolD
BB •U.OOUb 0.0204 0.400 / u:uui ■ -u.'fia? 0.2900

' BU "•U.DBbb 6 .0 /01 U.444b U.UBDI •U .I/13 0.4210
.....  "1X1 "n .5 'T 7B •U.D34/ U.b29 U.IBBB -U./J94 0 .2 /01

U1
» .

- 1. 100b -0 .2 J 21 0,4000 u .l /b b •U./bUU n rru B '/
• 1.Db2 •U .l/IB 0.4204 U1772 •U./0J4 U.b09b

y j •U.B1/B •U.UDUI 0 .4 1 Id 0.1121 •U.b024 TTJIUD
94 •0.022/ U.Obbb U.4Db8 "  tf.UBffl •U.DDB/ o.booy
Ub "•'U.'SU/D U.iUDb U.4BB/ U.UBBU •U.IObb U.bbbb
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B/H=2 N=1 70 degree
s  ot tap Min Mean max 5TDV” " • peaK ♦ peaK

U.d20d 1.1UBU 1.U4B/ (j.23 U.0b2U T 882B
' " “ 7 “  -'£92 IB •U.bbbb U.3D43 U.3332 •1.33b3 0.3423

2 •2 .3 / /4 •U.23/3 U .bb// U.232 •6.0630 0.4333
d ' -1111134 '■ ^ :b i4 b 0.46/1 "0:2240 •U.BBU 111599
4 -l.b'/UB •U .l/bb U.bUb 0.1003 •U./b40 0.4130
3 • 1.3126 •U.1333 U.32D3 'U.IUB/ •U ./U 4 0.444b
b •l.bb2 -U.UBB U.3233 — B19T7 •U.O033 0.43b/
/ -1 .4 /by •U.1UI4 U.3U31 U. 1/32 •0.321 U.4 IBB
u •B.BBBB •lt.4/ 13 U.4/43 O.dbo0 "'•V5/U3 o.bdbd

------------ g
•t.y2JD •U.2331 U.4b/3 U.2301 •0.0234 0.4342
-1.2033 •U.IUBB 0.3203 0.1033 •U.bU/3 0.4024

' 11 ' -1.BBB/ •O.OObd 0.30/ U .l/ " '-U.'SUBI o.4iBb
“ 12 •1.2133 •U.U/UI 6.bd44 U.1013 •0.333 0.4043

13 •1.2/34 -U.0O3 U.3334 U.1430 •U.404D 0.3330
14 ' -B.'UUBb •U.41W 1 U.BBB9 6.3043 • l .b i / o O.bUUb
1b • l,b 2 /b •U.132U U.4/31 U.1/U0 -U.BUUB U.BB4U
lb -0.334/ •U.UD3D 0.40/ 0.1430 •U.3U14 0.3 /42
1/ •B.b6b4 •U.3333 o.4d64 ' U.BB74 •1,1333 ■ ' U l'457

-------TB •1.4UU4 -U.IU/U U.43/3 U. 1032 ■ U .//// 0.3313
10 •0.043b •U.U343 0.3003 0.1303 •U.4b3/ 0.3331

•3.U/43 •U.3321 U.4I60 0.20 •1.2323 U.4BB
21 •2.4233 •U.23/3 U.UUbU 0.2423 •1.0144 0.4301
22 ' -0:8041 •U.Ob/b U.43/B ■0.1389 •U.4BB 0.3334
2-3 -U./332 U.UU32 U.43D1 0.1243 -U.3/04 0 .3 /b /
24 •0.0230 U.U 134 U.4blB "U.'IIBB "'“ '•U.3TBB " "  U.B8U
2b •U.UU U.U232 U.33D4 0.1130 -U.B1B4 0.334/
2b •3.4/2U •U.42/2 U.3313 6.03b 1 "'•T.TObB U.b41
2l -B.U4bB •0.2202 U.bBBB U.BbB/ -I.UUbl 0.3433
2U • i .2 b ib •U.U233 0.333b 0.1423 •6.4bbo "  U.3UB3

........... “ 29 •1.U14b U.UIBb U.4323 0.113/ -0.3223 0.330/
dO •0.30/1 U.U42 0.442b 0.1024 •6.0032 6.3402
21 -U.U0B4 U.134/ U.BBB4 U.0433 0.0343 U.204b
32 •2.300l •U.3/43 0.b02l U.3/22 • i.4U»/ "O'. MSB
00 •2.1332 -U.l 134 0.3201 0.2440 -O.bbOl 0.3102
34 •0 ./3 0 / U.U343 0.3333 U.l BUI •U.bbdl U.4BIB
3b •U.33D4 U.U4/3 U.33/ U.1U/3 -U.2/4 u.dbUb
3b •U.3233 'U.UBU/ 0 .4 / / I U.003U •6 .22/ 0.3434
0 / •0.4bb0 U.U/34 0.4330 U.UBBB -U.I/BU 0.3233
3b -2.4bbU •U.2334 U.B//U 0 .3 4 /b •1.BB1B U.BUb
30 •1.304b U.bbBJ U.IUbU •0.3102 9.581/
4U •U./U7B U.U33/ 0.4031 0.1042 -U.B/BB 0.3433
41 •U.bb/3 U.U34 U.3333 U.0033 •6 .B133 6.344b
42 •U.bb/ U.UBUU 0.3333 U.UB/B •0.1323 0.3444
43 -u.bbyy U.UBUB 0.4331 U.U/BB ■0,1313 0 .3 1 //
44 • 1.433 / •U.12bb U.4 /o0 U.l 003 •0 ./133 0.4b23

...............45 •O.ObOb •U.U/Ub 0.3233 0.130/ •0.432/ U.B2I7
4b •u.bbby -U.U42/ 0.3103 U.1U40 •0.3333 0.2/1
4 / •U.bb23 'U.UIUI o.Buob 0.0032 ' -U.BB/B U.BUIB

"4B ”  •l.'OOBS U.U38U U.bUU U.UUB •6.000/ 0.3124
............“ TO •U.433 U.U/3D 0.3323 0.0023 •U.2U4I U.Bbl2

3U -2.u3yy ■u.uyob 1.300b 0.2333 -0.043b U./b33
b l •U'./B/B U.U3/2 1.234 " u : ib /u •0,4334 U.blUB
b2 •U.B4B4 U.U034 1.UBU U .IV l'b •U.4104 0.3443
33 •U.34D3 U.Ub 1 / l.IBBb 0.1323 •0.403/ U.bbUl
34 •U.B1B1 U.UBBB 1.103b 6.1 /30 ■0.432/ 0.3104
bb -Z71S3T0 •U.UBUB I.B1U0 6.2044 •O.U133 u./uBy
3b •U./bb/ u .u /4 4 1.BB4B 0.13/ •0.3033 6.b4bB
3 / -U.3U34 ' U.UBbB 1.1BBB U .lbbl -U .3/0/ 0.331
bB •U.MJB “ U.'IBUb f i b / 2 U.133B ■0.041 0.332

"  59 -U.70UB U.13D2 1.2203 0.10/ •0.433 D.'/B/B
bU •1.030b "O.UTUb 1.3033 0.232b •U.BBBB U.bb/3

---------TJT •U./B Bl U.1UU4 1.1400 0.1341 •6.333 U.3/13
32 -U.4U43 U.12U4 0.0314 0.141/ -0.3043 0.3433

...........BB •U.b/23 U.1430 "I'.Ib'B U.1B/B •U.2b0 0.3303
34 -1.U24U 0.133/ 1.34/b 0.2302 -U.4U/ U.BB44
bb •7!38b9 ■7T2B8B U.bibb 0.1030 •0.3304 0.3131
Ob - i.4 jy o •U.2U13 0.3 /03 0 .1 /43 •0 ./243 U.'JBTJ
0 / ' -171124 •U.oBUi U.bOl3 b .io b o • 0 .4 / / 0.333/
BB •1.3/U3 U.U243 U.3/2 U.IBUB •0.3334 0.413
b  0 ■ - i :b / bh "H1.B6B/ "  U.B4/U 0.1333 •0.313 U.BB4B

............7 D -1.133 -U.2413 0 ,3 / 0 / U.IUIU •U.BBUB 0 .336 /
/1 •U.UUbB •U.1133 0.3 /43 0.1441 •0 .34 /0 0.3100

. .. .  ■— j j •1 .04 /0 •U.U143 U.40/4 U.1U4b ♦U.BBbo U.BUU/
/3 -I.BB1U •U .2/3/ U.3223 U.IBUB -0.34b '— ITB9ZU
/4 -i.cn  i s TT21HB 6.04oi "U .fbU '•U.BBUI 0 .2 /3 3
/b •U ./B /I •U.UB4B 0.3133 U.UBy •0.4214 0 .2 0 I0
i’d •U.bl22 U.U 13/ 0.413/ U.UUUB •U.BB1B U.BIBB

7 / ' '  '413408 •U.1BI4 U.BBUI b .ib o "•U./BUb 0 .3 / 3 /
/B •1.3213 •U.124/ 0 .3 /3 U.I74U •0.3403 6.2600

/o • i . i y ib •U.Ulbb 0.4034 0,1333 •U.4IUB U.BBUB
"BU -CT̂ VTTB U.U334 U.bllB 0.033 •o.BbOb U.BU/B

Bl •U.BB/1 U.U333 — U1U05 — 5 :0 /5 9 •0 .17 /4 0.2341
BB •U.3U32 U.UBU 0.321 U.UB/1 •U.BU01 U.BBB4
BB - i . / y /b •U.22U U.3304 6,2104 •0.3323 U.4UUB

'8 4 •l.bBB •U.IBBB U.IBIB 6 .1/oy -0.3404 0 .3 / 3 /
Bb •U.UBBB •U.UBl U.4330 0.1203 ' -O.TfUB 0 .3 3 /b
bb •U.BB4U 1 U.UIB4 0.4230 U.UUB4 •U.B/BB T J I B /
3 / •6.6030 U.uImu U.4/30 6 .03B2 -0.2113 U.BBU

.........."SB ■0.3210 U.U432 U.BB/B ■■"o:u / b i •0.16BI 0.2 /40
BO -U.8UIU U.U343 0.4032 U.UBB'/ •U.IUBB 0.36b4
uu •B.uBBB “ U.BTUI ' U.44B 0.23/2 •U.UB/B 0.4034

---------- 51 •f.UUBb •U. 1312 0.4134 U.IBB4 •U.BB IB 0.4130
02 •U ./U b/ •U.UBB/ U.4UU1 U.UUB -U.BB4B 6.3013
y j •U.4BB4 U.U323 U.bUBS "IT.UB/l •0.2230 U.BUBU
04 •U.332/ U.U322 U.4UBB U.U/B1 7J.T7BB 6.2303
U3 •6.430/ ’ TJ.U?’0B U.333 / 0.0342 •0 .1 /03 1 “T7.'J28

B/H=2 N=1 80 degree
« o i tap Min Mean max STOV • peax *  peaK

U.41BU I.1BIU 2.33 /3 0.234/ 0.33 /0 l.BBbU
7 •2 .bUb/ -U.bBUI U.4b/b 6 .4 /13 •1.3342 0.3030
2 • 1.4B1B -U.Blby 0 .4/ U.IUU/ •U./B81 U.dbbd
3 •2 .2 / 13 •0.1333 0.303/ 'U.IUUB •0./24 0 .41 /3
4 • l.b /0 4 -0.1201 0.3334 ■"'■urran •0.6/34 0 .41 /2
3 -2.3141 •U.UUUB 0.3400 0.130b -U.b/B O.d/Ob
b •1 ./4 4 / ' '-U.1UUU 0 .b2b2 0.14/4 •0.3431 0.3413
/ '-T0305 •0.132b U.b2B/ U.UB •O.bbbb 0.2034
3 •3.0043 -U.bUUb 0.3333 U.Bb/U •1.3343 tT4B33
0 • 1.0 0 /b •0.3633 0 .421B 6.2401 -I.UbBU 0.4413

"■ "T U -TIHOT •0.0303 U.4bU4 ITI30B •0.4310 0 .33B3
i i -1.4002 -0.002D 0,4bb3 0.133b ■0.4/ ■“ U.0'477
IB •1 .3 /43 •0.0b/3 I.OObb 0.130b -0.4b 0.323
IB •TT.B227 •0.1123 0.43D 0.13b •0 .b20b 0.2032
14 •2.233b -0.4030 0.333/ 0.3104 •1.42bl 6.4042
Ib •I.BU/B •0.1b40 O.bbbb " U.IBUI -U./Ubl 0 .3 /34

------ IB "■“•TTWJ35 “ 3VOT7S U.b/BB — ITI17U •6.0033 0.312
1 / -B.IIBB •0.4042 0.4133 U.BUBB •l.BBU/ 0 .4 /22

"...........IB •1.313b •0 . 1/4b ■ u:jub2 6 . 16/ / -U ./B // 0.413b
1U •U.//U - -0.0333 0.42bb U.UBU •UIBUbl 0.3lB4
BU -2.4D01 •0.4003 0.3333 6.322b • 1.4 3 /b U.4UUB

----------- !Tf • 1.0012 •0.2592 0 .4 /4 / B.Bbb4 • 1.U333 0 .4 6 /
BB •U.B/B/ -J.Odb/ 0.4b33 U.IBUU •u.auui — 013257
2B ■ '-0:B4/7 T .U W / ""U"4BU7 6 .60 / •0.2003 U.BUIB
24 -U.UUb -0.0132 0,4231 U.UUU -0.2bb4 0 .2b
23 ■U. /6 0 '•'U.UBU/ 6 .44/6 6.1 Ibb •0.4101 U.BBB/
2b •2.3333 -0,2433 U.bUUb 0 .3 3 /2 -1.42 U./BJ0
2 / '  -I.8B9B •0.124b o .b io 4 0 .B3 I 0 •U.BBUB U.b/IB
23 -0 ./3 3 3 •0.003b U.4BUB 0.1101 -0.333b 0.3243

"  1 BU •0.3301 'U.UU// 0 .B32B 0.6b /d •0.2340 0 .2 /0 3
30 •0.3134 o.ooob 0,3304 U.UBUI *0.230/ U.B4UB
31 •0.0442 ' 'U.UUBB 0.3334 "U.U4U4 •0.6213 U.BUB
32 •2.U1 •U.1B4B U.BU/ 0,303/ •1.UU5B TI./2B8
33 •l.blOB •6.631 6 .3 /0 / O .lb /b •0.3344 0.4 /2 4
34 -U.03/0 U.UBBb 0.3000 U.UUbB -0.2331 TJ'4051
33 •0 .33 /b 0 .0 lb2 0.4140 0.033 •0.232b 0,2b33
3b •U.B/U U.U1B4 0.4112 U.U/BU "'•U.'BIUB 0.233
3 / -U.41BB 0.023 U.BBB/ U.UB1U -0.220b U.B/UB
BB U.o4U4 •U.IU/B U.BB U.B38/ •U.b 2bB 6.3113
30 -1.1312 -0.0232 0 .4 / 0 / 0.13b •0.4301 — o:a887
40 • 6 ./33 ' :U.UT/U 6.340 0.0033 •U.BU/B 0.232
41 “ -TT8B57 0.0124 0.3313 U.UB4B •U-BJUb' 6.2333
42 •0.3131 0,02bb 0.4140 U.UBU •U.BI7/ O.B/UB
43 •6 .443U 6.U01 "  U.4BU1 ' U.UB4 -U.BBU 0.2331
44 •77B72 •U.UBB 0.4300 U.1BI4 •U.BB/I 0.3413
43 •U.0240 -0.1023 0.413/ 0 . 12/4 •U.4B47 — I7.B797
4b •U.0333 •0 .0 /43 0 .4 l0b 0 .114b -U.4IBI 0.2b0b
4 / -6./Ub4 •0.033b U15U/U “ ■ ■ u :m •0.3322 0.230
43 •U./23 •U.UB4U U.4BUb — ITIU8B •6 .I34 o4 0.2066

4U -U.3423 U.UUB 0,3434 U.IU/I •0.3101 0.3323
30 -2.2030 •U:BB4/ U.U 6,333b -1.34b1 0 . / / 3 /
31 •U.Ubb 6 “ '  inS5?8 ""U.'IBUB •0.3b23 0,3b24
bB •0 .0 0 1 1 0 .011 / 0./241 U.UBb •ITJ40U 0 .33 /4
33 •U.BUUU U.U1U/ o./3bO 0.1 ibb •0.33b2 0 .3 3 /3
34 •0 ./3oU " *U:U2'/B " 1 U.UUBB 0.14 /2 •0.4303 0.4130
33 •B.iBb/ •0.2303 0 .03/3 U.B44B •I.B oob 0 . / /3 2
30 •U.B4bB U.UBl U./UbB U.UBb -0.334/ U .0/66
3 / •0 .323/ 6.Ul3 0 ./033 0.113 •0.3321 0.3332
30 -TJ.BTBB 0.0303 U.B//0 TTIT74 •6.Bo/3 0 ,3 /3 0
30 •U.BUBB 0.004 l.UBBb U.IBbU •0.333b 0.5BlB
bO -2 .0b /b "•U.'TBB/ ■ u:uuv 0.323b •1.1434 U.BIUI

■"“ ■BT •U.b4B/ 0,030 0 . / 3 3 / 0.1 Ibb ♦ff.'JIB/ 0.3333
02 -0.3401 0.04 iB ' U.BUIB U.lUUb -U.BB/B O.dbOb

.............BB •0.3002 U.U4/I 1.IBB4 0.1504 •U.B/B U.3/22
04 -U.bbUJ 0,0423 1.34b3 0.2133 •0.3041 U.BBB/

■" 'T2BTO “ 5tl'.2UUT 0.303 ■"Uil'/UI •0./104 0.3101
bb -I.BW b •0,1400 0,4323 U.IbB/ " TO T7 U.03b0
0 / • 1.464/ "■-OVUSTT “ "CHUBB 6 . i4 / / •0 .32/2 U.BbU
BB -B.1BB -0.0414 0,331/ U.IBUU -0.3242 T J.44I0
bO • 1.2 3 / I '•■U:'TB84 6.423/ 6.1bl4 •0.b423 0.2033
/U •1.1332 •0.123 0.3031 0.144b •U.bbB 0.3030
/1 •U.UIBB •6.Uob 0.330b 0.1322 -0.432b 0.330 /
/B "■ :n J 8 W •0.0333 ' CT37S9 U.UBb •0.4332 0.3321
/3 •1.100/ -U .l/IU U.4BB/ 0.1334 •0.3312 6.B0/4
/4 • i. iw c '"^O.'IBBU U.4b2l 6.123 •U.bUB U.B4B1
/3 •0 ./442 •0.0330 0.4122 — 071748 •U.‘4UU2 0.2334
/b -1 .203/ -U.UBUb U.4IBU U.IBUb •U.4UBU 0.3 3 /0
/ / • I.0 b 0 l •U.BbBB 0.4bbB 0.200b •O.bbl/ 0 .3 / /

— /S •I./U BI •0.2313 0.4131 0.2343 •(TU044 0 .4 /1 3
/o •1 ./123 -0.1433 U.BBB4 0.133/ •0./034 "'T3:4U8B
BU ' -UIUUIU '"•'Û UBBb U.3U23 'U.UU/U -0 .31/3 U.27UB

--------- w
•0.3/31 T U U 3 0 "(T4BBU U.obol -0.2333 u.2 /1 1

UB •0.3333 0.0131 U.BIBI — urrozu •ff-BUBB 6.3233
33 •1./BBB -0.2303 0.3 /30 U.BIUB •0.043b U.B/
B4 • 1. /1 bb •6.B4/B 6.4320 ' U.BBB •0.0313 0.4333
Bb •1.3333 •0.1333 0.320U U.2 U 4 •0.3234 U.4b/B
BB •U.B1/B •U.U/BU 0.3203 0.1233 •0.4333 0 .2 0 / /
0 / •U./IBB -O.uJbb 0.2044 U.UUBB •0.314b U.241

... • •• yy •U.bbbl •o.UBUb U.BUUB 0.0004 •0.2U3H 0.244 /
'BU *0.3133 •U.UUBB 0.4433 ■"■'triwB •U'416I 0.3030
UU • 1.0403 •0 .2 /4 0 ' U.4UUB 0.2113 •U.UBBU U.Bb'U

—  U1 •l.bUB/ •6.Bb4B U.Bbbd 6.2334 •0.0343 U.443
UB •1.0021 •0.143b 0.3023 0.1332 •U.BBU3 0.3321
03 -U./BIU •6 .633b '"  U.BUBU ' U.IUB7 •0.3/03 UIB'/Bl
04 •0.3321 •0.02 0.3301 6 .0 6 /3 -0.3124 U.2/24
Ub •0 .3441 U.U1B/ 0.3134 U.l (MB •07BU/B 0.3303
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B/H=2 N=1 90 degree
» ot lap Min Mean max STDV “ • peaK + peaK

0.040 / 1.222 2.4144 u.23yy 0.4423 '"7 ,3 5 1 5
I •2.2204 •0.2404 U.4bo4 " “ 772533 -1.0142 3.5335
2 • 1.2000 •U.OOO 0.4140 0.1420 •0.4004 3.4293
4 •I.IB4B •U.U2U2 3.4002 '“ U.12B9 •U.4U/ 0.4000
4 •0.9449 0.0000 0.4000 0.1204 -0.4040 0 .40 /0
& *1.421/ 0.0401 U.44BB U.1UU4 ' -U.BBB'! “ 5.3393
0 •0.0004 0 .9 4 /0 U.400b “ '7)73543' -0.2400 0.4212

-------------r •0.0000 0.0404 U.BV/2 U.13U2 -0.4004 0.4411
• 1.U21U -0.244 0.0042 0.2302 •1.3293 U .bb!/

• 1.42B •U.UBl U.4141 U.13U4 •0.0021 U.4UU!
ID •U.029/ U.U219 0.4142 U.394B -0.2020 0.4004
II ♦U./0I9 0.040 0.402/ U.UB/B ■” -U'.2247 ■(73074

' 12 1 nj.Bl'UB ""0 :0 4 3 2 U.O0B4 U.UB/1 •0.2142 0,400/
14 •0.00/ U.U4I1 0.0400 0,1444 -0.4000 0.4412
14 •1.0910 •U.I39 0.0224 u.23 i 9 '"•U'.BWB 3.333b

. . . . . . .  jj .
"•73./UU/ "■•(7.0034 U.4/8B 0.1100 •0.402/ 0.4410

ID •U.49B8 3.0020 U.BBBU U.UBUI -0.2443 U.29UB
1/ • 1.311)9 •U.0/00 0.0020 o.1933 •U.bbbl 0.000

---------- 18 ' "■“ •U.7B3 “ "'ITUUb'J 0 .40 /0 0,110 •0 .44 /0 0.4004
10 •0,444 0.0404 0.4001 U.UBBB •0.2232 U.Jobo

' 20 ' -1 .9 /93 • li .ll0 4 U.obob 0.2422 -U.B431 0.0104
2 \ •1.1042 •U.U140 0.0144 0.1404 •0.4041 0.4244
22 •0.440 U.IUBB 0.4 /40 ""U.I389T •U.22J3 0.4112
20 •0.4024 U.U33 0 4110 0 .U //4 -U.1B43 0.4004
24 •0.01 0.0012 U.3U/U U.u/Bb •3.1333 0.2000
25 •U.o433 0.0400 0.0440 0.1100 -0.2004 0.4/01
2b •1.4420 •U.03U! 0.0001 U.2U9B 3.3 /94
27 " 7 J .9 /B 5 U.323 0.04 /0 0.1410 -U.BBBB U.42UB
20 -0.04 0 .004 / 0.0000 U.UBU! •0.2  ?2o U.3279

“ .........29 •0.3974 0.0002 U.3U19 0 .0 /3 / -0.1000 0.2044
40 •0.4120 0 .0 /4 / 0 .4 /44 0 .0 /1 2 "  -U:i35B ' '  U.28B1
31 •U.UUB 0 . 12/y ■■"TOSW 0.0402 0.0104 0.2400
42 •1.0201 -U.UB9/ 0 ./402 0.22,34 •3./49B U.bood
33 •0.0444 0.U2D0 0.0400 0.1422 -0.4000 0.4241
44 •0.400/ U.OOO 3.4000 'U.U893 ‘"'•U72U2B 7)'.334B
43 •U.4B4I 0.0044 "  1T30U8 U.U//3 -0.1001 U.2U3B
40 •U.2934 o.ooy/ 0.404 0.3/4 •0.1024 U.BUIB
J / ' '  •73.2829 U.'03/3 u.3 / 0 / U.UB42 -U.134B U.44U4
40 •2.0040 •0.1404 u . / jo a U.2B/B -0.0021 0.0044
40 •1 .249/ "'•U.U2U3 3.004 U.lbbl •0.4000 3.444/
4U •0.0012 0.0210 0.44 /2 U.UBUU -0.2402 0.2014
41 •0.419 U.UBU U.4B1/ 0 .0B14 "  -U.IBBB U.Joo

... "  42 •O.JoU U7J742 0.02 /4 U.UBl/ -U.1/U9 U.BIUB
44 -u .oo iy 0.0040 0.5333 U.UB •0.4000 0 .4 0 / /
44 •2.U939 •0.2404 0.01 /2 0 .2 /4 -i.oB /3 3 .0 /3 /
45 • 1.2331 •0 .3 /04 U.4oU3 U. 1404 •0.0104 U.3b2B
40 •0.3929 •U.UUB/ 0 .01 /2 0.122 -0 .4/20 0,3594
4 / -0.0400 0.0202 0.0042 U.1U4B ' -U.2BB3 0.4420

' 43 •U.UIUB U.U299 3 .400S u .lu lo -0 .2 /44 3.4344
----------TO •U.3433 — (TU228 U.B333 U.1440 •0 .40/0 0.4042

DO -2.1042 •U.2U3/ 0.0122 U.2B13 •U.UBBB U.3BUU
51 *1,0014 0.014 U.4B93 u .U ob -u .JJoy 0.4010
02 •U.obo 3.0412 U.o I J j "“ U7U18 •3.2341 3.34bo
04 •0.0200 0.04 0.0022 U.IUUB •0.2000 0.4400
04 -1.1011 0.0411 0.004 0.1414 •0.402/ 0.4240
bb •i./oBB ' -U.191/ 0.'33U4 "U.25'B / “  -ITUB'IU 0.0 /04
Ob •o ./o / / u.U2o/ 0.3b2 U.1004 •U.29B4 0.404/
0 / •O./b/O 0.020 0.0402 U.UUBB -0 .20 / / 0.4240
00 •0.442b 1' U.U339 3.o ioy ""U.O0BB "" "U.23U8 0.4400
00 • i .uub/ U.UBBB ■"TTBWT U, 1410 •0.4000 U.4B3/
00 •1.0/U4 •0.1400 U./339 0.24/4 •0 .04/4 0.0 /04

".........  H I •O.ol 3o u.Ubol 0 .3 /22 U.1U31 '“ •07/U 2 ” 573583
02 -0.4004 u.oo /o 0 .001 / 0.0014 •U.21B3 0.4410
04 •0.09)4 U.040/ 3 .4 /22 "  U.UUUb "  -U.2249 0.4104
04 -0.0424 U.U4/2 U./U44 0,1400 •0.4024 0.4000
00 •1.4234 •u .uy /o U.3/UB 0 .1 /4 / •0.321/ 0.420/
00 •o .o /yo U.UUBB — JTB57B 0.1210 -0.4001 0.4 /40
0 / •U.ouob U.U4/4 U.BBU! U.IUBB •U.2B9I 0.4040
00 -1.U4U3 U.0440 0.0011 0.1200 -0.4400 U.4229
00 •1.1044 •u.uaoo U.BUU! 0.1040 •0 .04/4 0.4042

“ .......... 7 0 •U.o4ol TJ‘0288 U.ooUb 0.1140 •U .3I2/ 0.4 /04
/ i •0.4404 0.000/ U.33UB 0.1004 •U.2331 0.4 /00

-----------
•0.43o3 0.0421 0.044 "■''U!!287 •7J.338 0.4224

/4 •1.2141 0 .1 / 1/ •0 .0/01 0.4041
14 •0 .40 /2 0 .024/ U.4B9/ 0 .1U0 ' -U.2992 U.o40o
/O u.ooy U.o33 U.U93I •0.2402 0.4042
/0 -U.4333 U.0002 0 ,0 4 // U.I2U/ •0.404 0.4200
11 • 1.4100 ' -U.U'199 ' U.BBBB '  U.2U33 -U.BBBB 7V.3SB4

—  7 0 •1.4000 •U.U2o3 U.3o22 3.21/1 •0 .0 /00 0 .020 /
/a *1.000 •0.0020 U.0412 0.104 •U.454B U.4B93

■ au •0.0014 U.UBU4 0.00 /4 11 U.U8B1 "" -U.19/9 3 .4)0 0---- 'HI •1.U22 •• u U.39’J8 0.1000 •U.4B1/ U.4B!/
B2 • i.u o y •U.UU19 0.0020 U.2U32 •0.0110 U.BU7'/
04 -1.400 •0.0424 0.024 U.2U9 -U.BBB2 0.0044
B4 •1 .0 /04 ' -U.IUB 'U.BIB 3.2102 •U.bUU 0.0110

•1.0044 •o.o4ol U .4D I 0.1004 •0.0144 U.31/1
00 -U.BU94 0.0204 U.4000 0.1040 •U.29U9 0.441/
0 / ■U.B321 U.U1UB U.4200 U.IUBB -U.BUUB 0.4200

........ ” 30 •V.13% ""•U.W1B ' (T4IU3 ' "U.IB48 •0 .000 / "5 .512!
39 •1.0104 •U.U13I 0.0000 1)233/ •0.0444 0.014
00 •1.U2UB •0.0224 0.0444 0 .2 0 /4 -0.0444 U.399/---- y i •1.4334 •U.U012 IT3397 U.230B •U./44 U.341B
92 •U.943/ •0.0444 U.3B34 U.lb •0.0142 0.4400
Dj •0 .02 /4 U.U222 0.4401 0.lU41 -U.2B9U 0,4444
94 •1.2204 •0.0144 0.4244 0.1000 •0.4040 U.433
00 •0 .33 /9 U.UUB7 U.B323 U.BUB! •U.B 11/ 0.0201

B/H=2 N=2 0 degree
tt 01 tap Min Mean max STDv------- • peaK * peaK

0.2044 1.00 2 / 2 .UIO0 u .2000 U.2B/ 1.B3B3
1 •2.U123 •0.2400 U.4U92 ' U.BBU/ 1 -1.UU2 0.0924

•2.9/32 •1)7457 ""17385? '9 7 9 2 ? -1.1224 0.0421
•2.4104 -0.2210 U.329 U.2B/4 •1.0000 0.0400
•2.4400 "•U:iU2B u.o94 0.29 •7.UB2'/ U.O//

•2.4b —m.TTBT 0.0004 0.2902 • 1.0 0 0 / U./104
-2.2040 -U.2204 0.0000 0.0090 •1.1004 U.B993
•2.0000 -U.2/U4 o.4oob 9 .2 U0 / •1.10/4 O.blOO

------------8 •T.3299 ""^ 7 5 5 2 8 0.0421 U.13/3 •0.4000 0.409/
• 1.0933 -0.0020 0.441 U.I311 •0.0109 U.BUUB

IU • 1.2393 •0.3420 u.04 oy U.1B29 •U.32I J 0.4001
............. n • 1.2440 •TTUn 0.0244 0.1001 ■0.4914 0.4b9J

12 -1.433U -U.U4BB 0.4001 U.1BB3 •0.0144 U.BIBB
13 • 1.342U •0.004 0.4 /00 U.I404 •3.b02l 0 .0/01

14 • 1.UB9! ^UTJUT? 0.4002 0,1100 -U.0D/D 0.4422
10 -U.U 129 u.uooo 0 .0 /0 / 0.1149 •0.004 0.0002
10 •o ./oeo U.U1/9 0.4 OOO 3 .1 i4o ^u.3283 0.0022
T7 •U.BUB! U.U!/I 0.4000 U.IUBB -0.000/ 3.34b
13 •U.B20U 0.0420 U.4BU U.UUBB •0.2040 0.0204

............. 19 •U.4BB/ 0.3444 U.4d3 / O.UU0 I •U.Jdb 0.022/
2U -1.4000 U.UI21 0.00/4 U, 1144 •0.041 0.0001
21 •U./UBI 0.0440 U.40/4 3.U9/4 '•0.2335 0.0200
22 •U.49/9 — 0TO78 0.4000 U.UBBU -0.2241 0.0100
24 •U.40OO 0.0333 0.424/ U.UB/1 •0.2001 0.0100

' ” 23 ""TJ.b'BW “ T O I U 0.40 /0 — UTJ83"J •0.2141 U.29/9
20 •1.323/ U.UUB4 0.4000 0.1110 •0.420 0.4400
2b "  “ U.B2'19 ""0.U221 u.oo2y 0.1004 -U.2792 0.4244
2 / •U./O40 0.042/ U.0022 U.UU1B •0.242/ 0.0001

. ,,0 •u.oU/ 3.0344 0.433J U.UB •0.100/ 0.2940
20 -U.4420 0.0333 0.00 U .U//I •0.1/09 0.2009
3U •3.4/34 ■“ 'UlUbB U.3/4U U.U//2 -U.173B 3.2B9B
41 •U.B21U U.U22I U.332U U.1UU4 •U.2/ 92 0.4244

•U./0 /4 3.u2o9 U.'4895' U.0940 •0.2009 0.410/
44 •U ./l/B 0.00 0.4920 U.UB/2 •0.2110 0.4110
d4 •u.349 U:UbB8 0.410 '""07J78B •0.1010 U7951
40 -0,440/ o.ooa U.0004 0 .0 /0 0 •0.1024 U.2BU3
4b •U.O//O 0.0004 U.0B44 U.U/4 / •UT1W8 o.2ob4
4/ -O.UO/4 0.0400 0.00 0.0941 •0.2420 0,0201
40 •U.BUBU U.U41/ U.3U/9 ' 0.UU4U ' '*772423 o.42o4
39 “ "^75493 0.04/1 U.4bB4 U.UBB4 -U.212 0.0002
40 •0.40/9 0.0404 U.343U 0.0 /40 •o. 1 /  / U.2B9B
41 •0.4424 3.004 3.0/bU U.U/1 '"■•0:V4'9U ""U.2V39
42 •0.4041 — 7JTJ7D5 0 .4 /0 0.0 /29 -U.UBl U.2B92
44 -0.0044 U.U4U1 U.3BW U.UU2U •U.229/ 0 .02 /9
44 •O./O40 "U.UI2U U.b IB "  U:i2B! •U.0bo4 3.0y |0
43 '  '3J.84KJ 071179 0.004 0.102 -0.404 U.4U/9
40 -0.0004 U.UUU'/ 0.4441 u .110 -0.0402 0 .40 /0
4 / -0.4410 U.U4UU 0.0944 O.U0O2 •U .2 I// U.2993

' 48 •0.4044 ' 'U.U41B o.4ooo U.l 3 Jo •0.209 O.J32/
' — 49 •U.B21B 07B22 U .3 //b 0.12 •0 ,41 /9 0.4024

3U -U.//1 U.422 2.1124 0.442/ -U./U3U 1.00
31 •U.UUI U.41/4 2.4049 U.3BB2 •3.00/4 1.022

' ' 32 •u.BUo 0.4 /02 2.23j 1 U.Jbl •U.BU99 1.0004
oJ — 0757ETI 2.0104 0.0002 -0,0094 1.00/0
04 -o./ooo 0.4020 2.0944 0.440/ •U.BBBB 1.0900
00 •0.0201 U.22BB ' 119483 U.J20J •0./01 / .....1.2U5'4
33 7J./177 0.0120 TCfUTT 0.2900 •0 .0 //4 1.2024
0 / -0 .0 //4 0.0440 1.0 /2 0 U.2/93 •0.0042 1.1 /  24
3B •U.932/ 0.440/ 2.009/ 0 .JU40 ""•7T.3BJ2 1.23/0
39 ~ "7 j:/992 ' “ TJ79U3 " " T 9 4 9 5 0.41 /0 •u .0010 1.2422
ou •1.UB1U u .1000 1.B/1B 0.004/ •U./BU/ 1.00/4
Bl’ •U.0J02 3.224 1.883 0.2233 •0.4400 U.BUBB
32 •0.4/40 0.2041 1.3UU2 0.1940 -U.42/0 0.0440
04 *0.042 0.240/ 1.0904 7)12293 •3.402/ '  U.7I2B
B4 •1.1400 U.l 994 1.0490 U.29U? -U.0/20 1.0/ 14
00 •1.444 •U.UBB/ 0.0100 0.2U49 •U.0904 U.32BI
bb ""n j.9 9 9 ! •0.0000 ' CT.3298 0.1000 •U.3UB2 0.4940
0 / •1,40/4 •u.uooo 0.40 /0 U.124B •u.4 /0 2 0.4 /49
oB 7U.9953 — 0:028? 0.75137 U.IBBU •0.4001 0.0040
oy •1./411 •U.UUI u .400 0.2004 •U72B2 U.3U8I

............. 10 •1.02b2 •U.IObl " U.BBBB U.lobb -U.bo24 0.4322
/1 -1.1U2/ -0.0000 0.4044 0 .1 4 // -U.4B2/ 0.4U44
/2 1 -1.133B ' -U.UUb 0.4220 0.1000 •U.4/40 '"  U.4B49
73 -!,bU22 •0.1000 (7337 •u./ooo 0.0424
14 •1.UI2 •0.0010 0.4000 0.1012 •0.0001 0.4 /19
/o “  3J.9B02 •D.Uoly 0.0100 U.T32B •U.40UJ U.dbbb
/o -1.0400 U.UUUB 0.0044 0.1090 •0.4991 0.010/
/ / -2.1140 -0 .200/ U.B1U U.2B2 •1 .112b 1 U.b/94

..............VB "TBbBB •U .!u4/ 0.0bb4 ii.2oo ' '■•71.719/ ' U.87U2
/o •U.B327 “ ■7H30T7 3.3BUB 0.1294 •0.49 0.0000
00 •07420 0.0412 U.004 U.IUIB -U.2/4/ 0.0001

•U.OOOO 0.042/ 0.0000 U.090/ •3.24/4 U.4J 2 /-----82 ^07359 0 .00 /2 0.099 " U T U B •7J78/8 U.41317
04 • 1. / 12/ •0.2404 ■ " " i r e r o 0 .200 / • 1.0000 0.0000
04 *1.0000 -0.1100 U.BB33 U.2U92 -0 ./440 0.0119

" '  ' 3 5 '  -VU/BU U.UI/I 0 ,0 /40 0,1100 •3.4424 0.0800

00 •U./4b4 TJ.03B1 U./B94' U.IU2 •0 .2 0 /9 u.b'-nv
0 / •U.04/0 U.U48! 0.0244 U.UU4B •0.2404 0.4400
BB •0.4040 U.IUBB U.B/9U 0.090/ -0.2029 0.0292

............ 89 •U.o/o4 u.ooab u,o3o4 1 0.1139 ....-772383 " "  U.4UU9
UU •2.1410 •0.1004 0.0024 0.2 /04 • 1.0 0 /0 3.BI3
91 •1./004 •U.U/U U.4UBU U.194B •U.BB2/ 0.0040---- .02 ■' 'TU-’BBU TJ.U2U4 o.oo4B U.TU32 " “ 7T.2H91 o.Jb
04 •O.0420 0.0004 0.0 /09 U.UBBB •0.2044 0.0202
34 • J .4 / l / U.U/II 0.0400 U.UB// •U.VUI9 O.0J 41

Ub •0.42/0 — 05921 U./B3 U.UBB •U.2B43 0.4400
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B/H=2 N=3 0 degree
H oi tap Mm Mean max STDV '■ • peak ♦ peaK

U.dldb 1.0129 i . / b / i u.24y2 u.2bbd l./bUb
.........  1 •2.19db •U.21bl u.bBBB U.2B30 • I.UB// U.bdbb

2 •2 .0 /09 •o.uiub 0 ,0 0 0 2 U.2904 '" MHOffl 0.8828
J • i .y i 2 d •u :iu // 1 U.UOB '" 5 .2551 •l.Ubb U.bbUb
4 •2 .d2 y2 •u .ib ib U.bdb/ U.2B0B •l.UbUd U .bb/1
5 -l.yb b •0.1002 U.bbbd O.dOil •1.102b 5.7UTT
6 • l . /b /4 •u .2 4 // O.bbOb U.dU/ -l.lb b b U.b/d2
/ ♦2.4b4d •0.2B42 U.b22 U.dUbb •i:uuo/ U.bd22
0 •1.21d1 •0.0b U.4bb/ .....U'.T4U9 •ll.4/2b U.d/2b
U •1.B36b •0.04/4 0 .62 /3 0.1602 ■0.6261 U.4dUd

— i n -1.44 •U.U2/d u .b /d i U .l/dd •U.b4/d 'U.402B
it • l.dudy •U.U24 U.49bb U.17B3 •u.bbdb U.bUb

. y^
•O.UbJB U.bd4b u .iy / -U.bb4/ U.b2/4

- i.u /d o •U.U02 U.4b22 U.14bd •U.boBb U.d02/
14 -1.0B4B •0.00b U.b2UO U.121b •u.dbyy u.db
lb ' ,-,U:/0B4 -  "5.5088 0.6440 0.1200 -U.dbdU U.d/1b
lb -U.OUJ/ U.UId/ U.b12 U.12b2 •u.dBW U.3bU2
1/ • l.OB/b 0.01B4 U.4b4b U.114J •U.d240 u.dbid

-U.B0B4 O.OBB/ U.bl 10 U.1U2 •U.2bUd U.d42/
lb •u .by/y 0.04BB U.4bd4 u.lOud •0 .26/3 u.3440
20 • l.iUUi U15T49 '0.453B 0.1 WB -U.ddbb U.dbbd
21 -u.bibb U.0B40 U.4d/b U.1UJ2 •0.2/4B U.d44/
22 •U.bdbb u.u4/b U.4bb/ u.uub/ -U.2Jy4 U.dJ4b
23 •U.4bb4 U.Ubl4 U.bdU2 0.0042 •U.2d12 U.dd41
24 •U.bd49 U.U4bb u.buyd U.UOdl •U.2dd/ U.d2b
2b “ T51S75/ 0.0004 U.4U24 U .llbd •U.ddbb U.dbbb
2b -1.11)41 U.UdUb U.bUdl U.IO4 B •U.2bdd U.d442
2 / ■"37.5947 0.042/ U.bU/d U.UUbd •0.24bd U.ddlb
2tf •0 .4 /by U.U6B3 0.43/1 WOWS 0.3098

— —  .jg -0.5)071 O.ObBB U.4112 U.UBUB -U.1U4& U.dUII
dU •U.4bb U.Obdl U.4db ' '0.0827 " " 0 1 9 4 0 '"'0.3077
bl -1.1041 U.UdUb U.bUdl U.1U4b •U.2bdd U.0442
J2 • i . iy id u.OdyU '0.481/ "'U10997 •U.2B ■"'0.3384
33 •u.udb 0.0604 u.4bb4 U.0011 -U.2220 U.d2db
d4 •U.d4yb 0.'0B2 U.44Ub u.UBl ' '"U18T1 U.dUbl
3b •U,dD2y 010597 U.4040 U.0/02 •U.l /b U.2U/4
db •U.dbby U.ObBI U.4U4 U.U/04 "  . t r r / o o U.2Ub2
d / •u .y ib 2 U15JBB 0.4B22 u.uu/ -U.2b2d U.d2Ub
db •u.yodb U.U4U4 U.4494 ' U.UUUB 11 :u.2686 U.ddU4
db •u.6413 U.04bb ■■■"014295 u.uyib •U.ddb U.dd Id
4U •U,d220 U.Ub41 U.41/4 U.0/00 •U.tttbb U.2030
41

.... ■...
•o .ju /y U.Ubbb U.4B04 U.U/bb “ '3117759 U.'2B82
•U.J221 0.0B04 TJITOB U.U/bd -U.1/4b U.2Ubd

4d -0.B001 U.U4 u.4byy U.OO/B •U.2bdd U.dddd
44 •U.b1d4 U.02/1 U.b/61 “ 0:1204 •U.dB12 U.41bd

. . . ,  ... 4j,
•U.bd29 0.010/ 0.B004 u.ldb -U.dbbb 0.424b

40 TJTJTTS u.uibb U.4b44 U.12U2 -U.0441 U .d //2
4 / •U.4U2B U.Ud2l U.db2/ U.UOB 1 •U.24/3 U .d llb
4b •u.bdiy 010337 u.44 /3 U.l 144 •U.d1U2 ""U13/B4
40 •U./ 1J2 U.Ud / u .b / / i u .1 2 /b -u.d4bb U.41Ub
ou -u.yu/b 0.2004 2.4024 U.ddbb •U./1b4 1.d1b2
bl •u.bdjy u.4ui2 ' ' 2.001b U.BbUb •U.bBUb ' 1.4B2B
bU •U./2U0 0.4624 2.2114 u.dbuo •U.b2b4 l.b d ld
bd •u./dbi 0.4492 2.22bb U.dbdb •U.b41b l.b4
b4 •U,b4b/ u.db/0 2.10B2 U.db4b •U.b/bU 1.401/

..........  65 ""33.8208 '012022 2.1dU U.d2Ub •U./6UB 1.IB4
bb •0.B0B4 O.OOBB 2.dbd4 U.UUU 1 -u.b/tfd 1.1/42
b/ •1.UdU2 U.d4d1 1.004/ u.UBJd •U.bUbb 1.103
bb •U .bJ// U.dbUb ------- r.UT7 u.duub •u.bbb4 ' ■'1.2894
09 •U.BUBU U.J149 2.02B U.dd4 •U.bb/1 i . d i /
BO -u.uajb u .U db 2.413 "■V.3004 •U./b/b 1.U44/

"BT •U.bU4 0.210B 1 . / 1 2 / U.2244 -U.4bUd U.BBUU
b2 •U.db/2 U.2b/b 1.4dU1 U.2UJJ •U.db2d U.bb /  d
bb •u.yb/b U.2bb l.b41b U.24db -U.4b44 0.9986
b4 •0.0000 U.Ud49 1./4U / U.3004 •U.0904 l.lbdd
bb -l.>14i; •O.UBJJ U.bU/b U.2U44 •U.bobB U.bb
bb •1 .2 /92 •0 .04/3 0.40BB u.ibdy -U.BUU U.4144
B/ ' '■•T.TJ77B •0.01BB 0.4 /12 U.141b •U.4dbd O.41U0
bb -1 .48/ U.OU/b U.4 / / 1 U .lb l/ -U.bd/4 U.bbdb
09 '"“•1.43b "' •U'.U/T4 u.42Bb ■“ 'U'.20U7 •Li.b/34 U.bdU/

— 7 0 •1.4422 •U.U92 u.d4dy U.lbbd -U.b4b1 U.4b4
/I •1.10BB " -U.0B02 u.d44b “  o n 8 / •U.bb Id U.44UU

---------- /2 •i.dbdy •U.02B/ U.442 0 .1 / /6 •u.bb92 U15U58
/d •1.2bbb -u.O/bb U.bbOb U.212J •U./ldb U.bb04
/4 ""•010884 U.4/44 U .lb2/ •U.b2b4 U.dbU/
/b •I.Ubdb •U.U42d U.4B02 U. 14/b -u.4bb U.4UU4
/b •l.dlUd -0.0110 U .0//1 U.lOdb •U.bOdB U.bbbb
/ / •2.4BJB •012s  tu O.OOB2 U.2b/b -l.U 4 b u .b n
/a •l.b44d •U.U02 U.Bb/0 U.2U2/ •U.09U2 U.bdbd
fw -1.1222 ' O.OlbO '0.8668 ”  0 1 2 0 8 •U.d/db U.4Ubd

......... BO '"■^'.2483 O.UBBJ " " 0 7 7 3 9 U.1U42 “ ■3J12/02 U.d4bu
— 'HT •u.budb U.U4/ u .b //b U.1U1I •u.2 bbd U.db04

02 -U.BBOB U.U4b2 U.bdOd U.l 242 •U.d2/b 0 .4 1'/0
bd •l.bddb -U.2 4 4 B ' ' 0.002 072768 ' " 1 0 /1 7 U.BBBU

............B4 • l.d ld b '~3;.09B 2 K8372 U.211B •U./ddb U.bB/
Bb •u.B/uy U.Ud4b U.bdb2 u .1 ibb -U.d214 3J135G5
bb -u.bbU2 U.U4bb U.biB U.1O4 / •U.2B/2 u.dbbb
B1 •U.4tidb “ "0.5549 0.b4B4 ' "13.73398 -012438 U.dbd/

---------- SB •U.bUbd U.Ubdb U.bd4/ U.0002 •U.2441 U.dbl
by -u.djyy U.U4bb U.bbbb u,iU /d •U.ddb4 U.42B/

" w 2.T387 “ "5.T8B2 0.8789 U.2/db ■■•TOO// U.bBbd
01 •1.441 •u.Ub4b U./BBB u .iyy -U.bbl / U.632B
92 •U./bbb 1 0.03BB 6.042b U.'IOBO 4).28B U.dbbd
y j •U.bdbb U.UbUb U.bbUb U.UUUB •U.21/b O.Jdoi
04 •U,4b/b 0.0/2b U.BUBB U.U042 •U.UIUI u.dbb 1

1 ■ 0B ■ -TT.yysu ■ ” 0.072 7.T528 ""UT2VB •U.dl/b U.4b1b

B/H=2 N=8 0 degree
tt ot tap Min Mean max S T O T — • peax * peak

U,21d9 — 9.0829 l./bUd 0.248b U.2db4 1./294
I •2.004b •U.UIOI U .bl/1 U.d/oU •1.U4U/ 0.020b
2 '“ "•'U'.TOl •U.2Ud9 U.bb4b 0.2092 • 1.U/14 07)83B
d •2.1dd/ -U.1B0/ U.bJbd 0.200/ •1.0499 u.0/00
4 •d ./dd / •0.1092 U./003 0.292b •1.64 bb '" 0.7082
b •2.U0/B •U.UuiO u./bbb O.dlb/ • 1,1409 U./401
b -2.4920 •U.dbbl U.OOUI U.J204 •1.2U4J U./241

' / •2.24b2 •U.UUBB u.bbby O.ddbb -7 .2 /28 '" ' UMJU
B •1.441b •0.U42/ U.bbbb O.1J90 •U.4b1b U.d/bd
9 -1.4022 •U.0426 U.b44b (J.ibJy •U.bU/2 U.4222

'"  iu • I'.UU'BU •U.U12/ 0.608 0.1099 •U.0UU4 6.49 /1
..........“ TT • 1.6604 •U.UIbd U.bdbb 0.102b •U.bbdb o.bddi

12 - 1.490 / •TlObTJ? U.b94b 0.2 Ibb •U./U/2 U.BB//
id •1.4042 •U.0004 0.0094 0.109b •u.bjy "  U141B1
14 •1.102 u.ouid U.bdbb 0.121b -U.dbdd U.dbbb
lb -U,b049 U.OIBU 0.6042 U.l 19 •U.J4U1 0,d/4
lb •U.O4/1 ' U.0261 U.6B08 0 .12J0 •6.3464 U.J900
1/ -U./OIO “ “ "9.0220 0.0294 0.1121 -U.dldd U.J092
IB -U.aoi U.U410 U.4/0B ""'O.'IOTB •U.2bd4 U.J404

.  ,7t}
•U.bbld 0.0499 0.402 0.1002 •O.UbOB U.3bUb

2U - t.u aau U.UI/ U.bBi/ 0.110b -0,ddJ4 U.db/4
•U.Bbdd u.udbd U.4402 — 01T02 •O.dUOb U.J424

22 •57159 U.0623 0.400/ 0.09b/ -U.2d4/ u .j jy j
2d -U.0949 0 .0 6 /0 U.4001 07)930 •U.dddb U.JJ94
24 •U .bllb O.Ubb u.4bb1 0.092b -U.ddlb 1313335
2b •U.BU01 0.0102 U .b l/d '“  'TTH'49 •U.J20O U.J04
2b •U.BU64 U.Udd/ U.4/02 O.IUdl -0 ,2/0 0 0.3429
2 / -U.bbdd 0.0468 0.449b (J.OISU •U.2d9b O.ddld
28 •0.4 IU4 U.UbUb U.49I4 0.0004 -0 ,166 / 515188
29 -0,4042 U.06BB 6.421 “  '5.0831 •U.19U4 U.dOb
JU -ir^02u U.uol U.4946 O.Obdd ■0.188 0.308
di •0.BU64 U.Udd / u.4 /0 2 O.ibdl •6 .2 /bb 6.0429
d2 ^5.754/ U.U400 U.b2d4 0.09b/ •u.dbdd u.djyy
dd -U.BUUB 0,0024 0 .0 /90 07)903 •U.dlbb U.dddd
34 •0.3621 6.0010 0.410 U.UBI2 •0.1819 0.3064
db -U.4bd4 0.08B4 0.4/UB ......5 0 A )l •U.1/U9 U.dUdb
db • 0 .3 //d u .o o // U.4094 0 .0/94 •U .t/04 O.BobB
df -i.b uu i U.U4B2 O.bliBd o.6y / i -U.24J U.JJ94
db •U.B4UB U.UBUI 0.488 0.0909 •U.Ub!/ U.Jdoa
d9 •u.bbb/ U.04bJ 0 .4 /b 0.0091 -U.2219 U.J124
40 -U.42/4 U.UBBB 0.420/ — U7J/2U •U .1 //9 U.2902

" 41 •U.bbbb 0.0021 U.62U2 0 .0 / 0 / •U.IBB “ "512921
42 •U.4409 U.UO/b u.d6y4 O.O/bl •U.lbbb U.dOlb
4d -0.BBB4 0.040B U.0004 7J.0982 •U.2db9 O.ddbl
44 •U.'/OOl 0 .0 1 / / 0.004 U.12/ / •U.JBbJ U.4oub
4b •U.bb94 TJ.0082 U.bdbb U.lddb -0 .391/ U.404
4b •U.4UU2 U.UOB/ U.4d/2 0.1104 -U.J4U0 U.db/9
4 / -U.BBUU 0.03B0 U.42db — 073902 •U.dJdb U.dU/4

-------  48 •0.464b ' U.046B U.b40d U .U U •0 .2B/6 0.3/91
49 •U ./b/d 010682 u.661b 0 .12/d •U.dddb U.4402
bu •0.914 U.dOUb — 27275/ U.34U1 •U./194 l.ddl
61 -U.b944 0.40/b 2.444d O.BBBB c a a a 1.4bdb
52 ■■•91402 0 .4 /b l 2.1009 U.BBU •U.BU/B 1.004
bd •U.bb U.4BBB 2.d262 u.d/01 •U.bddb 1.09/1
b4 -U./21b 0.42d0 2.142J U.BB4b •U.04UJ 1.40/4
bb •U.yObb U.19bd 2 .22b2 O.J190 •6 ./BO2 l.lbbb
bb -u.b/by 0.2903 "'"1.B8U8 O.200J -U.bb90 l.lb b
b / -U.3UUU u.dbb/ 1./O02 ......01282/ •0.4014 1.214/
bb •u.4by/ U.d9Ub 1.8 / 6 / O.dtbl •U.bbdb 1.3449
b9 •0.B3B0 U.d4b ""  “2:0398 U.ddb/ •0.002 1.3621
bO •1.4942 0.1420 1./024 — 5.3004 •U./bbb 1.U4J9

■ ' 51 nJ!B357 U.Udd4 1.4ddb ' U.2181 ♦U.4d1 “ "'13787//
b2 -U.dbUb U .2/10 l.ddbb ■ '' U2U7U •U.U44 0,0990
bd •0.4821 u.duUd l.bOdb U.26II •o.46d I.Ubdb
b4 • 1.2b/9 u.dbbb Z 9088 O.'J T34 -U.b/4b 1.200b
bb • 1.200 / •U.U/d U.4/4b 0.1988 •O.B064 O.bddd
bb -1.2b4b •U.Ubbb 6.3401 0.14/b -0.4902 U.3B6/
b/ •0.8B30 0.008/ U.42/B 0.1 d22 •U.J099 0.40JJ
bb •1.3088 0.630 6 .002U 0 .1/20 -U.4/04 U.60B0
b9 • 1.22b2 -U.U910 U.dUbb ------ 01798 •U.bbb/ 0.0020

.............. '/0 •I.IbUU “ '7J.1O40 U.dObU o.mud •0.B468 0.436U
/I -1,1841 -0.040d 0.2999 U.lbbl -U.bl 14 0.4109

-------7*2 "•T.100B ' U.UUI 1 U.4000 u.ibbd •U.bOJ/ 6.000
/d • 1. 1/12 •0.106B U.53UB 0 .212J -U./42B U.6312
/4 -U.0/2b -O.U'/OB 0.40B 0.1020 •U.bd/b 0.d/b4
/b •0.U411 •U.OduB U.bdbd U.l 42 •U.4bbb 7373962
/b -1.24b0 0.0101 U./22U 0. lBb4 -U.bd/2 u.b/bb
i i -I.B8B/ -U .2/00 0.8128 0.294U •1.1044 0.004/

" 78 • l .b / '"  '-U.'l'UUT U./U/ 0.2101 ■"7J.74W 515481
/y • 1.24B/ 0.0204 '018707 0.1262 -U.J04J 0.4002
bO •U.b/92 U.U3/1 u.bbbb 7T7TI07 •U.2049 0,dd92

'81 "" •OlBb’UB u.ubdd U.blOl 0.098/ "“ ^12429 U.J49J
B2 •U./U4B U.0014 0.6600 0.1221 •U.JU4/ 0 .42/0
B3 -2 .ua/y •0 .2 /1 2 U./B01 U.dbid •1.1149 O.b/24
b4 •l.'4/0B -U .U B/ 0.7048 "“ "012248 •U./09J U.bbb

----------SB •1.TK0/ U.udbb U.b1b4 O.UBB •6.3103 0.3b94
bb •0.B1/4 U.U4BB U.bBUI 0.1024 •U.2000 U.dbdb
Of -u,4bbo U.UbbU 0.041 " 0.0968 -U.ddlb U.3432

"  BB •u.4ddd " U.U6B4 U.bbUd O.OBBB •U.2J2 6.34b/
"' “ 89 •U.bbU/ — 019694 U.bB/b 0.124b •U.J14J 0.43d 1

00 -2.UUB2 •U.2 Ibb 0170T5 U.Ub/b -l.o /b b U.04/4
........ 01 -1 .3b /3 1 -U.U834 U./2B8 0.2 ld4 •7J./23/ U.bbby

02 •U.bb2b U.o4i4 “ “ 0.B3V1 U.lUUb •0 .2 /b U.3b08
9d -u.db/b ■ 0.0576 u.budb 0.096/ •U.214b 0.029/

'"94 •U.dbbb u ,u / U.bUUb 0.0923 ~'.7)120BD 0.3488
9b •0.6022 U.UBUU U./bbb 6 .12b -0 .2 9 // U.4bb
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B/H=4 N=1 0 degree
ft oi tap Mm Mean max STDV • peak ♦ peak

o.<ruu2 T T 235 " "  l.'STtfl 6.3262 6.414/ 1.0224
1 •2 .2 /2 / •0 ./0 2 u.2 2 / 0.3901 - 1.94 /2 0.4411

............... '1 •6.B0U4 •0 / 2 0 / 0.2600 0.2062 •1.0913 0.430
3 ■2./4Z4 •U.OUIO 0.2210 0.2032 - 1./010 0 2 B /5
4 •2 .011 / •U.b/bo 0.220 0.2022 •1./321 0.2000

0 -3.U6U7 -0 .00 0 / 02bU6 u.ubuy • l . / b lo u.buol
TJ *2.0220 •0.0/04 0.2002 0 .2 4 /9 ■1./161 07J884
/ •2 .Uobb •U.b/3 0.203 6.2401 •1.0922 ' 0U4U2
U - 1 .//0 1 -0 ,2 /0 0 0.2900 0.2211 •1.UUU6 U.20 /U
a ♦1.5BU1 •6.4090 0.2240 U.3/61 •1.36/ U .U///

' "  "W •2 .2b u / •0.4/ U.B0B7 0.292 • 1.6401 0.400
-2 . 1 /00 -0.40U0 0.2002 U.2U52 • 1.22 /1 U.4UU
•2.0012 •0.4404 0.2001 U.3U3U •1.290/ 0.4

u • 1,0 *2 •U,34bb " ” U,,2043 6.204/ •0,902/ 0,2000
u • 1.0 U2 •0.222 0.2244 0.1010 •U./O/O o.3U1b
lb •2. lUbO •0 .2 / u . m 0.203 -u .u /y 0.3309
lb V.52y5 •0.2944 — 0.TT75 71.2201 •U.673U 0.303/
1/ •1.044b -0.1220 0.2001 U.1361 •U.blO! '1T3U4B
Id •O.OOlb •U.1W6 ■■tr.H'uua 6.1100 •0.40 0.230

----------- 10 -0 .55 /5 -0.1220 0.4012 0.1211 •0.ST/2 u.2d6o
20 • 1.0000 ' -01265 0.2220 U .lb3/ -0.0041 U.3323
21 •1.083T •U.UU/1 6.412/ 01U44 •0.4004 U.2202

22 -0 ./014 •U.UUUb 0 .002 / 0.1120 •0.4331 072482
22 • 1.31 •0 6 5 3 6 .4 /0 6.1 lob •0.4300 U.UUUB
24 - 1.2021 •U.UUUU 0.29 /4 U.16U3 •0.4230 0.2265
2b • 1.2 2 /0 • 0 f4 l7 '0 2 4 7 0 ' U.UUU •0.0019 U.UUBB
20 "  "-T200B '""■0.0772 0.4402 U.l Ibb •U.43/1
2 / • l .jo b •U.0001 U.'4B/U 6 . 1U20 •0.3009 0 2 6 6 /
2 d •0.020 •0.0242 0.J024 U.OUUU •U.J/Uo 0.2003
20 •0.0042 •0 .02b2 U.202U " U.UUU/ •U.3/U4 0.200
JU •0.420/ •U.U200 U.2O02 0.0791 -0.2/*J u.3oiU
21 • 1.2000 •U.o/ V2 0.44 02 0.1100 -0.42/1 0 2 /2 /
22 -U.UU64 -06452 0.2 /44 U.U646 •iTJTjy u.33ob
22 ■ -U.U^yb •6 .0 2 /0 0 .26 /1 0.0924 -0.300 U.2024
24 -0 .2 / /4 -0UU2U 02U57 U.U/13 •0.21B4 0 .210 /
20 •0 .4 /0 / •6.0 lb o.2 /o 2 " 0 U /14 •0.2203 U7T502
20 •U.41/0 -U.UlUb 0.2202 U.U/ '“ “ UI33UU 0.191/
2 / •u.ubuy •0.0442 0.2101 ■ u .u y u -0.3102 ■03295
20 -o y y  1 / •0.022 02UU6 TJ.UUS6 •0 .3 /20 0 .2 2 /0

2 b -U.U3UU •0.022 0 2 /U I U.UUU •U.3/11 ■""0 2 2 /7
4U •6.661^ •U.blb 6.363b u.ooo •0.2141 U.1U3
41 -0.4110 •0.0001 U.20U2 0.0001 •0.3014 o.iouU
42 •0.4022 •0.0020 0.2190 0.0001 -U.2U15 U.164/
Vi •010083 •0.0303 035UU 6,6060 •0 .2 / /0 0 .2 0 /1
44 -0.4/U0 •u .u iby 02BIU 0O6B2 •6.3U 4 0 . 102/
40 -U.bUUb •u .u iy i 0 .202b 0.0042 •U.3U7 6.1/24
HU ■“* -U.TOT1 "'•Ti.'U'iTU UYIB 11 "U.UUUU •0.2043 U.lbO/
4 / -0 .201b •0 .01 /1 U.2029 u.oo /4 •0.1092 0.100
4U -0.2U24 •0.U104 0.2400 0.0022 •02661 0.1 /33
4b •0 ./4 '  -0U2UU 0.2421 U.UUUU -U.227B U.IBb
60 •0 .020b 0.4114 2.VJB7 0.3424 -0,0100 1.4410
01 -U.64U6 0.4091 2.1373 U .3 W 5 •0.0040 '""1 :3 2 2 5
b2 -0.4022 0.410b 2 . 10/1 0.311 •U.b33t 1.244
bb •0 .02^ / " 0.3923 '2.U2U5 0.3024 •0.0140 " T 2 y 9 3
04 •1.0014 0.2022 3.643/ 0.02/1 •0.010 1.U446
00 -O./OOO 0 .2 /2 2 2.U1U6 0.3204 •6.6639 1.240b
00 •0.2U42 0.4402 2.1610 6.301 / •0.34 T3UUU
0  ) •0.2002 0.4204 — 170525 6.2091 •0.3400 1.2U/U
oa •U.3/BB 6.439'-' • .9202 0.200 ■6.644 1.2U2U
bb " " U '.; iy i 0 .226b 2.0003 U.UUU4 -U.UBUU " "T 2 6 U 2
00 -11.0505 0.2000 1.614/ 6 .3 o /i -U.092/ 1.129/
Bl •0.1U41 U.3U41 1.0094 U.3U66 •11245/ 1.6126
o 2 •o .w uy 0.2014 1./61U 0.1602 •0,20/4 TT57U2
02 •0.2002 0,2442 1.6U12 0.203/ •0.3oou 0.9004
B4 •u ./uoy 6.20U2 1./322 0 .2 /1 0 -U.UUUU -------T7U2T
00 -0 .4 4 / / -0.0202 U.IUU 1 U.UU46 •0.2290 0,1094
ob •6.3425 •6 .o3/b '6.1661 U.UU43 •0.2202 0 1 oo2
0 / •0 .0 /2 0 -0.0422 0.2002 — T.OUU •6.2413 0.1049
bb •o .Jb / 1 •U.02bb 0.21b3 0.0002 •U.20U1 “ ■"insuB
Ob •0.4202 -0.0404 u . iy /y 6 .00b •0.2200 0.104/

........ 7U ■"•u'.uyz! •6.0422 0.24 0.004 •0.2302 U.14U7
/ I -0 .202b -0.042 0.2202 6.ooo3 •0.2410 0TT555
VI •0.4112 •U.UbUU U.1U3/ 0.0002 ” 0157346/ 0 .140I
/3 •6.466U •6.64/ 0 . I 6 /0 6 .0 0 /0 -0.2000 U.IUBU
/4 •0.2/4b •0U6UU 0.2214 U.UUUU •0.200/ 0.1020
/o •U.20bb •U.044b 0.2040 U.0U6U •U.3b4 "  0 105
70 -0.44 iy •UTO70 " “ 0'.2085 0 .0 /1 1 -0.201 0.1000
/ /

-------
-3 .u /uy -0,0001 0 .0U20 0.3U3 •1.49/1 U.23l

' “ •l.UWU •U.20UU 0.4244 027U7 •1.1625 04210
/a •3.U54U •U.IOOb o.Ulbu 6.2020 -0 ./030 0.4010
ou -1.1004 •U.0000 0.2100 U.1121 •0.6931 0 2 /5 6
Bl •0 .0  ̂lb •U.U24U 0.2002 U.UU3U •U.2/2b ”  02228

....02 •0.5740 ""•TTU0H6 0 .26bb 0 .0 0 / •U.2U64 U.163U
Ub •2 .21b0 •0.0000 U.U1UU U,3boi -1.420/ 0.313/
04 -I.5UU3 •0.4000 0.0242 u.Y/ey •1.3292 04222

"  'Ub •1,o441 •6.1224 0.4301 u .iu y j •U./UUU 0 .433 /
00 ” “ 1.11355 ■1U:05B 0 .2 /0 b 0.13/3 -0 .40/0 6 .UUUU
0 / •U.7/65 •0 .02/2 U.346b U.io4o •0.2011 0 .2 /0 0
UU ■0,04 U4 •0,024/ 0.2031 U.UUb ■"•&Y/6B 0,2304

— ...TO •0.0887 " " • u .u tu y O.2 /UO u.uooo •U.31U6 “ ■"0:1000
uo ■ i m ' i • u .4 /iy 0.0911 6 .2 /0 0 •1,3003 0.3044
U1 • 1.U42U •0.2/01 0 .003 / U.3U30 T T 6 3 5 0.411/

-----------K •i.3 3 ii/ •01426 0.4140 U . l / l l •0.0009 U.U/Ud
U2 -U.U/33 •0,0121 0 .4 0 /0 0.11646 •0,29/0 0.2 /10

"........ EH •0 .4b/0 6.U012 0.3 /01 U.U7BU •022U "  0.'3305
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B/H=4 N=2 0 degree
tt 01 tap Min Mean max STDV - peak ♦ peak

0 .41 / / 1.UBU4 T54U7 0.2429 0.3090 l . b i / i
1 •3.2715 -0.09/1 U.1B12 U.4M • 1.7001 u .uw y
3 "  -4.U/U3 •u .0001 U.1U6U 0.3004 •1 . //0 2 0.4109
3 3T5327 " " ^ 5 5 0 9 0.2939 6.330 1 -i.Bbuy 0.30/2
4 •3.3004 •0.030 0.2243 U.BBUU • 1.0000 "■'■0.'JW5B
0 •U.42/0 •6.6463 0.2b04 0.3023 •1./004 0 .4 0 //
0 •4.1/31 -U.0290 U.46U2 0.64b • l .b /0 4 0.41/4
/ •2.9344 •0.0330 0.42b 1 0.344 •1.000/ --O T O ST
6 •2.6260 •U.Uobb 0.2BB1 U.211 -0.9090 U.2UB4
9 •2.220 •U.4UU2 U.BU64 TJ.2U/U •1.101/ 0.3003

1U •3.633b -U.432/ 0 .3 9 /2 U.BBUB •1.2 /30 U.4UUU
.. . .  ^

■2.4o/ / ' -u:4Ubu 6.3302 U.UBBB -1.274/ 0.4221
13 •2.330/ •U.4U66 6.62 0 .2 /0 •1.2430 6.4243
13 •1.U2U/ -0.3003 0.4000 U.2U1I '" • 0 0 1 'I 0 ......0:2551
14 •2.2001 •U1UUU 6.3042 0.1003 -0.0032 0.2000
10 •1.0204 -0.2300 0.02U 1 ■■ 'u:iyou •0.0032 0.3419
10 -1.UU6U -0.2009 0.40B2 0.2144 "■•■(ryou2 U.UUB4

—  1/ “  '-T.bUUS "-0.U0UU o.3o6 j U.12U2 -0 .4 /1 0 u y y /y
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16 •U.6UU1 •U.UUU/ 0.042/ 0.1200 •U.4UUU ■0T5T2

'  ■""30 •1.3392 ■"■•■0.U072 U.UUU4 0.1303 -0.0021 0 .3 2 //
21 •1 .2 4 // -0.0004 0.4101 U.IUU •U7J/04 T1.2B27

............. 33 •U./66o •6 .66b 0.40 /4 U.UUI -0.3092 U.27I2
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34 ■ l.TUUb •0 .000 / 0 .3 /2 0 0.1000 -U.BBU4 U.26U5
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31 • u .y i / / •0.0410 0 .319 / — 0:iU7d •U.30U 0.202
33 •0 . / 10/ •U.UI 62 0.3221 U.UU11 -U.2526 0.2042
33 -0.0020 -0.003 0.340/ — 0OU75 •6.2oo4 U.2090
34 •o .o loo U.0102 U.BB4H U.U/17 -u .iy u / 0.2312
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3/ •U.UUU4 •0.0200 0TO08 0.0612 •0.2941 0.2029
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40 •U.4U6y U.UU/ 0.3404 U.Uboo •0.1920 0 .20bb
41 •0.3041 0.014 0.3000 U.UB40 •01005 U.UUUU
43 •U.46U3 " U :0 1 4 U 6.624b 0.0002 -0.1039 0.2130
43 •0.0000 •U.U131 U.BBUB 6 .6UI6 •0 .2 0 /0 0.2314
44 • u . / i / y 0.0020 0.2092 0.0000 '“ •■0.T5B0 — 077O35
4b •6 .602b •u:uuuy 0.2402 0.004 •0.193 U.IUIU
40 •0.3013 •0.0020 ■07T50 U.oboo -0.100 0 .1b
4 / -0 .24 /4 U.UU46 0.2020 U.Ub/4 •01U /4 ■ i n  773
4U •0.0042 -U.U1U u .^ y u 0.0031 /07O 0? U.1/U4

' ' '49 •DTO69 ' "•O'.uiun 0.12003 0 .0/01 -0.2290 U.15I2
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03 •U.59T2 ■"UiJfUUU 1.9933 0.3030 •0.0099 1.3110
04 •u.uuuy 0.3000 1.929 6 .6 2 I0 •6.0999 1.331
00 -0.0121 0.3034 1.52UU 0.309 •0 .0 /30 T3UUU

—  bU •0.2464 0.4430 2.1300 U.26/5 •0.329b 1.21 /3
0 / •0 ,30 /4 0.430 "f5T C 8 0.2000 •0.3414 1.2110
00 -0 .23 /9 0.4302 l.O/BO U.2009 •b.jO^b iJ/tU
bb ”  -0.7604 6.6310 1.61U6 0.3010 •0 .0 /39 1.2309
bU •0.0039 0.2020 1.0 / / 6 .2 /33 -0 .00/3 1.0/23
Bl ' "-U.3/4U 0.3B31 1.0949 U.2U/5 •TT.2J52 1.0000
63 •U.311U 0.3913 — 17001 6.201 -0.2119 0.9944
02 •0,2409 0.3000 1.0004 U.2U62 •6 .2 0 / U.0/4
b4 •0 .0 / /O T5.Y15T "" YTUU/ 0.2 /04 -0.090 1.0203
00 -0.304 -U.U25U 0.2’M U.UBU2 •6.2343 0 .1 /4 /
bo •U.3l6 •6.U32B 'UY1UU 0.0009 •0.2324 U.1UU1
0 / -0.3002 •0.0333 U.BIU4 T3.UU7B •0.2302 6.1090

" "  'UU •0.4oB4 •U.U2UU 0.2104 U.UUUU •0.230 U.17U6
09 •0.3000 •O.U330 U.^UU 0.0090 •0.2422 0 . 1/02

7U •6.3203 •0.030 U.!/UUb U.UU/4 •U.26/4 TT1673
/ I -0.329 •0.U340 6.269 0.0002 -0.2392 0 .1/
u -0 .40 /0 •0.U3UB U.21U!/ U.0U54 •U74B7 1 ■"U.'lby6
/3 •6.Ub64 •U.U4UU 0.201 0 .0 /3 •0.2093 0 .1 /d /
/4 •0.4U21 •0.0439 U .i44 / 6 .6 /2 1 •0.2003 6 . 1/20
Ib -6 .30 / -0.0410 0.3031 U.U/1U •U.2500 U.1735

" ■l,,70 •0.01 /O •6,6693 0.192/ 0 .0 /30 -0.2002
/ / -2.2432 •0.0090 U.0392 0.b030 •1.4/OB 0.301b
/U •2.4330 •0.3B0/ 0 .3 /3 / U.U/UB “ '• i .T /2 0 T).'45TJ
/u •1 .00/3 •6.1301 0,3406 U .16// •0./311 0.4049
UU •1.3204 •0.0402 0 0 /2 6 0 . 111/ -0.3003 0,2b99
u t •0.040/ -0 .01 /4 U.3320 -0U02'1 •0.203/ 0.22B9
63 •0.0319 •O.OOBB 0,2013 0.000 •07/105 1171570
03 •2.0200 " -U.BUO!/ 0.0199 0.200/ -I.B6U2 0.329/
U4 •2.4043 •0.3920 U.6UU1 0.2 /09 •1.2291 0.4442
00 • l.UUUU •0.121B U.0410 " u :i0 6 • 0 .0 // 6.4333

' 1 '"UB “  -T.24UU •0.0466 0.3900 0.1314 •U.44J4 U.U44b
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00 •0.0010 •u .o iuu 0,3440 6.0041 " -u 0,2324

■ ■" "uy •U.jooU - u .u u i 0,3301 U.UUBB ' “ •U7107 U.lobo
90 •2.0004 •0.4626 0.4011 U.2/25 •1 .2 /13 0.3003
61 • 1 ./2 /0 •0.3BB U.4U1U i5.2byy •1.140/ 0.413b
y^ "  -1.UUUU •U.UUb 0,4493 U .l/U l •0.B4U9 H 37W
93 •0.0302 "■'•■0.0717 U.Uobb 0,094 •0.293/ 0.2/03
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B/H=4_______ N=3 0 degree
k  oi lap Min Mean max STDV------ • peaK ♦ peak

U.db/1 T7U413 1.0220 U.24J0 u.duy/ 1,/ /29
i •8.08/2 •u.oo u / 0.192/ 0.3020 •l.blU o U.4/91
B ' "tucius •U.Obd/ O.DlUtl u .d /y / •1.70BU U.4BB4
B -J.2 /01 •u .o i yd .........0.295 U.d4bd •l.Obbd U.4100
4 •d.Uooo •0.OUJ8 U .J//1 U.J4BB •1.0J12 u.42do
a -d .lb lO -U.OUO U.44d/ u .db iy •I.OOdb U.44/9
b •B.BBBB •U.bObl U.dl U.ddb 1 • i.b o y j U.4191
/ "•'2W1 •0.0920 U.BBBB 03300 •1.0121 U.4200
B -1,0004 -U.3U54 U.dll U.2U/4 •0.U2/0 U.dlbb
y •B.U/BB •U.dbb U.J241 o.BoUi •1.1008 U.J902

........ 11) •2TT2B •0M136 U.4IB3 U.2B4B • i .20oy U.44I/
n -2.b ItfO -U.4UJ1 U.4B/2 U.BU1/ •1.B4UB 0.4419
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4b •U.4U04 U.U224 U.J218 111 o:obbb ' -U.1B3U 0.2288
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ou •U.BB2U U.20U2 1 .0 //0 0 .2 /0 • u .b / / / i.D /b i
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02 -O.IUBU U.dbid I.UBDB U.2000 •U.22U 1.0110
Od •U.2bdb U.db/4 l . /7 o / U!BUU •U.2000 U.UBIB
b4 •U./UbB U.2144 B.UBU/ U.2091 •U.bbd 1.021/
Ob •0.4088 •0.U28J U.2bbd U.UBBB •U.2J40 " TT1/B
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Dl •2.T5H 1 •U.J4/0 ' 0701 1)2003 •1.128J 0 .4JJ4

”  “’02 •l.d 4 b / •U.l24d U.4200 U.171B •U.Od92 u.dyOo
Ud -i.u /b o •U.0U89 U.4B/0 ..... li.'UU/ -U.2U4B — TT.3B/

.........IB •U.bdld 'TJ.0D57 O.JOIO U .U /// •U.22d4 0.2428
Bb -0.J148 U.UIBB O.J2bb U.UBU/ •U.1B/U 0.1/^42

B/H=4_______N=8 0 degree
n 01 tap Min Mean max sT U v— • pean * peaK

u.32Ud D.U/b/ 2 .0 /2 0.2449 U.2489 1./184
1 -4.1124 •U.8840 U.2IB 0.894b • l.BBBB 0.4994

-J.0082 •U.O/d U.BUUB U.3UU4 •1.B443 "'IT4UBB
d •8.049 •U.UBo D.4B/0 U.dbbb •1./141 0.420b
4 •2 ./0db -U.OdbO 0.8084 0.80/ •I./UOO 0.4808
B •d.24Bb •0.0480 0 .84 /b U.B/11 • l . /b lb IT7UTB
0 •8.148/ ■ " T O iy y U V i/4 0.801/ • l./IB 0.4002
/ -2.B4B1 -U.02U4 0.8810 0.8012 •1.0/4 U.4dBd

............ "B "  -2.2B21 •U.dd to U.42/8 0.2224 •U.9U04 U.ddOH
U •2.48 •U.4U/1 D.4ibd 0 .2 /0 / •1.28/1 0.422b

1U -2.2/UB •0,42/1 0 .480/ T ro y s '/ •1.8142 0.4099
. . . . . . . . . . f l •2.0188 •0.4289 0 .40 /b 0.2949 •1.8UOO i n u u /

12 -2.UDU1 •U.4lui U.43U/ 0.20/B •1.2/20 0.4024
Id •2.129 •U.8U09 U.23U/ — 07JUB0 •U.UBI/O 0.820b
T4 •2.U101 -U.IB/U 0.4249 0.1000 •U.BB4B U7JUB8
ib •T.'SB27 U.oB/o 0.202b •U.bdbb U.3/U4
10 -1.UBB3 •U.2048 0.498b •D.UB20 0.4242
17 •i.Bbbd -U.UB4U 0.400/ U.IB1U -U.4B0B U.B1U/
IB •l.UUBI “ "TTU'/'IU ' '  '"UMBUB 0.1209 •0.4840 0.290b
1U -1.2UU2 -U.UB34 0,0004 U.180 •U.40/0 U.BBBB
2U •1.2BBB •D.uboo U.4/82 0.140b -U.BBBU u.dblb

-1.U909 -0.002 0.0110 U.l 1KB •U.BBU U.200
" “ '" 2 2 -0.899/ •0.0012 0.4998 0.1108 -U.4 U.B U //

2d *0.8248 •U.004/ U.4B20 ■ " U .U U 0 •U.4144 0.800
24 •u.bubi •U.OOUd U.BUBB 0.1188 -0.8902 U.BBUB
2b -1.4892 •0.1 U.4!^bB U.143B •D.bB/d 0.88/8
2b • 0 .8 /Id •U.Ud2 U.4148 U.l 133 •0.8000 D.BD4B
2 / •1.0088 •U.U143 U.BUoi u .iu3 •0.8204 U.291b

..........2B -U.4bUb 0.0018 0.8002 U.UBBB •0.208 0.2002
2U •0.0822 ""•TTUOZi U.4l)9i! U.Ub// •U.2000 0.200b
3u •0.0198 •U.UUW U.42UB U.UBBB •U.BBUI U.200/
d l •0 .8 /Id •U.U82 U.4I4B U.11KB •U.dBbo 0.BUI5
d2 -I.UUUB •U.OObb U.d/98 U.UUBB -0.8089 0.2000
dd -0.9000 U.UUlio U.3U/1 U.uy4i •U .2/9/ 0.204/
d4 •U.dd/2 U.U1UU U.420/ u .u /9 4 -U.B1B4 U.BBBB
db •0.0198 D!01! U.37B1 o.u/UB •0.21b 0 .20 /9
db •U.d9d2 U.U 190 0.4208 U.U/B/ •U.BIB4 U.Bbb/
d / •i.W bd "  -B.OUUB U.398 u .iouo •0.8118 0.2922
db •1.2214 u.ou 22 U,d/9b •U.Bb44 u.Booy
dU •i.oyUo U.UUU1 U.dbbb U.UB/1 -0.2028 “0 1 7U 5
4U •0.8004 i n n w U30B3 U.U/dU •D. 1948 0.2492
41 -U.20/4 U.U3UB 0.8091 0 .0 /20 •U.1BBB U.B4/3
42 •0.8/U2 U.U3/3 0.8402 U.U/89 -0.1940 U.B4U
48 •U.B343 — 0:0002 “ U730BB U.uyDB •U.2/08 U.2/U/
44 -U.0919 U.U14 0 .84/2 U.U/4/ •0.21 D.Bd/y
4b ' -U.4U/B U.UU/1 U.BUBU U.U71U -0.2000 — 0.7B27
4b •D.I/034 U.0091 U.2 U00 O.Obb •0.194b 0.218
4 / •0.421/ U.U1/B H3!3257 — 0:UB43 •U .I/4 / U.2108
4b •U.4BUU -U.U023 U.2U27 u .u / •0.2122 “ "U .2U /7
4U •U.B/B3 -U.UUUB 0.829 U.U/B -0,2849 02888
00 •1.11/ O.3UB0 '  2.3U8'! o.dBo •U.0121 1.4U8/
B1 •o .o ibo U.4JJ1 2.1800 U.B105 •D.bBbb 1.8921
02 -u .o /bb U.4J/0 2.808 0 1 2 5 4 •U.OOUd 1.42b/
bd •0 .42/0 U.4800 2.0128 0.8208 -0.0422 T T I 5 5
04 •U.BBBU U.BBBi '" "T .U /B 0.8843 •0.019/ l.dbbb
bb •0.894b U.dOdl 2.8120 0.8201 •0.0122 1.BBB4
bb •0.8822 u.4b40 1.UB4/ U.2blB •U.8/99 l.dUbb
0 / •U.J/B1/ U.4Bob y .4 Jo / D.2bBB •0.8928 1.8208
BB •U.53BUU 0.4B/U — IT3T03 '" ■ 0 1 3 4 2 •U.BU4/ I.BlOb
BU •U./484 D.84UO i :b / / b 0.811/ -0.0944 1.2/00
00 -U./BB1 0.2B4B 1.9002 ""U .2B 08 •D.bU 1.1880
Bl -u .y i / i U.4U42 1 . / / 8 / 0.2200 •0.2010 — iT iu y s
02 ""•U.T40'1 U.41114 ....V0U1B 0.<t!2i/ •0.2089 1.0/04
bd •0.2108 U.dbb/ 1./44 U.BBUU •U.B/BU I.0B1B

- - - - -  64 •u.buk) U.I2I2U I.B02 0.2098 •O.bbOO 1.UBU4
Ob •U.bbll •U.U244 0 ,2 2 // O.U/OO •U.15UU U.202
00 *0.4/81 •u.Uj u :z io i O.U/84 -u .20 ’ ■"■0150T
B/ •0.U2/J U.U/B 1 •U.BJBB U.1U2

.,gy
•D.bOd •U.U2UU U.2988 0.U/40 •0.2448 U.BUBB

09 •0.022b •U.UI4/ UTTBB '""U .U /'SB •U.20/0 0.208b
/u -U.B3/U -U.UJ24 0 .28/4 U.U/40 •0.2001 0 7 0 1 3
/ I •0 .4 /02 ■1)3)330 ""U 3 U /1 O.U/81 •0.2081 0,1004
/2 •u .bo /b •U.Oddd 0.2002 U.U/40 •0.200b 0.1902

7 3 •o.bydo •U.U41U U.2/20 U.U/BB -U.B/BB 0.1940
/4 •0.0000 " ^ 0:040/ U33V1 U.U/73 •U^/Bb U. 1911
/b •U.bdbd •U.U4 0 .2 /2 0 U.U/BB •0.2009 D.lbbU

. . . . . . . . . "/B •U.49BI -0.1)824! U.2042 U.U/B2 •0.2009 U.2U24
/ / •2.0200 •U.bdUb U./3BU ■""u :bu37 •1.4009 U.8904
/b -2.4098 -u.dbdb 0.0920 0 .2 /4 4 T 7 7 3 U U.7BUB
/U • l . / y / / •D. 11)43 u.4bdd 0.2120 -U.//BB 0.0U80
BU • i .d d / i •U.U41U T3.4KU0 U.1K12 •U.4000 0.821/
Bl •u.yo/2 •U.UUU O.d/89 ‘U1U04 •U.BBB 1 U.2092

............B2 -0.0201 •U.OUd/ U.80/1 U.U/40 •u.2 2 /0 ""UIBBU'I
B3 •2.Ill 088 •U.BU4B U.Ub 04 ' U.2U33 -1.8040 0.8/04
B4 -2 .0 /2 ' “ "0:3040 "U U 333 U.2bb •1.24 U.470B
bb •1./842 •U.l 148 U.4941 U.BUBB •U./B4 0.4908

.........." 8 8 -1.3BBB -D.0442 0,0204 U.140 •0.4028 U.ByBb
8/ -D.U341 •D.u IB i "UMUB/ U .IU B -0.840b U.J2U0
BB •U./200 •u .oojy U.4081 U.UUBB •U.BBUB U.2/20
'BU -U.BUUB U.UUUB U.B4UB 0.0 /80 •01T 00 U.B2O0
UU ’2 :^ 5 4 •U.42/1 ' l.UUB 0.2 /99 •1.200/ 0.4120
91 •2 .1 1 /0 •U.8480 U.B4BB U.BBBB " '• l . U U l 0.4021' ■ 'U2 '•I.4BBB -U.l Idd 0,0280 U.IBUB •0.0001 '“ "U'.TBBB
y j •U./09 ""TTOWW U I3 //8 "" U.IUIB •u.aoo 0.800/
D4 •0.440/ U.U1BU u.dbdd U.UBB/ •U.BBUB 0.20/1---- U5 -u.B4d/ 0.U2UO 0.3BB U.U720 -0.19/8 U.BBBB
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B/H=6 N=1 0 degree
» ot tap Mm Mean max S T D V " ' • peak ♦ peak

0.4504 .....TC 358 l.BB/1 0.2595 ""0 * 1 9 1.5546
•5.5552 •0 .8 /5 'U.UBIB 0.4251 •2.15U5 U.4UU3
♦5.6/4e •U .bo/1 0.1124 0.4 •2 .05/2 O.dbj
•4.5929 •U./02B 0.1 /58 U7JB33 • t .b /y u 0.2944
•5.1525 •0 . / 0 /5 0.1255 0.5581 •1 ./52 0 .2 /69
•5.4455 •U./3BJ 0 .1 //5 0.549/ • l . / / / b 0.5209

0 •5.9554 •U./Jbo 0 .2 ltu U.34U3 •1 ./055 U.39U4
/ •0.2400 •0./U4 0.15U8 0.5059 •1.891/ 0.5056
B •2.444 •0.5581 0.4125 0.2815 -1.413 U.3/b8
y •2.555/ •0.55/5 li.JJb 0.528 •1.5515 0.5185

10 •0.5404 •0.5/51 0.4152 0.5252 •1.5558 0.5055
TT -5.1195 •0,5595 0.4284 0.551/ •I.Bs4U 0.5555
13 •2.b00b •0.545 O.bulb 0.5155 -1,591 0.501
15 "TZ.IB51 ♦U.bUbb u .u u y 0.2492 •1.24B2 0.24/1
14 •2.4592 •u .a /yy 0.411/ 023 3 9 •TW B4 U.2BB/
is •2.1121 •U.4 / 5O 0.4505 0.208/ • 1.2 /5 5 0.5269

.............. ib •2.95U4 •0.5148 U.bbB4 u.ubub •I.BB43 0.554b
i / -1 ./908 •0.1851 0 .5 /B2 "  'U.TBU9 •D.S/TB 0.5055
ib •1 .50/5 •0.192b O.olbb 0.1052 •0,082 U.3U/I
TB •1.4202 •0.2555 0.0085 u. ibuu •U.oUs U.BBUI
20 •1 .B 1// •U.IBB 0.5403 0.1059 •0.5008 0 .554 /

" " " 2 1 ' -V.OSTl ♦U.iBUU 0.5005 U.1B4U •0.5555 0.20^5
U3 •1,4105 •0.155/ 0 .5 b // U.lb’BB •0.5415 U.UIUI
25 ” 1.20/4 '"•UT055 0,4005 0.1005 -0.5854 0 .5 I25

24 -1.0258 •0.1585 0.422/ 0.1504 •inMuv U.3B3/
25 •1.5555 "•072021 0.5258 0.1002 •U./UU/ 0.2985
25 •1.U59I •U.U/B U.3B4U ' U.IUUB •U.44o4 U.UUUb
2 / •1.2259 •0.0bs2 U.J3BB 0.1104 -U.3B/3 U.3/48
3B •0.5954 •0.044/ U.4BB1 U.UUBB .07J!T4U 0.34b 1
20 " " • l .lb b b •O.oboU 0.5154 u.uuyy -0.556/ 0.245
JU ■0.5291 •U.Ob/1 0 .42/5 ' U.OUbU •U.d43b U.UUBs
J1 •i.boO i ' "■'.0:070 " " " O B S U.l 23b -0.4454 u.uuub
02 •0 ,554 / •0.0451 0.5105 0.0999 •d .j42b U.3bBB
55 "0.041b ""•0.U20T 0.454.1 0.0950 •0.5158 0.2585
54 •0 ./005 •0.0155 0.4151 U.U//U •0.24/b ' 'U'.UIBl
55 •0.5555 •0.0224 0.588 0 ,0 /9 -0.2594 U.3148
55 -0.40b -0,0248 u.aauy u.u /yb •U.UBBU 0.2156
5 / •U./551 ' "•O'.OBOl 0.5495 u.uy/4 •0.5524 U.3333
Ob •0.0001 -0.0542 0,5492 U.Ubbl •U.UBIM 0.221

5b •0 ./559 •0.02/4 U.312U 07JW •0.2 /95 0.2246
' “ 40 •O.bOOb “ '^UUTZB' u.yuuy U.UBB/ •U.U1B/ 0.1U3b

41 •0.424/ -0.0129 0,5854 u.uUo2 •0 .3 1 // '"U.ITITB
42 •0.4955 •0.0145 O.jbUI 0 .0 /04 •0.225/ 0.1965

" "" 4 0 •0.5555 •0.0455 0.5125 U.UB4B -0.2981 0.3 IU8
44 •0.5559 -u.ubiu 0.25 1 U.UBbb •U.2UW 0.1646
45 •0.0000 •0.0504 ' ' U.UU87 UTTO2B •0 .2 2 / " H T T O 3
4b •O.04b •0.0592 0.214/ 0.059 •0.2162 0.15 /8
4 / •0.2942 -U.UBBb U.UUbB 0.0584 •U.UU/B 0.1508
4b •0.4201 •O.ObUl U.34BU o.UBBb •0.348 b.1318
4b •0.552 •U.0s24 U.2BU1 u . u / u •0.2555 0.1608
5U •0.52/ 0.41B1 1.9145 0.5125 •0.5195 1.5555
51 •0.5255 0 ,4 5 /8 2.U/25 U.UB/B •0.425 1.5006
52 •0.5415 0.414b 3.3U/5 U.2b5s '•5.430T ■“ '1:2047

50 •0.4955 0.4095 2.554/ U.UBIB •0.4555 1.2545
54 •O.b2U0 0.5555 l./d /O U.3U4B -0,5504 1.26/5
55 •0.5559 0.4012 2.454b o.Uool •0.4B/U '"1.2899
55 •O.10 0.020/ U.UUBU U.U/BB •0.5091 1.5505
5 / •0 .25 /2 0.4951 U.U1/3 0.2851 -0.5055 1.2915
55 •0.2855 0.4 /48 K O 0.2b5t) •0 .51 /2 ' 'l.UGBB
5b •O./btU U .33I/ 1./2U4 0.2854 •U.SUBS l . l / IB
5U •0.b0b2 0.501/ 1 ./5 4 / U.UBBU •0 .4 /2 / 1.0/62
51 •U.U/B U.454B I.UBUU 03394 •0.2555 ' V.TE7

" 8 2 -0.2255 0.4488 U.UU4B 0.2258 •U.UUBb 1.IUB1
55 •0.1951 0.412b ■i . / uub " ' m m •0 .24 /3 I.U72U

..........." I B •0.0200 0.1955 1.4859 U.24Uy •0.5255 u.u iuy
55 •0.528 •U.UBBb U.IBBU 0.055 •0 .25 /5 0.1205
bb •0.0/44 • 0 .0 //5 0.1458 U.UBUI •0 .25 /5 0.1026
5 / •0.459/ -U.Obbb 0.190/ 0.004 •0 .2 /b s " U.IUBB

■..... “ "b b •U.7IJ7 •0.0/55 0.2455 0.0055 •0 .2 /05 0.1251
BU -0.5 /05 •0.0595 0.1595 0.0552 •u.3buy U'.IUUU

............ /u "Tr.OKB •unbuu 0.1405 U.UB •U.UBU1 — 0 0 558
/ i •0.4958 -u.uuyb U.1BUI 0.0045 *U.UBUb 0.1054
/2 •0.5951 •0.08/ / 0 .22 /b " "  UUBbB •U.3BB3 ■“ "U'.Ttroy
/5 •0.5591 -u.obby U.14BB U.UBBb •0.2854 0.115/
/4 •0.551/ •u.ubby 0.1505 U.UBBU -U.U/’B/ U.IUUB
/5 ^ 0 .8 0 2 8 ""•0.11948 u .i  /by U.UB/4 •0.29/1 0 .10 /4

/ b •0.4025 •u.uBuy 0.225/ 0.0595 •U.UU4B 0.121
/ / •2 .5/15 '  -O.bUb 0.5518 “  u.ubub •1.4BB/ "U.3/U /

. . . . . . . . . . / a •2.5555 •O.bbbb — u :rog U.UB/1 •1.554/ 0 .5 5 / /
/9 •2.5559 -U.2bBB U.4UB 0.2459 •0.9955 U.4/BB
80 •1.5041 -0.1125 0.5255 0.145/ •U.b49b 0.5244

. . . . . . . . tfl •1.020 •O.OBiO ' '0 :4588 " '“ OOTUB •0.5501 0.25/5
B2 •0.558/ 0.5221 0.0 /58 •U .3 //b 0.1655
B0 •2.4021 •U.bBB4 0.054/ 0 .2 /15 -1.5814 0.2485
U4 •2.2598 •O.blOl 0.5239 " "  U.UBbl • 1.5B54 0.5452
tb •T.BHU1 •U.3B43 “ 0.7300 U.3j 4 •0.9562 0.44 /  /
bb •1 .2 /9 •0.1525 0.5852 U .l/2b •U.UbUb 0.5858
5 / • 1.0452 •u.Oe 0.5 /02 U.12B2 •0.4844 0.5045

" " B B "•U.bbU2 " ' •U.'Ubl'S u.uyyB '0iUU •O .jb /b U.344l
” ■ " a s •0.4951 •O.UbBB 0 .2 9 // U.U/ IB •0 .2 /4 5 0.1568

90 •2.554/ •0.4815 U.BUBB 0.2544 •1.2445 U.3B3
' "  01 "Tj.oyB2 •U.4sBb 0.524b O U T •1.3479 TJ.TJU7

02 •1.4455 •0.254 U.biB/ 0.210/ •U.BBB 0.5/81
95 •0.855/ •U.UBbb 0.4548 u .n y / U.3UU/

—  -{ 8 •0.5825 •0.055 0.5504 U.UB94 TJ7J0TC 0.2555
0s -0.444 •u.oa/u U.UbbU 0.0599 •U.U4/B U.I/1U

B/H=6 N=2 0 degree
u  ot tap Min Mean max STDV— • peak ♦ peak

■"U7T73 l.UBU/ 1.8 6 /1 0.246 0.516/ 1 1.BU4B
1 •5.6164 -0.684 0 .0 / / 2 0/4303 •2.IB3U U.4lbU

' 2 *4 .l5 lb ' '  '•U:B5'2T — cru ro / 0,426 -2.15 0.4259
3 -B.4B33 •0./966 0.0889 0.5 /4b •I.UUUb U.B2/2
4 •5. /  502 •0./54 0. Ij4 5 0.555/ • 1./952 0.52/1
5 " -B .^ /B " T j:/T 7 7 u.ibuy 0.5595 •1./951 O .jbo/
6 -J.BUjb -0 ./59 0.242 U.BssB 1 -TUtHU o.BUoB
/ •5.5255 •o ./y i4 ""U.O/UB 0.5869 -l.UblU 0.5692

" - a •31507/ •U.sb/B 0.2664 0.2816 •1.4022 0.2B/5
y -5.0552 •U.bbbb 0.16/1 0.52/1 •I.BB8U U.33sU

10 •5.1524 •U.U/BB U.4 735 0.5566 •1,669 0.5519
' ' i i •5 .3^5/ •U.UbbU 0 .2 /4 0.55/5 •1 ,0 / /9 0.546

13 •2.5104 -0.5554 0.5454 0.526/ •1.6356 U.324B
15 •2.1255 •U.4B/U 0.145B U.3bUB •1.2595 U.UBBB
14 •3.U3BB •0.58/ 0.5051 U.23 *1.02/ 0.295
Ib • 1 .9945 -U.4B/ 0.4 /45 0.365b •1.2BB4 U33U4
16 •3.4UBB •0.51/1 0.4b98 TT2B03 •1.5851 0.5509

, „ - „ T/
•3.BB3s ■ "•10053 0.4255 0.1659 -0.6856 0.5149

IB - 1 .4 / / 4 -U.IUBB 0.5b95 0.162U ^U.BB23 0 .2 0 b l
iy •1.BB45 •0.255/ U.bb4B U.IBb! -U./UUU 0.5195
3U • 1.U//4 •0.1689 0.412 0.1 /15 •0.8814 0.B 4//
21 • 1 ./4 9 4 •0.1512 U.5125 U.13/0 •0.544 U.UBl/

■ --------7 2 •l.UbB/ -U.IB4B 0,56/5 0.1564 •0.654 0 .BU45

25 -1 .11 /9 •0.1/94 0.bU55 ""  U.'fBbU •0 .0 / /1 0.5164
34 •1 .3 /25 " '7 n 7 D 3 0.4854 U.1b3B •0.0266 U.UB/U
3b •1.5565 -0.2005 0.5b82 o .l/3 b " ".0.7'TT/ 0 .51 /2
26 •1 .4 4 // '  T1.U9B 0.512 U.13B4 •0 .4 /12 U.UUUU
2 / -1.5016 •0.0645 0.5551 o .l 1/1 •0.4 Ibb 0.26/
3B •0.bU96 ""'Jj XW? t 0.4454 0.0995 -0.5451 0.2509
3U -0 ./528 •0.0522 0.432/ U.1UTB •0.5562 U.UbIB
50 •U.6441 7J:Ub'TB U.4BB3 U.UUUB •0.5494 0.2458
Bl •1 .4 4 // •0.085 0.512 U.T303 •0 .4 /12 U.UUUU
52 •1.3548 •U.UbbB — 07J3B5 U.IUBB •0.5 /55 0.205
55 •1.251/ -0.0515 0.4551 0.1UI3 •0.555 0.2 /24
U4 •O.bUoo " "-TTOOU 0.5925 0.0816 -0.251 U.UBBU
55 •U./BBb •U.UBUU 0.5599 U.UB33 •0 .20 /y U.33bt
56 •O.blOl •0.02bb U.B4U 0.0825 ♦U.2/2/ U.UU1U
5 / • 1.U23U •0.0585 0 .5 5 5 9 0.1045 •o .j BUj U.Ubb/
BB •1.1898 •0.0285 0.5859 0.UU3/ •0.5005 0.249/

" ' "  'ay "•TT5TB •U.U34 0.5548 U.UUUB •0.2955 0.3455
4U -0.5562 •0.0255 0.5541 U.U/BS •U.244 u . iu / i
41 •0 .4 /44 -U .uiib U .If l 'D3J7T5 •0 .22/5 0.2045
43 •U.43UB •0 .0 0 /6 0.5585 0 .0 /2 1 •0.2239 " U.UUB/
45 •1.1459 -0.0456 U.3U/ 1 U.UUUB •U.BUB U.3U/U
44 •1 .24 /2 •0.0554 U.3BU1 '110/00 •0.2459 u .r /y
45 "•D.'-nBU •0.0556 0.2451 0.06/5 •0 .25 /5 0.1665

...
46 •U.BUUI •U.U4Ub 0.2199 0.0651 •0.22U8
4 / -0 .5 /62 -0.0561 0.2215 U.UBU3 •0.21/ 0.144/
4B •0.5865 "•U.UBTC — O'.TTflS 0.06/1 •0.2626 0.1596
49 •o.Bob/ •0.0659 0.2241 0 .0 /6 •U.2UIU U.1B4I
bU •U.BBbB 0.4101 2.0218 0.5181 •0.5442 1.3B44
b l -0 .2 /25 0.4401 "3.1 BUB U.3Ub3 •0.445/ 1.5259
52 •U.3/B/ 0.4355 3.343/ 0.2855 •0.4512 I.UBIB
bb •U.BJIB 0.4054 2.0254 U.3BBB -0.446 1.2568
54 •U.bl3b 0,5495 2.1151 U.5 1 1 / •O.bBb 1.2845
55 •0 .550/ U.582/ 2.0U8/ 0.5019 •0.5229 1.2685
56 ^U24U/ 0.5204 2.5215 0.2806 -0,5215 1.5625
5 / •0.1645 0.49 3.3UbB ' U.UBBB -0.31B3 T.2UBB
58 •0.2855 U.4B/B i.U /15 0.7058 •0.509 I.UB4B
b9 •0.5855 0 .5 5 9 3.1B4B 0.294/ •0.5452 1.3252
BU -0.5405 0.28 1.85/9 li.3655 •U.BT04 T.07B4
Bl •0.3142 U.4bbb T .B ??/ 0.2582 •0.258 1.1 /1

62 •0.1629 0.44/6 a.uayy U.332/ ' -U.23UB ' I .TIbB
65 •0.5068 0 .5U // 1./145 n iz n •0.2055 1.0006

" ------- 84 •0.5565 U.BUbb 1.9494 U.UbbU •0 .5 U01 1 u .y /1 1

Bb -0 .445/ •0.0808 0.1598 U .W 3 " '“ 0:2821) 0 .1 2 1 2

bo •U.4UI3 '  “ TTU559 0.1541 U.UU4U •U.UBUb U.IUBB
bl •0.4046 -0.0911 0.1 /18 " 'U'.UBBB •U.3U/b 0.1152
bti •TJTSB3 ■■ ' " ^ u s s U.IUBB 0.0/14 •U.UUUU U.1UUU
By -U.4U// •0.0845 0.149/ 0.06/U •0.38B3 0.1195
/u "  '- w u y •U.0UJ3 UTJ7B 0.065/ •U.UUUU 0.1U56

' "T T •0.4122 •u .ua/3 U.IbUU 0.06b •0 .2 U4 1 0.119/
t i •0.46/ •U.1 0 4 I U.1B99 " " 0 .0 7 T 2 •0 .51 /0 0.1095

T J •U.43/B •0.0945 0.1592 U.U/11 -0 ,50/6 U.UBB
/4 -0.4188 •U.uyyii 0.156/ 0 .05B0 •0.5l!b3 “ "0.T088
/5 ' .u :T4lb '•U.UU2b T .1U 13 0.0 /25 •0.5095 0.1245
/6 •0.4856 •U.UUBB U.3U/B 0,0 /59 •0 ,51/9 0.1355
/ / •5.6855 •0 .59/8 0.4415 0.29l3 •I.4 /1B 0 7 / f f f
/8 •2.3545 •U.s UBj V.BTB3 '0.2870 •1.5606 0.5599
/9 •3.IUUB •0.2624 0.6545 U.24BB •i.uuay 0.4841
BU •I.4UU7 •0.1185 0.5566 0.1485 •0 .'S /S U.3UIU
Bl •1.1U43 •0.0658 0.5502 li.lUI4 •U.B/ 0.2585

............. H3 •U. / 9 1 6 •U.UbtS — 073008 U.U//1 •U.BB/U U.I/4U
B3 • 3 .1 //4 •0.5609 0.40 /6 0.2 /56 •1.5825 U.UUU4
B4 -3.411 -U.bUbB 0.5626 0,2884 •1.3/.09 U.3BU/
b -2.0099 •0.25/U o .4 b s / U.23B3 •0.9068 U .4bll

-----------BB •I.TO3B •U.I34B U.4/BB U .l /b l •U.B4U/ 0,401
B/ •1.2491 •U.UUU4 0.5859 0.150/ -U.4B3B 0.5019
88 •0.8295 •0 .08/6 0.52/1 o . i o i l •0 .5 /69 " "U .T J f /

..............bu 1 •o'.Trcya ' " -U.UBB 0.3445 0 0 7 4 5 •0.2665 0.1004
UU •3.B BbU •0 .4 /5 0.5962 0.2604 •1,2562 0.5062
Ul

----------
•2.0451 •0.4522 0.508 0.2559 •].2b5 i r y w
•1 .3b l5 ' -U!3BUS U.bBlU 0I2U03 •U.BBb/ 0.5059

95 -0.9802 •U.UB43 0.5615 U.UBB •0.4201 U.3916
U4 •0 ./529 •0.0545 o.BBos "  'U.UBUU ”  .0.B02T 0.2551
95 •U.BUUB •0.UB3T U.BUBU U.U/2/ -U.bbbl U.IB4U
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B/H=6 N=3 0 degree
b ot tap Min U ean max STDV 1 • peak ♦ peak

0.4287 "TOtSB ' "1.U0UT U7J392 9.3322 1. / 0 /3

1
—

•3./210 •9.093b 9.3021 U.4BU1 •2.2108 9.4230
-B.Uo/o •6.6094 9.309/ U.41/0 •'/.U B 9.UU33

•3.411 -0.8022 9.20 /0 9.3/41 •1.9204 9.3191
4' •4.0bb3 •9./431 0.2/U1 9.3000 -1.8080 9.3 /30
U -b. 1303 •9./2Z4 9 . 11o4 0.3/1 / •1.0420 U.35/B
0 •3.4931 •0./444 U.UUBB 9,3000 • 1.0422 9.3034
/ •3.903/ "  -U./UB4 9.1004 0.384/ •l.Ub28 9.300/
b -3 8427 -U.ob 18 ' “ U.BUBB 9.2942 -1.4440 'O.TZUB
9 •2 ,09 /0 •9 .0 /9 4 9.313/ 9.3301 -1.0040 9.3430

---------'HI •4 .4 /0 / •9.0003 9.2002 9.349/ • i / 0 / 3 9.B30/
11 -2.0011 •U.bobU 0.8178 U.U4U1 •1./930 U .B ///
12 •3 ,1 /0 / •9.004/ 9.2093 9.331/ •1.B4UB 9.3494

----------- ra •2.2034 •9.494 0.182 9.2009 •1.2/U / 0.2828
14 •2.b4b0 •9.3094 9.4Ub4 — (T2BU9 •1.909 U.BBU!/
lb •2.1491 •9.4094 0.4080 9.2 /42 -1.2010 9.303
1b •3 .4o62 •9 .01 /9 9 .4 3 / / 9 .29 /9 • 1.4 I 1 / 0 .3 /b 9
1/ -I ./0 0 2 •0.1828 U.o4 UB TJ77 •9.0920 U.BB/I
IB •1 .3 /13 •9.1000 9.4014 U.IBBU -U.B/BB 9.3901

----------771 •1.6633 •03318 0./433 6.1910 "-0.UU82 9.B4B0
29 -1 ./ /3 0 -9.100 9.390 U.IBUB -9./9Z 9 .3 /4 9

--------  iff •1.090b -0 .12 /0 9.0/31 9.1393 •9,0400 U.BUU!
------ — 22 -1.2909 -9.1090 ' 0:8551 0.1811 ■“ 7TBJ3U 9.3220

34 •1.1888 •9 .1 /00 9./391 9.1093 •9.0040 9.3314
24 -1.2284 -TT187/ ' “ U.bBBB U.lbbB •U.oBUl IT.2UU/
2b - l.b /0 2 •0.1082 U.bU4B 9.1/41 -0./2U8 9.3242

"TB -1.2028 •U .bon 9 .3 4 31 6.1316 •6 .4 /bo U.B 146
2 / •1.2900 -0 .080/ 9 .3 0 /3 0.1228 -0.428 9.3900
BB -0.8108 -0 .08 /2 9.4bU/ U.19UB •U.3J01 8.283/
'2\j •9.0109 •9.9400 9.4212 0.1032 -9.3004 9.2031
39 -9 ./410 •6.o4o/ 0.434/ U.ioUo •8.5482 O.BbbO
31 -1.2028 -U.UBU 9.3431 9.1319 -9 ,4 /0 0 9.3140
32 ' -UUBBZ •DTMtfl 0.3204 "  '0.109 •U.3/81 0 .3 /0 9
33 •9.9042 •9.9202 9.4001 9.190b -9.3400 9.2933
34 •O.bbO/ 9.43Ub U.oboB •6.2062 0.6490
3b •9.0403 •9.913 9.43 9.9040 •9,2000 6.B4UB
3b -9.9043 •0.UIB2 O.Jobb U.9030 •U.28U1 9 .63 2 /
3 / -1.21b -0.0488 9.322 9.1900 -0.3887 U .2 /1
30 “ •0 .83/U •0.1)239 9.342/ 9.9929 •0.302b 9.204/
39 -9 ./914 •U.UIBB U.B/BB ■— (Tuure •6.BU3U 9.6649
4b •9.0212 •U.UUB 9.3941 9 ,9 /4 / •9.230b 9.2120
41 •9.4913 7J.UUU2 0.2B44 9.9/B •0.3241 9.6130
42 •9.0423 -0.0020 9.3101 U.U/B/ •9.2239 U.BIBB
43 '•U .B /14 •9.9304 U.B/UB U.UUUU -9,3991 9.2302
44 •9.0902 3J.UBB/ 0.6622 U.9/24 •9.2439 9.1904
4b •9.09/ -0.0285 9.2200 9.9093 •U.2J88 9.1 /62
4b •9 .3 /9 / •9.9310 9.241/ 0.0841 -9,224 9.1099
41 •0.41)35 — -0^)20/ 9.21 /9 9.9090 •9.2122 U.16B/
40 •9.4234 • 9 .9 b /1 — 0a.2T02 U!UBU'7 •U.2U 2 9.1399
4b •9.0100 •9.9b03 0.851 9.9 /40 -0.2827 U15BT
bli •9./331 9.4234 1.08/1 9.3200 •9.000 1.4UBU
b l •9.4114 U.4o33 2.8bb 9.3910 •9.4b3 1.30/0
b2 -9 .399/ 9.4410 2.1B4 TOUUB •TJ.46BU 1.3494
bJ •9 .3 / 14 9.420b 3.M4U 0.2U/2 ♦9.4001 m u
b4 "'•O.UBUB 6.306o 1.0/21 U.31/0 -9.0001 I.B1UB
bb •9 ./303 9.41 2.1404 U.Blol •6.o444 1.B043
bb •0,2184 9.0303 2.2090 U.2S19 •9.3393 “  "HTTU.... .5?,

-0 .7/21 U.b9B4 2.310 9,20 •9.3330 1.3404
bb -9.2990 9.092 2.208/ — 0 2 /tfl •6.B2t)3 1.3304
b9 •9 ./000 9.3404 1.9/09 U.UUb •9.0390 1.2393
09 •0.B84U B.BolU i.6u63 9.2061 •6 .0B00 1.141/
01 ■9.2004 9.4 /30 1.8805 — TTZ5T ' “ 7J.37B/ 1.23bO
6*3 ■6.io6U 9.4023 2.9 /03 9.232 •9.2330 1.1004
03 -9.1090 0.4187 — 3:11552 0.2287 -73.2874 1.194/

..............© "-0 ./184 " "  U.UUB 1.010b 9.202 -9 .04 /9 9.9039
Ob -9.002/ ■9.9/04 '  07677 ""O.U'/OB ""•U.BB/B 9.1309
bb •9.390b " ' -0.0821 U.1BU4 9.900/ •9.2023 U.UB
0 / -9.4321 •TT09T8 0.T802 U.obbo •0 .26 /2 9.113/

' '  bb •9.4933 ' -U.UB34 9.194/ 9.9 /13 ■U.UU/1 6.1B64
09 •9.0990 •U.0B11 u . i4 i  1 U.U/1 •6,2642 9.1319

' /U •9.4010 •0.084/ 9.1043 9.90 /0 •0.2878 ■"u:ttbi

----------- n •0.4408 9 .1 / /0 9.9093 •9.29/0 U.UB6
a -9.4490 -9.9901 U.IB4U U.U/1/ •U.BUB 6.119

' 7 J •6.0214 "■:u:ubb4 U.UBB 9.9 /40 -9.3121 9.1303
/4 •9.400/ •9.994b U.IBUB " "  u u /u a •6.36/1 9.1101
/O

-
-0 .488/ -U.UU4B U.IBBB 9.9 /23 0.1B22
•U.51U8 •9.0610 9.191b 9.9 /44 -9.310 U.1B14

i t •3 .22 /9 •0.BU1 9.30 /0 7T3U/B • 1.4U40 9.2920
la -2.8088 -9.0123 9.4343 U.UBUU •1.412 IT38/3
711 •2 .2183 •0.2852 9 .3 /2 / 9.2001 •1.6BU/ 9.0991
BU -1.4028 •9.1194 U.33U "  U.UB? "•U.UUB4 9.3300
Bl •1.431 •9.903b 9.3292 9.1921 •0.5888 9.3429
{J2 -1.1888 " '  -U.Ubbl 9.2492 U.U7BB •9.2910 U.IBIB
03 3T.5B5U •O.b'828 O.OlbU 9.2024 -1.40U7 9.2040
B4 •2.0243 •9.0122 0.4758 ■(r.nua •1.4663 9.3 /09
Ob •1 .00/2 -0.2502 9.490b 0.24 /8 •1.992 U.7BB/
Bo ' " -1.8202 •9.129 ' U.BBBB U.l /UB •9.0000 U.4166
0/ -1 .07 /8 •U.UBU / 9.461b U.I32B •6.409/ 9.3132
BB •9 .//3 1 -0.0881 TTJ05B 0.1043 •T O M 9.2400

........ BD •9.031/ ' -U.UbUo 0.228b 9.9 /03 •9.2000 9.1004
UU •2.9309 -0.481 9.4UBb 6.264 •1.2/29 9.311
91 -2.9492 -9.4034 O.bBBU — 07275T ^T.BOTB 0.B049

.... 7JB •1.003 •9.2011 9.3 /32 9.2104 •U.UIUB 9.300
UU •1.9300 •0.0842 O'.f 177) "71.124 •0.4382 9.39 /0
94 -0.8048 •9.933 9.3092 U.UU!// •CT3T1 6.340
9b ' “ U/4B12 •U.UUUU 6.36ao 9 .9 /3 4 •9.2011 9.1092

B/H=6 N=8 0 degree
» 01 tap Min Mean max STD V "' " • peak ♦ peak

9.4 “ '“ TO B 3 1 .8 / / / 6.230/ U.TsT44 l./o4B
1 •4.1100 •9 ,0/01 9.1912 9.449b •B.BB4B 9 .4 / 2 /

...............B •0.99/3 •9.0400 9.9200 9.4413 •2 . I 090 U.'4/B4
3 •4.0092 -9 ./990 U.U n j.y y u u •i.UBBl U.BoB
4 •3.3213 •0 ./33 9.1003 9.3032 -1./UBB 9.3200
0 •U.922U •U./ iBo 9.134 9.3494 •1.7B1B 6.3346
0 •2.9000 -9./2Z 'ITTBUB 9.3023 •1 ./030 9.3299
/ •4.2100 -0 ./8 4 / U.IUBU 9,300 -1.U4BB 9.3 /34

------------fl •3 .0/42 •6.6421 ' U.IBBB U.BBUU -1.8540 6.699/
9 •2 ./03b •9.0000 0 .3 /43 0.554b •1.B6UU 9.3409

1U •3.0911 •9.0/12 9.1903 9.3309 -l.BB/B 9.3404
.............11
-

•3.0920 •9.000 9.3000 9.33/3 • 1.6/ 6.30JU
•3.1034 •U.b4bB UIZUB3 6 .UB1U •1.0420 9.3400

13 -2.409 -9.4000 9.2932 U.BUbb ' -1.2000 9.2043
'14 • l .b o lo •9.3093 9.3340 9.2224 -l.UB/B 9.3909
10 -2 .1 /00 •9.409 U.’5'l// 9.BB9 •1.BBB1 9.3401
10 •2 .0 /40 -9.0100 9.3999 U.BUU4 -1 .41/9 5.584/
1/ • ib o /b •6 .1 /4 / 9.4010 9.10b •9 .6 /2 / 6.3232
10 •1 .3 /10 -U.UUB 6 .4 /B4 5.1822 •9.0000 9.3909

1 1U •1.0403 •9.2200 9.0400 U.1U •U./U66 9.3444
---------- 7U •1.0990 •U.16U1 9.4012 6 . 1/ 0B •u.BBUB 6.3066

Bl •1.B 1// •U.1BU 9.0030 9.1300 •9.0310 U.BBBl
-----------22 •l.u64B •U.1B44 9.0092 9.1090 •O.bBoO 9.320

23 •1,004 •9 . 1/ 0 / 9.0440 U .l/lU •9.0924 9.339
24 " -TUIBU •9 . 10/0 9 .0 /9 0 U.IUBU -U.6U4B 9.3lUB
20 •B.BBUB •9 . 10/4 0 7 3 /B 73.1852 •9.090 9.3291
20 •1.4200 •U.U/UU 9.412/ U.1B1 -9.4030 6.322
2 / -1.200 — TOPT7S 9.4094 7I.1T7T •9.3991 9,3930

' 2B ' '-U.B1W •9.9312 9.4204 U.UUBU •9.32bo 1 U.B64B
29 -9.0049 •9.9414 U.64BU ■■“ UTIWB •9.300/ U.B/BB
96 •9.0010 •9.9422 9.4900 0.1011 •9.346b O.2 0 I2
91 -1.4200 •CT&7D9 TJ.T1B7 D . m •9.4030 9.322
32 •1 .22/0 •9.9300 9.3222 9.19 /0 -9.3094 U.BBU'/
99 •1.UB1U •9.9290 U.3366 U.iU4b •9.3344 5.5581
34 •9.4/33 •U.UUUU 9.3090 U.UBl/ •9.240 9.2443
30 •9.0934 •U.0U6B U.3BB5 TI.UB35 •9.2002 9.2440
30 •9.4003 •9.9193 0.4(66/ U.UBBB -U.BUUB 9.2363
B/ •C!Bf6B •9.9413 0.41)1/ 6 . 16B2 •11.561 U.BBBB
30 •9 .02 /0 •9.9239 9.2 /31 9.9914 •U.BUBB 9.2094
36 •O.bBBb •9.9100 9.3043 U.UUU/ 1 -U.2BB/ 9.2600
49 •9.4/12 9.9910 'U7B2yr — U'.U/BB •9.2109 U.B 168
41 -9.0902 U.UUUU 9.3232 U.U/B7 -9.21/1 U.BIBU
42 ' -U!B6BB "  U.'UUUU 9.3011 9.9 /44 •U.2BBB U.BB41
49 •9.090 •9.9201 U.BloU — U.UBUB •9.29/0 9.2412
44 -U.BUBB -U.UIUI U.BUB1 9 .9 /1 2 •9.2320 9.1944
40 •9.4339 •o.o33i 9 .2 3 /9 9.9bb9 -U.B2BU 6.1 / /6
40 •9.4449 '" tj.ubbu U.210 U.ObBb ■'•U.7TU0 9.100
4 / •9.90 •9.9233 U.B16B 9.9093 •U.BU4 9.10 /0
4B •6.4B1B •9.9040 U.BUU 9,9002 •9.2031 9.144

.............46 •9.024 •9.9094 9.2000 9 ,9 /42 •6 .B/3 0.1/B I
6U •9.0010 "“ 'TIMT/U B.6/B U.B2B3 •U.66U 1.3909
01 -9.090 9.4492 2.410/ 9.2933 •0.4390 l.BBU
02 -U.BU46 9.42 /0 2.2230 9.200 •0 .42 /3 1.2020

03 •U.4b9J 9.4201 1.8808 ' U.BBBU •9.4464 I.B660

04 •9.00/1 9.3011 ..... '171768 O.o124 •9 ,0 /0 1.BUBB
66 •9.0200 9.4942 2.1102 9.3120 •9.0330 1.3421
00 •U.BBU/ 9.0233 2.4034 9,2 /90 •0.U134 1.3016
0 / •9.2000 U.4UU3 B'.IWUB ■■ “U.B/DB •9.3114 1.3999
00 •9.2010 U.4B/U 2.1090 9 ,2 /1 / •9.32/1 1.3920
09 1 -U.BBUU 9.6290 1.929 U.BUB1 -9 .640/ 1.3J57
09 •9.0911 9.3940 TB7B5 — U.B75T •9.0230 1.1332
01 •9 .1 /40 9.4001 1.BUBB 9,2400 -9 .2 /93 1.2920

— .......BB •0.334 0.485B 1 ./996 TJ.BBUB •O.BBbb 1.14/
03 •U.BUU 9.4290 B.UB19 9,2200 •9.2002 1.1904

"B4 •6 ./902 6.2611 1 ./210 9 .2 4 / / •6.0421 U.6444
00 -U.4U1 •U.U/UB 9,2103 9.90 /3 •U.B/B/ 9.131
00 •9 .492B •U:UBU6 9.1023 9.9042 •9.B/3 6 . l l2
B/ •8.4804 -0.UB7V 9.1001 9.9093 •9.2931 U .U '/'/
BB •9.0104 •U.U//1 U.l/UB 9 .9 / •U.BB71 U.IBBU
BU •U.41UU •U.U/BU — 0 7 7 1 7 U.OO// •9 .2 /00 9.1392
/o •9,4121 •9 .9 /9 3 U.1/4B U.0B4U •9.2 /4 U.UUU

-------- -H •U.4146 " T J W I 6 .I3 o9 6.9660 •9.2904 “  7371172
12 •9.0443 -U.UUUB U.IBIB U.U/U/ •9.3923 5.121 /
/3 •9.06/6 •6.9633 0.1 /05 U.U/U •o.BUo/ 9 .I3
/4 •U.BUUB •U.UUUU UT7UT 6.6BB •9.2924 9.1104
/O -U.4BBU •U.UUBB 9.1000 U.U71U •9.312 U.UUU

----------7U ' -014108 ' -U.UBBB 1 u: iu / b 9 .9 /32 •9.6664 6.1B3Z
/ / •2.0/04 •9.0924 U7702 ^ 3 2 5 7 5 •1.4B4B 9.3
/o -2.3191 -9.094/ u.4 3 /4 9.2943 • 1.B0 /0 9.3 /03
/9 "  -7.BUU4 •6.2093 " U.B/B4 U.B6BB •1.0TB/ 674581
BU •1.2009 “ • im u u U.3o93 U.l-res •9.0009 5.5548
Bl •9.9002 •9.9010 U.BBOB U.IUU/ •9.3030 9.2490
02 ■9./ 390 •9,9009 9.2122 U.U//1 •U.BBBB 9.1 /44

7)3 •B.U6/3 •6.0tk>9 9.3043 9,2010 -i.4U 6i 6.2030
04 •B.BBB6 •9.011/ IH7U7 "HJ.BU2B •1.3099 U.J6B6
Ob -1.810 •9.2044 9.4304 9.2300 •U.U/UB 9.4014
BB •1.4BU2 •U.IBBB 9.4220 U.17BB -9.0093 9,491/
71/ '•1.4BB4 ' '  -O.'U'/Bl 9.4303 6 . 16 I3 •71.4/ 6 .3 l /0
BB •9.093/ •U.UBUB 9.3130 U.IUB/ •U.BBBU -------IF.27B
09 -1.4003 •9.9004 9.220/ U.0/61 •9,2030 9,1000

........... 'UU •B.W90 ' •‘U.4/U1 9 .0 / /2 6.2004 ""•1.T/B4 U.oBUB
61 •2.0003 •9.40 9.02/1 9.2001 •1.2042 9.3443
UB •1 .4 /9 / •9.2042 0.688/ 9.2132 •9 .063 / 9 ,i003
93 "'"'-73:5888 1 -07387 ” U.BU/7 6.1 BBo •U3346 078058
64 •9.0920 •U.UBUB U.4030 U.UUUB •5.5806 9.2413
90 •U.Booe •9.9333 9.20/4 9 .9 /13 •9 .B4 /B 6.1090
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Appendix D 

Concentration

This appendix presents the values o f mean relative concentration for 45 concentration 
taps on the surface o f testing building.
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C0=1000000
B/H=0.5 B/H=1

Tap# N=1 N=2 N=3 N=8 N=1 N=2 N=3 N=8
1 0.00024 0.000176 0.000053 0 2.09E-05 0.000052 6.36E-05 7.47E-05
2 0.001366 0.001235 0.001187 0.001003 0.00139 0.001373 0.001326 0.002026
3 0.001655 0.001493 0.001425 0.00128 0.001759 0.001703 0.001619 0.002495
5 0.002738 0.002405 0.002106 0.001732 0.002893 0.002738 0.002483 0.003766
6 0.004432 0.003962 0.003375 0.002804 0.004268 0.0038071 0.003487 0.005143
7 0.001255 0.001491 0.001379 0.00152 0.001642 0.001684 0.00197 0.003335
8 0.00142 0.001623 0.001547 0.001675 0.001945 0.002113 0.002659 0.004701
9 0.001572 0.001684 0.00164 0.001753 0.002189 0.002327 0.002953 0.005432

10 0.001029 0.000802 0.000761 0.000862 0.001631 0.001394 0.001365 0.002223
11 0.001227 0.000859 0.000877 0.000966 0.00201 0.001745 0.001704 0.002756
12 0.001403 0.001059 0.001042 0.00115 0.002236 0.002015 0.001895 0.003278
13 0.000591 0.000546 0.000544 0.00053 0.000307 0.000341 0.000349 0.000539
14 0.000851 0.00073 0.000747 0.000701 0.000308 0.000338 0.000333 0.000538
15 0.001355 0.001063 0.00114 0.001046 0.000312 0.000332 0.00034 0.000575
16 0.002555 0.001944 0.001906 0.001705 0.000285 0.00019 0.000288 0.000477
17 0.000558 0.00057 0.000555 0.00058 0.000292 0.00033 0.00035 0.000578
18 0.000913 0.000915 0.000927 0.000932 0.000334 0.000374 0.000397 0.000688
19 0 0 0 0 0.000288 0.000306 0.000321 0.000535
20 0.000468 0.000578 0.000551 0.000581 0.000408 0.000427 0.000545 0.001041
21 0.000607 0.000766 0.00076 0.000769 0.00041 0.000448 0.000577 0.001103
22 0.000892 0.001141 0.001135 0.001149 0.00032 0.000357 0.000434 0.00076
23 0.000297 0.000287 0.000275 0.00026 0.000229 0.000257 0.000267 0.000421
24 0.000158 0.000161 0.000162 0.000167 0.000166 0.000185 0.000187 0.000306
25 0.000109 0.000113 0.000111 0.000119 0.000137 0.000146 0.000151 0.00024
26 0.000083 0.000082 0.000086 0.000087 0.00012 0.000123 0.000128 0.00021
27 0.000068 0.000065 0.000068 0.000069 0.000107 0.000105 0.000109 0.000179
28 0.000057 0.000054 0.000056 0.000055 0.000098 0.000094 9.66E-05 0.00016
29 0.000298 0.000337 0.000325 0.000385 0.000262 0.000289 0.00031 0.00052
30 0.000163 0.000195 0.00019 0.000204 0.000189 0.000213 0.00023 0.000383
31 0.000159 0.000134 0.000162 0.000175 0.000151 0.000167 0.000179 0.000301
32 0.000306 0.000365 0.000346 0.000369 0.000353 0.000379 0.000469 0.000844
33 0.00017 0.000209 0.000196 0.000201 0.000236 0.000258 0.000303 0.000558
34 0.00012 0.000148 0.000138 0.000145 0.00018 0.000196 0.00023 0.000411
35 0.000092 0.000113 0.000107 0.000115 0.000143 0.000155 0.000184 0.000322
36 0.000074 0.000092 0.00009 0.000092 0.000121 0.000131 0.000147 0.00027
37 0.000064 0.00008 0.000078 0.000086 0.000104 0.000111 0.000132 0.000236
38 0.000254 0.000204 0.000174 0.000175 0.000381 0.000325 0.000325 0.000579
39 0.000143 0.000115 0.000101 0.000105 0.000255 0.000217 0.000221 0.000382
40 0.000223 0.000354 0.00034 0.000356 0.000287 0.000353 0.000479 0.000981
41 0.000164 0.000277 0.00026 0.000264 0.000212 0.000256 0.000348 0.000753
42 0.000142 0.000232 0.000218 0.000235 0.000166 0.000199 0.000272 0.000575
43 0.000289 0.000454 0.000458 0.000498 0.000267 0.000329 0.00043 0.000871
44 0.000217 0.000355 0.000357 0.00039 0.000203 0.000248 0.00032 0.000661
45 0.000186 0.000303 0.000305 0.000315 0.000171 0.000198 0.000258 0.000547
46 0.000214 0.000209 0.000255 0.000278 0.000253 0.000308 0.00039 0.000801
47 0.000169 0.000198 0.000236 0.000249 0.000205 0.000238 0.000314 0.000644
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B/H=2 B/H=4
Tap# N=1 N=2 N=3 N=8 N=1 N=2 N=3 N=8

1 0 0 0 0 0.000004 0.000018 0.000025 0
2 0.001445 0.001395 0.001246 0.001241 0.001087 0.001192 0.001323 0.001401
3 0.001613 0.001554 0.0014 0.001411 0.001139 0.001246 0.001367 0.00149
5 0.001931 0.001725 0.001555 0.001604 0.001183 0.001317 0.00142 0.001611
6 0.002129 0.002032 0.001821 0.001795 0.001284 0.00144 0.001551 0.001836
7 0.001097 0.00102 0.001022 0.000959 0.000986 0.00114 0.001255 0.00143
8 0.001177 0.001112 0.001139 0.001049 0.001045 0.001217 0.001357 0.001511
9 0.001209 0.001123 0.001234 0.001112 0.001096 0.001281 0.001436 0.001685

10 0.001069 0.001046 0.000991 0.000941 0.001032 0.00113 0.001248 0.001436
11 0.001117 0.001043 0.001055 0.00101 0.001105 0.001224 0.001345 0.001501
12 0.001198 0.00106 0.00101 0.000996 0.001087 0.001192 0.001313 0.001489
13 0.000153 0.000125 0.000123 0.00011 0.000099 0.000098 0.000109 0.000112
14 0.000126 0.000125 0.000121 0.00011 0.000102 0.0001 0.000111 0.000124
15 0.000121 0.000121 0.00011 0.000104 0.000103 0.000104 0.000115 0.00013
16 0.000119 0.000115 0.000106 0.000103 0.000107 0.000109 0.000121 0.000141
17 0.000133 0.000129 0.000123 0.000112 0.000096 0.000097 0.000108 0.000116
18 0.00013 0.000126 0.000118 0.000108 0.000102 0.000102 0.000113 0.000125
19 0.000124 0 0 0 0 0 0 0
20 0.000149 0.000158 0 0.000134 0.00009 0.000092 0.000103 0.000113
21 0.000146 0.000145 0.000138 0.000127 0.000095 0.000099 0.000107 0.000121
22 0.000128 0.000129 0.000116 0.000102 0.000104 0.000107 0.000119 0.00013
23 0.000129 0.000131 0.000117 0.000115 0.000098 0.000098 0.00011 0.000125
24 0.00011 0.000108 9.85E-05 0.000096 0.000086 0.000087 0.000097 0.000113
25 9.75E-05 0.000097 8.65E-05 8.25E-05 0.000078 0.000076 0.000085 0.000097
26 8.75E-05 8.35E-05 0.000076 0.000073 0.000068 0.000067 0.000076 0.000087
27 7.75E-05 0.000075 6.65E-05 6.45E-05 0.000061 0.000059 0.000068 0.000079
28 0.00007 0.000067 0.00006 0.000058 0.000056 0.000054 0.000061 0.000068
29 0.000147 0.000151 0.000136 0.000127 0.000094 0.000097 0.000109 0.000112
30 0.000119 0.000118 0.00011 0.000101 0.000083 0.000085 0.000095 0.000102
31 0.000102 0.000101 9.25E-05 8.45E-05 0.000074 0.000076 0.000087 0.000096
32 0.000153 0.000157 0.000149 0.000137 0.000087 0.000092 0.000101 0.00012
33 0.00012 0.000126 0.000117 0.000106 0.000075 0.000079 0.000088 0.000099
34 0.000102 0.0001 0.000067 8.85E-05 0.000067 0.00007 0.000078 0.000089
35 0.000089 0.000089 0.000083 7.55E-05 0.00006 0.000063 0.000071 0.000089
36 0.000078 7.65E-05 7.35E-05 0.000066 0.000055 0.000057 0.000065 0.000071
37 7.05E-05 7.05E-05 6.55E-05 0.00006 0.00005 0.000056 0.000059 0.000065
38 0.000115 0.000123 0.000113 0.000123 0.000087 0.000085 0.000099 0.000109
39 0.000093 0.000089 0.000087 9.55E-05 0.000075 0.000072 0.000084 0.000098
40 0.000128 0.000139 0.000132 0.000124 0.000084 0.000091 0.000098 0.00011
41 0.000105 0.000112 0.000108 0.000102 0.000073 0.000079 0.000086 0.000098
42 0.000089 0.000096 0.000091 8.35E-05 0.000066 0.000071 0.000077 0.000086
43 0.00013 0.00014 0.000135 0.000125 0.000093 0.000099 0.000107 0.000119
44 0.000108 0.000115 0.000114 0.000103 0.000081 0.000087 0.000094 0.000108
45 9.15E-05 9.75E-05 0.000097 8.65E-05 0.000073 0.000078 0.000085 0.000096
46 0.000077 0.000077 7.35E-05 6.75E-05 0.000102 0.000106 0.000115 0.000129
47 7.25E-05 0.00009 9.15E-05 0.000087 0.000091 0.000096 0.000104 0.000116
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