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ABSTRACT

A set of measurements of the one-dimensional u veloc'ity spectrum

were made, at y+ = 150 in a boundary'layer grolv'ing inside a pipe, wìth

l4 d'ifferent hot-wire probes. The Reynolds number was 36,500 based on non-

turbulent velocity and boundary 'layer thickness. The probes fit into

two groups 5 pm and 2.5 um diameters, with an asortment of lengths from

0.33 mm to 2.Bl rnrn in length.

The spectra varied in magn.itude, at the highest wave numbers, by

a factor of 3. þJhen the spectra were normalized by the dissipation

measured with that particular wire the variation was reduced.

The measurements tended to confirm the validity of wyngaard,s

(1968) correction. The correction of dissipation proposed by

Skramstad (1937) and developed by Frenk'iel (1949) was tested and found

to work very wel1.

The optimum wire geometry 'indicated from these measurements was

5 prn diameter and l.l mm length.



ìi

AC KNOI^lLEDGEMENTS

The author would like to thank: Dr" R.S. Azad for his guidance,

encouragement, and extreme'ly heìpfuì assistance, Dr. J" Tinkler for

reading this thesis, Mrs. P. Giardino for typing the manuscript" and

Mr. K. Tart for his assistance.

The Nat'i onal Sciences

Counci I 'is greatly appreci ated

for the author and experimental

assi stance of the Un'iversity of

fu1 ìy appreciated.

and Eng'ineering Research

for provid'ing financial assistance

budget. Addi ti ona'l 1y the f i nanc j a j

Manitoba Graduate Fellowship is grate-



'tll

TABLE OF CONTINTS

ABSTRACT

Page

i

ACKNOI^ILEDGEMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

NOMENCLATURE

ii
iii
iv

vii

viii

I

II
III
IV

\/

INTRODUCTION

THEORTTI CAL BACKGROUND

EXPERIMENTAL EQUIPMENT

EXPERIMENTAL PROCEDURE

RESULTS. AND DISCUSSION

Calibration
Boundary Layer Distrìbutions
The Spectra

Dissjpation and the Moments

CONCLUS IONS

RECOMMENDATIONS

VI i I REFERENCES

I

7

ll
14

l6

l6

VI

VII

l6
20

23

26

oô
¿-ó

29

32

65

127

IX

X

XÏ

TAB LES

FIGURES

APPENDiX A . Derivation of S(ðu/ðt) Relation (6)



]V

Fi gure

I

2

3

4

5

6

7

B

9

t0

il
12

l3

14

l5

l6

Bandpas s

Ban dpass

Electron

LIST OF FiGURES

Amplitude Attenuation Versus Frequency

Power Attenuation Versus Frequency

Microscope Photographs of the Hot_Wire

.65

.66

Page

67

76

77

78

79

80

8l

82

83

84

Probes. --J'-ri¡v Yr

Static Pressure Versus Cone pressure

Total Pressure Versus Cone pressure

Centerline Velocity Versus Cone pressure

Velocity Distribution at U_ = 12 rtt/s, pitot Tube

Velocity Distribution at U* = g m/s, pitot Tube

Velocity Distribution at U* = 4 n/s, pitot Tube

Normalized Velocity (U/U_) versus y/ô, pitot Tube

Disp'lacement Thickness (l_U/U_) plot, pitot Tube

Momentum Thickness U(l-UlU*)/U_ plot, pitot Tube

Non-dimensional Mean Velocity Gradients NearThe l¡lal I "

U* Versus y+ Linear plot

Plot of Víscous Subìayer-Buffer Layer

.{.gl Yqlocity Versus the Distance From
trrlail (0 to 2 mm)

Uncorrected U* Distribution

U+ Distribution Corrected to Fit' Regi on

Laws

The

B5

86

87

88

89
17

l8 in Logarithmic
90



Fi gure

l9

20

21

22

23

24

25

26

27

28

29

30

3l

).)JL

JJ

J+

35

36

37

JÕ

39

U+ Di stri bution

u'/uo versus Yo

u'/U versus Yo

u'/U versus Y/6

S(u) versus Y*

S(u) versus Y/ô

F(u) versus Y*

F(u) versus Y/6

S( ðu/ðt) versus

F( ðu/ät) versus

Re^ versus Y/6

^g 
versus Y/6

n versus Y/ô

oã/u* versus Y/ô

ó1 spectra for 5 ¡-rm Probes

ô1 spectra f or 2.5 ¡rnt Probes

Non-dimensional 01 Spectra for 5

Non-dimensional ó1 Spectra for?.5

Dimens'ional Second Moment Spectra

Corrected to Fi t i n Li near Regi on

Y/6

Y/ô

pßì Probes

¡rlr1 Probes

for 5 ptù

Page

9t

92

93

94

95

96

97

9B

99

100

l0l

102

103

104

105

106

107

108

109

ll0

lll

Probes , Semi 'log 
Pl ot

Dimensiona'l Second Moment Spectra for 2.5 um
Probes, Semilog Plot

Dimensional Second Moment
Probes, Fulìy Logarithmic

Spectra for 5 pm

Pl ot



V1

Fi gure

4A

41

42

43

44

45

46

47

48

49

50

5t

52

53

54

Probes, Semilog Plot

Dimensional Fourth Moment Spectra for 2"5 um
Probes, Semilog Plot

Dimensional Fourth Moment Spectra for 5 um
Probes, Fully Logarithmic Plot

Dimensional Fourth Moment Spectra for 2.5 um

Dimensional Second Moment
Probes, Fu1ly Logarithmic

Dìmensional tourth Moment

Probes , Ful'ly Logari thmi c

ol versus nKl 5 um probes

ol versus nKl 2.5 pm Probes

Attenuation A versus !r., , \/9-

Attenuation A versus .Q/<l " \/9-

Attenuation A versus .Qrc., , \/L
Dissipation versus n/.0

Page

Spectra for 2.5 uir
Plot 112

Spectra for 5 ptit

Pl ot

il3

114

lt5

I l6

117

118

119

120

121

122

123

124

125

126

= 0.16

= 0.10

= 0.05

Skewness of u versus n/.[

Flatness of u versus n/1,

Skewness of àu/ ðt versus

Flatness of ôu/ät versus

nlL

nlL



v'r l

Tabl e

I

2

3

4

5

6

7

LiST OF TABLES

Hot-wire Geometry and Resistances

Boundary Layen Parameters

Viscous Sub'layer, Buffer Layer Laws

Measured Spectra 4.' . .

Page

32

33

34

35

49

63

64

Non-dinensi onal Spectra

Relative Attenuation Cal
Wyngaard's Correction

cul ated from

Djssipation and the Moments for Different
t,.lire Lengths



v't 1l

NOMENCLATURE

A Relative attenuation with respect to the shortest wire
Cf Friction coefficient Cf = Z(un/lJ*)2

d Diameter of the hot_wire

D, Thermal Diffusivity of the wíre

e Fluctuating output from the hot-wire anemometer

ENB Equivalent noise bandwidth

f Frequency

fo Center frequency of a bandpass filter
fl" fZ 3 db down points for a filter
F( ) rlatness factor of ( )

& vector para]ler to sensor with the same rength
!. The 'length of the hot-wire

R(s) Correlation coefficient at separatíon s

Ra Hot-wire resistance at ambient temperature
RoO Operating resistance of the hot-wire
R.Ogg Reynolds number based on ô99, U_, and v
ReOl Reynoìds number based on ô1, U_, and v
R.ô2 Reynolds number based on 620 U*, and v

R.À Reynoìds Number Based on À, u,, and v
S( ) Stewness factor of ( )

S Spatiaì Separation for correction
I +rt l]me

U Local mean veìocity
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U Mean velocjty

u+ Non-di mens i onal vel oci ty (U/u*)

U_ Free stream or centerlìne velocity

u Fl uctuati ng ve1 oci ty

u' RMS Fluctuating velocity

u* Friction velocity

ui, u{ Fluctuating velocity at í or irJ
X D'istance i n streamwi se di recti on

Y Distance from a wall or distance between two sensors

Y+ Non-dimensional wall distance (Yu*/v)

7 Distance parallel to the sensor

Z-., 7, Z position at i or j1' J

Greek Symbols

ol One-djmensional Koimogoroff spectrum constant

ô Boundary ìayer th'ickness

ô99 Boundary iayer thickness based on 0.99 U

ôl Displacement thickness

ô2 Momentum thickness

APc ContractÍon cone pressure drop

r ¡lean di ssi pati on

¡ Kolmogorov microscale

.kt* Antisymmetrical tensor

Kl Wave number X component



*Z tJave number Y component

*3 Wave number Z component

^g 
Taylor microscale

v Ki nemat j c vì scos'ity

p Dens'ity

o Standard deviation

ô1 0ne-dimensional spectrum

ô.ij One-dimensional spectral tensor

X Wave number vector

ûri Vorticity in i direction (same as *i)

Other Symbol s

( )avg Average

( )r.u, l{easured

( )meas Measured, when ( ) is a subscripted variable

( )' RMS of ( )

rT Time average of ( )



I INTRODUCTION

Turbulent flow is a highly irregular nonlinear phenomenon.

It 'is genera'lly characterized by extremeìy h'igh rates of exchange"

which, in the case of momentum, can result ìn dramatic increases in

drag due to the wall shear stress or converse'ly dramatic reductions

in drag due to separat'ion.

To date there is no s'ing1e theory or predictjon scheme that

can predict flow characteristics, such as mean velocity, shear stress,

or transport rates, for all flows. In an effort to formulate a theory,

equations for two-point velocity correlations are used (developed from

the Navier-Stokes equations). This is done 'in recognition of the

observation that the flow is not soleiy a function of local variables.

Mathematically one must recognize that the Fourier transform of the

velocity correìation (or Lag functíons) is what is called the pot,ver

spectrum. This new function is the density ('i.e. per unit wave number)

of the correlation at a wave number. if the spectrum were integrated

with respect to wave number it would g'ive the net energy.

This gives important information about how energy is distributed

among various frequencies or wave numbers. As well informat'ion on how

to correct measuring instruments for reduced sensitivity at hìgher

frequencies may be obtained.



If the study of turbulence is to advance it is important to

know how the spectra behave at hjgh wave numbers. For, it is at

these wave numbers that the energy the turbulence absorbs from the

mean flow is dissipated as heat. If one wishes to have an accurate

model of the flow one must know how energy is converted from pressure

energy (mean flow) to the kinetic energy of the fluctuations, and

ultimately to heat. It'is for this reason that the spectra must be

known accurately. A very we'|1 developed model for homogeneous

isotr"op'ic turbulence has been developed based on these ideas, see

Batchelor (.l967)" Hinze (1975) or Monin and Yaglom (1975).

The u spectrum can be measured by taking the output of a hot-

wire anemometer and passing the signal through a bandpass filter.
Then the mean square of the output of the filter divided by the

bandwidth is taken as the spectral density at the center frequency.

Generally filters with fixed bandwith to center frequency are used.

Unfortunateìy the spectraì density is not as easy to measure

as it sounds. Its accuracy ìs high dependent on four factors. The

frequency response of the measuring system, the bandwidth of the

filter, the amount of data used (measuring time x bandwidth), and the

spatiaì resolution of the probe.

For most modern hot-wire systems the high frequency cutoff is

much larger than'is required. Hence this is no longer a major



difficulty. And, as shown later, the measurement is not as sensitjve

to bandw'idth as one might think. The error in the spectra due to

insuffic'ient data can, with'in limits, be overcome by using more data.

The more difficult problem to solve experìmentally Ís how does

the finite sensor size affect the measurement. Practically this is
onìy important if the sensor is ìarger than the smallest turbulence

length scale.

Kolmogorov's theory of local isotropy, for flows with sufficient'ly

hìgh Reynolds numbers, gives the scales associated w'ith the finest

structure. He postulated that almost all the diss'ipat'ion (ð) occurred

at the highesi frequencies, and that viscosity (v) was the dominant

mechanism of dissipation. Dirnensional arguments result in the foììowing

relatjonship for the smallest (Kolmogorov) length scale (n):

t-

n = (f) o

;

This length is assumed to be the smallest length to be

significant in a turbulent flow. In most experìmental flows it is of

the order of 0..l0 mm. hle can recognize that in order to obtain a

reasonable indication of a quantitys local value the measuring derrice

should be much smalier than the smallest scale.

Thjs requires that the hot-wjre length (¿) be much smaller than

n But this is not possÍb'le. In order to maintain a fairly uniform



temperature distribution along the wire.e,/d (d-wire diameter) should

be greater than, SêV, 160. Using this criterion the wire would have

to be smaller than 0.5 w in diameter. It is qu.ite ìmpract.ical to

work with such a fine wire. Most commercialìy available hot-wire

probes have a 5 unndiameter.

The first work done on th'is effect uras done by skramstad

(Dryden, schubauer, Mock, and skramstad) .in 
ì %7+. This work is

based on the Taylor microscale (r) and was used to correct for the

magn'itude of the intensity. Frenkiel (.l949, lgs4) developed the

findÍngs of Skramstad to obtain (for L/tr small)

ut t¡ lllêilS.'t-7-l =

Hinze (1975) summarized this work

Tayior mi croscale

o2,-6;=

and included a

(l)

correction for the

À*uu,
t- g 

-' 3\*u, (2)

ìong wire in a non-Again for 9"/X small. Corrsin (1963) shows for a

uniform velocity fluctuation field that

¿t-,.
¡nl s was
and the

before Koìnrogorov developed h.is
relation for ¡.

theory of local isotropy



for the correction previously discussed to
for imperfect spatia'l resolution. For most

I and S. The term 
^'íú/ru, 

is in the order

Serag (1978) camied

assortment of hot-wires with

was no quantitative check on

, D*-therma'l di ffusi vi ty (3)

be adequate to account

hot-wires D*/v is between

of 50.

out spectral measurements with an extensive

di fferent 'lengths 
and di ameters . There

any of the existÌng correction techniques.

Later uberoi and Kovasznay (r9s3) deveroped a theory to predict
how a probe of finite rength maps the true spectrum of a random vecton
field into the measured vector fierd. wyngaard (1g6g) devel0ped this
theory assuming Pao's spectrum for isotropic turbulence. From this
he obtained several curves of the attenuation of the one-dimensional
spectra versus *l¿ (*l Ís the X direction wave number).

Roberts (1973) attempted to extend the work of uberoi and
Kovasznay, and !,ryngaard for the anisotropic case. unfortunatery he

assumed small varues of rrl (r<, wave number in the direction paraììe]
to the wire axis) in his anaìysis. This is not possibre as the maximum
values of rc, are proportionar to n-1, and that impìies that 9./nmust be
small' If this were true no correction wourd be required.

The objective of the foilowing work was to obtain data on the
spectra with several wires of different 'lengths and diameters for the



same flow condit'ions. This data was used to check on the va1ìdity

of the corrections of Skramstad*(1937), Frenk'iel (1949, .l954), 
and

l,{yngaard (.l968). As well, data on the boundary layer growing inside

a pipe was desired.

The reference to
Schubauer, Mock,

Skramstad may
and Skramstad

ì n the paper by Dryden,be found
(re37).



rr THEORETICAL BACKGR0UI!

This section will be brief and is'intended to indìcate where

informatjon on the theory is avaìlable.

Blackman and Tukey (1958) is the definitive reference on the

various aspects of the measurement of power spectra. But th'is is a

very diffìcult book to read. Bradshaw ('|971) presents a much more

readable and easy (although basic) to understand section on the

measurement. Interníedjate to these sources is Lum'ley and Panofsky

(re64).

various references such as: Landau and Lifshitz (1959),

Schlìcht.ing (1g7g), Monin and Yaglom (1971), and Goldstein (1965)

to name a few contain a great wealth of information on basic flu'id

mechanìcs, and boundary layer informat'ion.

A good reference for turbulence measurements is contaíned in

Hinze (1975) and Bradshaw (1971). The theory of turbulence is

covered in Batchelor (1967), Lumley and Panofsky (1964), Hinze

(1975), Bradshaw (.|97.|, 1978), Townsend (1976), Tennekes and Lumley

(1972), and Monjn and Yaglom (1971,1975). It would be best for the

interested reader to use these references for any questions concerning

theory.

Unfortunately a relatìon for the skewness of du/dt is not

general'ly available. It is given in Appendix A. The comections



for dissípatìon (Taylor microscale) and spectra are

Skramstad (.l937) developed a correction for
intensity el^^^ and two point correlation R(y)" meas , ,meas'

model of the response of the wíre. The response is

developed below.

the measured

based on a series

assumed to be

tt"u, = K (4)d7.
lr

o

IT Io0

functi

u.
1

where *rau, is instantaneous voltage,

instantaneous velocity at the point i
paralìel to the wire.

K is the sensitÍvity, u., is

and dZ'i is an element of 'length

Thus

e2 =K2meas

-v2_N

Introducing the correlation

IT
o

u. d7.JJ
r9"
I u. d7.j1't

o

,j ui dz j dzi (s)

(6)n(Zi - tj) =

u.u.'rJ
u'

The mean square of e can be determined



and by a transformation of coordinates S =

to

R(2. - 7.\ d7. d7.''t J' J 'l

R( Z.'1 dz, (7)
't

Zi - 7j, (7) can be reduced

e=¡ =
meas

Kt (u' )t

æ-= K2(u')' L2

¡l' ¡9"ttJJoo
but

Thus

;z---meas _ I f
I

ã¡LJ

n rn
Joo

7.) d7.J' J

ãñ.ur- z (e'
ä 

- ' J" (e'-z) R(7) dz

By sìmi'lar arguments Skramstad showed that

IL
R(y)*.ur=W

I U.-7) R(z) d(z)
J

o

(8)

(e)

These equations (8 and 9) were also found by Frenkiel ('1954) and

uberoi and Kovansnay (1953). Relations (8) and (g) can be reduced

to equations (l) and (2)" for (0/À) small see Hjnze (1975).
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Uberoì and Kovasnay (1953) developed a relation for the spectrum

that 'is measured from a sensor of finite length. Wyngaard (.l968)

extended thìs work to g'ive the followìng correct'ion

ræ(
o1 (*.' ) = 

J_* j__ oi j (x) drc, a<,

ôî'u' (",,¿) = J: í* *, r ;i#iyI) dr, drc,

sin2 (r.9"/2)
þi j -G77fu- dr<, dr<,

where 4., j s the one-dimensì onal spectra'l densi ty, X j s the wave number

vector, L is a vector paral'lel to the wire and of the same length and

0:j is the spectraì density tensor. By assuming ìsotropy and Pao's

(1965) spectrum l^lyngaard numerica'lìy calculated the response Oftut/0.,

which he gives as a figure in his paper.

_rl*- 
J__ )_-

(10 )

(tt¡
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III IXPERII'IENTAL EQUIPMENT

The wind tunnel used was prevìousìy described by Burhanudin

(1980), and Serag (1978). Basically it is composed of a wooden ìnlet

cone, four stages of axial fans, a Woods type s'ilencer, wooden dìffuser

and turning sections, a settlìng section, a wooden contraction cone

(ratio l6:l ), and a brass p'ipe discharg'ing into the laboratory.

The brass pìpe 'is 267 cm long and 27.1 cm in diameter. It was

honed smooth on the inside, and had a number 4 grit sand paper trip
(l diameter long) installed immediate'ly after the contraction cone.

All measurements were taken 15.25 cm upstream of the outlet.

The wind tunnel was calibrated for centerline velocity usjng the

contract'ion cone pressure drop, measured with an Airflow Developments

Ltd. inclined manometer (maximum pressure of 0.5 in HrO and,graduated

in 0.002 in HrO increments). For all other pressure measurements a

Combust mjcro-manometer was used. A Hero and a 3st7 l.ficromanometer were

also used, but the Combust was found to be most consistant.

The anemometer used was a DISA 55 M01 wìth a standard bridge.

For the boundary layer measurements a 55P01 DISA boundary layer type

probe was used (d = Spnr,.0= l.l mm). Us'ing a sine-wave test it lvas

found that the 3 db down poìnt was about 200 kïz at 14 m/s. This

compared qu'ite favorably to Fremuth and Finçrson's (1977) reìation

based on the square wave test response. The bridge was balanced
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maximal flat (see Fremuth, 1974) in order to min.imize problems with

non-linearìty.

Linearìzation was performed with a DISA 55D10 linearizer for the

initial measurenents of Ú and u'. it was found to behave poorìy when

the linearization range was more than r octave (urin< %umax). All
subsequent hot-wire measurements were performed us.ing a DISA 55MZs

type linearizer, which was accurate to within l% fron z,n/s to 14 m/s.

Processing was done us'ing a Tri-met turbulence processer TM377.

For some measurements, a DISA 52825 turbulence processor was used as

a check. No significant differences were noticeable.

A pajr of Khron-Hite 3550 adjustable filters were tested in band-

pass mode. The amplitude attenuation and power attenuation were plotted

aga'inst frequency. As Figures I and 2 show, the response closely followed

the 'ideal response. Th'is was done for two bandw.idths (ENB - 0.5 and

ENB - 0.6)' There was some concern as to which filter bandwidth was

optimum for the spectral measurements. So at y* - 150 the spectrumof

the fluctuating voltage was measured for both relative bandwidths.

No sìgn'ificant varÍation in the spectnrmwas apparent from these measure-

ments. Hence the filter that was easiest to use (ENB = 0.5, fl = fz=
fo) was used.

Except forr the spectrum, all
or longer (sonre instruments djd not

of the measurements used a 30-second

average at 30 seconds) integration
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time that gave a stabJe output. For the spectra a ]0O-second

integrat'ion time had to be used at 1ow frequency (order l-.l00 Hz).

Other equ'ipment used were: a Techtronics 466 storage scope

with a DM43 D'ig'ital volt Meter, a DISA 55D31 D.igital volt Meter,

a DISA 55D35 RMS Meter, and a DiSA True Integrator. Differentiation
of the signaì was performed using a spectra'l differentiator based on

the design of l^lyngaard and Lumley (1967).

Pressure measurements were made using United Sensor probes

a flattened boundary'layer ìmpact tube, and a boundary layer type

static tube.

For the spectrum measurements, fourteen wires of different
'length and diameter were used. The djmensions of the probes were

obtained by photographing the wires in an ISI Mini-Sem Electron

Microscope, with large sampìe holding stage. This technique also

gave valuable information about the condition of the wires. photos

of the wÍres are given at the back of the thesis, Figure 3. The

hot-wire geometry is given in Tabre r. These probes were specially

ordered from DISA based on the sspOl w.ith nominal diameters of ?.5

and Sum.
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IV EXPERIMENTAL PROCEDURE

Initia'l1y the wind tunner was calibnated using the static
and total pressure on the centerline of the brass pjpe, 18.24 cn

upstream of the outlet. Then the velocity distribution at thìs
section (for three free-stream or center'line velocities ú_; 4 n/s,
8 rirls, and 12 r,t/s) was measured, with a pitot tube. From this data

the friction velocity u* was calculated, using the cross_plot method

(see Burhandud'in '1980) and by carculating sìope at the wall.

Following this,hot-wÍre measurements of ú, u', uT, and ur
were made for the same velocitÍes. This was done in three sets of y

ranges; 0-2 mm by 0.1 mm increments,-l-20 mm by i mm increments, and

5-55 mm in 5 mm increments" The smallest distance from the wall that
could be obtained was 0..l5 mm" The mean veloc.ity was corrected for
the wall effect by measuring the voìtage across the bridge with no

flow, at a pojnt, and subtracting this voltage from the voltaqe

across the bridge with the flow.

Next the measurements of û, u' (au7at)', (ðuru'Ð-tr, and (auþT)T
were made. This tjme on'ly in the l-20 mm and 5-55 mm ranges, but for
al I three veloc'ities.

The reasonìng for repeatíng so many

have some means to check on the qualíty of
mean velocity djstrjbution for the hot-wire

of the measurements is to

the measurements. If the

matches the Pitot-tube
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results, then the linearization js alrìght. If the rms of the

velocities match then the u and du/dt data should match.

Finally the spectra h/ere measured at y* = 
.|50 (V _ 5 mm) and

u- = 12 m/s. A low pass filter, set at the Kolmogorov frequency
(l)/zm- 12 k{z), was used before the adjustable bandpass filter to
eliminate noise. The center frequency of the bandpass filter was

tuned to a di stri buti on of val ues 'logari 
thmi cal ìy d'istri buted from

2.1 Hz to 12 k{z, B measurements per decade.
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V RESULTS AND DISCUSSTON

Cal ibration

From 0.010 in Hr' to 0.350 in Hr' of contraction cone pressure
drop both the static and total pressure were rinear on cone pressure.
From this data u* was caJcurated and p.rotted agains t lTfi. 0nthis curve a straight ìine was drawn through the data points. Fromthis rine the ap. vaìues for linearizing the hot-wire and setting thetunnel were taken. This resulted in a Ap. = 0.027 in HrO @ U_ = 4 r,t/s,APr = 0'107 in Hr' @ u- = g n/s: ârd Âp. = o.z3g in Hr.G u- = rz tn/s.These data are shown in Figures 4, S and 6.

Ihe mean velocitV (ù) distributions for both the hot_wire andPitot-tube data are in agreement. Burhanudin (lgB0) has measurementsjn the same tunner, and his values of friction verocities are the same,for simirar carculation techniques as the resurts risted in ïabre z.

ïhe verocity distributions, from pitot tube measurementsr arepìotted in Fjgures 7, g and 9. ïhese measurements have a universalnature when the velocity is normarized wÍth the free stneam verocityand the distance is sca'ed by the boundary ìayer thickness (699). Thisis to be expected and is shown in Fígure .l0. plots of the displacementthickness weighting (l -u/u*) and momentum thjckness weighting
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U(l-U/U_)/U_ are g'iven ìn Figures l1 and l2 respectively. These p'lots

also have a unìversal shape. This indicates that 6nn, the dìsplacement

thickness, ô.,, and the momentum thickness ô, have values independent of

u-. This ìs most certainìy true to within experimental error. The

boundary layer thickness ôn, was found to be within 4.0 cm to 4.9 cm,

corresponding to an error of about l0%. This is not unreasonable.

The djsplacement thjckness ô., was calculated to be 7.38 mm, and the

momentum thickness ô, was 5.52 mm. For the same free-stream velocities

these parameters are essentiaììy identical to those of Purtetlo Klebanoff,

and Bucklv (.l981 ).

Us'ing the cross-plot method the friction veloc'ities u* are:

u* = 0.48 m/s @ U_ = 12.0 m/s,'ü* = 0.33 r:r/s @ U_ = 8.0 m/s, and

u* = 0.ì8 nr/s @ U_ = 4.0 n/s. This corresponds to Friction

Coefficients (Cf = 2 (uo/u-),) of 3.2 x l0-3, 3.4 x l0-3, and 4.3 x l0-3

respectìvely. The boundary layer parameters are summarized in Table 2.

Table 3 lists near wal

(1956), and Kader and Yagìom

of these Laws ' gnad'ients pl us

Von Karman. From this graph

difference in the applìcable

I laws due to two sources Van Driest

(1978). Figure ì3 is a comparative plot

the theoretical gradient due to

i t appears that there i s not much

ranges.

The above grad'ients were integrated and are shown in Figure i4

a'long with hot-w'ire measurements. The corrected measurements have

had the u* vaìues adjusted to fit the log-1aw. l¡lithin experimental
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error both "laws" are the same. Thus Kader and yaglom's equation is
the best to use due to'its simp'ler mathematical form. These veìocity
distributions are shown in Fjgure ì5 without experimental data.

. 
Figure 16is a plotof the velocity distribution in the first two

millimeters from the wall: ìt shows that the hot-wire and pitot-tube

results roughly correspond. This data was used to calculate duldy

at the wall and hence u*. This set of uo values (see Table Z) is general'ly

lower than that for the cross-plot method. Thjs is a]so shown by

Burhanud'in (1980). The cross-ìog u* is used throughout.

Figure l7 is a plot of U* versus Y* using the friction velocities
from both cross-p'lot and wall derivative methods in estimating uo.

From it the error is rough'ly bounded by + $.0, which is similar to
that shown by the plots of Klìne, Reyno'lds, Schraub, and Runstadler

(.1967). FìEures lB and l9 are plots of u* adjusted to fjt in the

logarithmic regìon and linear regìon respective]y. They indicate that
errors in calculatirìg u* can contribute significant errors in non-

dimensi onal i zed pl ots.

Figure 20 shows the distribution of u' (RMS fluctuating velocity)
scaled by frìction velocity. considering the error band this set of
data corresponds to that due to Laufer (19s4), Klebanoff (1955), ueda

and l-lÍnze (197s), Hussain and Reyno'lds (1975), K]ine, Reynolds,

schraub and Runstadler (r967)u and purtell, Klebanoff, and Buckìey
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(l9Bl). Figures 2ì and 22 show the dÍstribut'ion of u' scaled by the

local mean veloc'ity U. These distrjbut'ions compare favourably with

data due to Klebanoff (1954) (see H'inze 1975).

The skewness of u is gìven in Fìgures 23 and 24. This plot

agrees fairìy well with the results of Ueda and H'inze (1975), except

for Y* > l5 where Ueda and Hinze report a skewness of -0.4 and the

present study gives -0..l5. It should be noted that the triple correlation

is very small in th'is range and hence the erron is large.

F'igures 25 and 26 give distribution of the flattening factor

of u. Thìs is in tolerably good agreement with Ueda and Hinze (1975),

although Klebanoff (1955) lists a higher value in the range 0< Y/ô < 0.6

and a lower maximum value.

The skewness of au/ôt (Figure 27) has a constant reg'ion where

S(au/at) - 0.3-0.35. Ueda and Hinze also have a constant range

but with S(au/ðt) = 0.4. Considering the measurement errors involved this

difference is small.

Plots of the flatness of ðu/ðt also have a constant reg'ion. This

is shown in Figure 28. The value of F(au/at) in this region is g'iven

as 5 jn present study,5.5 in Ueda and Hjnze (1975), and 6 in Frenkiel

and Klebanoff (.ì975).

Other" calculated data was: the turbulence Reynolds number Re^
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(= u'À/v) shown in Figure 29, the Taylor m'icroscale I shown'in F'igure

30, the Kolmogorov 
'length scale il, Shorr¡n in F'igure 3l , and djssjpat'ion

ä shown 'in Figure 32 las Oe/uI). The dìssipatìon js about 30% 1ow of

that reported by Klebanoff (1955). This is probab'ly due to an enror

in calculating the time constant of the dìfferentiator.

The Spectra

Table 4 l'ists the uncorrected measured one-dimensional spectra

Ql, as well as second and fourth moments. Table 5 gìves values of the

above spectra and noments when non-dimensionalized by dissjpation (from

(au/at)'), the constant g., for the -5l3 law as well as the relative

attenuation A when compared to the shortest wìre. Table 6 is a list of

relat.ive attenuations for the above case calculated from l{yngaard's

correcti on ( I 968) .

F.igures 33 and 34 show the djstribut'ion of spectrai energy,

and F'igures 35 and 36 are the correspond'ing non-dìmens'ional forms'

The spectra shows no functional dependence on d the wire diameter'

This is most like]y due to the lìmited range that the w'ire diameters

cover (2.5 to 5 Um). Thus the frequency response is nearly the same'

0n the basis of the length.Q. there is a variation of the

magnitude of the spectra at the largest r., values of about % an order

of magn'itude (- 5% of the range on a logarìthmjc plot of B orders of
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magnitude). This varjation dìsappears when the spectna are normaljzed

with the dissipation scales calculated from measurements from the

particular wire. A - I /7 power]aw appears to hold for about 1/3 of
a decade at the highest wave number range. The -5l3 power law holds for
rough'ly 1/2 of a decade. These por,ver laws are separated by a decade.

The fact that the non-dimensionalized spectra collapse seems to
indicate that if one only wishes have informatjon about the approxjmate

shape of the spectra' no correction'is needed. This is quite reasonable

in light of the fact that most filters can only be tuned to with.in 5

or 10% of the frequency. A difference of 1/z of an order of magnìtude

can be explained by an offset in true center frequency of i0%, for
the -l /7 region.

it is true that the shorter the wire the ìarger the spectra'l density
'large wave numbers. But, this could be masked if different filters
are used. In the present study the same filter was used for all of
the di fferent w'i res .

The dimensional second moment spectra is p]otted in a semi_

1og form ìn Figures 37 and 3g and in a fully logarithmic form in
Figures 39 and 40. These plots accentuate the difference between

the longest wire's (p, - z.s-z.g mm) and all of the rest. But the

other wires'second moments appear to fall within experimental error
of each other.
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Figures 41,42,43 and 44 are pìots of the fourth monents, in

various forms. As with the second moment the apparent variation of

all but the longest wires is small.

The values of the non-dimensional second and fourth moments

agree wìth those of ldyngaard and Pao (.l971) and Champagne (1971)

when corrected for- the error ìn the differentiator time constant and

wi re length.

The a., val ues cal cul ated usi ng the (uncorrected) di ssi pat'ion

measured wìth the differentiator and are gìven in Fjgures 45 and 46.

Thus they are too large by a factor of about 1.3. Correct'ing for thìs

reduces the average maximum 6.., from 0.7 - 0.8 to 0.5 - 0.6. This is in

I i ne wì th typ'ical ly val ue of 0.5 , see Townsend ( 1976 ) .

Azad, Arora, and Reichert (1978) gìve a value of a1 of

0.6 + 6.1 for developing pipe flow. This value is corroborated

by Paquìn and Pond (1971) jn an atmospheric boundary iayer. But

Monin and Yaglom (1975) give a value of roughìy ì. This'is an

unexpì ai ned contrad'icti on .

In order to compare the results with the theory of Wyngaard

(1968), the attenuation (A) in the spectra was calculated us'ing the

shortest wire (l = 0.3 mm) as a standard. A least squares

method was used fori nterpol at'ion .



.J

Then the attenuation predìcted for Wyngaard's correction was

calculated (see Table 6). This attenuatjon for the wires with

\/!.= 0.05, \/1.= 0.08, and n/L = 0.10 are vjrtually identical for both

the measured and predicted values. For n/!, = 0.16 the attenuatjon was

signìficantìy larger. For the theoretical values, Figure 47 is a

plot of A versus lx., , for n/L = 0.16. From ìt, the experimental data

can be seen to follow wyngaard's prediction. This is also true for

n/9. = 0.10 Figure 48 (includes \/L = 0.08) and n/9" = 0.05(Fìgure 49) .

But the scatteris so large + 0.1 that al l the data may be sa jd to
coì 'lapse.

Aithough the data does not refute Wyngaard's correction jt also

does not confirm its validity.

The reason that the long wìres diverge from the other wires,

for the dimensional spectra, and its moments, is due to the fact that

the maximum attenuatjon it experiences is 0.3 at.er., - 20. All the

rest have a maximum attenuation of 0.7 - 0.8.

Di ss i pa _ti on and the Moments

Dissipation for each wire was calculated two different ways:

by using ìoca'l 'isotropy and (au/at) '

ð=ru"Èt{S) 't' (tl¡
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and local isotropy and the measured spectrum 6.,

õ = 15 v *Î ol d"l|'-
J

o

(14 )

The measured e from ('13) was corrected by the relation (z).

This is shown in Fjgure b0 as a function of n/.e,. in th.is case the e

caJculated by (14) is 30% iarger than that calculated from (rs¡.
This indicates that the time constant that was used for the

differentiator was too 'large, by noughly 1s%. The genera'l trend for
ð from both (13) and (la) is that it increases wi th n/s., rapid]y at

first, and then in an apparently asymptotic approach to a constant

value. The corrected values are, to within experimental error,
constant (Juu. - 26 o = B%). This makes (2) an appealing correction

touse. InFìgure 51 the measured skewness of u is shown. Due to the
'large error involved in this measurement it can be considered to be

independent of n/L. This is arso true of the flatness of u, Fìgure

52.

The moments of the derivative âu/ât are given in F.igures 53

and 54, skewness and flatness respectiveìy. These moments also shows

no signìficant dependence on n/9.. There are two methods of determìning

S(âulat). The fi rst is to dÍ rect'ly measure the trip]e correlation, and

the other is to use the spectra as follows
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5. ( au/ at) lta v5/2-ê7r- "T Ol d"lf-)o
(15)

where it'is best to use e calculated from the spectra.

From Figure 53 it is apparent that (ls) g'ives skewness values

rough'ly 50% larger than the directly measured skewness.

Table 7 is a list of the data used to make Figure 50-54.

One point that should be made is that the onry wires to have

a significant devjation from the norm are the longest wires. They

do differ from the other wires in the one other way. They do not

have any pìatìng, the sensor'length.is from one prong to the next.

Thìs does not rule out an add'itional aerodynamic affect.
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VI CONCLUSiONS

The resurts of th'is work can be summarized as:

I ) The rati o n/ L is a factor that affects measurements of the

spectra if it is smal'l enough.

2) The effect of changing the wire di.ameter (.in this range) was

nil in all measurements.

3) wyngaard'scorrection falls within the experimental error.

4) The spectra have a universal shape when normalized with the

dissipation measwed wjth the wire used to measure the spectra.

5) The moments of both u and âu/ât are unaffected by wire length.

6) The correction for the dissipation scale I and hence dissipation
works very wel1.

0n a final reflection one must state that even though the

wyngaard's correction is apparenily vaìid, it is unnecessary. The

measurement of spectra at high frequency is at best an order of
magnitude analysis. it would be best to merely use the correction

for dissÍpation.

since ¡ is a r/4 power function of ä, to reduce n by zs%, e

has to be'increased by a factor of 3. This corresponds to a

dissipation of roughìy 80 me/ss, which is quite large for most experimental
flows. Thus,if a l.l mm wire were used it should not have a n/î less
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than 0.08. This coupled wjth the lack

indicates that the 5 um,l.l mm wire ìs

it is the largest (easiest to make and

good response characteristic.

of effect of wire diameter

the opt'imum wire to use as

handle) with a reasonably
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VII RECOMMENDATIONS

No future work on the length correction should be made until
the spectrum of turburence can be measured more accurateìy.

For those who wish to measure the spectra a 5 ym,l.l mm

wire works quite weH and is avairabre as a standard probe. The
dissipation should be corrected for length using (Z).
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,
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TABLT 3

VISCOUS SUBLAYER BUFFER LAYER LAWS

Y+ 
'+

Van Driest
u"+

Kader &

I .00
I "99
2.96
3. 90
4. Bl
5.68
6. 50
7 "28
8.00
8.67
9.28
9. 85

10. 36
10.83
11.25
11"63
11"96
12.26.l2.53

12.77
12.98
13.17'l3"s3

I 3.48
l3 "61
13.72
13"82
13.13
13.22
t3.33

u+

Van Dri est

13.44
13.54
I 3.65
13.7 4
1 3.84
13.93
14.02.l4. l0
14. l8
14.26
14.33
14.41
14" 47
14"54.l4"61

I 4.68
14.7 4
I 4.80
14.86
14 "92
14 .97
15 .03
15. 08
15. l3
l5.lB
15.23
l5 .28
15.23
l5 .38
15 "42

u,ï
Kader &

t.
f

vagt om ______fegl9[_

1.0
2"0
J"U
4.0
5.0
6"0
7.0
8.0
9.0

10.0
lt.0
12.0
13.0
14.0.l5. 

0
16.0
17 .0
18.0
l9 .0
20.0
21.A
22.0
23.0
24.0
25.0
26.0
L¡.V
28.0
29.0
30.0

I .00
2.00
2.99
3.96
4.89
5.76
6.55
7.?6
7 .90
8" 46
8.97
9.42
9.8?

10. 19
10.52
r0.82
11"09
11 .35
11 .56
11 .79
1r.99
12. l8
12 "36
12.52
12.67
12.82
12.96
I 3.08
I 3.21
13.33

3l .0
32.A
33.0
34. û
35. 0
36.0
37.0
38. 0
39. 0
40.0
4l .0
42.0
43.0
44.0
45. 0
46.0
47.0
48.0
49.0
50"0
5l .0
52.0
53"0
54.0
55.0
56.0
57. 0
58. 0
59.0
60.0

IJ.Jö
13" 46
3.53
3 .60
3 .68
3"74
3"81
3. 88
3.94

14.00
14.06
14.12
l4.lB
14 "23
14.?.9
14.34
14.39
14 "45
I4.s0
14.55
14. 59
14.64
14.69
14.73
14.78
14.82
14.87
I 4.91
14. 95
14.. 99
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TABLE 4

MEASURED SPECTRA OI

U = 7.84 m/s u ' = 0.438 VRI'IS = 0. 876 m/ s(a)

î
I

(Hz )

2.1
¿"ó
3.8
5" I
6.8
9.0
12
l6
2l
2B
3B
5t
68
90
120
r60
210
28CI

380
510
680
900
I 200
I 600
2l 00
2800
3800
5l 00
6800
9000
I 2000

Probe #l

ut

( vRMS )

*r
(l/m)

o("1)
(mt/ s' )

rlo(*i )

(m/s')
*fo(rc)
'(l 

/ms'z )

0.0269
0.0311
0.0381
0.0425
0.0476
0.0548
0.0580
0.0629
0.0707
0.071 0
0.0705
0 .071 0
0.070?
0.0687
0.0645
0. 0660
0.0651
0.0611
0.0581
0. 051 9
0.0467
0. 0391
0.031 5
c.4243
0 .01 7s
0.01 29
0.00855
0.00503
0.00312
0 .001 38
0.000678

rl

rI
0l
ol
ol

ti
0l
oÍ

3i
0o-

0:
ol
ol
o'^
oi
oi
ol
0Ì
0:
0:

3:

I .68x1
2.24x1
3.05x1
4.09x.l
5. 45xl
7 .21xl
9.62x1
I .28x.|
I .68x.I
2.24x1
3.05x1
4.09x1
5. 45xl
7 .21x1
9. 62xl
I .ZBxl
L 68xl
2.24x1
3.05x1
4.09x.l
5. 45xl
7.?1xl
9.62x1
I .28xl
I .6Bxl
2.24x1
2.05x1
4.09x1
5 " 45xl
7 .21x1
9.28x1

These are the measured mean velocity, fluctuating voìtage and
fluctuating veìocìty measurements while the spectrum was measured.
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(b) Probe #2 U = 7.96 n/s u' = 0.451 VRMS = 0.90? n/s

Ê
I

(Hz )
u'

( vRMS )

*r
(l /n)

o(*l )

(rr, s / ez)

rcto (*., )

(m/ s'?)

rcf o(r, )

(l/ms2)

2.1
2.8
3.8
5.1
6.8
9.0
12
t6
21
2B
10
J(J

5t
6B
90
120
160
210
280
380
510
680
900
I 2û0
I 600
2l 00
2800
3800
5l 00
6800
9000
I 2000

0.0278
0.0355
0.0386
0 " 0448
0.0495
0 " 0575
0.0586
0.0662
0.0734
0.0723
0.0729
0.0694
0.0731
0.0709
0.0663
0.0673
0.0657
0.0620
0.0592
0.0528
0.0471
0.0391
0.03r 8
0.0249
0.0177
0"0126
0.00876
0 .005 34
0 .00293
0.001 40
0 " 000669

I .66x1 09
2.?1x10u^
3.00x1 0Ï
4.03x1 0Y
5. 37xl 0Y
7..l0x10Y
9.47x1 0Y
I .26x10.1
I . 66xl0.l
2.21x10i'
3. 00xl 0.j
4.03x10.1
5. 37x10.1
7.l0xl0.j
9. a7x1d,
1 "26x10|
I .66x1 0l
2.21x10í
3.00x1 0Í
4.03x1 0Í
5.37x10f,
7. l0xl 0r-
9.47x10'^
l.26xl0j
I . 66xl 0Ì
2.21x10i
3.00x1 0í
4. 03xl 0Ì
5. 37xl 0i
7.l0xl0i
9. 47xl 0"

_2l.6lxl0 I
I . s6xl0--f
1 .71x10 _i
1 .72x10 _|
1 . 5Bx1 0_i
1 . 60x'10_i
I .25x.l0 I
1 .20x10 -ll.l2xl0 

^'8.l4xl0-i
6" l0xl0-l
4. l2xl0-i
3.43x10-l
2. aax10 

-5,I .60x10 X

l.23xl0-i
I " esxl 0-f
5.98x1 0_l
4.02x10 _)
2.38x'10_l
1.43x10_^
7.4lxl0 i
3.68x1 0-?
I .69x.l 0-?
6 . 50xl 0-9
2.47 x10-o-
B.80xl 0-j
2 " 44x10 '"

5.5lxl0-1
- \'l

9.50x10 I
-UI .63x.l 0 '

_t
4. 44x'10 î
s " 57xl 0-f
I .54x10_.1
2.79x10 _l
4.56x10_-i
B.07xl 0^'
l. lZxl0X
I .91 xl 0X
s.09xl 0Y
3.98x1 0Ï
5. aexl 0!
9.q?-l 9ö
9. 89x1 0.'

I .?l-l9i
I . 43xl0.i
I . 95xl0.l

?.!1.19i
2.92x10..
3.62x1 0i
2.87 x10l
4. I2xl0.j
3. 7axl0.l
3. s0xl 0-l
2 . 68xl 0.1

I . 79x10-l
I .21 xl0l
7.92x10Y.
3. 96xl 0X
1 . 5ex101.,
4.79x.l 0 i
I .46x1 0- I

_l
1 .22x10 _)
4. 68xl 0^ '

I . 39xl 0Ï
4. 54x10u.,
l.3ixl0.'
4. 07xl 0l
1.a1x101
3.02x1 0I
B.50xl0Í
1.94x10j
4. 04xl 0!
1 . 09x1 0j
2. 85x'l0j
6.20x1 0.
I .29x1 0I
3. I Oxl 03
6. 82xl 0?
I . a3x109
3. 26xl 0?
6.28x1 09
l.l9xl01
I " 88xl 01
2.96x10t-
a.26x101
4.94x.l01
5.89x1 01
7 "13x1}t-
6.4ax10',
4. 58xl 0i
2 .41x10'-
I .31 xl0/
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rcf O(r, )

(l/ns2)

(c) Probe #3 [J = 7 .90 mls u' = 0.457 VRMS = 0.914 nrls

o(,<l )

An'/s.')
rclo(rc1 )

(rnls 2 
)

*r
( 1/m)

u'
(\/)

f
(Hz¡

l0l

tr

tl
0:

äi
0:
0:
?ì

0l

tr

ål

(l (

(l(
(l (

(l (

(l (
rl(
(l (
rl(
rl i
rlt
rlt
rl t
rlC
rl C

:lC
,lc
l0
l0
l0
l0
l0
t0
t0
10
l0
l0
l0
t0
l0
10
l0

lx
lx
Zx
ix
lx
ix
1x
t¡
ty
lx
lx
ix

ix
!x'
'x'

X.
X

x
x
xl
xl
xl
xl
xl
xl
xl
xl
xl

.67

.23
"02
.06
.41
,l6
,54
,27
,67
,23.
,02.
06:

,4l:
, l6:
54:
27:
67:
23)
03r
06r
41>
l6)
54)
27t
67:'
23¡
03)
06x
4lx
l6r
54x

6
2
0
0
4
I
5
2
6
2

t. (

i. r

ì,
"i
"(

,.¿
i.(
t. (',t
,.]
r.l
.¿
.(
.¿
.c
.c
.4
.l
.5
.2
.6
"2
.0
"0
"4.l
.5

l.
2.
3.
4.
5.
7"
o

t"
l.
?

J.
4.
5.
7.
9.
1.
l.i
2

3.t
4.t
5.,
7.qr
f.i
i.(
2"i
3.(
4"(
5.r
7 .',
ol

?.1
2.8
3.8
5.1
6.8
9.0
1?
16
21
28
38
5l
68
90
12A
'l60

210
280
380
510
680
900
I 200
1 600
2t 00
2800
3800
5100
6800
9000
I 200

0.0307
0.0346
0 " 0401
0"0417
0.051 7
0.0558
0 .05 79
0.0650
0.0704
0.0731
0.0721
0.0696
0.0728
0.071 I
0 .066 l
0.0672
0 .0666
0. 0634
0.0605
0.0567
0.0506
0.0442
0.0349
0.0314
0.0222
0. 0l 74
0.01 l9
0.00747
0.00425
0.0021 5
0 .001 0l
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(d) Probe #4 U = 8.06 n'lS u' = 0.455 VRMS = 0"910 m/s

f u'
or 0 rclo(*1 ) ,<f O(rc.,)

(Hz) _ (VRMS) (l/n) (m¡/sz ) (nrlsz ) (l/ms, )

2.1 0.0302 l.6axl09 t.8e*i0-1 s.oa-io-Î r.ez*ioJ]
2.8 0"0333 2.lextoX 1.73x10-Í B.ZZx1¡-( s.gixloll
3"8 0.0377 2.96x10X l.63xt0-Í 1.43x10-.1 t.25xt0Y
5r.l 0.0418 3.egxl0X t.aexl0IÍ 2.36x10-.1 3. zaxl0Y
6.8 0.0513 5.30x10X l.69xl0 Í 4,75x10-l l.33xl0.l
9"CI 0.0553 7.02x101 l.48xi0-Í 7.z9xtl-^t 3.s9xlo.j
12 0.0565 9.35x10Y l"t6xl0-l t"0lxl0Y B.B7xl0i
16 0.0665 .l.25x10.i l.20xl0-Í l"BsxloX ?.93x101
?1 0"0695 l.64xl0.l l"00xl0-Í 2.69x10Ï 7.23x101
28 0.07?7 2.l8xlo.l B.23xl0-i 3"9lxloÏ l.B6xl0Í
38 0.0728 2.96x10.1 6.08x10-i s.33xl0Y 4.67xi01
5l 0.0699 3.98x10.1 4.laxlo-i 6.62x10Y r .osxloï
68 0.0715 5.30x101 3"2gxlo-i 9.2lxt0Y 2.59x101
90 0.0700 7.0zxl0.l 2.37x10-1 I " l7xl0.i 5.79x101
120 0.0656 9.35x10.1, 1.56x10-i l.36xl0.l l.l9xi03
160 0"0685 1.25x101 l.zsxlo-i 2"00xr0.1 3.13x103
210 0.0657 l.64xl0Í s.96xl0-T 2.41x101 6.4gxl0l
280 0.0641 2.i8xl0Í 6.40x10-T 3.04x101 t.45xl0l
380 0.0623 2.96x101 4.45xi0-1 3.90x10.1 3.42x10o^
510 0.0573 3.e8xr0f z.Blxl0-f a.a5xt0.l 7.05x10!
680 0 .0523 5. 30xl0l I . 75x10 I 4.92x10.' I . 38x10 j.

900 0.0434 7 .02x10Í 9.l2xlo-l 4.49x10.1 2.21x10t-
1200 0.0363 9 .25x101, 4. 79x10-3 4 . i 9xt 0.l 3 .66x101
1600 0.03.l6 l.25xl0l 2"72x10-? 4.25x10.1 6.64x1012r00 0.0244 l.g1-lgi l.?1'lg:; l.l1-lgj g.?l-lgázr00 0.0244 i:64;iól i:äA;i0-: 3:ã4;ìõl 8:õt;ì012800 0.0181 1.lg-lg; ?. jg-lg:; ?.y.10^) I "l!-lgäL. tu^¡v^ J. tv^¡w - ¿.TL^tva I ¡ tJÂtv

3800 0.0125 2.96x10Í 1.79x10-9 l.57xl0l t.37xl05100 0 00767 ¡:iq;je! l:qí;jÞ:í i:ii;je! i:¿q;je|6800 o .0044ó ! : íeÎj e: i : ä4-j s:ã í: ieîj eB i: ?ö;i Þíe000 o .0022ó ; : 0ã;i 0l å : ã+îiö_3 i:Ë- j0!, 6'.ä;i0?,
12000 0.000975 9.38x10" 3.45x10' 3.02x10' 2.64x10'
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(e) Probe #5 U = 7.92 nls u' = 0.416 VRMS = 0.922 n/s

't
(Hz)

u'
( vRMS )

or

(1 / r,t)

o(,<l )

(m3/S2 )

*lo(*1 )

(r¡is2 )

,<f O(rc1)

(l/ms'z)

?.1
2.8
3.8
5.1
6.8
9.0
12
l6
?.1

2B
38
51
68
90
120
r60
210
280
380
510
680
900
I 200
I 600
2t00
2800
3800
5100
6800
9000
I 2000

0.0286
0.0345
0.0375
0.0437
0.0503
0 "0542
0 " 0568
0.0656
0.0731
0.0v21
0. 0705
0.0712
0.071 6
0. 071 9
0.0662
0.0691
0. 0664
0.0627
0 .061 I
0.0555
0.0497
0.0433
0 .0356
0.031 1

0.0228
0.01 69
0"0115
0.00694
0.00391
0.001 96
0.000870

_)
.73x10 I
. 88xl 0-f
.64x'10_i
. 66xl 0_i
.65x10 I
. a5x10 -l
. 

'l 9x10_i
. l9xl0 Il. ¡J^lV 

^-/l.l3x10 I
8.23x10 XVoLV^lv_?

5 .80xì 0_i
4. 41 xì 0_{
3. 34x1 0_i
2.55x1 0_i
I . 62xl 0_f
ì .32x'10_i
9.30x1 0_l
6.22x10 _)
4.35x10 I
2.68x101]
l.6lx]0 l
e . 23xl 0-3
4. 68xl 0-?
2. 68xl 0-l
l.l0xl0-l
4.52x10-2
l.54xl0-?
a. I exl 0l{
9.96x10 X

l.86xl0-!
2.80x10'

_2
4.82x10 7
9.?7x10 _i
B. 08xì 0_i
2.72x10 _l
4.79x10 l
7. 39xl 0l I

I .08x1 0Ï
I . 92xl 0Ï
3. l5xl0l
4. 06xl 0X
5. 25xl 0Ï
7 .23x1 0Ï
9. 70x 1 0Y
I . 30xl0.l
I . 47xl0.l
2 . I 3xl0.l
2. 59xl 0.1

3.07x10.1
3. 94xl 0,'
4.40x10.1
4. 68xl0.l
4. 7l xl0.j
2.24x10)
4.32x]0.1
3.07x10.1
2.23x101
I .40x I 0l
6. 87xl 0X
2.89x.l0u.,
e " 48x10_.i
2.54x10'

_1
l.35xl0 j
a.57 x10-_l
5. 38xl 0^ '

a. 47xl 0Y
I . 39xl0.l
3.77 x10l
e.77x10)
3. I 0xl 0l
8.79x.l0Í
2. 00xl 0Ì
4.76x10"o
l.lex10j
2.82x10 )
6. 63xl 0-
I " 33xl 0l
3.43x1 0i
7.23xtr0i
l.5lxl09
3 .57x1 09
7.21x10o-
I " 36xl 01
2.40x10t-
3.84x1 0{
6 .97 x101
8" 56xl 0á
l.1Oxl0i
I .26xl0X
I . I 3xl0Y
8. 4l xl 01
a.83x101
2.30x101

I . 67xl 09
2.22x10Y
3 .0.l xl 0l
4. 05xl 0Y
5. 39xl 0Y
7. I axl 0l
9. 52xl 0Y
1.27x10l.
I . 67xl0.l
2.2?x10l.
3. 01xl0.l
4. 05x10.1
5. 39xl0.l
7. l4xl0.l
9 .52x10,1,
1.?7x10i
1.67xlai
?.22x107
3.01 xl 0Í
4.05x] 0i
5. 39x1 0i
7 .14x10î
9.52x1A2
1 "27x101
I .67x.l 0Ì
2 "22x101
3.01 xl 0j
4. 05xl 0Ì
s . sgxl 0j
7. I 4xl 0Ì
9. 52xl 0'
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(f) Probe #6 U = 8.C4 m/s

(r1 )

(l /m)

u'= 0.455 VRMS = 0.910 nrls

f
(Hz )

ut
( vRMS )

ô(r<)
(i;i 9 7s'2 )

rcto(rc,)
(n/s')

*f O(r.1 )

( t /rns2 )

2.1
2.8
3"8
5;l
6.8
9.0
12
l6
21
28
38
5l
68
90
120
160
210
280
380
510
68Cl

900
I 200
I 600
2l 00
2800
3800
5l 00
6800
9000
1200

0.0277
0. 0344
0. 0379
0.0435
0.0497
0.0549
4.0577
0 "0647
0. 07'l 5

0.0725
0. 07.l 9
0. 071 6
0.0712
0 "0712
0.0664
0.0673
0.0656
0.0648
0.0613
0.0567
0 " 0506
0.0440
0 " 0357
0.031 4
0 "0228
0.01 76
0.01 l9
0 .00704
0 " 00403
0.001 99
0.0008s5

I . 6axl 09
2.l0xl0l
2. 97xl 0Y
3. eexl 0!
5.3lxl0X
7. 03xl 0l
9. 38xl 0Y
I .25x10.1
I . 54xl0.l
2. I 9xl 0l
2. 97xl0.l
3. eexl0.l
5.31xl0.j
7. 03xl 0i
e.38x1 0j
1.25x1a|
l.64xl0l
2.lex1ol
2.97x107
3.99x1 0l
5.31 xl0Í
7.03x101
9.3Bxl 0Í
I .25xl0i
l.64xl0i
2. I exl 0i
2.97x10i
3. eexl 0i
5.31 xl 0i
7.03x1 0i
9 .38x1 0r

-)1.60x10_!
ì .85x'10_i
1.65x10_!
l.62xl0_i
l.59xl0 î
1 . 46xl0lr¿
l.2lxl0 I
l.l4xl0-Í
l.06xl0-Í
8.2lxl0-Í
5. esxl 0-j
4.40xì 0_i
3.26x1 0_i
2.46x10 i
l.6lxl0-j
l.24xl0 Y

8. e6x10-f
6. 56xl 0_j
4.32x10 _)
2.76x1a_l
l.65xl0 -
9.41 xl 0-3
4 .64x1 0-?
2 " 69xl 0-l
I .08x10"?
4. 84xl 0-?
l.63xl0-9
4.25x10-t-
I . 04xl 0-1
I "98x.l0-1
2.66x10 "

_2
4. 30x1 0_!
B.87xl0 i
ì . 46xl 0-.1
2.58x10 l
a. a8xl 0-.1
7 .22x10^'
l.06xl0Y
I .78x10Ï
Z. Bsxl 0Ï
3. e4xl 0X
5 .25x.l 0X

i. g9-t 939.l9xl0ì
I .??-l 9i.42x10)
.?1-l 9i

l.l6xl0-]
4. 36x'10,., '

I .2Bxl 0X
a.llxl0Y
I . 26xl0.j
3. 57xl0.l
e . 37xl 0j
2.78x10i
7.67x1t2
l.8exl0j
4.63x10j
I . 'l2x'10 j
2.59x10)
6.01 x1 0l
j .25x1 0l
3 .03x.l 0i
6.48xl 0?
I .51 x] 09
3. 36xl 0?
7 . 00xl 09
l.3lxl01
2.30x101
3.59x1 01
6.57x10t,
7.81 xl 0i
l.llxl0X
1 .27x10?
I .0Bxl 03
8.27x10t-
4.84x1 01
2.06x1 0r

2. 4l xl0.i
3. l5xl0.j
3.Blxl0l
4. 39xl0.l
4. 65xl 0.j
4.55x10.1
4. O8xl 0l
4. 20x10.1
2 .90x10.1
2.32x10'
l.44xl0l
6 . 77xl 0l
2.93x1 0Y,
9 . 79x10 .l

2. 34xl 0- |
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(g) Probe #7 U = 7.20 m/s u' = 0.434 VRMS = 0.968 m/s

f
(Hz )

u'
( vRMs )

o("1 )

(m '/s' )

<Jo(rc')
(m/s' )

rc.' aó(r<1)

(l ,tns 
t 

)

*r
(1/n)

2.1
2.8
3.8
5.1
6.8
9.0
12
l6
21
28
38
5l
68
90
120.l60

210
280
380
510
680
900
I 200
I 600
2100
2800
3800
5l 00
6800
9000
1 200

0.0285
0 " 0342
0.0362
0.041 I
0.0485
0.051 0
0.0560
0.0639
0.0669
0.0686
0.0678
0. 0675
0.0685
0.0666
0.0606
0.0640
0.0618
0 " 0579
0. 0559
0.0501
0.0443
0.0377
0.0297
0 " 0241
0.01 7l
0.0r 29
0.00857
0 .00506
0. 00284
0.001 44
0.000654

l.7lxl09
2.28x10f,
3. I 0xl 0X
4. l6xl0Ï
5. 55xl 0Y
7. 34xl 0Y
9 . 79xl 0Y
I . 3l xl0.l
I . 7l xl0.l
2"28x101
3. I 0xl 0.1

4. l6xl0.l
5.55x10.1
7. 34xl0.l
e.7ex|0)
l.3lxl0ã
l.7lxl0Í
2.28x101
3. I 0xl 0i
4. I 6x1 0i
5.55x1 0l
7 .3axtol
9.79x.l01
I .3lxl0i
l.7lxl0i
2.28x101
3. I 0xl 0j
4. I 6xl 0Ì
5 .55x1 0j
7. 34xl 0Ì
9 .79x1 0"

-2.65x1 0_i
.78xl 0 I
. a7x10 -f
. 41 x'10_i
.47 x10 _|
. 23x'10_i
.llxl0 Ir.r¡^tv_g

I .09x1 0 I
e.09xl 0-l
7. I 7xl 0-i

+.ezxsl-l L 4l -lo-]
9.25x10 i 4.8lxl0^'
I . 41 xl 0-.1 I . s6xt ol
?.aax1l_l a.zzx1ll
4.53x10 I I .39xl0l
6.63x10^r 3. s7xloi
I .06x1 0X I . o2xl oÍ
l.BTxlol 3.21x10f,
2.66x10X 7.77x10i
3.73xlol I . eaxloj
4.96x10X 4.77x10'"
6.59xloX l.l4xloI
9 . o6xl 0Y z.79x1ol,
I.I3xlo.l 6.loxloS
l.25xlol l.lgxlol
l . S7xl0.l 3 .2l xl0?
2 "27x10! 6 " 63xl ol
2. 65xl o.f l . 3gxt o9
3. 37xl 0.f 3.24xl ol
3.63xl o.f 6.z9x1oo,
3.79x10,' l.l7xl0i
3.63xl ol I . 9sxl o1,

3. oOxl0.f z.BExlot,
2. 66xl 0i 4.56x1 0l
t . 74xl o.l 5 . ogxl ol
I . 32xl oÅ 6. s4xl 01
7 .92x10"n 7 .61x10',
3. 70x'l0i 6 . 4l xl0,
I " 56xl 0". 4. B0xl 0i
5.29xlo_l z.Bsxtot,
l.46xl0 l.40xl0'

5. ì 6x1 0_f
3.81x10_i
2"94x10 i
2. I 0xl 0-l
I . 30xl 0-f
I "09x10 Y

7.75x10-]
5. l0xl0 I
3.5lxl0-l
2-lOxl0 i
l.23xl0-1
6. 73xl 0-?
3.l3xl0-3
I . 55xl 0-?
5 .94x'l 0-9
2. s3xl 0l!
8.24x10 i
2.14x10' t^

5.06x1 0-I
9 .82x1 0-Ï

-ul.52xl0 '



f
(Hz )

u'
( vRMS )

*r
(l/m)

ô(Kt )

(m3ls2 )

,<f O('<.,)
(rn/ s2 )
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,<fO(<2)

(l/ms')

(h) Probe #8 U = 8.04 m/s u' = 0.446 VRMS = 0.892 m/s

2.1
?Q

J.Õ
5.,I
6.8
9.0
12
16
21
4ô
LÓ

38
51
6B
90
12A
160
210
280
380
510
680
900
I 200
I 600
2100
2800
3800
5100
6800
9000
1 2000

0.0295
0.0334
0.0370
0. 0435
0.0476
0 " 0550
0.0578
0 .0668
0.0696
0.0721
0. 0733
0. 071 r
0 "0727
0. 0708
0.0648
0. 0680
0.061 9
0 .0620
0.0584
0.0531
0 .047 4
0.0401
0.031 I
0. 0263
0.01 9l
0.0.l 35
0 .00901
0 .00560
0.00321
0"00157
0.00071 7

_)
. 80xl 0_i
. 73xì 0_i
" 56x10 I
. 6'l x10-r¿
.45x1 0 I
.a6,:|o_l
.21x10 7
.21x10_l
.00x10 il.VV^tv ^

B" 06x10-j
6 . I 4x'10-iV. tT^¡v_?
4. 36x1 0_i
3.38x]0 i
2.a2x10-_f,
I .52x10 i
I . 26xl 0_f
7 "92x10^l
5. 96x1 0_j
3. e0x1 0_j
2.40x10 _j,
1 "43x.I0_"
7.76x10 i
3. 66xl 0-3
I . s8xl 0-l
7. 54xl 0-9
2 . 83xl 0-1
g.2Bx10_t,
2.67x10 '.

6 " 58xl 0-1
l. l9xl0-l
l.86xl0-Y

_2
4. 84x10_r'
8. 30xl 0_!
I . 38xl 0_.i
2.56x1 0 l
a. 0sxl0-.1
7 .22x10^'
I " 04xl0Y
I . Bgxl 0Y
2.69x1 0Y
2. 87xl 0Y
5 " 42xl 0Y
6. 85xl 0Y
e. 5 3xl 0Y
I . 20xl 0l
I " 3l x]0.j
I . 9l xl0.l
2. l4x10.l
2.73x10'|
3. 44xl 0.1

3. 82xl0.l
4. 03xl 0 i
3.8axl0-l
3. I 5xl 0i
2. eaxl0.l
2"03x101
I . 36xl 01
B. lgxl 0Y

a. 25xl 0Y
'ì 

. 86xl0u.,
5 . 88x10_.j
l.60xl0 '

_1
ì . 30x'l 0_.i
3.98x10,., '

1 -2lx]0X
a"08xl0Y
l.l5xl0l
3 " 57xl0.l
B. eTxl 0j
2.95x101
7. 2 3xl 0!
I . 85xl 0i
a. 78xl 0j
'l .09xi 0 j
2.69x1 0j
5 .91 xl 0I
l.l3xl0i
3 " Osxl 0l
5 .74x1 0l
l.3lxl09
3. 03xl 0?
6. 08xl 09
l"l4xl01
I "90x101
2"71x10t-
4 " 59xl 01
5 . 45xl 01
6"51x101
7.22x10t-
6.77x10t,
5.23x1 01
2.9.l xl 0i
I .38x10/

I .6axl 09
2. I exl 0X
2.97 x101.
3 . 99xl 0Ï
5 .31 xl 0Y
7.03x1 0X
9 .28xl 0Y
I .25x10.1
I .64x.l 0i
2 . l9xl0.l
2. 97xl0.l
3.99x10.1
5. 3l x1 0l
7. 03xl 0.1

e. z8xl 0j
I .25x1 0l
1.6ax10i
2. ì 9xì 0i
2 "97x10i
3.99x1 0i
5.3lxl0Î
7.a3ilol
9 . 28xl 0l
1.25x10i
I . 6axl 0l
2. I 9xl 0Ì
2.97 x10r"
3.99x1 0j
5. 3l xl 0j
7. 03x1 0l
9. 28xl 0"

rÁf-
,r,lñî.æ

*F ffåf.l!-í*3¡i

': ...*.. ,. ,..1r1â.\jl;L rltl!---

,fÍifÍdl



( j )
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Proble #9 U- 7. 04 r,:/s u' = 0.421 VRMS = 0.842 n/ s

I

(Hz )

uI

( \/RMs )

*r
(l /m)

o(*l )

('n3/s2 )

r.,u. (rc1 )

(l/ms2)
"Jo(<1 )

(nrlsa ¡

?.1
2.8
20J.U

5.1
6.8
9.0
12
l6
21
28
38
5l
6B
90
120
160
210
?BO
380
510
680
900
I 200
I 600
2l 00
2800
3800
5l 00
6800
9000
I 2000

4.0269
0.0308
0. 0356
0.0391
0.0471
0.0503
0. 0547
0 .0604
0.0649
0.0651
0 " 0655
0.0645
0.0647
0 .0645
0.0608
0.0629
0. 061 7
0.0598
0.0575
0.0526
0. 0481
0.041 4
0.0339
0.0299
0.0224
0.0166
0.0ll1
0.00682
0.00400
0.001 96
0.000873

-?
I . 33xl 0_f
1.31xl0_i
1 .28x.l0_i
1.15x10_i
1 .26x10 _i
I .08xl0 i
e.60xl0_f
8.78x10 X

7. 73xl 0-i
5.B3xl0-i
4. 35xl 0-i
3. I 4xl 0-l
2. 37xl 0-i
I . 78xl 0_i
l.19x10 Y

e. 53x1 0-f
6.98x10 i
a.ezx10_]
3.35x10_l
2. 09x1 0_j
l.3lxl0 -
7. 34xl 0-3
3 " 69xl 0-l
2. I 5xl 0-?
9. 20xl 0-9
3 . 79xl 0-9
I . 25x1 0-9
3.5ixl0-1
9 " 06xl 0-3
I .64x1 0-1

-v2.45x10'

-2l. B7xl0^'
2.50x1 0l
3 . 39xl 0Y
4.55x1 0Y
6. 07xl 0Y
8. 03xl 0Y
I . 07xl0,l
I . 43xl0.l
I . BTxl 0l
2. 50xl0.1
3. 39xl0.l
4.55x.l0.1
6. 07xl 0.1

8.03x1 0l
1 .07 x10l
I . 43xl0^'
1.87x|0Í,
2.50x1 0ï
3.3ex1 0f
4. 55xì 0i
6 .07x1 0i
8.03x1 0i
I .07x10Ì
I .43x1 0i
I . 87xl 0j
2. 50xl 0Ì
3 . 39xl 0j
4.55x1 0i
6. 07xl 0l
B. 03xl 0Ì
I .07x1 0*

a.65il0-? I "63*ioT
8. I gxl o_-f b. ì 2xì 0n 

I

l.47xl0 I l.69xl0X
2 . 38xl o_.1 a. e3xl of
4.64x.l0 I l.7lxl0l
6. 96xì on 

I 
a. agxl o.l

I . I Oxl 0X I .26x1 0l
l.8oxl0X 3.67x101
2. Toxl oX e. asxl oÍ
3 .6axl 0i 2 . 28xl 0j
5.00x1 0X 5. 74xl 0Ì
6.5oxlol I .35x10]
8.73x10Y 3.22x101
I . I 5xl o] 7. 4oxl ol
l . 36xl 0.l l " 56xt 0?
I . 95xl0.l 3.99xl ol
2.44x10l" 8.54xlo?
3.08xl0.l I.95xlol
3.85x1 o.f a. azil02
4.33x101 8.96x10Ï
4. B3x1o.i I . 78xl o1
4.73x10.i 3.o5xlo4
a.22x1o] a. Baxlot-,
4. 40xl 0ì 8. 99xl 0å
3.22x10) r.l3xt03
2.37x10j I .4exl03
I .44x1 0Å I . 65xl 0Ë
7.27x10X 1.50x103
3.34x10X l.25xl0Ï
I . o6xl 0u" 6 . B3xl o1
2.8lxlo-r 3.2lxlo/
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(i ) Probe #.l0 U = 7.78 n/s u' = 0.430 VRMS = 0.86û m/s

f
(riz)

ut
( VRMS )

or

(l/m)
ó(*1)

(mt/s')
rcf o(r, )

(m/E')

r<f O(rc.,)

(l/ms'z)

2.1
2.8
ao
J.()

5.1
6.8
9.0
12
i6
21
2B
aôJO
5l
68
90
120
160
210
280
380
510
680
900
1200
I 600
2l 00
2800
3800
5l 00
6800
9000
I 200

0.0270
0.0323
0.0374
0. 041 6
0.0466
0.0525
0.0549
0.0626
0.0649
0. r1675

0.a662
0 "t662
0. 0683
û.0678
0.0630
0 .0660
0.0635
0.0618
0.0591
0 .0535
0.0493
0 .041 I
0 .0344
0.0301
0.0?24
0 .01 69
0.01 t 5
0 .00698
0.00390
0.001 96
0 " 000869

I . 70xl 09
2 " 26xl 0Ï
3.07x.l 0X
a. l2x10X
5 . 49xl 0X
7 "27x10Y
9.69x] 0Y
I . 29x10.1
1 . 70xl0.l
2 "26x101
3. 07xl0.l
a. 12x10.1
5 .49x10.i
7.27x101
9.69x101
1.29x10Í
I . 70xl 0Í
2.26x10f,
3.07x1 0i
4.12x10i
5. 49xl 0ã
7 .27x10i
9 .69x.l 0i
I .29xl0l
l.70xl0j
2.26x10Ì
3.07x1 0i
4. I 2xi 0Ì
5 " 4exl 0j
7 .27x1}i
9 .69x1 0r

-2
1 .45x1 0_!
l.56xl0 i
l.5axl0-i
I .42x1 0 I
I . 33xl 0-f
I .Z8xl 0 i
l.05xl0-i
I .02x10 .
B. 38xl 0-l
6. 80xl 0-f
4.82x10 I
3 .59x1 0-i
2.87xi0 I
2.13x10-Í
I .3Bxl 0-i
I . 14x10--!
8.03x10 i
5. 70xl 0-l
3. B4xl 0-j
2. 35xl 0_j
I .49x10 -
8"llxl0-3
4.12x10-l
2. 35xl 0-?
9.99x1 0-9
a. 26xl 0-9
I .45x10-9
3.9exl 0-1
9. 35xl 0-1
I .78x10-X
2.63x1 0-'

_2
4. 1 9xì 0_!
7 .97x1A _\
1 . 45x10_.i
2.4lxl0 .i

4 " 0l xl0-.1
6.77x10 -l9. 86xi 0n '

1 .70x10X
2" 42x10Y,
3 .47x1 0Ï
4 " 54xl 0X
6.09x1 0X
B.65xl 0Y
l. l3x10l
l . 30xi 0.l
I . e0xl0.l
2.32xt0)
2. 9l xl0-l
3.62x10.1
3.99x10.1
4" 49xl0.l
a.29x10.1
3.87x1 0l
3.91 xl0.l
2 . Bgxl 0i
2 " I Bx10.j
1 .37xl0l
6. 77xl 0X
2.82x10u .
e. al xl0l.l
2.47x10'

_'ll.2lxl0 i
4. 07xl 0l I

j . 37xl 0X
4. 09xl 0Y
I .21x]0.1
3. 58x10-l
9. 26xl0.l
2.82x10Í
7. 00xl 0Í
1.77x10i
a.28xl 0j
ì . 03xì 0j
2. 61 x'10 j
5 .95x1 0-
1.22x107
3.l6xl0i
6.71x1}l
I .49x1 0?
3 .41 xl 0?
6.77x10?,
I .35xl0i
2.?7x10'-
3.63x1 0{
6.5.lx101
8.34x101

: ii;i ö3
. 29xl 03
.l5xl0Ï

ä: ¿ö-i ö1

!.?l*lot
2. 32xl 0
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(k) Proble #l I U = 7.46 in/s u' = 0.429 VRMS = 0.878 rn/s

f
(Hz )

ut
( VRl4S )

*r
(l/m)

"lo(r1)
(rr,/52 )

*fo(<1)
(l/ms2)

ö(*1)
(mt/s')

2.1
2.8
3.8
5.1
6.8
9.0
12
l6
21
28
3B
5l
6B
90
120
160
210
280
380
510
680
900
I 200
I 600
2t00
2800
3800
5l 00
6800
9000
I 200

: ãi;i 0:
.10x103

8.69x.l 0i
1.7?.19i

0 .0281
0.0321
0.0366
0.0393
0.0462
0.0535
0.0533
0.0634
0 .067 4
0.067r
0.0674
0.a662
0.0659
0.0650
0.0625
0.0639
0.a6?B
0 .0608
0.0589
0.0537
0 " 0479
0 .040 I
0.0339
0.0294
0.0212
0.01 64
0.01 06
0 .00624
0 .00360
0.001 75
0.000793

I . 77xl 09
2. 36x1 0f
3. 20xl 0X
4.30x10X
5.73x1 0X
7 .5Bxl 0Y
l.0lxl0l
I . 35xl0.l
I . 77xl0.l
2 . 36xl 0.j
3. 20xl0.l
4. 30xl0.l
5. 73xl0.l
7. 58xl 0j
'l 

" 0l xl0o'
ì.95xì0i
1.77x10i
2.36x10Í
3.20x10f,
4. 30xl 0i
5.73x10f,
7.58x1 0i
l.0lxl0i
I .35x1 0i
1.77x10i
2. 36xl 0j
3.20x1 0i
4. 30xl 0Ì
5.73x101
7.58x1 0l
I .01 xl0 '

-)1.59x.l0_i
l"56xl0 I
I .49x10-Í
1"2}x1o-f
ì . 33xl 0_i
I " 35x10 '^

I . 00xl 0-Í
l.06xl0-Í
e. I 5xl 0_l
6.B0xl0 i
5 .06x1 0-i
3.64x1 0-i
2. 70xl 0-i
l.eexl0_i
1.3Bxl0_i
'l .08x10_[
7"95x10 i
5 .5sxl 0-l
3.86x'l 0_,
2. 39x1 0_l
I .43x10 -
7.56x1 0-3
3. e3xl 0_!
2.?9x10 i
9. 06x1 0-9
4.06x1 0-9
1 "25x10-?
3 .23x1 0-(
B" 06x10 X

l.aaxl0-f
2.2?x10 "

_)
4. 98x1 0_i
B.69xl0 i
I . 53x10-.1
2.37x10 )
3.8axl 0l l
7 .76x10^'
l.02xl0X
I . 92xl 0X
2 .87x1 0Y
3. 79xl 0Y
5. I Bxl 0Y
6. 73xl 0Ï
B. B6xl 0Y
l.l4xl0l
I . 4l xl0.l
1"97x10i
2 . 49xl 0.1

3. l l xl0.l
3.95x10.1
4.42x10'
4. 70xl0.l
4.34x10.j
4. 0l xl 0.1

4. I 7xl0l
2. 84x1 0l
2.26x101
I . 28xl0,l
5. 97xl 0X
2.65x1 0u,
8. 27xl 0--.1

2.26x10'

-l
1 .56x10_.i
4. B4xl 0^'
I .56x1 0Y
4.3Bxl0Y
l.llxl0.l
a. 46xl 0j
I . 04xl 0Í
s.52x10Í
8. 98xl 0Í
2.llxl0Ì
5.31x10j
1 .24x10 )
2 .91 xl 0j
6.57x10.
I . 44xl 0i
s.59xl 03
7 " BOxl 0?
I . 73xl 0?
4. 05xl 0?
B. I 7x109
I .5axl 0l
2.50x10'-
4.02x10t-
,^.91.10^,
8. 89xl 0å
I .26x10?

2.3lxl0
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(l ) Probe #.i2 [J = 7.66 nt/s u' = 0.45.l VRMS = 0.902 inls

f
(Hz)

u'
( VRMS )

*r
( I /ri)

O(r', )

(m3/52 )

rclo(rc,)
( mls2 )

r<f O(rc1)

(l /r¡s2 )

2.1
2.8
3.8
5" I
6.8
9.0
1?
l6
21
28
38
5l
68
90
120
160
214
280
380
510
680
900
I 200
I 600
2l 00
2800
3800
5l 00
6800
9000
I 2000

4.0277
0. 0349
0.0391
0.041 I
0.0461
0.0536
0 " 0549
0 .0660
0 .0698
0.0695
0 .071 9
0. 0707
0 "0724
0.071 0
0.0652
0 .0676
0 .0666
0.0629
0.0601
0.a547
0.0489
0.042?
0 .0344
0.0287
0.0212
0.01 56
0 .01 05
0.006,l I
0 .00368
0 .001 96
0 .000849

I . 72xl 01
2. 30xl 0X
3. l2xl0X
4.18x101
5.58x1 0Y
7 . 3Bxl 0l
9. 84xl 0Y
I " 31xl0.l
I " 72xl0.l
2. 30xl0.l
3 . l2xl0.l
a" l8xl0.l
5. 5Bxl 0l
7 " 38x'10.1
e " Baxl 0,1

l.3lxl0l
1.72x10t
2.30x1 0å
3.12x10i
4. I 8xl 0i
5 " s8xl 0i
7.38xì0i
9 . 84x10-"
I . 3l xl0i
I . 72xl 0i
2.30x10Ì
3. I 2xl0j
4. lBxl0Ì
5. 58xl 0j
7.38x1 0Ì
9.84x1 0'

r.5sx1o-! a.sextolf,
1 .84x10_i 9.73xì0_i
ì.70x10_i .l.65xì0_.j

1 . 45x10_i 2. 53xi 0_.i
I .32x10 I 4. I I xl0 l
I . 35xl o-Í 7. 35xl o^ 

|

I . o6xt o-Í I " o3xt oX
l.lSxto-1 l"97x1oX
e"s2xlo-i z.etxloX
7.30xlo-Ì 3.86xloX
5.76xio-i 5.6lxtoÏ
a. lsxto_j 7.zsxlol
3.26x10 i l.02xl0i
2. 37xl ol j l . zexl o.l
l"50xl0 i l.45xl0j
I . 2l xl o-l 2. ogxl o.j
8 " eaxl o_f, 2 . 6ax1 o.i
5 . 98x10 j 3. l6xl0.''
a.02xl0_l 3.9ìxì0.j
2 . 48xl 0 i 4. 33xl 0i
I . 49xl o-3 4. 64xl o.j
8. 37xl o-3 4. 56xl o.l
4. I 7xl o-l 4. o4xl o.l
2.lBxl0-l 3.74xlo.l
9. o6xl o-9 2 . 6Bxl ol
3.68xl o-9 l . esxl o.l

1'?1-lg:? t.?9-19å3.l7xl0 å S.54xl0X
8.43x10-Î 2.62x10",
I . Bl xl ol! e. B6xl0_.1
2.54x10 - 2.46x10 '

_1
1 . 36x'l 0_.i
5.lSxl0^'
I .61 xl 0Y
4.43x1 0Y
I . 28xl0.l
4.00x10.1
e. eaxl 0j
3.39xì 0!
s.59x'l0i
2.04x1 0{
5 .46xi 0[
1 .27x10 j,
3. ì 6x1 0j
7. 03x1 0-
l"4lxl03
3.56x1 0l
7.82x10i
I . 67xl 09
3.81 xl 09
7 .57x10?,
I . 44xl 0i
2. aïx1}t,
3"9lxl0i
6.42x10'-
7. e3xl 0á
1.03x103
I . I 7xl0Ï
e.6Bxl 0i
8. I 7xl 0i
5. 37xl 01
2 . 3Bx'10 

/
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(m)

f
(uz)

ut
( \/RMS )

V^l
(l/m)

o("1 )

(m'ls')
rc!o(r1 )

(rnls2 )

rcf O(r,)
(l/msa)

Probe #l 3 U = 7.86 m/s u' = 0.442 VRMS = 0.884 m/s

2.1
?.8
3.8
5.1
6.8
9.0
12
l6
21
28
38
5l
6B
90
120
r60
?10
280
380
510
680
900
I 200
I 600
2l 00
2800
3800
5l 00
6800
9000
I 2000

0.0289
0.0342
0 .0384
0.0435
0 .0506
0.0s49
0.0566
0.0652
0 .0683
0 .0680
0.0688
0.0677
0.0672
0 .0656
0.0616
0.0635
0. 0603
0 .0591
0.0564
0.0517
0.0482
0.041 4
0.0340
0.0307
0.0236
0 .01 73
0.0124
0.00784
0 .00463
0.00243
0.001 I 0

I . 68xl Ofi
2.24x10f,
3.04x.l 0X
4.08x10Ï
5.44x10Ï
7. l9xl0Y
e .5exl 0Y
I .2Bxl0l
I .6Bxl0.l
2.24x10
3. 04xl0.j
a.0Bxl0.l
5. 44xl 0.1

7. l9xl0.l
9 " 59xl 0l
1.28x101
l.6Bxl0l
2.2ax101
3. 04xl0o'
4. 08x I 0Í
5 . aax1}i
7. I 9xl 0l
e.59xl 0Í
I . 2Bxl 0i
l.6Bxl0i
2.24x10r^
3.04x1 0i
4. 08xl 0Ì
5. 44xl 0Ì
7. lexl0i
9 .59x1 0'

_)
1 .76x10 _i
l.85xl0 I
1.71x10 -i
1 . 64x'10_i
ì " 66x1 0_i
'l 

. 48x10_!
1.18x10-i
l. I 7xl0 i
e. B2xl0_j
7.30x10 i
5. 50xl 0-l
3.97x10 j
2.93x1 0_j
2.1I xl0 I
I . 40xl 0-j
l.llxl0-j
7.65x1 0_l
5.5lxl0_j
3. 70x1 0_j
2.32x10_]
I .51xl0 l
8. a2xl 0_!
4. 26x'10_i
2"60x10 Í
l.l7xl0-l
4.72x10-2
I .7exl0-l
5.33x10 I
l.39xl0-1
2 . 90xl 0-l_9

4.49x10'

_)
4.97x10 _|
9.28x1 0_!
I . 58x'l 0_.j
2.73x10_l
4.91x10_.i
7.65x1 0^ '

I .0exl 0l
l.92xl0X
2.77x10Y,
3. 66xl 0Y
5.OBxl 0Ï
6.61 xl 0Y

_'l
I .40x1 0 i
4. 66xl 0^ I

I .46xl0X
4. 54xl 0Y
I .45x]01
3.96x10.1
s . e8xl 0j
3. l4xl0o"
7.8?x10\
I . B4xl0j
a. 70x1 0j
1.10x10j
2.57x10 o
5 .65x.l 0J
l. lBxl0i
2 . 98xl 0l
6. 09xl 0l
I . 39xl 09
3"l6xl0?
6. a3xl 03
I . 32xl 01
2.25x10t-
3.60x1 01
6 .98xl 01
9.32x10!

: iõ;i ö3

" 53xl 0i
. lP-l 9;1.22x10\

7.75x101
3. BOxl 0 

/

B:6;;i ö9

I .99-19ì
. 29xl 0l
.9?-l 9i

2. I 6x1 0i
2.76x10j
3 .42x10|.
3.86x10.1
4 .47 x10l
4 " s5xl0.j
3.92x10.1
4.26x101
3 .30x10.1
2. 37xl0.l
I .65x10,1
B. B7x I 0Ï
4. I I xl0X
l.50xi0l,
4. l3xl0 '



no.+o

(n ) Probe #14 U = 7.BZ m/s u' = 0.46 VRMS = 0"936 m/s

f
(nz )

u'
( VRMS )

*r
(1/m)

o(o1)
(m3/s? )

rclO(rc,)

(Íir 1s')
"f O(*1)
(l/ms'z)

2"1
2.8
3.8
5.1
6.8
9.0
12
l6
21
28
38
5l
6B
90
120
160
210
280
380
510
680
900
I 200
I 600
2't00
2800
3800
5r 00
6900
9000
I 2000

0.o294
0.0341
0.0393
0 .0435
0.a497
0.0561
0 "0572
0.0659
0.0742
0.07'l 4
0.0723
0.0708
0.0697
0.0696
0.0658
0.0676
0.0668
0 .065 I
0 .061 7

0.0572
0.0512
0 .045 I
0.0366
0 " 0328
0 " 0248
0.01 89
0.01 25
0 .00800
0 .00476
0.00233
0.001 07

l.B4xl0
1 .85x1 0
l.8lxl0

. 66xl 0

.62x.I 0

.56x.l 0

"22x10
"2lxl0
.05x1 0

B.14x10
6.l4xl0
4" 39xl 0
3.l9xl0
2.40x1 0
l.6lx]0
l.2Bxl0
9.4.9x10
6.76x.l0
4. 47 x10
2. 86xl 0
1 .72x10
l.0lxl0
4.98x10
3. 00xl 0
l.3lxl0
5.70x10
l.B4xl0
5 .60x1 0
l.47xl0
2.69x10
4.26x10

a

5.26x10 I
?. 37x1 0-f
1 .68x10_.i
2.79x10 _l
4.83x'10_ j
B.l5xl0^'
l.l3xl0Y
2. 0l xl 0Ï
3. OGx1 0l
4. I 2xl 0Y
5.7lxl0X
7. s8x1 0l
9.51x10Y
I . 25x10-l
1 . 50xl0.l
2" l3xl0.l
2. 7l xl 0l
s " 42xl0.l
4.l6xl0.j
4.81xl0.l
5. 31 xl0.j
s. 2Bxl0.l
4.63x10.j
4.99x10.1
3 . 74xl0.l
2 " B9xl0-l
l.7lxl0l
9.41 xl 0X
4. 38xl 0X
1 . 4'lxl0].,
3"96x10'

_1'l .50xi0_.i
4. 74xi 0^ '

1 .57x1 0l
a. 6exl 0f
I .44xi0l
4 -26x101
I . 05x10.,¿
3. 35xl 0Í
8. 57xì 0i
2 .08x1 0ã
5.31x10i
1 .?4x10 j,
2.84x10 )
6.56x1 0-
1.39x103
3.54x1 03
7.74x10?
I . 73xl 09
3 .86x1 03
B. 08xl 03
I " 53x101
2 "76x10t-
a. 30xl 01
B.3lxl0á
I .07x.l03
1 . 46x1 0!
I " 59xl 0X
I .58x1 03
l.3lxl0Ï
7. 35xl 01
3.68x.l 0 

/

I .6exl09
2.25x10v^
3 .05x] 0Ï
4. l0xl0Y
5.a6xl0l
7 .23x1 0X
9 . 64x1 0Y
I " 29xl0.l
I . 69xl0.l
2.25x10.1
3.05x1 0l
a.l0xl0.l
5 " 46xl 0l
7.23x10.1
e. 6axl 0j
1.29x10i
1.69x10i
2.25x107
3.05x1 0i
4. l0xl0I
5. a6xl0r¿
7.23x107
9.64x10¿"
I .29x10Ì
I "69xl0j
2.25x10i
3. 05xì 0Ì
4. l0xl0j
5. 46xl 0Ì
7.23x1t1
9.64x1 0'

-2
-2
-2
-2
-2
-2
-¿
-2
-2
-3
-J
-J
-3
-3
-3
-J
-4
-4
-4
-4
-4
_AT

-5
-5
-5
-6
-6
-7
-7
-B
-9
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TABLE 5

NON. DIMENS IONAL SPECTRA

(a) Probe #l

[*r kr
(n'<, )'o(n"1)(n1 )-gr'.,),li.',,uZ,

vzn -- v1-- ù'ril{t

d,(nrc1 )

Vz¡- A

-A2.17x10 1
2.Bex10 _]
3.93x1 0 I
5. 28xl 0-T
7 " 03xl 0_l
9.30x10 l
I . 24xl 0-l
I . 65xl 0-Ì
2. I 7xl 0-i
2. 89xl 0-j
3 . e3xl 0_l
5.Z8xl 0 I
7. 03xl 0-i
e.30xl 0_f
1.24x10 7
ì . 65x1 0-i
2.17 x10 _|
2.89x10 I
3. e3xl 0-f
5. 2Bxì 0_i
7.03x10_i
9. 30x1 0_i
I .24x10 l
l.65xl0-l
2.17x10-l
2.89x10 i
3.e3xl0-]
5 . 2Bxl0_.i
7.03x1 0 i
9. 30xl 0^ 

|

I . 24xl 0u

-?4.45x10 I
5. eaxl 0-i
8. 08xl 0-Ì. vu^ ¡ v_2

. 0Bx'l 0 _i

. 44x10 
^-.9lxl0-Ít.Jt tv_g

2.55xì 0_!
3.39x10 î
4.45x10 I
5 "eax10 -l
8. 08x1 0 _i
I . 08x'l 0_.i
ì . 4axì 0_.i
I . 9l x'l 0_.i
2.55x.l0 ,'

3.39x10-.1
a. asx I 0-.1
5 . 94x'l 0_.j
B. OBxl 0^ '

I .08x10!
l.44xl0Y
I .91 xl 0Y
2 .55x1 0Y
3.39x1 0X
4. asxl 0i
5. 94xl 0X
B.08xl 0Y
I .08x10.1
I . aaxl0.l
I . 9l xl0.l
2. 55xl 0 

I

7. el xl 0l
7.91 xl0Ì
8.77xì0f
8. I 3xl 0j
7.64x1 0Ì
7 .7}xt}i
6 . 46xl 0Ì
5.65x1 0j
5.44x1 0Ì
a. I 3xl 0i
3.00x10Ì
?.27x101
I .66xl0l
1.21x10j
7 .97x102
6.24x10Í
4.63x10f,
3.06x1 0Í
2.03x1 0Í
l.2lxl0Í
7 .32x101
3 . 90xl 0.1

I . 89x10l
B.5lxl0Ï
3.34x1 0X
l.36xl0u.
4. 4l xl0-.1
l.laxl0-j
3.28x10 I
a. 83xl 0l!
B.77xl0

_/1
3.72x10 _)
6.6lxl0 l
I .36x10-i
2.27 x10- i
3.78xl 0-i
6. 66xl 0-i
e. eaxl 0-j
ì .54x1 0_i
2.55x10 _|
3. 45x'l 0_i
4.64x10 _|
6.32x10 _|
8.22x10 \
l.Oaxl0_.j
1 .23x10_j
l.70xl0 l
2.l8xl0-l
2. 55x'10 l
3.l5xl0-l
3 . 37xl 0_.j
3.62x10 l
3.3ixl0-]
2.92x10 _l
2.32x10_l
'l 

. 57x1 0_.i
ì.12x10_j
6. 84xì 0_i
3. l6xl0 I
1.62x10_f;
4.lBxl0 X

I " 25xl 0-r

-1'rI . 74x10 -'l
5 . s2xl 0-l j
2 . I 0x10_.ii
6. 3l xl 0^ '"

-ul89xl 0 '^
5. 75xl 0 Í
I .54x.l0-1
4.20x10-1
1.20x10-_t,
2 .88x.ì 0_i
7. l9xl0 I
I .79x1 0-9
4. 07xl 0-!
9. 02xl 0-9
I .8exl0-!
4.64x10 _i
1 " 02x1 0_l
2. 1 3x1 0_l
4. B7xl0 i
e. 3exl 0-l
I .79x10 i
2.s?x10-]
4.49x10 X

6.32x10-j
7. 38xl 0-i
9 .47x10- |
l.06xl0l!
B. B0x'10_i
8. 02xì 0_l
3.62x10 î
I .80x1 0-r

-?6.20x10 X

e. eexl 0-j
1.85xì0_i
2 . BOxl 0_i
4.25x10 _l
6 .BZx10 _i
9. 25x'10_i
I . 30x.l0_.1
1 . 95x'l 0_.j
2.42x10 )
2.94x10-.j
3.63x10-.1
4.28x10_.i
6. 62x10_.j
5 . 29xl 0_.1

6.67x10 l
7.82x10-j
B.33xl0-.1
9.22x10 ]
8. 99x10-.1
8. 77x10-.1
7.45xì0_.j
5.83x10 i
a.22x10 -l2.62x10 )

1 .72x10 -)
9. 30xì 0_i
3.93x'10_i
'l 

. 82xl0_i
4.28x10 i
I .26x1 0-r

0. 835
0. 795
0. 953
0.921
0.855
0.966
1.0?
0 .897

.03

.05

.02

.07

.06

.47

.06
I .05

.03

.03
I .03
0.974
0. 907
0.866
0 .830
0.608
0.53.l
0.536
0.463
0.400
0.442
0 .314
0.294
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(b) Probe #2

TtKl kr
(nrc., )'O(n*.') (nrc1)u0(n'.1 )___T5-ô(nr.' )

-Fn - tniiFz: A
V

ô(nr<.' )

-ð,
2.12x10 -l2.82x10 )
3. 83xl 0-l
5. I 4xì 0_j
6. 85xl0 l
e " 05xl 0-1
I .21 xl0-l
I .61 xì 0_i
2.12x10 _'.
2.8?x10 i
3.82xl0-i
5. I axl 0_i
6.85x1 0_i
9.05x10 i
l.2lxi0-1
l.6lxl0-f
2.12x10_|
2.82x10 _|
3.83x10_i
5. 14x'10_f
6"85x10 I
e.05xl 0-f
1 .2ì xl0_.i
1.6lxl0 .i

2.l2xl0-.1
2. 82x10-.1
2. 83x10 ,'

5.l4xl0-.1
6.Bsxl0-.f
9. 05xl 0^ '

l.2lxl0u

a

4.30x10 Ì
5.72x10-i
7.77x10-l
1 . 04x1 0_i
I . 39xl 0_i
I . B4xl0 I
2"a5fl0_l
3"26x10 _|
4.30x10 I
5.7Txt0ll
7 .77x10 ?
I .04x10-.1
I " 3exl0-.1
1 . 84x10_.1
2.45x10_.i
3.26x10_.i
a" 30x10_.j
5" 72x10 i
7 "77x10Ãt
I .04x1 0X
1 . 39xl 0Ï
l.84xl0X
2. 45xl 0Y
3. 26xl 0l
4.30x10Ï
5. 72xl 0Ï
7 .77x10Y
1 . 04xl0.l
I . 39xl0.1
I .84x10.1
2.45x.l0r

B.a5xl0l
I . 03xl 0"
8. 98xi 0{
9. 03x1 0X
B.29xl 0i
8.40x1 0i
6. 56xl 0i
6 " 30xl 0i
5. s8xl 0Ì
4"27x101
3.20x1 0i
2. 1 6xl 0i
L 80xl 0i
I . 28xl 0i
I " 40x1 0i
6 "46x101
4.71x10t
3. I 4xl 0Í
2.llxl0l
I .25x.l 0Í
7.5lxl0.l
3.89x10.1
I " 93xl0l
8.87x1 0l
3.4i xl 0Ï
I .30x'10].,
4.62xì 0_.i
'l 

. 28xi 0_ j
2.89xl0 I
a. eexl 0-j
B. 56x1 0

-L
3.82xì0_ri
8. 23x1 0 .j

I .32x10-i
2. 40xl 0-l
3. 92xl 0-l
6 . saxì 0_-l
9 " 63x1 0_i
I . 64x1 0_!
2.66x1t _|
3.42x10 _|
4.72x10 7
5 "75x10-l
8"5lxl0_f
1.06x10 i
1 . 23x10-.1
1 . 68x1 0_.i
2.12x1t l
2. 5l xl0-.1
3.llxl0-.1
3 . 33xl 0-.j
3. 5axl0-.1
3.22x10 l
2. Baxl 0-.1
2 . 30x10_.j
1.54x10_.i
1 " 04x10 I
6.B1xl0-f
3.4'l x'10_i
I .37x10 I
4. l2xl 0-l
l.26xl0-'

_'t l
I . 72x10_.i.i
6 . sexl 0_.1 i
I .96x10 I X
6.40x1 0-lu
1 . 85xl 0-l
5.73x.l0 Í
1 " 42x10-1
4. 26xl 0-1
1.20x10"-/,
2.73x10 _',
6. 96xì 0_^
1.54x10 X

4"02x10-?
B. 74xl 0-3
l.82xl0-3
a. 37x1 0l!
9.6ì xì 0_i
2. 01 xl 0_l
4" 5ex10_l
8.85xì 0_j
I .68x1 0 X

2 " 65xl 0-i
4" I 7xl 0-l
6 .00xi 0-l
6. 96x1 0-i
8. 30xl 0-j
I .00x1 0-1
9. 07x.l0'-i
6 " 45xl 0-l
3. a0xl 0-l
I . B5xl0 "

6 " 3zxl o-f o. el 5
l.25xl0 I 1.06
l.8txt0-Í 0.994
2.98x10--!, I .06
4.4lxl0 I 0"952
7.nx1a_l 1.07
9.0lxl0_i 1.05
i.39xì0_l I "03
2"06x10_.j l.l3
2.40x.l0_.i l.l0
3.00x10_.i l.l0
3. 3l xl0 i 1 .02
a.a5x]o_.1 l.l5
5.03x'10_j l.l4
5. 36xì0_.j 1 .12
6.63x10_.j l.l0
7.65x10 i 1.15
B.20xt 0-.1 I .07
g.lBxlo-.i l.07
8. Bsxr 0_.1 I .00
8" 6l xl0 i 0 .929
7"rOxr0_.1 0.858
5.71x'l0_.j 0"838
4. 23x10_.i 0.6s3
?.57x10_l 0.537
'l 

. 58xì 0_i 0.501
9.33x10 I 0.471
4.22x10-1 0.435
i "54x10-Í 0 372
a.23xl 0-Í 0.305
I . I 8xl 0-J 0. 328
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(c) Probe #2

0(nr', )

T5--
(nr<.,)'ô(n<-,) (n*1)uO(n*., )

v'n vtn
(n:ìf /3

ö(nr<.' )

A
nKl kr

-lll. e1 x1 0_l
2.55x1 0o '

3.4x10 '"
4. 65xl 0-I_4
6- l9xl0 i_u
B. l9xl0 ^
1 . 0exl 0-Í
I . 45xl 0-i
l.9lxl0-l
2.55x1 0-l
3 " 46xì 0_i
4.65x10 I
6.l9xl0-Í
8. I exl 0-j
1 . 09xì 0_i
1 . a5xi 0_i
ì . 9'lx'10_i
2.55x.l0 I
3 . a6x10 -l
4.65x1 0_i
6.19xì0_i
8.l9xl0 i. rJ^ru_.1

. 09xl 0_.i

. 45x]0 .i

.9.lxl0-.1l.Jl^lU a

2 . 55xi 0-.1
3.46x10 iu.fv^¡v_'l

4. 65xl 0_,''
6.ìexì0_-i
8.l9xl0^'
l.09xl0u

-?l. l8xl0 X

I .57x10-l
2.l3xl0-l
2 .86x1 0-i
3. sl xl 0-i
5. Oaxl 0lf
6. 72xì 0_i
8. 94xì 0_i
1.18x10_i
1 .57x1 0_!
2. 1 3xì 0_!
2.86x1 0_i
3.8lxl0 I
5 " 04xl 0-Í
6.7?.x10 -l8.94x'l0 i
l.l8xl0-.1
I .57x10 .i

2. l3xl0-.1
2. Bexl0--.1
3 . Bì x10_.i
5. 04x'10_ j
6.72x10 _)
8. 94x1 0n'
l. l8xl0X
I .57x1 0Ï
2. I 3xl 0Ï
2.89x1 0Ï
3. 81 xl 0X
5.Oaxl 0l
6.72x10"

-L5. 38x1 0_j
5 . 90x10 .i
I .07x10_i
1 . 56x'10_i
3.l9xl0 X

4. 92xl 0-i
7.0?.x101)
ì .1 9x1 0_f
1.83x10_i
2.64x10 7

3. a7x10- |
a. 3axl 0-!
6 .34x10_r'
7 "ssx10 _|
9 "22x10 1.cê^tv_.1

"27x10 i
.64x10-.1
. 98xl 0-.1r.JU^¡V_'l

2.46xi0_.i
2.89x10 iL. eJ^ rv_'l

3.05xì0_.j
3.09x10 l
2 "57x10- l
2.76x10- )
I . B6xl0--l
l.50xl0_j
9.54x10 I
5. 0l xl 0-f
2.17x10 '"
7. 28xl 0_i
2-l5xl0 "

-'l 1

l.26xl0_j.i
3.8lxl0 ll
l.zoxro-]!
3 " 34x10 ,1"
I .2lxl0-l

-u3.28x10 i
-vB.33xl0 i

2. 49xl 0-3
6 .64x'l 0-3
l.7lxl0-1
a. I I xl0-i
9.30x10 I
2. 4l xl 0-9
5 .33x1 0-9
i . 09xl 0-?
2 " 66xl 0-l
5. saxl 0-]
1.2Bxl0_l
2. 95xl 0_j
6..l9xì0_{
I . l6xl0 i
1.22x10-l
3.04x.l0-l
5 . 08xl 0-l
6. 58xl 0-i
9. 63xl 0_i
l.l4xl0 I
1 .07x10-l
8.25x1 0-Ì
4. BTxl 0-l
2 - 54xl 0-r

-?6.06x10 X

e. 35xl 0-j
I .54x1 0 I
2"}3xtoll
3.77x10 7

5. 30xl 0-f
6.87x10 i
I .05x10-.1
I .49x10 .i

l. eaxl0-]
2.32x10 _l
2.63x10_-i
3 " 48x10 .l

3. eexl0-.1
4.17x.l0_.i
5.22x10 l
6 . I ixl0-.1
6.78x10 i
7 . 58xl 0-.1
8. ì2x'10_.i
7. 78x'10_.j
7.l7xl0 l
5 . aOxl0-.1
5 .28x.l0_.j
3. I 7xl0 i
2 . 37x10-.1
1 . 36xl 0_j
6.53x1 0_i
2.56x10 I
7 .89x1 0-i
2 - 09x1 0-r

0.849
0 .973
0 .890
0"868
0 .804
0.744
0.789

e.57x101
e. l2xl0f
9.03x1 0l
7 "29x10i
8.38x.l0i
7. 39xl 0i
5. 95xl 0l
5. 65xl 0i
5.06x10i
4. Osxl 0j
2 .93x1 0Ì
2.03x1 0i
l.67xl0Ì
I . 20x1 0i
7 .79x1AÍ
6. 05xl 0Í
4"5?x101
3.07xì 0i
2.06x1 0i
I .35x10Í
B.03xl0.l
a" 64xl0l
2 . I 7xl0.l
1 . 32xi 0l
5.01 xl 0X
2 . 3l xì 01.,
7 . 9Bx1 0_.i
2. 34xl 0 l
5.70x1011
l. lOxl0 I
i"8lxi0-r

l.l3
0.995
I .06
0.896

0.974

.02

.0.|

.0?

.03

.03

.07

.10

.02

.01

i .03
.t4
.14
.ll
.09
" l8
.12
.12
.16

1.07
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(d) Probe #3

A9RnK

O(nrci )

v2n

0r

(n*, f /3

0(nrc.' )

(nr.,)'ó(nKl ) (n"l )uô(nr.')

u'n vtn

-LI . 89x1 0-j
2.5'1x10_j
3.4'lx'10_ j
4.58xì0_j
6. 'lOxl0_ j
8.08x1 0_"
1.08x10 X

I . aaxl 0-l
I .89x1 0 i
2.5lxl0-f
3.4ì xì 0_i
4. s8x1 0_i
6. 10x'10_i
8.08x10 X

l.08xl0l!
'l 

. 44x10_i
I " 89x10 I
2.ilx1a -i
3. 4'lxl0_i
4.58x.l0 I
6"l0xl0-Í
8.08x10-f
I . 08xì 0_.j
1 . 44xì 0_.i
l.89xl0 i
2.51xl0-.1
3.41 xì 0_.,'
4. 58x1 0_ i
6 . l0x'10_.i
8.08x1 0^ '

I . OBxl 0u

-{'l 
. 1 9x10_i

l.5Bxl0 i
2. I axl0-Í
2.88xl 0-{
3.84x1 0 i
5 . 08xl 0-i
6 . 77xl 0-i
s . 03xl 0_j
I . '19x10_i

ì .58x1 0_i
2.14x10_|
2. 88xl 0_i
3.84x]0 î
5 .0sxl 0lf
6 .77x10 _|
9. 03x1 0_i
1..l9x10_.i
I .58x10 l
2. I axl0-.1
2 " 88xl 0_.i
3 .84x'10_.i
5 . 08xl 0_.j
6.77x10 )
e. 03xl 0ll
l.l9xl0^"
I .58xl 0Y
2" l4xl0Y
2. s8xl 0X
3. 84xl 0X
5 .08x1 0Y
6.77x10v

-ð.
3.2 ì x'10_ j
5. 1 9x1 0-j
9.02x10.
I .49x.l0-i
3 .00x1 0-l
a"60xl0-i
6 . 37x'10_i
l. ì8xì0_i
I " 70x'10-i
2.47x10 _\
3.36x10_i
4. 'l 8xl0_i
5.8ì xl 0_i
7. 3Bxl 0_i
8.58xì0_i
l.26xl0 .l

I "52x10-]
I . 92 x10_.i
2 . 46x1 0_.i
2. 8l xl0 

"'3.l0xl0ll
2 " B3x'10_.,'
2.64x10 _l
2.68x.l0_.i
2.ì'1xl0_.i
1.53x10_j
e. 9'l x10_i
5.03xì 0_i
2.20x1 0_i
7.89x10 i
l.9lxl0-r

-'l 1

I . I axl 0_.1 .i

3.26x1 0 I I
r.o+xro-ll
3 . l2xl0 ,.1"

l.llxl0-l
3.00x1 0_[
7.40x10 í
2. 45xl 0-3
6 .03x1 0-3
l.55xl0-1
3.eOxl0-j
B.76xl0 1

2" l6xl0-?
4. B3xl 0-?
9.93x10-P
2. 6l xl 0-3
5. al xl 0-l
'l 

.21 xì 0_ j
2 .85x.l 0_j
5.BBxlO ^
l. l5xl0-i
I . saxl 0-j
3.05xì 0_!
5.54x.l0 i
7 . agxl 0-Ì
9 .60x1 0_j
l. l4xl0 ï
l.05xl0-l
8. I 6xl 0-l
5.l5xl0 i
2.20x10-J

-15.6lxl0 X

B.2axl 0lj
1.29x10 _i
2.10x10_i
3 .54x1 0_i
4.95x1 0_i
6.29x'10_i
ì . 05xì 0_.j
I . 38xì 0_.1

1 " 82xì 0_.j
2.24x10 -l
2 . 51 x'l 0_.j
3. l8xl0 i
3"68x10-l
3. e3xl0-.1
5 .21 xl 0_,'
5.74x]0 l
6. 56x10-.1
7.60xì0_.,'
7. 86x10_¡'
7. 89xl0 .i

6. 57xl 0l l
5 . 6'l xl 0_.i
5. 14x10_-i
3.68x'10_-i
2.43x10_.1
l.42xl0 I
6.53x10-j
2 "60x101f,
8.48x10 X

I . B8xl0-r

I .08
0.940
0. 948
0.903
1.02
0.993
0.967
I .03
I .00
r.l0
I .08
I "02
I .09
I .09
I .08
I .13
I .13
l.l3

9.
8.
7.
7.
8.
7.
5.
5.
L

J.
2.
t.
l.
t.

02xi 0l
25xl 0l
TBxl 0i
7l xl 0l
06xl 0i
06xl 0i
5 3xl 0i
73xl 0Ì
77x10i
93xl 0j
90xl 0Ì
99xl 0l
56xl 0j
I 3xl 0i
44x10i
11x10!
2Bx10i
05xl 0å
I 2xl 0i
34xl 0Í
35xl0.l
35xl0.l
29x10.1
39xl0,l
92xl 0X

43xl 0u"
5axl0-.1
40xl 0_j
92x10 _i
2lxl0 I
65x10-r

7
6
4
3
2
I
B

4
2

I
5

2
B

2
5
I
1

.16

.17

.ll

.03

.06

.00
0.984
0.99?
0 .918
0.853
0"790
0.765
0.652



tr?
JJ

/o\ Probe #5

l*r
ó(nrc., ) (n*., )'O(rKl ) (nrc., )ud,,(n*., )

g<l v2rr v2n v'tì

0r

(n*., )s/3 A

o(nKl )

-/1
1. e0x10_l
2.53xi 0_j
3.43x10 j
a.62x10 _]
6.14x10_,,1
B. l4xl0 l

. ósiiio:1

.45x10 l
^^ 

ì 
^ 

JI .90x1 0 i
2.53x10-i
3.43x1 0-i
4.62x10 i
6. l4xl0-Í
8. I axl 0lj
I .09x1 0 I
I . 45xl 0-Í
I . e0xl 0-f
2. 53xl 0 I
3 "a3,:|0_l
4.62x10 7
6.1ax1o _f,
8.l4xl0 i
I . 09x10-.1
I . a5xl 0-.f
I . 90x'10_ j
2.53x10 j
3 . a3xl0-.1
4.62x'l 0_.i
6 . 'laxì 0_.j
8. I 4xì 0r., '

I . 09xl 0"

l.8axl 0-l
2.44x10-i
3.3lxl0-i
4.46x.I0-l
5.93x1 0-Í
7. 85xl 0-l
I .02x1 0-Í
1 " 40x10"-f
ì .84x1 0_i
2.44x10_i
3.3lxl0 I
a.a6ilo_l
5. 93xi 0_i
7.85xi0 i. eJ^ I v_'l

. 02xl 0_.j

. 40xl 0_ j

.84x1 0 i
2.44x10 _l
3.3lxl0 lw.rr^¡v_'l

4.46x.l0 ,'

5. 93xl 0- lr. r¿^ tw _1
7. 85xl 0^ '

I . 9?'l 9H
. 40xl 0X

"91-l q;
2. 44xl 0X
3.3.l xl 0X
4.46x1 0Y
5. s3xl 0l
7.85x1 0i
l.02xl0'

B. 58xl ol
9. 32xl 0i
8. I 3xl 0Ì
8.23x1 0j
8.l8xl0Ì
7" lexl0f
5 .90x1 0i
5 .90x1 0i
5 " 60x1 0f
4. 08xl 0ã
2. 88x1 0j
2. I 9xl 0X
I . 66xl 0j
I . 26xl 0Ì
8. 03xl 0f
6. 55xl 0l
4.6lxl0Í
3.Osxl 0Í
2 "16x101
I "33xl0i
7. gBxl 0.1

4" 58xl0l
2.32x1a.t
I . 33xl 0l
5 .45x.l 0X
2.24x10u.
7 .64x1{ l
2. OBxl Olj
4.94x10 i
9.22x10-l
I . 39xl 0-r

-L3"1ixì0_j
5. 97xì 0_j
5.21x10.
I . 75xl 0-i
3.0exl 0-j
a. 76x I 0ll
6.96x10 X

1 .2ax1} 
-1"2.03x10 I

2.62x10 -l3.38x10 I
a.66x1o -l6"25x10 .'
8. 38x I 0-!
9.47x10 ?
I . 37x10-.1
l.67xl0 l
I . eBxl0--.1
2.54x10 i
2.84x1 0- l
3.02x10_.1
3 . 04x'l 0_.i
2"73x'10_.i
2.78xì0_.j
1.98xì0_.i
ì.44xì0_j
9. 02xl 0_i
4 .47 x10 _i
l.86xl0 I
6.1lxl0-j
l.64xl0-r

_1
l.l3xl0_.i
3.83x10 l
3 .33x1 0-.j
ã iäî i ö_lo
l.l6xl0 I
3. I 6xl 0-l
8.18x10_i
2.60x1 0 X

7.36x1 0-l
1.68x10_i
3.99x10 1

9 "97 x10-t-
2 . 36xl 0-9
5. 55xl 0-9
l.llxl0-?
2. 87xl 0-?
6. 06xl 0-?
I .26x1 0-T
? "99x10 _]
6 .04x1 0 .
l.l4xl0-l
2.0lxl0-l
3.22x10 i
5. B4xl 0-i
7. I 7xl 0-j
e.21x10_i
I .06x10 -.

9 .46x1 0-i
7.0axl 0-i
4.05x1 0-l
l.93xl0-r

5.3exl o-l o" 983
e. a3xl 0_j 1 "0?
1 .37 x10 _\ 0 . 959
2.27x10_| l.0l
3.63x1 0_i 0.994
5. I Oxl 0_i 0.980
6.8lxl0 i 1.00
I .loxlo_.1 1.oz'1.63x10_.i l.l5
I . 92xl 0_.i 1 .12
2"25x10 I 1"05
2.8lxro_.1 I.lo
2.43x10_.1 l.l3
4. ì5x.l0_.j I "20
4.30x.l0_.i l.l5
5.65x.ì0_.,' l.lB
6 .24xì 0_ I 1 .?1
6.72x10 _l 1 .1?
7.82xì0_.j 1.16
7.9ìxl0_.i l.l4
6.73x10 I 1.05
7. 00xl 0-.1 I . 08
5.77xlo_.1 r.08
5.32x10 I 1 .02
3.42x1o-.1 o .s24
2.27x10- ] 0.930
1.2Bx1A_) 0.832
5.74x.l0 I 0.763
2.1sx10-l 0.687
6.54x10-l 0.616
i.60xl0-r o-594
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(r) Probe #6

kr
o (nrc., )

vtnl"r

(nrc1 )'ô(n*l ) (n*l ) 
uô (noi )

vtn v'n

Cxr

{n*-,f /3

ö(nr<l )
n

-¿,i . 90x10_r'
2 "54x10 _)
3. 45xì 0_l
4.63xì 0_l
6. l6xl0 I
B. l5xl 0-1
I . 09xi 0-i
I . a5xl 0_i
ì . 90xì 0_l
2.54x10 X

3. a5xl 0-j
4.63x'10_i
6. 1 6xì 0_i
B. l5xl0 I. lV^ ¡V_?

. 09xl 0_i

. 45x1 0_i

.90x1 0 î
2.54x10 _i
3.45x10 I¿.-r tv_2
4.63x1 0 I
6. l6xl0-Í
8. l5xl0-Í. rv^rv_'l

. 09xì 0_.i

.45x10 i
" 90x I 0-.1

7. 80xl 0l
9. 02xl 0Ì
8. 04xl 0i
7. eOxl 0i
7.75x10i
7 .12x10i
5.90x1 0j
5. 56xl 0j
5. l7x10i
4. 00xl 0j
2. 90xl 0j
2"l4xl0l
I .5exl 0l
1.20x.l0i
7 .85x101
6 .04x1 0l
a.37 x10l
3. 20xì 0î
2.11xt0Í
I .35x1 0f
B.04xl 0l
4. 59xl 0.1

2.26x10|'
l.3lxl0.l
5.26x1 0Y
2.36x1 0u,
7 . s4xl 0-- l
2.07x10 _)
5.07x10 i
e. 65xl 0-i
l.30xl0 "

-ll?.82x10 _j
5.82xi 0_j
9.57x10 ^
1 .6exl 0-l
2.94x10-l
a. 73xl 0-f
6.95x10 i
1 .17x10 -fil.87xl0 ^'
2.58x10 -l
3 "44x10_i
4.59x10 _1,
6. 03x'10_l
8.00x10_f
9. 3ì xl 0_i
i .27x10_.1
I . 58xl 0_ r'

2 " 07x10_.j
2.50xì0_.j
2.BBxl0_.i
3.05x10 l
3.05x10-.1
2.68x10 l
2.75x10 -lì . 90xì 0_.j
l.52xl0 ^
9.44x10-1
4.44x10-Í
1.92x10-l
6.42x10-j
l.53xl0-'

-11I .02x10_.i .l

3.85x10_.ii
I .1 3xl0 iX
3.63x10-.1.u
l.llxl0-l
3. I 5x1 0_[
8.27x10 '^

2. 45xl 0-Í
6.77x10--l
1 .67xì 0_i
4.09x10 I
9. s8xl 0-l
2.29x10-2
5.30x1 0-P
1 .'10x10_i
2.67x10_i
5.72x10 1
I . 33xl 0-I
2.e6x10 _]
6 . l8x'10_l
I . l6xl0 X

2. 03xl 0-i
3. I 7xl 0_l
5.80x10 I
6.89x1 0-Í
e. Texl 0_j
l. l2xl0 i
9 .53x1 0-i
7"30x10-i
4.27><10:
l.82xl0-r

I

4.45x10 I
9. I exl 0-j
I .36x10_i
2. l9xl0 I
3.a6x10 -l5"06x10 I
6. 8l xl 0-f
I .03x10-.1
'l 

. 5l xl 0_.i
1.89x10_.1
2.28x1a _l
2 .75x10 _l
3.29x10_.j
3.96x10_.i
4.21x'10_.j
5 .21 xl0 l
5"9lxl0-.j
7 .02x10-.1
7. 7i xì 0_.j
8.06x10 i
7 .72x10 -]7.03x10 l
5.62x10-.1
5 .2axl0-.1
3 . 30xì 0_.j
2 . 40xl 0_.,'

I .35x1 0_j
5 . 74x'10_i
2.26x10 '^

6 . B6xl 0-i
I .50x1 0-r

0.914
I .01
0.959
0.982
0. 958
0.980
I .0r
0.974
I .06
l.i0
I .06
r .08
I .08

.13
"12
.10
.13
.16
.13
"15
.05
.07
.03

0 .993
0.857
0.9s5
0.845
0.728
0.662
0.602
0"5.l4

I . Jv^ I V_.1

2.54x10 _l
3.45x10 jJ . Tr'^ r V_.1

4. 63xì 0_.j
6. 16x10_.j
8.l5xl0^'
I .09x1 0u

-?l.77xl0 i
2.37 x10- l
3.2lxl0-j
4. 31 xl 0-i
5. 73xl 0-i
7.59x1 0-j
I " 0'1x10_i
I .35x1 0 I
1"77x10-l
2.37x10 2
3 "21x10 -l4.3lxl0 I
5.73x10-Í
7 .sex10 _l
1.01x10_.i
ì .35x10_.j
'l 

. 77xì 0_.i
2.37x'10_.j
3.21 xl 0 i
a. 3l xl0-.1
5 . 73x'l 0_.i
7. 59xl 0^ '

I .01 xl 0Ï
l.35xl0l
l.77xl0Y
2.37 x10u^
3.21 xl 0Y
4. 3l xl 0Ï
5.73x1 0Ï
7.59x1 0Y
l.0lxl0l



55

(g) Probe #7

nKl

ö(nr., ) (n*.,)'ö(nr., ) (no., )u,Þ(nrc., )

l*r v'n v'n v2n {no, f /3 
A

ó(nrc'')

2. I 9xl 0-1
2.glx10-q^
3.97x10-1
5. 32xl 0_l
7. l0xl0_l
9.40x'10_l
I .25x]0 X

l.68xl0-i
2"lexl0-i
2 .98x1 0-i
3 " 97xl 0-i
5 .32x1 0-j
7. l0xl0 X

9.40x.l0-i
1 "25x1a-Í
I .6Bxl 0_!
2 "19x10 _i
2.98x10 I
3 "e7x1a-f,
5.32x10_|
7.ì0x10_i
e " a0x1 0_i
1 . 25x10_.i
1 .68x.l0_.j
2.19x10_j
2 " 98x'10_.j
3.97x10 .i

5 . 32xl 0_.j
7. ì 0x'10_.j
9. 40xl 0^ '

I " 25xl 0u

I

4.86x10_i
6.48x.l0 i
8. BOx I 0-l
l. l8xl0-f
I . 5Bx'10_i
2.08x10 I
2.7\x10ll
3.72x1t_i
4.86x'10_i
6. 48x1 0_i
8.80x10._i
I . l8xl0 .l

I .5Bxl 0l I
2 . 08x10 .i

2. 78xl 0l l
3.72x10 _l
4.B6xl0 l
6 . a8xl0_.f
B. BOxl0^'
I . lBxl0Ï
l.58xl0Y
2 .Osxl 0Ï
2 . 78xl 0Ï
3.72x10Y.
4. 86xl 0Y
6.48x1 0Ï
8. BOx10Y
I . I8xl0.l
I .5Bxl0.l
2 .08x10.1
2.78x101

_ll
4.21x10. l
8.09x10 j
I . 23xl 0-l
2.l3xl0-i
3.96x1 0-l
5 . s0xl 0-l
9.27x10 i
I .63x1 0_i
?.33x10 _|
3.26x1 0_i
4.34x10 I
5.76x10-l
7 .ezx10 -!;
9. 88x'10_i
1 .09x10_.i
I " 63x10 .l

I . e8xl0-.1
2.32x10_l
2 " 95x1 0_.1

3. ì 7x'10_ j
3.3ìx'|0_.j
3. ì 7x10_.j
2.62x10 _l
2 . 33x'l 0_ j
I .52x1 0 l
l. l5xl0-j
6.92x10_i
3.23x10 I
l.36xl0-Í
4.62x10-l
I .28xl0-J

2. 02xl 0-] ]
o.aoxro-lj
I . e5xl0_.ii
6.04xì 0_i"
1 .99x1 0_[
5.llxl0 Í
I .46x1 0-3
4. 60xl 0-Ï
l"llxl0-1
2 "78x1A-t,
6.83x10 1

l.63xl0-?
4. 00xl 0-?
8.74x1 0-?
I .70x10-3
4.60x1 0-3
9.50x1 0-?
L 98x1 0_l
4.94x10 i
e.0l xl 0_l
I .68x1 0 I
?.79x10 _l
4. 'l3xì 0_f
6.53x1 0 i
7 .28x1 0-l
s.B0xl0-j
1.09xì0_i
9 . I Bx'|0_i
6.88xl0 i
4.08x10-Ì
2. 0l xl 0-r

-?7.0ûxì0_f 0.932
1 .26x10_i 0.967
1 .68x1 0_i 0.860
2.63x10 I 0.860
a.a3ilo _f 0.8e1
5.92x10 I A"842
8.5exl 0_f 0. e41
l.38xl0_.i 0.948
1 . 79x10_r' 0.943
2 . 36x1 0_.j 0 .999
2"74x10_l 0.959
3. 29x'10 ' ., 0 "979
4..l 2x .l0, ' 1 .63
a.6extol] i.oz
4.67x'10_.i 0.942
6.alxl0_.i l.0l
7.10x.l0_.i 1.03
7 .79x10 _l 0.948
8.64x10 I 0.978
8. a3xr0_] 0.933
7.99x10_r' 0.848
6.98x10_.j 0.838
5.2?x10 I 0.762
a.23xl0_.1 0"638
2.52x10-l 0.535
I .79x10 ,l 0.567
e.aax10_i 0.49s
3.98x10 I 0.439
1.53x10_-! o.4og
4.73x10 X 0.387
l. l8xl0-r 0.387

B.80xl0l
9. 50xl 0l
7.84x10j
7 "52x101
7. 84xl 0i
6. 56xl 0l
5.92x1 0i
5.82xl0l
a.85xl0j
3.B3xl0j
2.75x1Ai
2 .03x1 0j
I . 57xl 0j
I . lZxl0i
6 " 94xl 0Í
5.Blxl}l
a.1 ax1of,
?.72x10i
I . B7xl0Í
1.lZxl0f
6.56x1 0i
3 .59x10.1
1.67x101
8.27x10Y
3. I 7xl 0Y
I . 35xl 0u,
4 " 40x 10-.1
l. laxl0-j
2.70x10 7
5 .24x1 0-Í
8. I I xl0-+
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(h) Probe #B

ô(nrc.' )

-7n
ct.

(n"l lsit
ö(nr.t)

(n"t )'o(n*l ) (n*l )uO(nrc, )

nVnV
.er<NK A

-L2. l0xl0 i
2 . Boxl 0-l
3. 80xì 0_j
5.1ìxì0-j
6. 80x1 0-j
9. 00x1 0_ {l.l9xl0 i
I . 60xl 0-i
2.l0xl0-i
2. BOxl 0-j
3.B0xl0 i
5.llxl0_i
6 " 80xl 0_i
9.00x10 X

I . lexl0-f
I . 60xì 0_i
2..l0x10_i
2. 80xì 0_i
3.80x.l0_i
5. I1xl0 î
6. BOxl 0-f
9.00xì 0_i
'1.19x10_.i

l.60xl0 i
2.l0xl0-.1
2. 80x.l0_.j
3. B0xl0 .'

5.llxl0-.1
6 . 80x10_.i
9. 00xl 0^ '

I . l9xl0u

_?
4.6lxl0 I
6.l5xl0-Ì
B. ssxl 0-i
l.lZxl0 I
1 . asx10 -l
I .98x.l0_i
2.61 xl0 I
3.51 xl 0-f
4.6lxl0 I
6.l5xl0-Í
B. 35xl 0-Í
I . 12x10-.1
1 . 49x10_.j
1 . e8xl 0_.i
2.61x.l0_r'
3.5.lx10_.i
4.61x10_j
6 . 

'l5x'l 
0_.i

B. 35xl 0^ '
l"l2xl0Y
I . aexl 0l
1 . 9Bxl 0X
2.6lxl0Ï
3"5lxl0f
4. 6l xl 0X
q. 19-t 93
8.35x1 0ì

l.i?-l9i
. 49xl0.i
. 98xl0.i

e. 30xl 0l
8" 93xl 0i
8. 06xl 0Ì
B. 3l xl 0i
7. 4exl 0j
7. 54xl 0l
6 .25x1 0i
6. 25xl 0i
5. l6xl0Ì
4. I 6xl 0j
3" l7xl0Ì
2.22x10f;
I .75xl0i
I . 25xl 0j
7. 85x10^'
6.5lxl0Í
4. 09xl 0i
3.08x.l 0i
?.01x102
1.24x101
7.38x10.1
4. 0l xl 0l
l.89xl0l
9"7lxl0X
3.89x1 0Y
l.46xl0u,
a.7exl0-.1
1 . 38x'10_ j
3.40x1 0_!
6. I 5x1 0_[
9 .60x1 0

-^
4. 09x1 0_j
7 .02x10 _)
ì . 'l 7xì 0_i
2.17x10 _\
3.46x10 j
6.llxl0-Ì
8. 80xl 0_i
l 60x1 0_i
2.28x10 _i
3.27x10 \
4.59x1 0_i
5. BOxl 0-i
B. 06xl 0_i
1 .02x10_.j
1.ììxl0_.i
ì .62x10_.j
1 .81 x10_.i
2.3'I xl 0_j
2.9lxl0 l
3.zsxl0-l
3. 41x10_.i
3 . 25xì 0_.j
2 "67x10 _)
2.49xì 0_.j
ì . 72x10_.i.l.15xì0_,

6.93xi0 I
3" 60x10-f
1 .57xì 0_i
4" 97x10 X

I .35x10-r

-'l'tI . 80x10_.1 .i

5 .52x1 0_.ii
I . 68x10_.ii
5.66x10 :"
l.5exl0-l
4.95x10 Í
I .24x1 0-l
a. 0exl 0-l
I .00x10 I
?..56x10 -/,6.63x10 1

l.5lxl0-9
3.73x.l 0-9
B. I exl 0-!
I .57x.l 0 i
a.27 x1o -l7"96x10 Y

1.82x10-l
4.20x10 _i,
8.43x'10_"
I .58x'l 0 X

2 .63x1 0-l
3 . 76xl 0-i
6.36x10-f
7.55x10 X

e.02xl 0-j
l.00xl0 i
9 .38x1 0-l
7. 25xl 0-l
4.03x'10_l
l.9lxl0 "

o. s0xl o-j
ì . 07x'10_i
l.6lxl0 I
2 "71 xt}ll
3 .94x1 0_i
6. 33x'10_!
B.35xl0 i
I .37x10-]
I .78x10 l
2 " 31 xl 0-.1
2.93x1 0_.i
3. 37xì 0_.,'

4.27x10 _l
4. B7x'10_.i
4.87x10_.i
6 . 61 x1 0_.i
6. 54x10_.j
7. 95xl 0_.''
B.63xl0 i
B. i3xl 0-.1
8. 36xì 0_.j
7 .25x10 _l
5.44x10_.i
4. 58xl 0_ j
2.89x.l0 ,'

1.75x10 j,
9.55x1 0_i
4.5ixl0_!
I .79x10 î
s.l6xl0-f
I -28xl0 "

I .03
0.940
0.907
0.976
0 .873
0.980

.00

.03

.00

.08

.09

.06

.12

.12

.03

.12

.00
I .05

t . JU^ ¡ Va

2.6lxl0l

1.02
I .00
0.91 i
0.966
0.796
0.679
0"598
0.558
0.48.|
0.457
0.422
0.362
0"335
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(i ) Probe #9

nKl kr

ô(n'<l ) (nrc.,)'ó(n*., )

vtn v'n

(n*, )uo(nrc.,)

v'n

c[r

(n*,fi3
o(nKt )

A

2.OBxl 0
2.78x10
3.76x]0
5.05x.l 0
6 .7 4xl0
B.9lxl0
l.l9xl0
l.53xl0
2.08x10
2.78x10
3. 76xl 0
5. 05xl 0
6.74x10
8.9lxl0
l. l9xi0
l.53xl0
2"O8xl0
2.78x10
3. 76xl 0
5. 05xl 0
6 .7 4x10
B.9lxl0
Ll9xl0
l.53xl0
2.0Bxl 0
2.78x10
3. 76xl 0
5 .05x.l û
6 .7 4x10

a

2. 02xl 0_i
2. 70x'10_i
3.66x10 X

4. 9l xl 0-Ì
6 .56x1 0-i
B" 67x10-l
1 .16x1a -l
1 .54xi0_i
2.02x1A _i
2.70x10 _i
3.66x1 0_i
4.9lxl0 î
6 .56x1 0-Í
8.67x10 _l.l.16xì0_.i
.l.54xì0_r'

2.02x1A _l
2.70xì0_.i
3 . 66xì 0_.''
4"91x10_j
6.56x10 l
8. 67xl 0^ |

I " l6xl0Y
I .54x1 0Y
2.02x10Y
2 . 70xl 0Ï
3 .66x1 0X
4"9lxl0X
6 .56x.l 0Y
8.67x1 0Y
I . l6xl0r

6 .2exl 0l
6.20x10i
6. 06xl 0j
5. 44xl 0Ì
5. 96xl 0Ì
5.llxl0Ì
4. 5 4xl 0i
4. l5xl0i
3 .66x1 0j
2.76x101,
2 .06x.l 0i
l. aexl0f
ì.12xì0i
8.42x1}i
5.63x101
4 " 42x101
3. 30x'l 0rr
2.33x10i
l.5Bxl0i
9. 89xl 0i
6 . 20xl0.l
3 . 47xl0.l
I . 75xl0.l
l.02xl0l
4 . 35xl 0Y
I .79x1 0u"
5.9lxl0-l
l.66xl0lj
4.29x10_\
7 "76x10 il. l6xl0-J

-L2.71x10 i
4.77 xi}-1,
8.57x10-1
I "39x10-i
2. 70xl 0-i
4.06x1 0-j
6. al xl 0_j
l.05xl0 I
I .57x10-Í
2.12x10_!o
2. e1x10 _|
3. 79x1 0_i
5.09x10 I
6.70x101i
7.93x10 i. JJ^ rV_.1

. 
'I4x10_.i

.42x10 _l

. BOxl0 i..uv^¡v_.1
2.24x1A l
2.52x1A- )

_l -r

I . I 7xl c_.i .i

3.6Bxl0 i^
l.2lxl0-iY
3.54x1 0-lu

-ql.23xl0 1
-w3.22x10 '^

e. 05xl 0-l
2.64x.l0 X

6. Texl 0_l
ì .64xì0_i
4.12x1A _',
9 " 69x10 1.

2.3.l xl0^o
5 " 3xl 0-1.
l.l2xl0 I
2.87 x10-"-
6"l3xl0-?_L-
1.4ûxl0 i

-113. 'l 7xì 0_l
6.43x10_"
l.28xl0 Ì
2. I exl 0_f
3"48x10_i
6.46x10 X

8. I 2xl 0_j
L06x10 I
l. lBxl0-Í
I "OBxl0-Í
B. g8xl 0-i
4. 90xl 0-l
2.31 xl 0-r

.?
4.59x10 X

7. 54xl 0-i
I . I 9xl0-Í
1 .7 4x10-l
3.09x1 0-l
a.22).la_l
6.07x1 0-i
B. a3xì 0_i
I .24x1 0 l
1 .52xl 0-l
l.87xl0_]
2.21x10 ]
2 . 6exl0-.1
3.22x10 |
3"49x10-.1
a" 17x10--.1
5.ì9xì0_.i
5 .94x1 0 l
6.67x1 0_]
6.82x10 j
6. 92x1 0-l
6. I 7xl 0_]
5 . 04xì 0_.1

4.46x10_.j
3.lBx]0 l
2. l2xl 0-l
I . l6xl0-j
5.36x1 0_i
2.22x10 \
6 . 40xl 0-Ì
l.55xl0-r

-4
-4
*4
-4
-4
-4
-J

a-J
-3
-3
-3
-?

a
-J

-3
-2
-2

0.743
0 "728
G "762
0.697
0 "v92n 70L
0.814
0"806
0 .871
0.885
0"893
0.910
0 .919
0"989
0"930
0.999
I .03
I .03
I .08
I "06
I .09
l.l3
I .05

'¿
-2
-2
-¿
-2
-2
-l
-l
-l
-'t
-t
-l
-l
-l

ê . JL^ I V_.1

2.BZx10 _l
2.76x10 l
2.46x10- l
2.56x10_.j
1 " BBxl0_.i
I . 38x1 0_,
B. 38x'l 0_i
4.24x10 7
l.e5xl0-l
6.l8xl0 i
I "64x10-r

.14

.10

.14

.10

9'9l'l 9o

I . r0
1 .27
t.ls
LllI . l9xl0
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(i J Probe #l 0

0 (nrc.' )

v'n

(nrc.¡ )'ó(nr., ) (n*., )uO(n*., )

v'n v'n (,.'i'.,15/s

o(n"i )

A
ft<nK

-t2.01x]0 i
2.67x10-]
3.62x1 0 i
a. B6xl 0-[
6. 48xì 0_,
8.58x10 I
l.lrxl0-i
I . 52xl 0-l
2.0lxl0 X

2 .67x1 0-l
3.62x10 X

4. 86xl 0-j
6. 48xl 0-l
8.58x1 0-l
l.lrxl0-Í
1.52x10-l
2.0lxl0 I
2.67x10-_l
3.62x10 I
4. 86xl 0-Í
6.a8x10-f,
B.58xl0 i
l.laxl0lj
l.52xl0 i
2.01xl0-.1
2 .67x.l0_.j
3"62x10 i
a. 86xl û-.1
6.48x10_.i
8. 58xl 0^ '
i.l4xl0u

a

2 .04x1 0_l
2.7lxl0 i
3.6Bxl0-f
4. 94xl 0_i
6.59x1 0_i
8.72x10 i
l.16xl0-Í
I .55x1 0-Í
2.0ax10 -l2.71x10 _|
3.68xl0 I
a.sax10- I
6. sexl 0-!
8.72x'10_i
1.16x.l0_.i
I . 55x1 0_.j
2 . 04xì 0_.j
2.71x10 )

3.68x10-.1
4.94xì 0_.j
6. 59x1 0_ j
8. 72xl 0^ '
l.l6xl0Ï
I .55x1 0l
2 .04x1 0X
2. 7l xl 0Y
3, 68xl 0l
4" 94xl0X
6 .59x1 0Y
8. 72xl 0Y
l. l6xl0l

7. I 6xl 0l
7. 70xl 0Ì
7.60x1 0l
7.01 xl 0i
6.57x'l0j
6. 32xl 0i
5. I 9xl 0Ì
5.Oaxl 0j
4.14x10Ì
3. 36xl 0i
2. 38xl 0l
I " 77xl 0i
1.42x10i
I . 05xl 0j
6.Blxl0á
5.63x1 0i
3"97 x10î
2. Bl xl 0Î
1.e0x101
l.l6xl0i
7 " s6xi 0.l
4. 00xl0.l
2.0sxl0.j
l. l6xl0l
4.93x1 0Ï
2. ì 0x1 01.,
7. ì 7x'l 0_.j
I . 97x'10_ j
4.62x10 7
B. 79xl 0-j
I . 30xl 0-r

-L2. BBxl 0_j
5. 4Bx1 0_j
9.97x.l0 i
l.66xl0-i
2.76x10-l
a.66x1 0-f
6.78x10 -il. l7xl0 i
1.66x10-l
2. 39x1 0_i
3. l2xl0 I
a.ßx10ll
5.95x1 0_i
7 .77x10 _|
B.94xl0 i
I .31xl0-.1
l.60xl0 l
2.00x10-l
2.49x'10_.i
2.7 4xt0 _)
3 . 09x'l 0_ j
2.95x10 i
2. 66x10-.1
2.69x10-.1
I . 99x1 0-.1
I . 50x10-,1
s.azilo_l
4.66x1 0 I
I . saxl 0-{
6.47x10 i
I .70x10-r

r.roxro-]]
3.90x10 il
l.elxro-]l
3.92x10 .:."
l. l6xl0-l
3.43x'10_[
B.87xl 0_[
2.70x10 X
6 . 70xl 0-3
l.6exl0-j
4.10x10 1
e. 86xl 0-l
2. 50xl 0-9
5. 70x1 0-!
l.l7x10 i
3 " 03xl 0-3
6 " 42xt0l5o
l.43xl0 i
3.26x10-]
6.48x10 l
I . 2exl 0ll
2.l7xl0 i
3. 4Bxl 0-i
6. 23xl 0-Í
7. e8xl 0-j
I .06xi 0 I
1.24x10-2
l.l0xl0-Í
8. I 3xl 0lf
4.76x10 |
2.2?x10-r

a

4.95x10 Ì
7 " 83xl 0-j
1 . 40x10_r'
2.09x10 I
3.l9xl0-Í
4. 90xl 0-Í
6. a6xl 0-f
ì . 01 xl 0_.j
1 . 33xì 0_.i
'l 

" 73xl 0_.i
2 . 03x'l 0_.j
2 .47 x10 _)
3.20x.l0 l
3. 7Bxl0-.1
3. 93x10_.i
5 .25x10_.1
5 .90x.l 0_ j
6. 70xl 0_.j
7 " 56x'l 0_.,'

7.5ixl0_.j
7.69x10 l
6 . 68xl 0-.1
5. aaxl 0-.1
5 .02x1 0_ j
3. 40x'l 0_.,'

2.3?x10 _)
I .32x1 0 å
5.szx10 _i
2.24x10 _\
6.8lxl0 X

l.62xl0-r

4.824
0. 843
0.901
0.866
0.806
0. 871
0.890
0.879
0.864
0 .939
0.886
0.91 3
0.990
1.02
0.993

.04

.06

.05

.05

.03

.00
0.989
0. 983
0.925
O. BB4
0. 928
0.843
0.784
0. 708
0.659
0.626
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(k)

nKl kr

Probe #l I

ô(nr<.t)

u2n v'n

(nrc, )t0(nKt ) (n'..,)uô(n*'' )

vtn
(,"'i'r f/3 A

o(n*l )

_^
2.09x1 0_l
2.78x10 _)
3. 78x1 0_l
5.07x'10_l
6.76x10 i
B. 94xl 0-I
l.l9xl0-i
I . 59xl 0-i
2.Oexl0-i
2.78x1 0-i
3 . TBxl 0-l
5.07x1 0-i
6.76x1 0-f
8.94x10 Ì
l.l9xl0-Í
I . 59xl 0-Í
2.a9x10_i
2.78x10 _|
3.78x10_i
5 .07x.l 0_i
6 "76x10 2
B. 94xl 0-l
I . I 9xl0-.1
I .5ex10-.1
2 .09x1 0_j
2 "78x1s _)
3 . 78x1 0_'j
5 " 07x10 .l

6 . 76x'l0-.1
B. 94xl 0- l
l.l9xl0-l

a

2.66x.l 0_{
3.54x10 X

4. BOxl 0-i
6. 45xl 0-i
8.60x10-l
1.ì4x10_i
1.52xì0_i
2. 03x'10_i
2.66x10 _|
3.54x'10_i
4. 80x1 0_i
6.45x1 0_i
8.60x'10_!
l. l4xl0 l
I .52x10-.1
2"03x10ll
2.66x.l0_.j
3 . 54x10 .j

a. BOxl0-.1
6.45x10_j
B.60xl 0^'
I . I 4xl0X
I .52x1 0Ï
2 .03x1 0X
2. 66x1 0Y
3.54x.l 0X
4.80x10Ï
6. 45xl 0Y
B. 60xl 0Y
l. l4xl0l
I .52x,l 0'

3.53x1 0
6.l6xl0
l.08xl0
l.68xl0
2.72x10
5. 50xl 0
7 .?3x10
1.37x10
2.04x1 0
2"69x.l0
3.67x1 0
4.77 x10
6 .28x,l 0
B" 08x10

.00x1 0
" 40xl 0

1 .77 x10
2.?1x10
2. 80xi 0
3.l3xl0
3. 33xl 0
3.08x1 0
2.84x] 0
2. 96xl 0
2.01x10
I "60x10
9.08x1 0
4. 23xl 0
I .88x10
5.86x10
l.60xl0

_1l 54xì0_.i
4.78x10_.j
l.54xl0 .ir.vT^¡v_lrì
4.32x10 ^"-vl.lOxl0 1

a. a0xl 0-l
I .03x1 0 X

3. a8x1 0-!
B. 87x1 0_l
2 .08xì 0_i
5.24x10 '.

1.22x10-2
2. 87xl 0-9
6. aexl0--!
1.42xì0_i
3.54x10 i
7.70x10-l
I " 71x10 l
1. 00x10_,i
8.07x10_"
1.52x10 I
2.47 x10- I
4.04x10-l
7.51 xl 0-i
8.78x10 X.l9 tv_-.)

.?4x10 -i.29x10 _i,
-09x10 Il.VJ^lv_?

8.58x10 i
4. 69xl 0-l

^
5.96x'10_i
s. 40xi 0_f
'l 

. 50xi 0_i
2. ì 0x1 0_i
3.53x1 0_i
5.70x10 I
6. 80xl 0-f'l.l7xi0_.i
l.59xl0 i
I . eOxl 0-.1
2. 37x'10 i
2.77x10--l
3 . 31 xl0 _.1

3 . 89xl0_.i
4.36x10_-i
5.53x10 l
6 . azxl0-.1
7.27x10_l
B. 3exl 0_ j
B.47xl0 i
B.17xl0-.1
6 . s8xl 0-.1
5"76x10 l
5 . a6xl 0-.1
3. 39x10_.j
2 . 45xì 0_.i
1 .26x10 _)'
5. 29xì 0_!
2.l3xl0 i
6.0Bxl 0-l
I ^5lxl0-J

0. 893
0. 852
0.876
0. 780
0"82.|
0.944
0.847
0.938
0.983
0.977
0.973
0.968
0.978
1.0?

B. l0xl0l
7 .94x10\
7. 59xl 0Ì
6 . 52xl 0i
6.77x101
6 . BTxl 0Ì
5 " Oexl 0l
5. 40xl 0i
a.66xl0f
3.46x'l 0j
2.58x1 0j
I . BSxl 0Ì
I . 37x1 0Ì
l.0lxl0Ì
7. 03xl 0i
5.50x1 0i
4.05x101
2.85x10Í,
1.e7x101
1.22x10i
7. 28xl0.l
3 . 85xl0.l
2.00x10.1
I . I 7xl0,l
a.6lxl0Ï
2. 07x101.,
6 .37x'10_.i
1 .6ax'10_i
4.lOxl0 i
7. 33xl 0-j
l.l3xl0-r

-4
-4
-3
-3
-3
-3

a.J

-2
-2
-2
-2
-L
-2
-2
-t
-l
-l
-l
-t
-t
-l
-l
-t
-l
-l

.03

.05
"10
.09
" l3.ll
.06
.03

I .0'l
1.03
0.913
1"02
0.862
0 "775
0.775
0. 699
0.692

-l
-2
-2
-2

t

-3 T.VJA¡v I

2. 28xl 0-r



(t ) Probe #l 2

60

(n:ì)5Æ

ö(n"r )

nKl kr
o(n*r )

vtn

(n*.t )'ô(n.l ) (n*.' )u,Þ(n*.' )

v'n Avtn

-a_2.03x1 0_j
2.71x10 )
3.6Bxl 0-1
a.03xl 0-f
6.58x10_l
8.7lxl0 I
I . l6xl 0-j
I .55x10 i
2.03x10_l
2.71x10 "^

3.68x1 0-l
4 " 93xl 0_i
6.58x.l 0_i
B. 7ì xl 0-i
1.16xì0_!
1 . 55xl 0-!
2. 03xì 0_i
2.71x10 -|
3 .68x1 0_i
4.93x10 I
6. 58xl 0-!
8. 7ì x1 0_i
l. l6xl0 l
I .55x10-.1
2 .03x10_.j
2.71x10 _l
3.68x10_-i
4.93x10 i
6. 58xl 0-.1
8.7lxi0^'
I . l6xl0u

-?
2 .48x1 0 X

3.31 xl0-i
4" 49xl 0-i
6.02x10-l
8.04x1 0-j
I .06x1 0-!
1.42x10-i,
I .89x1 0 î
2. a}x10 -f
3.31 x1 0_i
4.49x.l0 I
6.0?x10 -l8.04x10 i
I .06x10-.1
1 . 42x10_..i
'l 

. 89xì 0_ i
2 . 48x1 0_.j
3. 3ì x10_.,'
4.49x10_.1
6.02x10 i

¡

B. 04xl 0^

I .gq-t 9äI . 42xl 0X
I " Bgxl 0X

?. 19^l 98
3 .31 xl 0X
4. 49xl 0l
6.02x1 0Ï
B.04xl 0Y
I .06x.l0.1
l.42xl0r

7. saxl 0l
B. 95xl 0i
B. 27xl 0j
7.05x1 0Ì
6. 42xl 0i
6.57x10j
5.l6xl0Ì
5.56x1 0j
4. TBxl 0i
3.55x.l 0i
2. 80xl 0l
2.02x10f,
I . 59xl 0j
1.15x10j
7 " 30x1 0i
5.89xì0i
4. ì 3xl 0i
2.9lxl0l
1.e6x10f,
l.2lxl0i
7.25x101
a" 07xl0l
2.03x10.1
I . 06x10,1,
a.4l xl 0Ï
'l 

. 7exì 0].,
5.98x10_.i
1 . 54x1 0_i
4. lOxl0 i
B. BOxl0ll
1.24x10 "

-ð.3.ìlx'l0-j
6"59x10 "l. l2xl0-i
I .71 xl0 I
2. 78xl 0-l
4.98x'l0 i
6. e8xl Oli
I . 33x10 

^-

1 .e7 x10 -l2.61x10 7

3 . B0xl 0-f
4.91 x10_i
6.9lxl0 I
8.7 ax10 -f,
9. 82xl 0_i
l"4lxlO i
l.7exl0-.1
2.14x10_.i
2. 65xl 0 .l

2. e3xl0-.1
3 . 14x10_.i
3. 09x'10_.j
?.7 4x10 _)
2.53x10 j
1 . Bl xl0-.1
I . 32xl 0-j
8.1 3x10_i
3.75x10_i.l.77x10 

X

6. 70xl 0-j
'l 

" 67xl0-r

_l1
I " 28xl 0_.i .l

a. 86xl 0_.i i
1 .52x10 iX
4"l8xl0-lu
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TABLE 6

RILAI'IVT ATTENUAïION CALCULATED FROM--------TVII¡GÃÃRD-5Tffi

AAAA
(r,!.) (n/p. = 0.05) (n/e" = 0.08) (n/p" = 0.10) {n/e, = 0.16)
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0.200

0"316
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1"0û

?.00

3. l6
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0" 999

0. 971
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0.916
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0"957

û.9?0
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I .0ct0
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0 " 8rl9
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t "67?
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I .000

0.982

rl o7?
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0"906

0"825

0. 795

0 " 736
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APPENDIX A

DERIVATI0N 0F S(âu/at) RtLATI0N (6)

The Navier stokes equations and the equat'ion of continuity for

thefluctuatingveloc'ityfieldmaybewritteninthefollowingforms:

ðu. ðtl,
-#+ ur 

",o
ft - va u., (j='l ,2,3)I=-- p

',o=o
Ð*k

(Al )

(A2 )

Where u are comPonents of
CL

v the k'inematì c vi scosi tY'

äri äri

ðt nut ãÇ-tt

where urO = curl {q(l)} = Vx u(x)

A3 bV 2ur.' and averaging Yields'

âu'
=2^iro{+zu

Mul t j pìyì ng equat'ion

velocitY, p

Tak'ing the

'i s the dens i tY ,

curl of equati on

p the pressure ' and

Al one obtains

ðui 
=

ã*k

=c "k!.m

vAr¡.'t

au*(x)

ð *.q,

trt, Atr.l,

(A3 )

d ûJr

The fírst term on

vorticity due to randomo

the right side represents the productjon of

diffusive extension of vontex lines while the

(A4)
dt
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second terrns on the sanre side represents the dissipat'ion of turbulent

vorticity. The effect of stretchìng the vortex lines is to tend to make

the vortjcity distribution "spotty" with small regions of hìgh vorticity;
on the other hand, the effect of viscosity is strongest in regìons of

high vorticity, and tends to diffuse it evenly throughout the fluid.
Equation A4 represents the balance between these two effects.

The vorticìty equation for steady flows of sufficiently high

Reynolds numbers can be approxjmated by (see Tennekes and Lumley

1972, p.9l).

ðrj ðri ðri

'i'j ãç="5ç\

ãÇl,,\ --ttu., (æ

'dd = 35 v (**)- = ts v J *T ol(rc,) ar,"^j "^j o^l 
o

--ã\ 350i0ja1=-, tsÇ,

ãu;5- ^ --- au.l lr - ¿ 'llt\, - - 35 ,¡ioj 
\

au, 
-z

ã = ls u (*a)
o^l

tu--'z-¡ lr - e I\\/ - u l5

r-=-r") *T Ol (r., ) or.,

0
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The skewness of (ôul/ðxr) or (au/ðt) denoted by S ìs given by

(âu. /ax,)B 
= _z UilVz v

: 3/2
[ ( aul / ax,)21312 E

5/2
*lo., i*', ) d"l

(*
)

(*
= - I l6 .J 

(n,.1)u ó1(nrc.,)d(nKl )


