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CHAPTER I

INTRODUCTION

An understanding of the transition process and devélopment of
the turbulent boundary iayer under highly distvrbed conditions
would have numerous engineering applications. Many significant
flows develop in environments which are not quiescent. The beha-
vior of boundary layers in disturbed environments presents a new
and perhaps nore:complex problem than in qniescegt environments,
yet the solutions to fhe problem under disturbed c§nditions have
many potential applications., One pirticnlar area which would bene~
fit greatly from en ability to locate the transition region is the
design of turbomachinery blading. |

. The gas side heat transfer to c&oled turbine bigdes is greatly
dependent on how much of the blade is laminar and bow much is
turbulent. Graham (ref. 1) has pointed out that it is iﬁportant to
be able to bredict the transition location for the ﬁonndary layer
on turbine blades in order to properly assess the cooling require-
ments for turbine blades. However, difficult transitién predictioﬁ
is for flight in a quiescent environment, it is much more so f&r
the highly disturbed flovw that exists in a combustion chamber. The
resulting low Reynolds number turbulent boundary layer is also Aot

.well understood.



For ; flov énvitonnent'that is not quiescent, if initial
d;stnrbnnce levels are 1large enongh to be considered non;lineqr.
then the important linpear regime of the quiescent environment is
bypassed and the traditional views of the tranmsition process ghat'
are based on an initiaily quiescent envi?onment are inapplicable.
Thé term 'bypass transition' has beentintrodnced by Hotiovin to
describe transition in disturbed environﬁents that initia#ly'have
finite non—linea; amplitudes. |

Althougﬁ iflis hardlyvunderstood. bypass transition is sa
common phehomenon. ‘Transition in fully developed Poisenille‘pipe
flow is a bfpass‘phenomenon-since the parabolic laminar velocity
profile in a pipe is sfaﬁle to a1l infinitesimal disturbqgces'thaf,
have been consideréd to d#te. This transition must th?refore come
about as a resnii of latge‘distprpaqces in thé entrance"regjon.
This statement is (nbstaﬁtiated by the results of ﬁygnanski and
Champagne (ref. 2).§nd of Wygnanski.'Sokdlov,ppd Ftiedmén‘kref. 3)
ihd’have also mapped out the properties of the resultant turbulent
‘puffs.

There have bq§q~prior attempts at explaining'insﬁability for
‘finite diituthnnces ;hrongh a8 form of non-lipear stahiiity theory.
‘Based on the Stnnft—Watson formalism which considers the;fundnnen4
tal disturbance together with its harmonics (refs. 4 and 5), Her-

 bert (ref. 6) has found that for finite amplitude disturbgnces,‘fhe
iininnﬁ,criticwl Reynolds number is reduced to about 2900 from its

value for infinitesimal disturbances of about 5770. qubert shows
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further that for finite disturbances, the wave number band that is
amplified is significantly increased over that for infinitesimal
disturbances. He also indicates that plane Poiseuille flow may

display a metastable non-linear equilibrium state for some finite

. amplitude level. Attempts to do the same analysis for flat plate

boundary layefs are cbnplicated by the necessity of doing the

analysis in a non—parallel manner because of the closeness of the

~ region of intergst to the leading edge of the plate. The existence

pf'snbcritiqul instability or metastable equilibria for boundary

layers has not been established.

Anothex-possible influence on transition is the response of

the disturbance vorticity field to its being convected past the

‘rounded leading edge of a plate. Morkovin (ref. 7) has addréssed

the many phenomena ascribed to this flow. He indicates that the

bouhdary layer tends to remain laminar around the leading edge even

in the presence of a disturbance vorticity field but that it might

_ contribute to earlier that expected tramsition.

It is the intent of the present program to study experimen-
tally the character of the transition process for boundaty layers
in a highly disturbed environment as might be experienced om tur-

bine blades, and to delineate the character of the resuvlting lovw

_Reyqolds number turbulent boundary layer. The results of this

experiment will help guide later analytic and experinental'vork.
Although the original objective of this experiment was to

study the transition process in a disturbed enviromment, this has



proved somewhat elusive. The bulk of the presented data concern
the ffopérii?;Aof v?iy lovw Reynolds number turbnlgnt Sonndnry
layerg Qith 280 <Reg< 700. In this Reynolds number région. Rey-
n&lds number effecfs are important due. to the incr;ased influence
of the viscous superlayer and its turbulent connteriatt. These
effects manifest themselves as a fapidly diminishing wake strenmgth
in tﬁis Beynolds nﬁmber range. |

| This range'of Reynolds number is of partiénlar intérest for it
harbors many controversies and disputes regarding theA;pplicability
6f tﬁe most impoitant‘similarity rule in turbulent flow, namely the
*law of the wall.’ Purtell et al. (rgf.8) investigatéd lo? Rey-
lnélds ﬁumbet boundary layers to help'settle the debate. By trip-
ping the-;;uidary ;ayer invthe absence of free stream turbulence,

they concluded that the log—-linear region is an inherent characte-

‘ristic of the turbulent boundary liyer even at low Reynolds num-

' bers.
o The effect'éf free stream turbulence on tﬁe tnrﬁnlenf‘boundary
layer growth rate.and.on'tie increase§ in skin'frictibn has been
reﬁdrted in many brev}ons studies (fefs.49-16). !qst of these
' ':ﬁthor.s. théugh. 'hhad much higher Reynolds numbers iﬁ tl;e'i,r flows
.than in fhe énr:ent inve;tigation which concentrates on the lower
Arange.

Based on the'Taylgr (ref. 17) and Dryden et al.‘(ref. 18)
recommendations tﬁut the'stndy 6f.free stream turbulence effects be

T

considered by analfiing both the fiee stream turbulence intensity



and dissipatién le;gt# ;cglg.}ﬂpncoci (ref. 13) introduced a so
called 'free stream tnfbnience parameter.’ Bq correlated many
features of the turbulent bohndary layer with this parameter.
Later contributions were made by Blair (z:efs. 14 & 15) and Castro
(ref. 16) to better the correlation,

Meier (ref. 12) reported, based on a study he made at low

" turbulence levels, that the dissipation length scale and its spec—

tra depend largely on the geometry of the settling chamber and
shape of grids even if the turbulence intensity femnins unchanged.
But he suggested that the skin friction js not yery sen#itive to
the length scale.since the length scale is norﬁally much larger
than the boﬁndaty layer thickness. |

The aforementioned correlations obtained by Hancock and others
involves the values'of data ;n a quiescent enQir&nment (no grid) as
a reference quantity. In fact, no complete agreement on this value
has been settled on yet. For instance, the fesults of Coles (ref.
19 ) and Purtell et al. (ref. 8 ) reveal significant differences in
friction coeffic;ent at the same Reynolds numbers. So also between
Hancock and Castro. Ind;ed. there:ip no agreement betyobn any of
these aufhors.

Thus, if the reference quantity is n;t reliablybdeternined.
the universality or even the npplicability of the correiations of
refs. 13-16 has to be limited in some sense.

_In the present study, most of the‘rpsultslaré presented on the

basis of turbulemce intensities alome rather than with respect to



any turbulence parameter. The dissipation length scales are in the

range of 5 to 20 bonpdafy layer thicknesses.
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" CHAPTER 11

" BQUIPMENT AND PROCEDURE

2,1 Eguipment
The experiments were performed in & low speed wind tunnel
located in thé Department of Mechanical and Aerospace Engineering

at Case Western Reserve University. The tunnel is a small, open-

.circuit system shown in Figure 1. A flat plate is situvated in the

middle of the tumnel bisecting the flow. The leading edge of the
plate has an elliptical shape rather than the original rounded
edge. The shape was altered in order to avoid possible separation

at the leading edge which would trip the flow and thereby preclude

:the study of transition and of the resulting low Reynolds number

turbulent flow under disturbed free-stream conditions alome. At
the end of plate downstream of the working surface, & deflector

exists to ensure that the stagnation point remains on the upper

.side of the plate where data are taken. Further downstream from

the deflector is an adaptor which comnects the centrifugal blower
to the tunnel,. The blower can pull air through the system at about
6 m/sec (u,/y = 393,600/m).

The tunnel bhas a relatively high residual test section turbu-
lence level of about 1.5% Higher turbulence levels réqnired fotA

this study were generated by three different biplane grids con-

structed from rectangular bars inserted at the entrance to the



sottling chamber. The bdlockage and turbulence levels were respec-—
tively 67% and 5-6% for grid 1, 76% and 6-7% for.grid 2,Aaﬂd 50%
and 4-5% for grid 3.

_ _The location of the grids at the entrunccmto_thevsettlinng;;__”
chamber rnihef than dowvnstream of the contraction is to secure a
more uniform free stream tnrbﬁlence level in the test section. The
shapes of the'g;ids and their dimensions are shown in Fig{ 2,

The sensor fét qollecting velocity data is a TSI 1218 boundary
‘layer type hot wirg probe. The wire diameter is 0.00015 in. The
probe is mounted in ; slotted guide and can traverse longitudinally o
"and vertically in tﬁe spanwise midplane of the tunmel. The verti-
cal pbsition of the probe can be ndjisted to an accnracy'of better
than 30 microinches via a boundary layer typg vertical comtrol rack
from United Senso; and Control Corp. Longitudinal posifiéﬁ has an
accuracy of only one millimeter which is sufficient. |

Mean and'flnctiating longitudinal velocities verevrespectively
monitored using a T.S.I. model 1054-A2 Constant Temperatﬁre Hotwire
Anemometer ‘and a DISA 55D35 RMS Unit. The gnemémeter was designed
by the manufacturer to have its best p?rfotmance in the operafing
speed range of fhe present tunmnel. |

The on-line hotwire signals were collected into aﬁ IMSAI 8080
‘Microprocessor which was used as an ;nalogne-to—digital»conveit;r
at 'a sampling rate of one teiding per nilliseéond ov?r a périod of

66 seconds for a single data point.
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The digitized valnes were then stored onlthe department s PDP
11/40, thus alloving for fnrther signal processing :neh as averag-
ing as well as Fast Fourier Transform extraction of the spectrum up
to about 1000 Hz., Greater flexibility in obtaining epectra was
achieved by use of an HP 3582A spectrum Analyzer sinee the analyzer

had varions filters and averaging modes.

2.2 Procedure

Since this investigation is focused on both the traasitional
bekavior of’disturyed flows and the resulting low Reynolds number
tnrbnlent‘bonnday layer, therefore,; flows with length Reynolds
numbers below 200,000 were of. primary concern. Data were taken at
longitudinal stations up to 30 cm from the leading edge with a more
detailed conceatration on the first 18 cm.

Great care was taken in order to-insure accuracy in the probe
position while traversing in the vertical direction. A magnifying
glass was used to minimize the possible positioning error when the
probe supporter touched the wall, and a level indicator vas:nsed to

set the verticality of the track for the rod which carries the

‘probe.

The sampling points in the vertical direction were at 20 to 30
locations spaced at intervals ranging from 3 mils at the wall to
0.1 inch near the edge of the boundary layer. Finer divisions
vould iield better profiles, but taking a larger number of.eanpling

points might require a long enough time for emvirommental changes
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to alter the flow profiles. Thus, the sampling scheme sbove was
seleeted to optimize the eccnnecy of the measurements of flow
profiles nhile minimizing theeffect ofthe_very slowly varying
rennironnentu— wf;-~~fv~—~~-» e

Pnecieion in the value of tne distence of the probe location
ftom tnetyall when the supporter of the probe touched the wall was
obtained by the use of a cathetometer to‘neasnre the aetnnl-nisfan-
ce. This eqnipment.elso made it possible to get an additional
‘digit Of_eccnrncf.

Every. test nas accompanied bj a calibration of the system'fer
consistnnt.date'ncqnisition. Signals from the hot-wire enenometers
- and the rms indicator were monitored by oscilloscopes to verify the
readings on the meters. There was good agreement befveenvthe
insérnments.

The hot-wire probe was calibrated by using a wall-mounted
pitot~tube and e‘Cox'Insttnment micromanometer to yieidna calibra-
- tion relation corresponding folthe linear output ef the anemo-
-meter. By blocking the centrifugal blower, several different
speeds could be obtained. With dnfa taken at the various speeds, a
linear relationship was ecqnired for the anemometer entpnt. The
-calibrations were dome before proceeding to each sncceesive axial
station, since probee are sensitive to changing environmental con-

ditions such as room temperature and relative humidity.
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2.3 Data Reduction ,

At each probe location, longitudinal mean and rms velocities

Qére obtained. Spéctra obtaine@ by thé spectrum nhdlyier ie;e'

plotted uvsing & Honeywell Model 55 X-Y Pen Recorder. Various data

reductions were performed on the VAX system of the Déftu of Elec-

- trical Engiﬂeering of CWRU.

‘Curve fitting by ‘cubic spline interpolation’ of the raw mean

profiles enabled the calculation of the displacement thicknesd‘sf.
momentum thickness ©, and shape factor H, by performing Simpson's
rule integrations. One of the fitted profiles and the correspond-
ing neasnted-préfile are shown in fig. 3 for an illustration of the
results of the spline fit.

The elimination of positioning error by physical meun# was not

. possible, no matter how carefully the probe was placed and its

position measvred. Instead, to reduce probe positioning error, a
numerical technique'was developed which adjusted both the‘ipnernost
probe position value and the friction velocity until the resulting
profile fit a law-of-the-wall curve with a minimal error. Thus the
optimal value fof the probe position at closest approach to the
wall, y,,and the frictional velocity u, could be obtiinéd. Find-
ing fhe best fit uvsing two degrees of freedom did prove #nccessfnl

and the results are presented in Chapter 3,



CHAPTER 111

RESULTS AND DISCUSSION

3.1 Mean Flow

Fignré 4 shows how the Reynolds number,. Reg, and the shape
factor, H, vary with distance, t.'tom the leading edge in the longitu-
dinal directibn. Fig. 4a shows the effect of the free stream
turbulence level on momentum thickness Reynolds humlyer. Reg.

(Hereafter, the term Reynolds number, Re, will refer to Reg unless

. otherwise stated.) Note that all the points plotted here have

length Reynolds nlm;bers under 100,000. Yet they all -hive Re’s much
highér than those expected ftoﬁ a ,ldi .tn'tbuvl,ence environﬁent. Even
without a grid, ;hére the turbulence level in the free stream is
about 1.5%, the boundgry 'layer is transitional and its thiqkness is
nearly twice. fhe ‘Blasius value.

In Fig. 40, for the.no grid case, the shape factor declines

. from 2.4 to 1.8 indicating transitionsal bqhaviof while with the

gridp (high.or free stream turbulence levels), the trnnls'.ition to
turbulent flow oc.curs rapidly. In fact, by tl;e 9 cn; ﬁo'siti-on for
grid 2 (Re below 400) the profile has i shn.pe factor of lpts thﬁn ‘
1.6, and beyond tﬁe 12 cm location (Re = 400), the curve hi§ nearly |
leveled out. | | |

Fig. S shows the variation of shape factor H, vith Reynolds

number. Prescnt‘- data and other recent data are compsred. The

12



e -y

a

t
. e ammm———

13

presenf poihisiliéﬂiélay the athers. foésiblj because the dnta”in
noif of the otherA§i£§ri§§§t:'vere obtained in the absence of
i
significant free stream turbulence. |
. Despite the scattei'in the data caused by the high sensitivity
of H to the ﬁo;itional accuracy of the probe, a treand can";till be
detected. Namely; that.increase in free-stream disturbance level

will result in decrease in the shape factor with 'fesp‘e.clt' fb Rey-

nolds number. This trend is in qualitative agreemeni with the

results of other i_nvestigatoxs' such as ﬁancock (ref. 13), Castro

(ref.~ 16) and Bla-ir. (;ef. 15). They considered tine éffe'cts of- both
turbﬁlence inf;nsify and dissipation}ength sctlt'lle in'dedncin'g some
“con"elation between their p_aramgtet (frée stream turbulence iura-
yeter) an’d the vniriat:loh of shape factor. Also p.lotted on the Fig,
5 isv a solfd 'linebvhich is calculated from the law of the wall
forl;nl-a to.p.resent n.t'efcrence in‘ explaining the sizible departﬁre
of’ .the cu;re'nt data from the othmets. when the vakev strength in the
ne;n ptiofiles has v_anished. More explanation on. the calculation

will be piesentedv' later in sec.3.2.3.2.

3.2 ¥all Skin Fi‘iggion
3.2.1 Determipation of u.
Friction velocities were obtained by fitting the profiles to
the Musker (ref. 20) law-of-the-wall formula.
“u+ = 5.424arctan((2y+ - 8.15)/16.7) - 3.52

+ 10810{(7+ + 10.6)9‘6/(y+2 - 8.15y+ + 86)2] (1)
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Thie expl icit expreeeion for the turbnlent mean velocity distribu-

tion over . emooth vell has val idity over the lav-of-the-wall

region and in the lo'-lineer region matches the constants suggested

- by COIOI (t‘f. 19). — .

Fige. 6b end 6.4 ehow the procedure of selecting the valgue of

friction velocity. By plotting the data points for different'

4

eeeuned velnes of LS} best fit can be made. The best one can be
chosen visually and compared with the one that the computer calcu-

lated by a leeet squares procedure. The difference between the two

t‘ends to be under 3%. However, visual selection of the quantity

vill be more reliable. since the computer evaluation did not ex-
clude points in the snbleyer ‘which apparently depett fron the basic
c"nt}ve' due to the close proximity of the ptobe to the wal 1.

. The presence of the vell effects the probdbe reeding in tvo
v.ey.‘s. Coles (ref. 19) found that putting a tube or s probe near
enongh to a wall vill cause e 'chute’ to fom betveen the probe and
the wall. The velocitiee sround the probe will be higher than
vithoot the presence of the wal 1.‘ The probe alters the locel flow
field and measures a velocity vhich. would differ from the velocity
of the fluid in the absence of the probe.. Also the wall can
transfer heat from tile probe more effectively.then air, and by
moving the probe closer to the wall, the heat tramsfer iocreeeee.

Since both of these factors contribute to a larger heat transfer

rate from the probe to its surroundings, the false velocity reading
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V which re'sf:i'l';t‘;:;;iixl belhighe;r than the true velocity in the v'ery

near pr‘oi'iinTifay.f‘tr)f' the wall,
3.2.2 Similarity Features of the Experimental Profiles

Figures 6.a through 6.g contain the plots of the mean 'velocity
distributions on the Musker curve for different streamwise loca-.

tions.. Figures 6.2 to 6.c are for grid 1 while figures 6.d through

6.8 are for grid 2. The characteristics of the profiles are sum~-
_marized in Table 1. Reynolds numbers for sll of these profiles are
,less than 532, and no significant wake strengths are obsgrved in

. any of.these profiles. Coles (ref. 19) upon examining a number of

different sets.of experimental results, concluded that the wake

-strength disappears entirely below a Reynolds number just below

500, but .this conclusion was disputed by some later authors such as

Purtell et al. (ref. 8), Castro (ref. 16) and others. Tixese latter
authors. found that the yake strength .did'not decrease as rapidly in
the lower région of Reynolds number as Coles snggesfedf' Indeed,
they found -the_'nke function remained finite for al'l-Reynolds
numbers at which they obtained profiles., |

While there is that difference of opinion in the absence of
free stream turbnience. no dispute exists over the rple of free
stream turbulence in diminishing wake stremgth. Coles a2lso noted
the effect in 1962 ind Blair (ref. 15) provided further confirma-
tion of :this bebavior. Blair's results show that even for the much

higher Reynolds number of 3,000, a free stream turbulence level of
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$.3% made the wake #trength telmost vanish., Similiar effects are
reported by Hancock (ref. 13) at Re = 1800 and by Castro (ref. 16)
at Re = 600.

Also obsgivable from the fig. 6's .is that as the‘Reynolds

- =~ - "= pumber incréases, ‘more points fall in the Tinesr region. The

extent of the logarithmic region which degieases with decreasing
Reynolds number is now a well known phenomenon of the turbulent
boundary layer. éowever.'sone controversy still remains over the
existence of’the log—liﬁear region at very low Reynolds numbers.
Preston (ref. 13). Granville (ref. 22) and Landweber (ref. 21) have
argueéd tha; tﬁd lpé-lineat region disgppears below soﬁe Reynolds
* pumber., Thqse authois believe that the overlap regiomn 'hiéh over—
laps the inﬁer and outer region in thé turulent boundary ceases to
exist fheniReynolds number becomés small enough, nanelj in the
‘yicinity of Re = 800. On the other hand, Purtell ot al. (ref. 8)
established from ‘their dats that while the absolute thickmess éf
the linear region becomes small, the proportion of the region to
thé overall boundary layer thickﬁess tends to remain between 15 and
25 percent. One should observe that if even a fevlof the data
vpéints were shifted by less than the error bar of 3%, the linear
‘region would be clearly visible. Smits et al. (ref; 25) were even
-able to show tﬁe log-linear iegion at Reynold; nnnbe; as low as
261. " Moreover, if the assertion of Simpson (ref. 24), who argued

that the Von Katmin'const:nt"is'Reynolds number dependent, i.e.,
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7. x(Re ) =K(-6000 ) ('6'o'oo/,g..)y #

" where; k(6000)= 1/5.62 (2)

is correct, the variation of the constant itself should exceed 30%
fo‘f the cu‘rrent R'eyn‘ol»ds numbers. And thus the propos-ed'profile
should depart some 12% ‘from the curve suggested by Coles. which is
not supported by the present datn. |

" Thus the log-l inetr region seems to be an inherent charac-
teristic of the: tnrbnlent bonndary layet. as Purtell ot al. stated,
"even in the very lov rnnge of Reynolds number dovn to about 300,

And’ recnl ling that this s_t_ate of tnrbulence va;s-generated in the

‘present experimént by disturbing the free stream rather than by

"'tripping the boundary layer flow, this feature seems to be indepeon-—

‘dent of the method of iurbulence generation.

3.23 .Rem' olds Npmber Dengv ndency of Skin ngctignj

Figure 7 shows the variation of skin friction through the

pardiete; u,/u, with req‘w‘ct to Reyixolds number and a comparison

with other recent dats.

3.2.3.1: Minimum Re for m;_e_n_t g_;a_y

: Pregto# (ref. .23.). from the similarity and close agreement of
tile Reynolds nimbc; for the circular pipe and flat plat.e. suggested
the lower limit for which fully ﬁeveloped furbulent flo-v oc’cnrs as
Re = 320 vitix & rather limited data confirmation, while the afore-

mentioned (sec 3.2) Smits et al. (ref. 25), by applying & pin-type

P
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turbulent stimulator, obtained a turbulent profile at Re = 285, and

even at Re = 261 in the presence of a strong favorablq pressure

gradient.

In the present experiments, post—tramsitional turbulent bound-

7 ;f; layers are obtained at Re = 280,

3.2.3.2 Influence of Free Stream Turbulence on u,/u,

Those points of Purtell et al., which are in the same Reynolds

ﬁnqber range as the present data (Fig. 7), were obtained in the

jbseﬁce of free stream turbulence and have skin friction coeffi-

cients that are about 5% lower. The difference in the skin fric-

. tion coefficient seems to be coming from the residual wake strength

at _théir Reyholds numbers (i.e., from their data, Av ,/n;. = 1.0

at Re = 465) (ref. 8). Again, the present profiles showed no
discernable waké strength, Coles” suggested zero wake strength

boint is at Re = 425 and at a value of “e[“t sl#ghtly above the

~ present data spread.

An impoftant‘isspeAtp be discussed here is how much thelfree
stream turbulence in this low range ovaeynoldﬁ numbér can in¥
fluence the skinm friction. ?or flon at ﬁigher Reyﬂolds numbers,
many researchers hav; repofted a turbnlénce effect which signific-—
anfly elevates the skin friction, for instance, 7% }ﬁrbnlence in

the froe stream causes an increase in skin friction of some 20%

“over that in a quiet enviromment (ref. 15).

i A most flansible hjpéthesisthas been advanced by Huffman and
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* Bradshaw (ref. 28) through their comparison of turbulent boundary

laygrs developing under a quiescent itrotatio?al free stream and
the tnrﬁnleﬁt flo; in pipeé vhété'fhe.'turinlqnq core’ is not
‘qniescent and irrot;tional,_ In thellagter flow, there is no ob-
servable wake, while }p.the,former there is very Ainnifély'a wake
component to the yelocityAprofileg. For the turbulent boundary
;gye; at low k;ynqlds numbers in qﬁiescent environments, Huffman
and Bradshaw attgib;te t}e erosion of the wake copponent,tOJthe
increased import;ncg of_tie ‘viscous superlayer’ - the interface
between the bppndary.layngand the irrotational external flow - in
'erodipg the wake component.  For external flows at elevated free

stream turbulence — by analogy to the situation in pipes — the wake

~component is eroded more severly if not entirely as in the present

results.
These effecﬁs cap be assessed quantitatively as ygll; Musker
(ref. 20) states an expressioﬁ for the turbulent boundary layer

profile as follows:

"~ u+ = 5.424arctan{(2y+ - 8.15)/16.7}
+ logyol(y+ + 10.6)96/(y+2 - 8.15y+ + 86)2}
- 3.52 + n/k (6(y/8)2 - 4(y/8)3)

+1/x (3/8)2(1 - y/8) | D )

'The first three terms on the right side are an anmalytic expressionm
for the law of the wall that is consistent in the log-linear region

with Cole's constants. The term having the coefficient n is an
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algebraic form of the Coles wake fﬁnction. and the last term on the

" right side is an additional wake term due to Granville (ref. 22)

‘providing for a zero derivative at the edge of the toundary layer.

Plotted on figure 7 is a line representing the results of

-‘jntegrating the Musker profile without the Coles and Granville wake

" terms. This seems to be a good representation of the present data

over the limited range of Reynolds number investigated herein. The

details of obtaining integreted boundary layer information from

" various forms of equation 3 are developed in Appendix A.

'I"he variation of skin friction coefficient itself is plotted‘

“'in figure 8 with respect to Reynolds number. Here the present data
‘are compared with additional sets of reference data, emphasizing
“the effect of free stream turbulence in increasing the skin ‘fric-

‘tion. Blair's dsta (ref. 14) represented by h‘exag‘ons. were ob- .

tained under levels of turbulence similar to those of thg' present

“experiment. Note the increase in skin friction. The roughly 20%

“increase in skin t_‘ri‘ction due to the presence of tu,rbulencev in

Blair's data agrees with the trend of imncreasing skin ftiétion in
the present date obtained for a somewhat lower range of Reynolds

number.

3.3 Disturbance Pgofiles and Spectra for the Turbulent Flow
- Figures 9 and 10 show the lomgitudinal turbulence intensity

distribution at various values of Reynolds number for the Grid 1

data and Grid 2 data respectively. The peak value of the v'/u, is
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abqu_tvz._3_ at y+ -=,_13. ,T_he ‘_appto_xima‘t_e sixpi larity in wall units,
u"/ut agains,; y+ seems to be in good agreement with ti:e data of
Castro (ref. 16). and of Purtell et al. (ref. 8).

Recalling that the mean velocity profiles have shown law-of—
the-wall similarity even at these low Reynolds nn:.lbers'.. a Reynolds
nunber effect seems to persist im the turbulence intex;sity. beyond
‘thie peak locat‘ioq;s (y+ > 13) in Figs. 9 and 10. The lower the
value of Re, the lower the values of u’ in the outer portion of the
.boundary layer. This decrease in v’ might be caused by .the sup-
pression of al lil‘»ut"_the largest scales of turbulence Qs ‘the Rey-
nolds number decreases (refs. 26 'and 27). The variat-ion is much
less 'Ipfténounce‘d ih the present experiment because of the 'vety
limited range of Reynold'é number. Figs. 11‘ and -12 show ‘t_he 'diﬁ-
tﬁrbt;ﬁc;' sj;ecttd measured along ihe line of maximum nmpll itude with
' i;cx;aas.ing‘di‘stance' from the leading "edge for giids 1. ;nd 2 z"esi)ec-
tively. The averaging time for these spectra is 2 minutes ax‘u'.l.the
:>T¢'>1-lu':\ien-8chl ichtiﬁg band is onf to about 156 Hz. | As mentioned
earl ief. the turbnlen.ce lgvéls of these grids are 5-;6% and 6-7%
‘te‘sp"ecfively, and t.he mean profiles c;hibitod tilc behavior of
fully-developed turbulent flow, Although a plot of tle amplitude
ratio versus dovﬁétream‘distin_ce is not presented here, one can
eas‘ily see from figures 11 'aﬁd 12 that there is no evidence of
significant growth or dec'ay of.disturbance's anywh;re in the fre-

queﬁcy range of 0 t6 250 Hza.
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This behavior is very interesting. However, this result cannot
be conclusive until one examines all of the causes which could
affect the growth or decay of the disturbances, and analyze the

individual effects separately. Nevertheless, it is peculiar. The

~bebavior will appear even more anomalous after we look at the

fashion of growing turbulence without the pieseﬂée of a grid inm the
next section. As a matter ofvfuct, for this short region of the
8nalysis the amount of decay of the disturbances gemerated by grid

1 and 2 was not>significant.

3.4 Transitional behavior (No—grid data analysis)

Figure 13 shows the development of the boundary layer for the

no grid dats with increasing distance from the leading edge. The

reference parﬁmeter 5 here is calculated from the integral quanti-
ties H and 5° using the relation, 6/8f = (B+1)/(H-1) rather than

sttempting to select it from.thg scattered points of the measured

profiles.

Length Reynolds numbers for these profiles are in the range

between 20,000 to 70,000. None of these profiles showvs the stan-—

dard laminar flow behavior and the flvais believed to be under-
going transit}on.

The u";pectrpl data of these profile are shown in Fig.14.
These spectra are again takcﬁ at the height in the boundary layer
where disturbance smplitude is maximum,

A typical disturbance spectrum outside the boundary ihye; is
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shown in Fig. 15 slong with those for Grids 1 and 2. The turbulent
" intensities in the boundary layer are of the order of 10 times the
free stream }evel (Fig. 16). The relative anplitndes of some
selected frequencies are shown in Fig. 17. Due to the technical
difficultxes experienced. the eccnracy of these data is donbtfnl.
however, it is possible to extract some linited information from
?ni; teet. General behavior of the distnrbances shows more or less
a resenblance to what is obtained in linear stabxlity studies
althongh thh an enormous difference in the -;gnitudes. Amplitudes
‘of lnrge eddies hevxng low frequencies are dominunt. and show less
4;irl;§§e in proceeding doweetream. while those of the shail:eddies
grow faster, But once when all the disturbahceslnndeteent some
:;;ensitioe - et 15 em where the shefe factor is 1.9 - neither
noticable ;rowth nor decay are oeserved. This trend is vefy much
cehsistent with the'one vhich‘was examined fron Grids 1 and 2 data

earlier.

- g



CHAPTER 4

- SUMMARY AND CONCLUSIONS

No'standerd laminar flow was observed in any of the measured
profiles. Turbulent profiles are identified for Reg as low as

280.

At turbulence levels of about 1-1/2% (no grid) the boundary

layer is transitional over the measurement domain, Transition

. occured pnogressively sooner as the turbulence level‘vas in-

creased using grids.

No veke strengths are observed for the turbulent mean flow
i profiles at turbulence levels of 5% - T% (grids 1 and ZL

.'The existence of the log—linear tegion even at Reg as low as

280 makes it possible to deduce the wall skin friction by
fitting the mean prof:le to the law of the wnll formula. The
skin friction distribution thus obtained closely follows that
calculated from the law of the wall with Coles eenstants and
with zero wake strength.

The shenp decrease in shape factor with Reynolds number at
turnnlence levels of 5% — 7% is consistent with the expectation

for zero wake strength;

24
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18

Location

10
15
.20
25

30

Location

15

18

BOUNDARY LAYER PROFILE CHARACTERISTICS

"1.274

1.402

1.652
1.939.

2.022

2.087

.956

1.272

1.268

1.619

1.825

1.976

440

641

.718
.684
919

.893

28

TABLE 1

2.46

1.86

Re

187
264
286
2?6
366

360

ve G
n/sec
6.69 -.145
6.45 -.066
6.24 }Qoz
6.33 -.025.
6.25  .000
6.32 -.023

No-Grid; Modified L.E shape

0 mm

514

1,653

.810

1.051

1.125

1.214

.409
.668
747
1.045
1.213

1.371

R

2.48

2.34

1.90

"1.55

1.50 .

1.44

- Re

6

260

322
419
451
488

Grid 1

Reg

170
253
279
400
473

532

_ _No-Grid; Rounded L.E.shape . - . . ... .. .

3
.Ut Ct x 10

»/sec

U C.x10
T

m/sec

U c.x10
w/sec

341 6.76

.335 6.24

332 5.91

u C
. e P
n/sec
6.39 -.045
" 6.26° -Qobsi
6.25 .000
6.27 -.007
6.27 -.009
6.31 -.022
u C
L e P
n/sec ’
6.55 -.147
5.94  .056
5.87 .078
6.00 . .037
6.12  .000
6.09 .009

.329 5.85
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TABLE I (Concluded)

ey o

-, .
-

RIS

¢
- area . A

L Wme

.-

Grid 2
* o ] Re c. v, x103
Locatfion ¢ mm am P ue P t %
w/sec n/sec
3 1.039 434 2.40 173 6.23 -.039
6 1.228 .719 1.71 280 6.09 .005 .351 6.63
9 1.516 .959 1.58 375 6.11 -.002 341 6.24
12 1.619 1.105 1.47 432 6.11 -.002 335 6.02
15 1.745 1.213 1.44 475 6.11 .000 .332 5.92
18 1.827 1.288 1.42 505 6.12 -.005 .329 5f79
. Grid 3
Location ¢ mm 6 mm H Ree u, Cp UT Cf x103
) m/sec’ - m/sec
5 1.129 . .529 2.13 212 6.24 -.069
10 1.460 .827 1.77 326 6.16 -.042
15 1.797 1.134 1.58 439 6.03 .000
20 2.242 1.591 1.41 619 6.07 --.011 :317 5.45
25 2.407 1.709 1.41 667 6.09 -.018 ‘.311 5.22
30 2.598° 1.841 1.41 743 6.29 -.087



'TABLE II "

EVALUATION OF u BY LEAST SQUARES SCANNING . -

Location Grid-type- uT(m/sec) . Yo(cm) Errot(mzlsecz) Remark
1 .
. 6 cm G2 .338 .013 .890 W.final pts. ‘
: .341 " .797 w.o " ‘ '
"9 cm " .332 " 668 w., " )
g ‘ : - .335 .010 .593 wo "
i . _ . . . .
A 12 cm "o .329 018 .468 w2 "
f ‘ ’ .332 " .287 w.o "
. 15 cm " .326 .020 .320 w. oo
. - .329 " .246 - w.o "
! 18 cm " ©.323 .023 .304 . w., "
.326 ©.020 Jd94 0 w0 "
9 em ¢ .32 013 1.261 W, "
, 12cm. " .323 .015 .823 w., "
15 em " .323 015, .812 . w, "
.18 cm "o .317 .018 .838 'vg. o»
20em 63 317 .018 .91 W
25 cm " .311 .018 1.135 w., "
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APPENDIX A
PROPERTIES OF VARIOUS PROFILE MODELS

 OF_THE FLAT PLATE TURBULENT BOUNDARY LAYER _

Iflis known fromviéng experience with boundary liyér integral
methods that for any(profile function, one can integrate the pro-
file to obtain'exffeisipns and values for the various integral
thicknesses and shape factors. It is helpful for the presént pur-—
poses to do so for the profile function of Musker (ref. 20) presen-—
ted in the texf as equation (3). | o

.Bbcause tha; function is presented in wall units, the integra-
tions will also provide a skin friction relationship as a function
of say R°9 for’e;ch assnmed‘valné of the wake strengfh n. Th;s

should be helpful in obtaining a better assessment of the‘variafion

ﬁoflvake strength with free-stream turbulence level at low Reynoldg

numbers.
Musker’'s expression for the turbulent boundary layer velocity

profile is:

ot = 5.424 tan"l((2y* - 8.15)/16.7)
+ logyoly* +10.6)9-6/(s*2 - 8.155* + 86)2) - 3.52
+ n/k (6(y/8)2 - 4(y/8)3) |

+ 1/x (3/8)2(1 - y/8) | - (3)

The first two lines on the right side are an uﬁalytic expression

54
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for the law-of—fhe—wall that is consistent in the log-linear region
with _Co_les'hcopstan'ts. The term having the coefficient 5 is an
aljeb:aicbfq;m gf the Coles vakerfpnctiop. and;?he.lasf term on the
right side is an additional wake term dn; to Granville (ref. 22)
providing for ;‘zeré &etivative at the edge of i?e boundary layer.
Results will be calculated and tabulated herein without the Gran-
ville wake term (Musker-Coles) as well as with inclusion of that
term (Musker—Coles—Granville).

The .quantities that are calculated and i)resentéd are hs fol-
lows:

u: = u/u. = ot

+
ot Y

(A
Reg =" bL+c‘{r"". "—- w* A%*

‘e
o

0
o + s++ t
Res‘fu.:S "'gu'd‘&
o

. . 22. ®
= = 1S
H =5°/0 = Azee

The results for the Musker-Coles profile are tabulated in
Table A-1 while the results including the Granville wake term are

tabulated in Table A-2.
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Wake Strength

-

Experimentally, thc vtkeAsti;igth. An/ut, is identified as the

naximim departﬁre of the veloéity ﬁrofile in wall units from the

iog-linear relation as shown in the foiléving'skeféh{

For the Coles wake function, the maximum value of the wake

strength is

Tl ¥

(A-1)

and occurs at y/8 = 1. The wake strength is zero for jr_= 0.

For the Coles—Granville wake function,

,mngthiz-é::) _ 4 (mrﬂ)

Z?K (4—‘r+ ) 2

nnd occurs at

() _ 2 61T+l>
< 3 \ 4T+ |

For the Coles—Granville wake function, the wake strength becomes

zero for mn = ~1/6. The wake strength at y/8 = 1 is still 2n/k

the maximum wake

(A-2)

(A-3)

1



which is 1ess than the maximum. Nevertheless, the velocity u: at
y/8 =1 is larger than the value of u* at the location of maximum
wake strength. These relations for the Col'es—Gr'anvi‘llelvake func-

tion are given in Table A-3 for -1/6 < n < 0.7.

Comparison with Experimental Data

Skin friction data in the form of v,/u, vs. Reg are compared
to the results for the Musker~Coles profile in figure A'—l,' and to
those for the Iﬁ:sker-—Coles-Granville.profile in figure A-2, The
present data ihich display no visibl‘e wake are slightly betfer
represented by th_é n=-1/6 curve of figure A~2 than by the n=0
curve of figure A-1. VWith respect to shape fncv‘.tor (figure A-3),
there is very little difference betvelen the re;ults for the t;vo

different wake representations for zero wake strength.
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TABLE Al

INTEGRAL PROPERTIES OF THE MUSKER-COLES PROFILE

+ L il
g +“‘ - T gt T T 6 ”+‘ +‘ e mm S

8 ue/uT Io u dy Ree ReGﬁ :

30. "13.01 273.0 52. 117. 2,27

45, 13.18 477.7 77. 160. 2.07

60. 14.94 696.3 - 103. 200, 1.94°

75. 15.50 924.8 129. 238. 1.85

90. 15.95 1160.8 154. 275. 1.78
- 105. 16.33 1403.1 181. 312. . 1.73
120. 16.66 . 1650.6 207. 349. 1.68
135, 16.95 1902.7 234. 385. 1.65
150. 17.21 2158.9 260. 422. 1.62
165. 17.44 2418.8 287. 458. 1.60
180. 17.65 2681.9 314. 495, 1.57
195, 17.84 2948.1 341. 531. 1.56
210. 18.02 3217.1 369. 568. - 1.54
225. 18.19 3488.8 396. 604, = 1.52
240. 18.35 3763.5 417. 640. 1.53
255. 18.49 4039.1 451. 677. . 1.50
270. 18.63 4317.5 '479. 713.: 1.49
285. 18.76 4599.5 508. 748. o 1.47
300, . 18.89  4880.4 535. 786. o 1.47
315. 19.00 5164.6 562. 822, '1.46
330. 19.12 5450.5 590. 858. 1.45
345, 18.23 5738.1 618. 895.- = 1.45
360. 19.33 6027.2 647. 931. 1.44 -
378, -19.43 6317.9 675. 967. . 1.43
390, . 19.52 6610.0 703. 1004. 1.43
405. - 19.61 6903.5 - © 731, 1040. 1.42
420. 19.70 7198.4 759. 1076. 1.42
435. 19.79 7494.5 788. 1113. 1.41
450, . 19.87 7792.5 816. 1149, 1.41
465. 19.95 8091.2 845. 1185. ° 1.40
480. . 20.03 8391.2 866. 1221. 1.41
495. 20.10 8692.2 902. 1257, 1.39
510. 20.17 8993.4 930. 1294. 1.39
525, 20.24 9296.6 . 950. 1331, = 1.40
540. 20.31 9602.0 980. 1366. - 1.39
555. 20.38 9907.3 1017, - 1402, 1.38
570. 20.44 10213.5 1045. 1438. . 1.38
600. 20.57 10827.2 1101. 1513. 1.37
630. 20.68 11445.9 1159, 1585. 1.37
660. 20,80 12068.2 1216. 1658. . 1.36
690. 20.91 12693.7 1274. 1731. 1.36
720. 21.01 13322.4 1331. 1804. 1.35
750. 21.11 13954.2 1389. 1876. 1.35
780. 21.20 14589.0 1447. 1949. . 1.35
810. 21.29 15226.5 1505. 2022, 1.34
‘840. 21.138 15866.8 1563. 2094, - 1.34
870. - 21.47 16509.6 1621. 2167.  1.34
900. 21.55 17155.0 - 1679. 2240. 1.33
930. 21.63 17802.8 1731. 2313. 1.34
960. 21.71 18453.0 1789. 2385. 1.33
990, 21.78 19105.4 1847, 2458, 1.33
1020. 21.85 19760.1 1905. 2531. 1.33

1050. 21.92 20416.9 1963. 2603. - 1.33
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TABLE Al (continued)

+
+ &+, +
s uelqt ,o u.dy Re, . Rest R
1080. 21.99 21075.8 2022. 2676. 1.32
1110, 22.06 21736.7 2080. 2749. 1.32
1140, 22.12 22399.5 2147. 2821. - 1.31
1170. 22.19 23064.3 2205. 2894, 1.31
1200. 22.25 23731.0 2264. 2967. 1.31
1230. . 22.31 24399.5 2323. 3039. 1.31
1260. 22.37 25067.6 2379. 3114. 1.31
1290. 22.42 25739.5 2438. 3187. - 1.31
1320. 22.48 26413.0 2497. 3260. 1.31
1350. 22.53 27088.2 2556. 3333, . 1.30
1380. 22.59 . 27765.1 2614. 3406. 1.30
1410. 22.64 28443.5 2673. 3478, 1.30
1440. 22.69 29123.5 2732. 3551. 1.30
1470. 22.74 29805.0 2791. 3624, . 1.30
1500. 22.79 30488.0 2849. 3697, 1.30
. 1530. 22.84 31172.4 2908. 3770. 1.30
1560. 22.89 31858.3 2967. 3843. 1.29
1590. 22.93 32545.6 3026. 3915. 1.29
1620. 22.98 33234.3 3086. 3988. 1.29
1650. 23.02 33924.3 3145. 4061. 1.29
1680. 23.07 34615.6 3199. 4134. 1.29
1710. 23.11 35308.3 3258. 4207. 1.29
1740. 23.15 36002.2 3317. 4279. 1.29
1770. 23.19 36697.4 3376. 4352, 1.29
1800. 23.23 37393.8 3435, 4425, -1.29
1830. 23,27 38091.4 3494. 4498, 1.29
1860. 23.31 38790.3 3553. 4571. 1.29
1890. 23.35 39490.3 3612. 4644. 1.29
1920. 23.39 '40191.5 3671. 4716. 1.28
1950. 23.43 40893.8 3731. 4789. 1.28
2040, 23.54 43007.4 3908. 5008. 1.28
2130. 23.64 45130.7 4086. 5226. 1.28
2220. 23.74 47263.2 4264. 5444. 1.28
2310. 23.84 49404.5 4442. 5663. 1.27
2400, 23.93 51554.4 4621. 5881. 1.27
24590. 24.02 53712.6 4808. 6100. 1.27
2580. 24.11 55878.5 4987. 6318. 1.27
~2670. 24.19 58052.1 5166. 6537. 1.27
2760, 24.27 60233.1 5343. 6755, 1.26
2850. 24.35 62418.4 5520. 6977. - 1.26
2940, 24.42 64613.4 5699. 7185. 1.26
3030. 24.50 66814.9 5878. 7414. . 1.26
3120. 24.57 69023.0 6058. 7633. 1.26
3210. 24.64 71237.4 6237. 7851, 1.26
3300. 24.71 .. 73458.0 6417.  8070. 1.26
3390. 24.77 75684.5 6596. 8289. 1.26
3480. 24.83 77916.9 - 6776. 8507. 1.26
3570. - 24.90 80154.8 6956. B726. 1.25
3660. 24.96 - .82398.3 7136. 8945. . 1.25
3750. 25.02 84647.3 7316. 9163. 1.25
. 3840. 25.07 86901.4 7496. 9382. 1.25
3930. 25.13 89160.6 7676. 9601. 1.25
4020. 25.19 91425.0 7857. 9819. 1.25
4110. 25.24 93694.2 8037. 10038. 1.25
4200, 25.29 95968.1 . 8218. 10257. 1.25
4290. 25.34° - 98246.8 8398. 10475. 1.25
4380. - 25.39 100530.0 - 8579. 10694. 1.25
4470, 25.44 102817.9 8760. 10913. 1.25

4560. 25.49 105109.9 8941. 11131. 1.25
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TABLE Al (continued)

+
T A ué/u1~A-- ﬁf ufdyt- - ms-Reew—.fv—LReétv S -

30. 13.50 280.3 54. 125. . 2,29
45. 14.67 488.6 82. 171, 2.08
60. 15.42 711.0 110. 214. 1.95
75. 15.99 943.1 138. 256. 1.86
90. 16.44 1182.8 166. 297. 1.79
105. 16.82 1428.7 195, 338. 1.74
120. 17.15 1679.9 223. 378. 1.69
135. 17.44 1935.7 - 252. 418, - 1.66
150. 17.69 2195.5 282. 459, 1.63
165. 17.93 2459.0 311. 499. 1.60
180. 18.14 2725.8 340. 539. 1.58
195. 18.33 2995.7 370. 579. - 1.56
210. 18.51 3268.4 400. 619. 1.55
225. 18.68 3543.7 430. 659. 1.53
240. 18.83 3822.1 453, 698.  1.54
255. 18.98 4101.3 490. 739. 1.51
270. 19.12 4383.4 520. 779. 1.50
285, 19.25 4669.1 552. 817. 1.48
300. 19.37 ©- 4953.6 581. -859. 1.48
315. 19.49 5241.4 611, 899. 1.47
- 330. 19.61 5531.0 642. 939. 1.46
345, 19.71 5822.2 672. 978. 1.46
360. +19.82 6115.1 703. 1019. 1.45
375. 19.92 6409.4 734. 1059. 1.44
390. 20.01 6705.2 764. 1099, 1.44
~ 405. 20.10 7002.3 795. 1139. ~ 1.43
420. 20.19 7300.9 B26. 1179. - 1.43
435. 20.27 7600.7 857. 1219. 1.42
450. 20.36 7902.3 888. 1258 1.42
465. - 20.44 8204.7 919. 1298. - 1.41
480. 20.51 8508.3 943. 1338. 1.42
495. - 20.59 8813.0 981. 1378. 1.40
510. 20.66 9117.8 1012. 1419. . 1.40
525. 20.73 9424.7 1035. 1459. 1.41
540. 20.80 9733.7 1067. 1498. 1.40
555. 20.87 10042.7 1106. - 1538. " 1.39
570. 20.93 10352.6 1138. 1577. 1.39
600. 21.05 10973.6 1199. 1659. 1.38
630. 21.17 11599.7 1261. 1739. 1.38
660. 21.29 12229.2 1324. 1819. . 1,37
690. 21.39 12862.1 1386. 1899. 1.37
720. 21.50 13498.1 1449.  "1979. 1.37
750. 21.60 14137.2 1512. 2059. 1.36
780. 21.69 14779.3 1575. 2139, 1.36
810.. 21.78 15424.2 1639, 22189, 1.35
840. 21.87 16071.7 1702. 2299.. 1.35
_ 870. 21°.96 16721.9 1765. 2379. 1.35
900. 22.04 17374.6 - 1828. 2459, 1.35
930. = 22.12 18029.7 1886. 2539. 1.35
"960. 22.19 . 18687.2 1949. 2619. 1.34
990." - 22.27 19347.0 - .2012. 2699. 1.34
1020. . 22.34 © 20009.0 . 2076. 2779. 1.34
1050. - 22.41 20673.1 2139. 2859, 1.34
1080. 22.48 - 21339.3 2203. - 2939. 1.33

1110. 22.55 = 22007.5 2266. 3019. 1.33
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TABLE Al (continued)

+ 8+, 4+ : g
é ‘ ue/u‘t Jy vy - Re, Re * k ;|
1140, 22.61 22677.7 2338. 3099. 1.33
1170. 22.67 23349.8 2402, 3179. 1.32
1200. 22.74 24023.8 2466. 3259. - 1.32
1230. ~ 22.80 24699.6 2530. 3340. " 1,32
1260. 22.85 25375.0 2592. 3422, - 1.32
1290, 22.91 - 26054.2 2656. 3502, - 1.32
1320. 22.97 26735.1 2720. 3582. 1.32
1350. -23.02 27417.6 2784. 3662. 1.32
1380. 23.08 28101.8" 2848. 3742. 1,31
1410. 23.13 ©  28787.5 2912, 3822. 1.31
1440. 23.18 29474.9 2976. 3903. 1.31
1470. 23.23 30163.6 3040. 3983, 1.31
1500. 23.28 30854.0 . 3104. - 4063, 1.3
1530. 23.33 31545.7 3169. 4143, © 1,31
1560. 23.37 32239.0 3233. 4223, 1.31
1590. 23,42 32933.6 3297. 4303, 1.31
1620. 23.46 33629.5 3362. 4383. - 1.30
1650. . 23,51 34326.9 3426. 4464. 1.30
1680. = 23.55 35025.5 3486. 4544. 1.30
1710. = 23.60 35725.5 3550. 4624. 1.30
1740. "23.64 36426.8 3615. 4704. 1.30
1770. - 23.68 37129.3 3679. 4784, 1.30
1800. 23.72 37833.0 3743. 4864. ©1.30
1830. 023,76 38538.0 3808. 4944, 1.30
1860. 23.80 39244.1 3872, 5025. 1.30
1890. 23.84 39951.5 3937. 5105. 1.30
1920. 23.88 40659.9 4001, 5185. - 1.30
1950. 23.92 41369.6 4066. = 5265. 1.30
2040. 24.02 43505.2 4259. 5505. 1.29
2130. 24.13 45650.4 4453. 5746. 1.29
2220, 24.23 47804.9 = | 4647. 5986. 1.29
2310. 24.33 49968.2 4842. 6227. 1.29
2400. 24.42 52140.0 5036. 6467. 1.28
-2490. 24.51 54320.1 5231. 6707. 1.28
2580. 24.60 56508.0 5435. 6948. 1.28
2670. 24.68 58703.6" 5630. 7188. 1.28
2760. 24.76 60906.6 5824. 7429. 1.28
2850. 24.84 63113.9 - 6016. - 7672. 1.28
2540. 24.91 65330.8 6212. 7913. - 1.27
3030. 24.99 67554.3 6407. 8153. 1.27
3120. 25,06 69784.3 6603. = 8394. 1.27
3210. 25.13 72020.7 6798. 8635. 1.27
3300. 25.19 74263.2 6994. 8875. 1.27
3390. 25.26 76511.6 7190, 9116. 1.27
3480. 25.32 78766.0 7386. 9356. 1.27
3570. ©  25.38 81025.9 7582. 9597. 1.27
3660. 25.45 83291.4 7779. 9838. 1.26
3750. 25.50 85562.2 7975. 10078. 1.26
3840. 25.56- 87838.3 . 8172. 10319. 1.26
3930. 25.62 90119.6 8368. 10560. 1.26
4020. 25.67 92405.8 8565. 10800. 1.26
4110. 25.73 94697.0 8762. 11041. 1.26
4200. 25.78 96992.9 8959. 11281. 1,26
4290. + 25.83 99293.7 9156. 11522, 1.26
4380. 25.88 101598.8 9353. 11763. 1.26
4470. - 25.93 103908.5 9550. 12003. 1.26

4560.- - 25.98 106222.6 9748. 12244. 1.26
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TABLE Al (continued)

+

<+ .
8 u‘/u1 {: u‘ay+ Re, Re B
30. 13.99 287.6 57. 132. 2.31
45, 15,15 499,06 " 87,7 T 182.7 7 T2.10
60. 15,91 725.6 117. 229. 1.96
75. 16.48 961.4 147. 274. 1.87
90. 16.93 1204.7 '177. 319. 1.80
105. 17.31 1454.3 ' 208. 363. 1.74
120. 17.64 1709.2 239, 407. 1.70
135: 17.93 1968.6 271, 451. 1.67
150. 18.18 2232.1 302, 495, 1.64
165. 18.41 2499.3 334. 539, 1.61
180. 18.62 2769.8 366. 583. 1.59
195. 18.82 3043.3 398. 626. 1.57
210, 19.00 3319.6 430, 670. 1.56
225. 19.17 3598.6 463, 714, 1.54
240, 19.32 3880.6 . 488. 757.  1.55.
255. 19.47 4163.5 528. 801, 1.52
270. 19.61  4449.3 560, 845, 1.51
285. 19.74 4738.6 594, 887. 1.49
300. 19.86 5026.8 626. 932, 1.49
315, 19.98 5318.3 659, 976. 1.48
330. 20.09 5611.5 692. 1019. 1.47
345. . 20.20 5906.4 °  725; 1063, - 1.47
360. 20.30 6202.9 758. 1107. 1.46
375, 20.40 6500.9 791. 1150. 1.45
390. 20.50 6800.3 824. 1194, 1.45
405. 20.59 7101.2 857. 1238. - 1.44
420. 20.68 7403.4 890. 1281. 1.44
435. 20.76 7706.8 924, 1325. 1.43
450, 20.85 8012.1 958. 1368. -1.43
465, 20.92 8318.2 991. 1412, 1.42
480. 21.00 8625.4 1018. 1455, ! 1.43
495. 21.08 8933.8 1059. 1499. 1.42
510. - 21.15 9242.2 1091. 1543. 1.41
525. 21,22 9552.8 1117, 1587. 1.42
540. 21.29 . 9865.5 1152. 1629. 1.42
555, 21,35 10178.1 1194. 1673. 1.40
570. 21.42 10491.7 . 1227. 1717. 1.40
600, 21.54 11120.0 1293. 1805. 1.40
630. 21.66 11753.4 1361. 1893. - 1.39
660. 21.77 12390.3 1428. 1980. 1.39
690. 21.88 13030.5 1496. 2068. 1.38
720. 21.98 13673.8 1564. 2155, 1.38
750. 22.08 14320.2 1632. 2242. 1.37
780. = 22.18 14969.6 1700. 2330. 1.37
810. 22.27 15621.8 1769. 2417, 1.37
 840. 22.36 16276.7 1837. 2504. 1.36
- 870. 22.44 16934.2 1905. 2592, . 1.36
900. 22.53 17594.2 1968. 2679. . 1.36
930. 22.61 18256.6 2037. 2766. 1.36
960. 22.68 18921.5 2105, 2854. .. 1.36
" 990. 22.76 ° 19588.5 2173. 2941, 1.35
1020. 22.83  20257.8 2242. 3028. 1.35
1050. 22.90 20929.3 . 2310. .. 3116. 1.35
1080. 22.97 ° 21602.8 2379. 3203. 1.35
1110. 23.03  22278.3 2447, 3290. 1.34
1140, .23.10 "  22955.9 2516. 3378. 1.34

1170. 23.16 '23635.3 2593. 3465. - 1.34
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TABLE Al (continued)

4110. 26.21 95699.
4200. . 26.27 98017.
4290. 26.32 100340.
4380. 26.37 102667.
4470. . 26.42 104999.
4560. 26.47 . 107335.

9469. 12044. 1.27
9682. 12306. - 1.27
9895. 12569. . 1.27
10109. 12831. 1.27
10322. 13094. 1.27
10535. 13356. 1,27

<+
+ 8 +. +
[ “e,“-: Jo v dy lee hc' ]
1200. 23.22  24316.6 2662. 3552. 1.33
1230. 23.28 24999.7 2732. 3640. 1.33
1260. 23.34 25682.5 2799. 3729. 1.33
1290. 23.40 26369.0 286€8. 3817. . 1.33
1320. 23.46 27057.2 2937. 3904. - 1.33
1350. 23.51 27747.0 3006. 3992. 1.33
1380. 23.56 28438.5 3075. 4079. 1.33
1410. 23.62 29131.6 3145. 4166. . 1.32
1440. 23.67 29826.2 3214. 4254, 1.32
1470. 23.72 30522.3 3283. 4341, 1.32
1500. 23.77 31220.0 3353. 4429, 1.32
1530. 23.81 ° 31919.1 3422. 4516. 1.32
1560. 23.86 32619.6 3492. 4604. 1.32
1590. 23.91 33321.5 3561. 4691, 1.32
1620. 23.95 34024.8 3631. 4779. 1.32
1650. 24 .00 34729.5 3700. 4866. 1.32
1680. 24.04 35435.4 3766. 43854, 1.32
1710. 24.08 36142.7 3835. 5041. 1.31
1740. 24.13 36851.3 3905. 5129. 1.31
1770. 24.17 37561.2 3974. 5216. 1.31
1800. 24.21 . 38272.2 4044. 5303. 1.31
1830. 24.25 38984.5 4113. 5391. 1.31
1860. 24.29 39697.9 4183. 5478. 1.31
1890. 24.33 40412.6 4253. 5566. 1.31
1920. 24 .37 41128.4 4322. 5653. 1.31
1950. 24.40 41845.4 4392. 5741. 1.31
2040. 24 .51 44002.9 4601. 6003. 1.30
2130. 24.62 46170.1 4811. 6265. 1.30
2220. 24.72 48346.5 5021. 6528. 1.30
2310. 24.81 50531.8 5231. 6790. 1.30
2400. 24.91 52725.7 5442. 7053. 1.30
2490. 25.00 54927.7 5652. 7315. 1.29
2580. 25.08 57137.5 5872. 7577. 1.29
2670. 25.17 59355.1 6083. 7840. 1.29
2760. 25.25 61580.0 6292. 8102. 1.29
2850. 25.33 63809.3 6500. 8367. 1.29
2940. 25.40 66048.1 - 6712.. 8630. 1.29
3030. 25.47 68293.6 6923. 8893. 1.28
3120. 25.55 70545.6 7134. 9155. 1.28
3210. 25.61 72803.9 7346. 9418. 1.28
3300. 25.68 75068.4 7558. 9680. 1.28
3390. 25.75 77338.9 7770. 9943. 1.28
3480. 25.81. 79615.1 7982. 10206. 1.28
3570. 25.87 81897.0 8194. 10468. 1.28
3660. 25.93 84184.4 8406. 10731. 1.28
3750. 25.99 86477.2 8619. 10993. 1.28
3840. 26.05- 88775.3 8831. 11256. 1.27
3930. 26.11 91078.5 9044. 11518. 1.27
4020. 26.16 93386.7 9257. 11781. 1.27
8
8
3
5
2
3



|
|
|
|
|
|
|
|
|
|
|
. . :i
|
|
|
|
|

WWWWWWWWwWwWwWwWwWwWwWwWwwwWwWwWwiwwiwwwwuwWwwwwWwWwwWwwWwiwwwwhwwwiwwwwwww

L S S Y R T

[eXecloYolafoYoNeRalelale oo oo ololofoefoolefojofolaolelofolalolojofololofofoaoleoeNaololeNeYe o ool

TABLE Al (continued)

¥ e+ -
é ue/u‘_ Jo u dy Ree Reét H
30. 14.48 294.9 60. 139. 2.33 i
as. 15.64 510.6 91. 193, 2.12
60. - 16.40 740.3 123, 243, 1.98
75. 16.97 979.7 156. 293. 1.88
90. 17.42 1226.7 188. 331, 1.81
105. 17.80 1379.9 221, 389. 1.76
120.. 18.13 1738.4 255. 337, . 1.71
135, 18.41 2001.5 289. 484. 1.68
150. 18.67 2268.7 322, 532, 1.65
165. 18.90 2539.5 356. 579. 1.62
180. 19.11 2813.7 391, - 627. 1.60
195, 19.31 3090.9 425, 674. 1.59
. 210. 19.49 3370.8 460. 721. 1.57 _
225. - 19.65 3653.5 494. 769, 1.55 '
240. 19.81 3939.2 523, 815. 1.56
255. 19.96 4225.8 564. 863. 1.53
270. - 20.10 4515.2 599. 911. 1.52
285. 20.23 4808.1 636. 956. 1.50
300, 20.35 5100.0 669. 1005, 1.50
315. 20.47 5395.2 705.  1053. . 1.49
330, 20.58 5692.1 740, 1100, 1.49
335, - 20.69 . 5930.6 775, 1147, 1.48
360. 20.79 6290.7 811. 1195, 1.47
375. 20.89 6592.4 846. 1242,  1.47
390,  20.99 6895.5 882. 1289, 1.46
205, 21.08 7200.0 918.  1336. . 1.46
420, 21.17 7505.8 953. 1384, 1.45
435, 21.25 7813.0 983. 1431, 1.45
450. 21.33 8121.9 1025.  1478. 1.44
465. 21.41 8431.6 1061,  1525. 1.44
480, 21.49 8742.5 1091, 1572, 1.44
495. - 21.56 9054.6 1134. 1620, 1.43
510, . 21.64 9366.7 1169. 1668, 1.43
525, 21.71 9680.9 1197. 1715, 1.43
540. 21.77 9997.2 1234, 1761, 1.43
555. 21.8¢  10313.5 1278. 1808, 1.41
570. 21,91  10630.8 1315. 1856, 1.4
© 600, 22,03 11266.4 1385. 1952, 1.41
630. 22.15  11907.1  1458. . 2047, 1.40
660. 22.26  12551.3 1530, 2141, 1.40
690. 22.37  13198.8 1603. 2236, 1.39
720. 22.47  13849.5 1676. 2331, 1.39
750. 22.57  14503.2 1749. 2225, 1.39
780. - 22.67  15160.0 1822, 2520, 1.38
810. - 22.76  15819.4 1895.  2615. 1.38
840, 22.85  16481.7 1963. 2709, 1.38
870, 22.93  17146.5 2042. 2804,  1.37
300. 23.01  17813.8 2110, 2899 1.37
330, 23.09  18483.6 .  2183. 2993, 1.37
960." - 23.17  19155.7 2256. 3088, 1.37
390. 23.25 ° 19830.1 2330, 3183, 1.37 s
1020, ©  23.32  20506.7 2403, 3277, 1.36

1050. 23.39  21185.5 2477, 3372. 1.36
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1080.
1110,
1140.
1170.
1200.
1230,
1260.
1290,
1320.
1350,
1380.
1410,
1440,
1470.
1500,
1530,
1560.
1590.
1620.
1650.
1680.
1710.
1740.
1770.
1800.
1830.
1860.
1890.
1920.
1950.
2040.
2130.
2220.
2310.
2400,
2490.
2580.

2670. -

2760.
2850.
2940.
3030.
3120.
3210.
3300.
3390.
3480.
3570.
3660.
3750.
3840,
3930.
4020.

4110. -

4200.
4290.

4380.
. 4470.

4560.
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TABLE Al (continued)

uelu‘

23.46
23.52
23.59
23.65
23.71
23.77
23.83
23.89
23.94

24.00.

24.05

24.10°

24.15
24.20

24.25

24.30
24.35
24.40
24,44
24.49

24.53.

24.57
24.61
24.66
24,70
24.74
24.78
24.82
24.85
24.89
25.00
25.11
25.21
25.30
25.40
25.49
25.57
25.65
25.74
25.81
25.89
25.96
26.03
26.10
26.17
26.23
26.30
26.36
26.42
26.48
26.54
26.59
26.65
26.70
26.76
26.81
26.86
26.91
26.96

S .
st 4+ 4+
% u dy

21866.3
22549..2
23234.0

23920.8
24609.4

'~ 25299.8

25989.9
26683.7
27379.2
28076.4

28775.2.

29475.6
30177.6
30881.0
31586.0
32292.4
33000.3
33709.5
34420.1
35132.1
35845.4
36560.0
37275.9
37993.0
38711.4
39431.0
40151.8
40873.8
41596.9
42321.2
44500.7
46689.8
48888.2
51095.5
53311.3
55535, 2
57767.1
60006.6
62253.4

- 64504.7

66765.5
69032.9
71306.9
73587.2
75873.7
78166.0
80464.2
82768.0
85077.4
87392.3
89712.3
92037.4

94367.6

96702.7
99042.5

.101387.1

103736.2
106089.9

108447.8

2550.
2624.
2698,
2780.
2854.
2928,
3000.
3074.
3149.
3223,
3297,
3372.
3446.
3520.
3595.
3669.
3744.
3818.
3893.
3968.
4038.
4113.
4187.
4262.
4337,
4411,
4486.
4561,
4636.
4711,
4935,
5160.
5386.
5611.
5837.
6063
6298.
6522,
6749.
6973.
7200.
7427.
7654.
7881.
8108.
8336.
8563.
8791.
9019.
9247.
9475.
9703.
9932,
10160.
10389.
10618,
10847.
11076.
11305.

‘.6.
3467.
3561.
3656.
3750.
3845.
3940.
4037.
4131.
4226.
4321,
4416.
4511.
4605.
4700. .
4795.
4890.
4984 .
5079.
5174.
5269.
5364.
5458.
5553.
5648.
5743.
5837.
5932.
6027.
6122.
6217.
6501.
6785.
7070.
7354.
7638.
7923.
8207.
8491.
8776.
9063.
9347.
9632..
9917.
10201.
10486.
10770.
11055.
11339.
11624.
11908.
12193.
12477.
12762.
13046.
13331.
13615.
13900.

14185. .

1446S.

1.36
1.36
1.36
1.35
1.35
1.35
1.35
1.34
1.34
1.34
1.34
1.34
1.34
1.34
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.32
1.32
1.32
1.32
1.32
1.32
1,32
1.31

"1.31

1,31
1.31
1.31
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.29
1.29
1,29
1.29
1,29
1.29
1,29
1,29
1.29
1.28
1.28
1.28
1,28
1.28
1.28
1.28
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TABLE Al (continued)

+

6‘ c.lu‘ {: u‘dy‘ .‘6 .'6'
30, T T14.96 7 302.2 T e2. 147,

45. 16.13 521.6 96. 204.

60. 16.89 754.9 130. 258.

75. 17.45 998.0 164. 311.

90. 17.91 1248.6 199. 363.
105. 18.29 1505.5 234. 415.
120. 18.61 1767.7 270. 466.
135. 18.90 2034.5 306. 517.
150. 19.16 2305.3 342. 568.
165. 19.39 2579.8 378. 619.
180. 19.60 2857.6 415. 671.
195. 19.79% 3138.4 451. 722.
210. 19.97 3422.1 488. 773.
225. 20.14 3708.4 525. 824.
240. 20.30 3997.7 $56. 874.
255. 20.45 4288.0 600. 926.
270. 20.58 4581.1 637. 976.
285. 20.71 4877.7 676. 1026.
300. 20.84 5173.2 712. 1078.
315. 20.96 5472.0 749. 1129.
330. 21.07 5772.6 787. 1180.
345. 21.18 6074.8 825. 1231.
360. 21.28 6378.6 863. 1282,
375. 21.38 6683.9 901. 1333.
390. 21.47 69380.6 938. 1384.
405. - 21.57 7298.8 977. 1435.
420. 21.65 7608.3 1015. 1486.
435. 21.74 7919.1 1053. 1537,
450. 21.82 8231.7 1091. 1588.
465. 21.90 8545.1 1130. 1639.
480. 21.98 8859.7 1162. 1690. -
495. . 22.05 9175.4 1207. 1740.
510. 22.12 9491.1 1244. 1792.
525. 22.19 9809.0 1275. 1843, -
540. 22.26 10129.0 1314. 18913.
555. 22.33 10448.9 1361. 1944.
$70. 22.39 10769.9 1400. 1995.
600. 22.52 11412.8 1475. 2098,
630. 22.64 12060.8 1552. 2200.
660. 22.75 12712.3 1630. 2302.
690. 22.86 13367.2 1707. 2404.
720. 22.96 14025.2 1785. - 2506.
750. . 23.06 14686.2 1863. 2608,
780. 23.15 15350.3 1941. 2710.
810. 23.25 16017.1 2019. 2812.
840. 23.33 16686.6 2097. 2914.
870. 23.42 17358.7 '2175. 3016.
900. 23.50 18033.4 2248. 3118.
930. 23.58 18710.5 2326. 3220.
960. 23.66 - 19389.9 2404. 3322.
930, 23.73 20071.7 2483. 3424,
1020. 23.81 20755.6 2561. 3526.
1050. 23.88 21441.7 2639. 3628,
1080.. 23.94 22129.8 2718. 3730.

1110..  24.01 22820.0 2796. 3832.
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TABLE Al (continued)

: +

+ S 4+ <+

6 "c/"'t Jo udy "e "6' B
1140, 24.08 23512.,2 2875. 3934. 1.37
1170. 24.1% 24206.3 2962, 4036. 1.36
1200. 24.20 24902.2 3041. 4138, 1.36
1230. 24,26 25600.0 3120. 4240, 1.36
1260. 24.32 26297.4 3197, 4344. 1.36
1290. . 24.38 26998.5 - 327e6. 4446. 1.36
1320. 24.43 27701.3 3355. 4548, 1.36
1350. 24.49 '28405.9 3435. 4650, 1.35
1380. 24.54 29112.0 3514. 4752. 1.35
1410. 24.59 29819.7 3593. 4855, - 1.3%
1440. 24.64 30528.9 3672. 4957. 1.35
1470. - 24.69 - 31239.7 3751. 50589. 1.35%
1500. 24.74 31852.0 - 3831. 5161. 1.35
1530. 24.79 32665.7 3910. 5263. 1.35
1560." 24.84 33380.9 3990. 5365. 1.34
1590. 24.88 34097.4 4069. 5467. 1.34
1620. 24.93 34815.4 4149. 55689. 1.34
1650. 24.97 35534.7 4225, 5671. 1.34
1680. 25.02 36255.3 4304. 5773. 1.34
1710, 25.06 36977.2 4384. 5876. 1.34
1740, 25.10 37700.4 4463, 5978. 1.34
1770. 25.14 38424.9 4543. 6080. 1.34
1800. 25.18 39150.6 4623. 6182. 1.34
1830. 25.22 39877.5 4702. 6284. 1.34
1860. 25.26 40605.6 4782. 6386. 1.34
1890. 25.30 41334.9 4862. 6488, 1.33
1920. - 25.34 42065.4 4942. 6590. 1,33
1950. 25.38 42797.0 5021. 6692. 1.33
2040. 25.49 44998.4 5261. 6999. 1.33
2130, 25.59 "47209.5 5501. 7305. 1,33
2220, 25.69 49429.9 5742. 7611. 1,33
2310, 25.79 51659.1 5982. 7918. 1.32

P 2400, 25,88 53896.8 6223. 8224. - 1.32
24580, 25.97 56142.8 6464. 8530. 1.32
2580. 26.06 58396.6 6714. 8836. 1,32
2670. 26.14 60658.1 6954. 9143. 1.31
2760. 26.22 62926.9 7196. 94489. 1.31
2850, 26.30 " 65200.1 7435. 9758. 1.31
2940. 26.38 . 67482.9 7677. 10065. 1.31
3030. 26.45 69772.3 7919. 10371. 1.31
3120. 26.52 72068.2 8lel. 10678. 1.31
3210. = 26.59 74370.4 8403. 10984. 1.31
3300. 26.66 76678.8 8646. 11291. 1.31
3390. 26.72 78993.2 8889. 11597. 1.30
3480. 26.79 81313.3 9132, 11904. 1.30
3570. . 26.85 . 83639.2 9375. - 12210. 1.30
3660. 26.91 85970.4 9618. 12517. 1.30
3750. 26.97 88307.2 9861. 12823. 1.30
3840. 27.03 " 90649.2 10105. 13130. 1.30
3930. 27.08 ©92996.3 . 10348. 13436. 1.30
4020. 27.14 - 95348.5 10592. 13743. 1.30
4110. 27.19 97705.5 _ 10836. 14049. - 1.30
4200. . 27.24 100067.3 11080. 14356. 1.30
4290, - 27.30 - 102433.7 11324. 14662. 1.29
~ 4380, 27.35 104805.0 11568. 149693. 1.29

4470, 27.40 107180.5 11812. 15275. 1.29

4560. 27.44 109560.5 12057. 15582. 1.29
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TABLE Al (continued)

+
+ 8"+ ¢
8 “,l“, !o u dy nga Reét H
30. 15.45 309.6 65. 154. 2.38
45. 16.62 532.6 100. 215, 2.15
60, - 27,38 - 76905 0 13607 7 2730 TTT2700°
75. 17.94 1016.3 173. 329. 1.91
90. 18.39 1270.6 210. 385. 1.84
105, 18.77 1531.2 247. 440. 1.78
120. 19.10 1797.0 285, 495, 1.74
135, 19.39 2067.4 323, 550. 1.70
150. 19.65 2341.9 361. 605. 1.68
165. 19.88 2620.1 399, 660. 1.65
180. 20.09 2901.5 438, 714. 1.63
195. 20.28 3186.0 477. 769. 1.61
210. 20.46 3473.3 516. 824. 1.60
225. 20.63 3763.3 555, 878. 1.58
240. 20.79 4056.3 589. 932. 1.58
255, 20.93 4350.2 634. 988. 1.56
270, 21.07 4646.9 674. 1042. 1.55
285. 21.20 4947.2 715, 1095, 1.53
300. 21.33 5246.4 753. 1152. 1.53.
315. 21.44 5548.9 793. 1206. 1.52
330. 21.56 5853.1 833. 1261. - 1.51
345. 21.67 6159.0 873. 1316. 1.51
360. 21.77 6466.4 913.- 1370. 1.50
375. 21.87 6775.4 953. 1425. 1.49
390, 21.96 7085.8 994, 1479, 1.49
405. 22.05 7397.6 1034. 1534. 1.48
420. 22.14 7710.8 1074. 1589. 1.48
435, 22.23 8025.3 1115. 1643. 1.47
450. 22.31 8341.5 1156. 1698. 1.47
465. 22.39 8658.5 1190. 1752. 1.47
480. '22.47 8976.8 1231. 1807. 1.47
495, 22.54 9296.1 1278. 1861. . 1.46
510. 22.61 9615.6 1318. 1917. 1.45
525. 22.68 9937.1 1351. 1971. 1.46
540, 22.78% 10260.8 1393. 2025. 1.45
555. 22.82 10584.4¢ 1441. 2079. 1.44
570. 22.88 10908.9 1482. 2134.. 1.44
600. 23.01 11559.2 1563. 2245. 1.44
630. - 23.12 . 12214.5 1645. 2354, 1.43
660. 23.24 12873.4 1727. 2463. 1.43
690. 23.35 13535.5 1809. 2573. 1.42
720. 23.45 14200.8 1891. 2682. 1.42
750. 23.55 14869.2 1974. 2791. 1.41
780. 23.64 15540.6 - 2056. 2901. 1.41:
810. 23.73 16214.7 2139. 3010. 1.41
840. 23.82 16891.6 2222. 3119. 1.40
870. 23.91 17571.0 2305. 3229. 1.40
900. 23.99 18253.0 2383. 3338. 1.40
930. 24.07 18937.4 2466. 3447, 1.40
960. 24.15 19624.2 2549. 3556. 1.40
990. 24.22 20313.2 2632. 3666. 1.39
1020. 24.29 21004.5 2715, 3775, 1.39
1050. 24.36 21697.9 2798. 3884. 1.39
1080. 24.43 22393.4 2881. 3994. 1.39
1110. 24.50 23090.9 2965. " 4103. 1.38
1140. 24.56- 23790.4 3048. 4212.° 1.38

1170. 24.63 24491.7 .3140. 4321. 1.38



=

4« & e & 4 8 s e s e s 8 s e s »

« e s s e . . . . e
oo,

e s

COCOC00O0DO0D000O00 0000000000000 0000000000000000000OCC0OO’
. Dbt N N N by

1200.
1230.
1260.

- 1290.

1320.
1350.
1380.

11410,

1440,
1470.

<1500.

1530.
1560.
1590.
1620.
1650.
1680.

1710.
1740,

1770.
1800.
1830.
1860.
1890.

'1920.

1950.
2040.
2130.
2220.
2310.

. 2400.
2490.

2580.
2670.
2760.
2850.
2940.
3030.
3120.
3210.

'3300.
3390.

3480.

~ 3570.
. 3660.
3750.

' 3840.

3930.

4020.

4110.
4200.

4290,
'4380.

4470.

- 4560.
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ORIGINAL.
OF Poop | RCGE g
POoRr
QUALITY
TABLE Al (continued)
90’“1 {: u+dy+ Re, Re +  H
24.69 25195.0 3223. 4431. 1.37
24.75 25900.1 3307. 4540. 1.37
24,81 26604.8 3389. ‘4651, 1.37
24.86 27313.3 - 3473. 4761. 1.37
24.92 28023.4 3557. 4870, 1.37
24,97 28735.2 3641. 4980, 1.37
25.03 1 29448.7 3725. - 5089. 1.37
25.08 30163.7 3809. 5199. 1.36
25,13 30880.3 3893. -5308. 1.36
25.18 31598.4. 3977. 5417. 1.36
25.23 32318.0 4062. 5527. 1.36
25,28 33039.1 4146. 5636. 1.36
25.33 ° 33761.5 4230. " 5746. 1.36
25.37 34485.4 4315. 5855. 1.36
25.42 35210.7 4399. 5965. 1.36
25.46 35937.3 4480. 6074. 1.36
©25.51 36665.2 4564. 6183. 1.35
25.55 373%4.5 4649. 6293. 1.35
25,59 38125.0 4733. 6402.. 1.35
25.63 38856.8 4818. 6512. . 1.35
25.67 39589.8 "~ 4902. ‘6621. 1.35
25.71 40324.0 4987. 6730. 1.35
25.75 41059.5 5071. 6840. 1.35
25.79 417%96.1 ~ 5156. 6949, 1.35
25.83 42533.9 - 5241. - 7059, 1.35
25.87 43272.8 5325. 7168. 1.35
25.98 45496.2 5580. 7496. 1.34
26.08 47729.2 . 5834. 7825. - 1.34
26.18 49971.6 6090. 8153. 1.34
26.28 52222.8 6345. 8481. . 1.34
26.37 54482.5 6601. 8809. 1.33
26.46 56750.3 6856. ~ 9138. 1.33
26.55 59026.1 7121. 9466. 1.33
26.63 61309.5 7376. - 9794. 1.33
26.71 63600.3 7632. 10123. 1.33
26.78 65895.5 7886. 10454. 1.33
26.86 68200.2 8143. 10782. 1.32
26.94 70511.6 8400. 11111. 1,32
27.01 72829.5 8657. 11439. 1.32
27.08 75153.6 8914. 11768. 1.32
27.15 - 77484.0 9172. 12096. 1.32
27.21 79820.3 9429. 12424, o 1.32
27.27 82162.4 9687. 12753. 1.32
27.34 84510.3 9945. 13081. = 1.32
27.40 86863.5 10203. 13410. 1.31
27.46 89222.2 10462.  13738. 1.31
27.51 91586.1 10720. 14067. 1.31
27.57 93955.3 10979. 14395. 1.31
- 27.63 96329.3 11238. 14724. 1.31
27.68 88708.3 11496. 15052, 1.31
27.73 101092.1 11756. 15381. 1.31
27.78. 103480.5 12015. 15709. " 1,31
27.83 105873.6 © 12274. 16038. 1.31
27.88 108271.2 12533. 16366. 1.31

27.93 110673.2 12793. 16694. 1.30
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TABLE Al (continued)

+

_____________ o B P - R .
n 8 u‘lu‘ Io u dy he Icct ‘ "
0.55 30. 15.70. 313.2 66. 158. 2.39
0.55 45. - 16.86 538.0 102. 221. 2.16
0.55 60. 17.62 776.9 139, 280. 2.01
0.55 75. 18.19 1025.4 177. 338. - 1.92
0.55 90. 18.64 1281.6 215. 396. 1.84
0.55 105. - 19.02 1544.0 253, 453. 1.79
0.55 120. 19.35 1811.6 292. 510. 1.75
0.55 135. 19.63 2083.9 331. 567. 1.71
0.55 150. 19.89 2360.2 . 370. 623. 1.68
0.55 165. 20.12 2640.2 410. 680. 1.66
0.55 180. 20.33 2923.5 450. 736. 1.64
0.55 195. 20.53 3209.8 490. 793. . 1.62
0.55 210. 20.71 . 3498.9 530. 849. 1.60
0.55 225. 20.87 3790.7 $70. . 906. 1.59
0.55 2430. 21.03 4085.6 605. 962. 1.59
0.55 255. 21.18 4381.3 651. 1019.° 1.56
0.55 270. 21.32 4679.9 692. 1075. 1.55
0.55 285. 21.45 4982.0 734. 1130. 1.54
0.55 300. 21.57 5283.0 774. 1188. 1.54
0.55 315. 21.69 5587.3 815. 1245. 1.53
0.55% 330. 21.80 5893.4 856. 1301. 1.52
0.55 345. 21.91 - - 6201.1 897. 1358. ° 1.81
0.55 360. 22.01 . 6510.3 938. 1414. 1.51
0.55 375. . 22.11 6821.1 979, 1471. 1.50
0.55 380. 22.21 7133.4 1021, 1527. 1.50
0.55 405. 22.30 7447.0 1062. 1584. 1.49
0.55 420. 22.39 7762.0 1104. 1640. - 1.49
0.55 435. 22.47 8078.3 1145. 1696. . 1.48
0.55 450, - 22.55 8396.4 1187. 1752. 1.48
0.55 465. 22.63 8715.3 1223. 1809. 1.48
- 0.55 480. 22.71 9035.3 1265. 1865. 1.47
0.55 495, 22.78 9356.5 1313. 1922. 1.46
0.55 510. 22.86 9677.8 1354,  1979. 1.46
0.55 525. 22.93 . 10001.0 1388. 2035. 1.47
0.55 - 540. 22.99 10326.6 1431, 2091.- 1.46
0.55 555, 23.06 10652.1 1481. 2147. 1.45 .
0.55 570. 23.13 10978.5 1523. 2203. 1.45 '
0.55 600. 23.25 11632.4 1606. 2318, o 1.44
- 0.55 630. 23.37 12291.4 1690. 2431. 1.44
- 0.55 660. 23.48 12953.9 1774. .2544.. 1.43 -
0.55 690. - 23,59 13619.7 1859. 2657. 1.43
0.55 720. 23.69 14288.7 1943. 2770. 1.43
0.55 750. 23.79 14960.7 - 2028, 2883. 1.42
0.55 780. 23.89 15635.8 - 2113. 2996. - 1.42
0.55 810. 23.98 16313.6 2198. 3109. 1.41
0.5% 840. 24.07 169%94.1 2284. 3222. 1.41
0.55 870. 24.15 17677.2 2369. 3335. 1.41
0.55 900. - 24.23 18362.8 2449, 3448.  1.41
0.55 .. 930. 24.31 19050.9 2534. - 3561. 1.40
0.55 . 960.. 24,39¢ . 19741.3 2620. - 3674. 1.40
0.55- . 990, . 24.47 .20434.0 2705. . 3786. 1.40
0.55. . .'1020. 24.54 .21128.9 2790. 3899. 1.40

0.55 111050, 24.61 = 721826.0 2876. 4012. 1.40
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0.55

0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55

© 0.55

0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55

0.55°

0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55

0.55

0.55
0.55

0.55

0.55
0.55
0.55
0.55
0.55
0.55
0.55

0.55

0.55

0.55.

;
1080.
1110.
1140,
1170.
1200.
1230.
1260,
1290.
1320,
1350.
1380.
1410.
1440.-
1470.
1500.
1530.
1560..
1590.
1620.
1650.
1680.
1710.
1740.
1770.
1800.
1830.
1860.
1890.
1520.
1950,

-2040.

2130.
2220.
2310.
2400.
2490.
2580.
2670.
2760.
2850.

2940.

3030.
3120.
3210,
3300.
3390.

3480,

3570. -
3660.
3750.
3840.
3930.

4020, -

4110.
4200,
4290.
4380.
4470,

- 4560,
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TABLE Al (continued)

v /u

e T

24.68

24.74%°

24.81
24.87
24.93
24.99
25.05
25.11
25.16
25.22
25.27
25.32
25.37
25.42
25.47
25.52
25.57
25.62
25.66
25.71
25.75
25.79
25.83
25.88
25.92
25.96
26.00
26.04
26.07
26.11
26.22
26.33
26.43
26.52
26.62
26.71
26.79
26.87.
26.96
27.03
27.11
27.18
27.25
27.32
27.39
27.45
27.52
27.58
27.64
27.70
27.76

27.81

27.87
27.92
27.98
28.03
28.08
28.13
28.18

+
16 u+dy+

22525.1

23226.3
23929.4
24634.5
25341.4
26050, 2
26758.5
27470.6
28184.5
28899.9
29617.0
30335.7
31056.0
31777.7
32501.0
33225.7
33951.8
34679.4
35408.3
36138.6
36870.2
37603.1

©.38337.3

39072.7
39809.4
40547.3
41286.4
42026.7
42768.1
43510.7
45745.1
47989.1
50242.4
52504.5
54775.3
57054.1
59340.9
61635.3
63937.0
66243.2
68558.8
70881.2
73210.0

. 75545.3

77886.6.
80233.9
82587.0
84945.8
87310.0
89679.7
92054.6
94434.7
96819.7
99209.8
101604.4
104004.0
106408.1
108816.5
111229.5

‘eb
2962.
3047.
3133,
3227.
3313,
3399,
3484,
3570.
3656.
3743.
3829,
3915.
4002.
4088,
4175.
4262.
4348,
4435,
4522.
4605.
4692.
4779.
4866.
4952,
5039.
5126.
5213,
5300.
5388,
5475,
5736.
5998,
6261.
6523,
6786.
7049.
7321.
7583.
7847,
8108.
8372.
8637.
8901.
9166.
9431,
9696..
9961. -
10226.
10492,
10757.
11023.
11289.
11555,
11822.
12088.
12355.
12621.
12888.
13155.

lgct
4125.
4238,
4351.
4464..
4577."
4690.
4805.
4918.
5031.
5144.
5258.
5371.
5484.
5597.
5710.
5823,
5936.
6049.
6162.
6275.
6388.
6501.
6615,
6728.
6841.
6954.
7067.
7180.
7293.
7406.
7745.
8084.
8424.
8763.
9102.
9441.
9781.
10120.
10459.
10801.
11141.
11480.
11820.
12159.
12499. .
12838.
13177.
13517.
13856.
14196.
14535.

14875.

15214.
15554.
15893.
16232.
16572.
16911,
17251.

1.39
1.39
1.39
1.38
1.38
1.38
1.38
1.38

©1.38

1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.35
1.35
1.35
1.35
1.35
1.35
1.34
1.34
1.34
1.34
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.32
1.32
1.32
1.32
1.32
1,32
1.32
1.32
1.32
1.31
1.31
1.31
1.31
1.31
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TABLE Al (continued)

+
s u fu,
30. 15.94
45. 17.11
60. 17.86
— 75— ——18.43
90. 18.88
105, 19.26
120. - 19.59
135. 19.88
150. " 20,13
165. - 20.37
180.  20.58
195, 20.77
210. 20.95
225. 21.12
240. 21.27
255, 21.42
270. 21.56
285. 21.69
300. . 21.81
31S. 21.93
330. 22.05
345. 22.15
360. 22.26
375. 22.36
390. ©22.45
405, 22.54
420. - 22.63
435, 22.71
450. 22.80
465. 22.88
480. 22.95
495, 23.03
510.  23.10
525. 23.17
540. 23.24
555. 23.31
570. 23.37
600. 23.49
630. 23.61
 660. 23.73
690. 23.83
720. 23.94 -
750. - 24.04
780. 24,13
8l0. 24,22
840. 24.31
870.  24.40
900. 24.48
930. 24.56
960. 24.63
990. 24,71
1020. 24.78 .
1050. ~ 24.85
1080.  24.92
1110.  24.99
1140. 25,05
1170. - 25.11
©1200. 25.18
1230. 25.24

+

N u+dy+ Bg6t H
316.9 161. 2.40
543.5 226. 2.17
784.2 288, 2.02
——Y034v6 1Bl T 348 T IU92
1292.6 407. - 1.85
"1556.8 466. 1.80
1826.3 525. - 1.75
2100.4 583. 1.72
2378.5 642. 1.69
2660.3 700. 1.67
2945.4 758. 1.64
©3233.6 817. = 1.63
3524.6 875, 1.61
3818.2 933. 1.60
4114.9 991. ' 1.60
4412.4 1050. 1.57
4712.8 -1108. 1.56
5016.8 1165. 1.55
5319.6 1225. 1.54
5625.7 1283, 1.54
5933.6 1341. ©1.53
6243.1 1400. 1.52
6554.3 1458. - 1.51
6866.9 1516. 1.51
7181.0 -1575. 1.50
7496.4 1633, 1.50
7813.3 . 1691. 1.49
8131.4 1750. ©1.49
8451.3 1807. . 1.48
8772.0 1866. 1.49
9093.9 1924. 1.48
9416.9 1982,  1.47
9740.0 2041, 7 1.47
10065.1 2099. - 1.47
10392.5 2156. . - 1.47
.10719.8 2215, 1.46
©11048.0 2273, - 1.45
11705.6 2391, - 1.45
12368.3 . 2508. . 1.45
13034.4 2624, - - 1.44
13703.9 2741. - 1.44
14376.5 2858. 1.43
15052.2 2974. 1.43
15730.9 3091. 1.42
16412.4 3208. 1.42
17096.5 3324. 1.42
17783.3 3441, 1.41
18472.6 3557. 1.41
19164.3 3674. 1.41
19858.4 3791, 1.41
. 20554.8 3907. 1.41
1 21253.4 4024. 1.40
'21954.1 4140. 1.40
22656.9 4257; 1.40 .
. 23361.7 4374. 1.40
°°24068.5 4490. 1.40
124777.2 4607. 1.39
¥25487.8 4723. 1.39
26200.2 4840. 1.39



=

s e s e

COC000000000D00000000000000000C00000000000000000000000
PO AR NOONOOOONANNONANNNOTARNARONNTOANNNNNN

73

TABLE Al (concluded)

i s

, 6  i n./u't ’o u_‘-.‘_dy Re, Re s B
1260. 25.29 26912.2 3577. 4959, 1.39
1290. 25.35 27628.0° 3666. 5076. 1.38
1320. 25.41 28345.5 3754. 5192. 1.38
1350. 25.46 29064.6 3843. 5309. 1.38
1380. 25.52 29785.4 . 3932. 5426. 1.38
1410. 25.57 30507.7 4021. 5543. 1.38
1440. 25.62 31231.7 4109. 5659. 1.38
1470. 25.67 - 31957.1 4198. 5776. 1.38
1500. 25.72 32684.0 4287. 5893. 1.37
1530. 25.77 - 33412.4 4376. 6010. 1.37
1560. 25.81 34142.2 4465. 6126. 1.37
1590. 25.86 34873.3 4554. 6243. 1.37
1620. 25.90 35605.9 4644. = 6360, 1.37
1650. 25.95 36339.9 4729. 6477. 1.37
1680. 25,99 ° 37075.1 4818. 6593. 1.37
1710. 26.04 37811.7 4907. 6710. 1.37
1740. 26.08 38549.6 4997. 6827. 1.37
1770. 26.12 39288.7 5086. 6944. 1.37
1800. 26.16 40029.0 5175. 7060. 1.36
1830. 26.20 40770.6 5265. 7177. 1.36
1860. 26.24 41513.3 5354, 7294. 1.36
1890. 26.28 42257.3 - 5443, 7410. 1.36
1920. 26.32 43002.4 5533. 7527. 1.36
1950. 26.36 43748.6 5622. 7644. . 1.36
2040. 26.46 45993.9 5891, 7994, 1.36
2130. 26.57 . 48249.0 6160. 8344. 1.35
2220. 26.67 50513.3 6430, 8695. 1.35
2310. 26.77 52786.4 6700. 9045. 1.35
2400. - 26.86 55068.1° 6970,  9395. 1.35
2490. 26.95 57357.9 - 7240. 9745. 1.35
2580. 27.04 . 59655.7 7519. 10095. 1.34
2670. 27.12 61961.0 7788. 10446. 1.34
2760. 27.20 64273.7 8059. 10796. 1.34
2850. 27.28: 66590.9 8328. 111489, 1.34
2940. 27.35 68917.5 8599, 11499, 1.34
3030. 27.43 71250.9 8871. 11850. 1.34
3120. 27.50 - - 73590.7 9142. 12200. 1.33
3210. . 27.57  75936.9 9414. 12551. 1.33
3300. 27.63 78289.2 9686. 12901. 1.33
3390. 27.70 80647.4 9959, 13252. 1.33
3480. 27.76 83011.6 10231. 13602. 1.33
3570. 27.82 85381.3 10504. 13952. 1.33
3660. 27.89 87756.7 10777. 14303. 1.33
3750. 27.94 90137.3 11050. .. 14653. 1.33
3840. 28.00 92523.2 11323. 15004. 1.33
3930. " 28.06  94914.3 11596. 15354. 1.32
4020° 28.11 97310.2 11870. 15705. - 1.32
4110. 28.17 99711.2 12143. 16055. 1.32
4200. 28.22 102116.9 12417. 16405. 1.32
4290. 28.27 104527.4 12691. 16756. 1.32
4380. 28.32 106942.4 12965. - 17106. 1.32
4470. 28.37 109361.9 13239. 17457. 1.32

4560. 28.42 111785.9 13514. 17807. 1.32

RS
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TABLE A2
INTEGRAL PROPERTIES OF THE MUSKER-COLES-GRANVILLE. PROFILE

.
A

% +
+. B $ 4+, 4
n [ “c’“r o I° u dy lce lcct
0.0 30. 13.01:, - 279.1 48. - 111. 2.34
0.0 45. 14.18 - 486.8 - 71, 151. 2.14
0.0 60. - 14.94 4 + 708.5 93. - - 188. 2.01
0.0 75. 15.50 940.0 116. 223; - 1.91
0.0 90. 15,95 1179.1 139, © 257, ¢ 1.84
0.0 105. 16.33 7 "1424.4 163. - 291. 1.79
0.0 120. 16.66°°  1675.0 187. - 324. - 1.74
0.0 135. 16.95.°  1930.2 - 210. 358. 1.70
0.0 1s0. - 17.21 % 2189.4 234. - 391. 1.67
0.0 165. 17,44 2452.3 259, - 425.. 1.64
0.0 180. 17.65 * 2718.5 283, 458. -1.62
0.0 195. ©17.84 .. 2987.8 308 492. 1.60
0.0 - 210. 18.02 3259.8 332, - . 525. 1.58
0.0 225. 18.19 3534.5 357. - 558. 1.56
0.0 240. 18.35 f 3812.3 375. .- 581.: 1.58
0.0 255. 18.49 7 4090.9 407. - 625. 1.54
0.0 270. 18.63"4 4372.4 432, 658. 1.52
0.0 285. 18.76 - 4657.5 458, 690. 1.51
0.0 300. 18.89 .. 4941.4 482, 725. 1.50
0.0 - 31s. 19.00 - 5228.6 507, © 758. 1.49
0.0 330. 19.12 = 5517.6 532. 791.° 1.49
0.0 345. 19.23 . 5808.2 558. . B24. . 1.48
0.0 360. 19.33 6100.4 - 583. - BS8. 1.47
0.0 375. 19.435} © 6394.1 - 608. - 89l. 1.46
0.0 390. 19.52 3 6689.3 634. 924. 1.46
0.0 - 405. 19.61 . 6985.9 659. 958. - 1.45
0.0 420. 19.70 7283.8 685, 991. = 1.45
0.0 435. 19.79 7583.0 - . 711.° 1024. 1.44
0.0 450. - 19.87 g 7884.0 - 737. - 1057. . 1.43
0.0 465. 19.95 ° 8185.8 ~763. - 1090. 1.43
0.0 480. . 20,03 8488.8 781. - - 1123.- 1.44
0.0 495. 20.10 ' 8792.9 814. ' 1157. 1.42
0.0 " 510. 20.17 9097.1 839. = 1191. - 1.42
0.0 525. 20.24 9403.3 857. 1224. 1.43
0.0 540. 20,31 + + 9711.8 - 884. 1256. 1.42
0.0 555.  20.38 10020.1 918. 1289.; 1.40
0.0 570. 20.44 @ 10329.4 944. . 1322. 1.40
0.0 - 600. 20.57 : 10949.2 . 994, 1391.. 1.40
0.0 630. 20.68 * 11574.0 1046. - 1457. 1.39
0.0 C.660. 20.80 12202.4 1098. 1524. 1.39
0.0 690.  20.91 . 12834.0 ~ 1150,  1591. - 1.38
0.0 720. 21.01 - 13468.8 1203. 1657. 1.38
0.0 750. 21.11 . 14106.7 - 1255. - 1724. 1.37
0.0 780. - 21.20.~ 14747.6  1307. = 1790. 1.37
0.0 810. - 21.29 °© 15391.2 - 1360. 1857. 1.3?
0.0 840. 21.38 - 16037.6 1412, 1924. - 1.36
0.0 870. 21.47 - 16686.5 1465. - 1990: - 1.36
-0.0 900. 21.55 17338.0 1518. 2057. - 1.36
0.0 930. 21.63 17991.9 - 1565. - ~ 2123. 1.36
0.0 960. 21.71 -18648.2 - 1617, 2190. - 1.35
~ 0.0 990. 21.78 19306.7 1669. - 2257. 1.35
0.0 1020. - 21.85 - 19967.5 ° 1722.  2323. 1.35
0.0

1050. 21.92 .20630.4 1775. - 2390. 1,35
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TABLE A2 (continued)

+ .
+ 8 +. 4+
) u,/u’ Io u dy Re, Re H
1080. 21.99 21295.4 ~ ° 1827. 2456. - 1.34 -
1110. 22.06 .21962.4 1880. + 2523. 1.34
" 1140. 22.12 22631.4 1942. 2590. 1.33
1170. 22.19 23302.3 -.1995., 2656. - 1.33
1200. 22.25 23975.0 2048. 2723. "1.33
1230. 22.31 24649.6 2101. 2789. 1.33
1260. 22.37 25323.8 2152. 2858. - . 1,33
1290. 22.42 26001.8 2206. - 2925, "1.33
1320. 22.48 26681.4 2259. 2991. 1.32
- 1350. 22.53 27362.7 2312, . 30%8. . 1.32
1380, ° 22.59 . 28045.,7 . 2365. 3125. 1.32
1410. . 22.64 - . 28730.2 2418, . 3192. ©1.32
1440. | 22.69 29416.3 2472. 3258. ©1.32
1470. 22.74 30103.9 .. 2525. , 3325, 1.32
1500. - - 22.79 . 30793.0 2579. 3392. . 1.32
1530. - 22.84 31483.5 2632. 3459. 1.31
1560. 22.89 32175.5 2686. 3525, 1.31
1590. 22.93 . 32868.9 2739. 3592. 1.31
1620. 22.98 - 33563.7 2793. - 3659. 1.31
1650. 23.02 34259.8 2846. 3725. 1.31
1680. 23.07 34957.2 28985. . 3792. 1.31
1710. 23.11 35656.0 . 2949. 3859. o 1.31
1740. 23.15 36356.0 3002. . 3926. 1.31
1770. 23.19 37057.3 3056. 3992. 1.31
1800. 23.23 37759.8 3109. 4059. . 1.31
1830. . 23.27 38463.6 3163. 4126. - 1.30
1860. 23.31° 39168.5 3216. 4193. 1.30
1890. 23.35 39874.6 - 3270. 4259. 1.30
1920. - 23.39 40581.9 . 3324.° 4326. 1.30
1950. 23.43 41290.3 3377. 4393. ©1.30
2040. 23.54 . 43422.2 3538. . 4593. - 1.30
2130. - 23.64 45563.8 3700. 4793. ~1.30
2220, 23.74 47714.6 . .3861. 4993. 1.29
2310. 23.84 " 49874.3 4023. 5193. 1.29
2400. 23.93 52042.4 4185. 5393. 1.29
2490. 24.02 . 54218.8 4347. 5594. .+ 1.29
2580. - 24.11 56403.1 4518. 5794. 1.28
2670. - 24.19 58595.0 4681. 5994. ©l1.28
2760. 24.27 60794.3 4841. 6194. 1.28
- .28580. . 24.35 62998.1 .~ 5001. - 6397. ° 1.28
'2940. 24.42 65211.2 5164. . 6598. 1.28
3030. 24.50 67431.1 5326. 6798. 1.28
3120. 24.57 69657.5 5489. - 6998. 1.27
3210. 24.64 71890.1 5652. 7199, 1.27
3300. - 24.71 74129.0 5815. 7399. 1,27
3390. 24.77 76373.8 -5978. '7599. 1.27
3480. - 24.83. ~ .78B624.4 6141. 7800. 1.27
3570. '24.90 80880.7 - 6304. 8000. 1.27
3660. 24.96. ° B83142.5 . 6468. 8200. - 1.27
3750. 25.02 85409.7 6631. . 8401. 1.27
3840. " 25.07 87682.2 . 6795. 8601. 1.27
3930. 25.13 89959.7 6959. 8802. 1.26
4020. 25.19 .92242.4 7122. 9002.. 1.26
- 4110, 25.24 94529.8 7286. 9202. . 1.26
4200. 25.29 96822.1 7450. .9403. 1.26
4290. 25.34 99119.0 - 7614. - 9603. 1.26
4380. 25.39 101420.6 7778.  9803. " 1.26
4470. .25.44 103726.7 7942. 10004. 1.26

4560. 25.49 106037.2 8107. 10204. 1.26
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TABLE A2 (continued)

+

+ 8 4+ 4+
8 n.I01 Io u dy lee lgct B
.30, __ 13.50 _ _286.4 ___ _ 50, ..__119., __.2.35
45. 14.67 497.8 75. . 162. 2.15
60. 15.42 723.2 101. t202. 2.01
75. 15.99 958.3 126. 241, 1.91
90. 16.44 1201.1 151. 279. 1.84
105. 16.82 1450.0 - 177. 316. 1.78
120. 17.1% ©1704.3 203. 354. 1.74
135. 17.44 1963.1 230. 391. 1.70
150. . 17.69 2226.0 256. 428. - 1.67
165. 17.93 2492.6 283. . 465. 1.64
180. ° 18.14 2762.4 310. 502. 1.62
195. ©18.33 3035.4 337. 539, 1,60
210. . 18.51 3311.1 364. 576. 1.58
225. 18.68 3589.4 391, 613. - - 1.57
240. "18.83 3870.9 412, 649. +1.58
2565. 18.98 4153.2 446. 687. 1.54
270. 19.12 4438.3 474. - 724. "1.53
285. 19.25 4727.0 503. 759. 1.51
300. 19.137 5014.6 529, 798. 1.51
315. 19.49 5305.5 557. © 835. 1.50
330. 19.61 5598.1 585. 872. 1.49
345, 19.71 5892.4 613. 1 909. ~1.48
360. 19.82 6188.3 640. 946. 1.48
37S. 19.92 . 6485.6 ~ 668. " 983. 1.47
390. 20.01 6784.5 697. 1020. ~1.46
405. 20.10 7084.7 725. 1056. 1.46
420. 20.19 7386.3 753. 1093. . 1.45
435, 20.27 7689.1 781. "1130. 1.45
450. 20.36 7993.8 . 810. 1167. 1,44
465. 20.44 8299.3 838. 1204. ©1.44
480. 20.51 8605.9 860. 1241. 1.44
495, 20.59 8913.7 895. 1277. 1.43
510. 20.66 9221.5 923, 1315, " 1.43
525. 20.73 9531.4 943, 1352,  1.43
540. 20.80 9843.5 972. 1388. 1.43
555. 20.87 © 10155.5 . 1009. © 1425, T 1.41
570. 20.93 10468.5 1038. 1462. . - 1.41
600. 21.05 11095.6 1093. 1537. 1.41
. 630. 21.17 11727.8 1151, C1611. 1.40
660. 21.29 12363.4 1208. 1685. 1.39
690. - 21.39 13002.4 1265. 1759. 1.39
720. 21.50 13644.5 1323, 1833. 1.39
750. 21.60 14289.7 1380. 1907, © - 1.38
780. 21.69 14937.9 1438. 1981. 1.38
810. 21.78 15588.9 1496. 2055. 1.37
840. 21.87 16242.5 " 1554, © 2129, - 1.37
870. 21.96 16898.8 l612. 2203. 1.37
900. 22.04 17557.6 1664. 2276. 1.37
930. 22,12 18218.8 1722. 2350. 1.37
960. 22.19 18882.4 1780. - 2424. 1.36
990. 22.27 19548.3 - 1837. 2498. 1.36
1020. 22.34 20216.3 1895, 2572. 1.36
1050. 22.41 20886.6 '1953. 2646. 1.35
1080. 22.48 21558.9 2011. 2720. 1.35

1110. 22.55 22233.2 . 2070. 2794. 1.35
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TABLE A2 (continued)

-+ .
+ &+ +
s . . “e-’“t Io u dy Ree Reca H
1140.: 22,61 22909.5 2128. 2868, 1.35
1170. 22.67 23587.7 2195, 2942, 1.34
1200. 22.74 24267.8 2253, 3015. 1.34
1230. 22.80 24949.7 2312. 3089. 1.34
1260. 22.85 25631.2 2368. 3165. 1.34
1290. 22.91 26316.5 2427, 3240.. 1.33+
1320. 22.97 27003.5 2485, 3314. 1.33
1350. 23.02 27692.1 2544. 3388. 1.33
1380. 23.08 28382.4 2603. 3462. 1.33
1410. 23.13 29074.3 2661, - 3536. 1.33
1440. 23.18 29767.7 2720. 3610. 1.33
1470.- 23.23 30462.6 2779. 3684. 1.33
1500. 23.28 31159.0 2838. 3758.° 1.32
1530. 23.33 31856.9 2896. 3832, 1.32
1560. 23.37 - 32556.2 2955, 3906. 1.32
1590. 23.42 33256.8 3014. 3980 1.32
1620. 23.46 33958.9 3073. 4054. 1.32
1650. 23.51 34662.4 3132. 4128. 1.32
1680. 23.55 35367.1 3187. 4202. 1.32
1710. 23.60 36073.2 3246. . 4276. 1.32
1740. 23.64 36780.6 3305. 4350. 1.32
1770. 23.68 37489.2 3363. 4424. 1.32
1800. 23.72 38199.0 3422. 4498. 1.31
1830. 23.76 38910.1 3481. 4572. 1.31
1860. 23.80 39622.3 3540. 4646. 1.31
1890. 23.84 40335.8 3599, 4720. 1.31
1920. 23.88 41050.3 3658. . 4794, 1.31
1950. 23.92 41766.1 3717. 4868. 1.31
2040. 24.02 43919.9 3895. 5091. 1.31
2130. 24.13 46083.5 4072. 5313. 1.30
2220. 24.23 48256.2 4250. 5535. - 1.30
2310. 24.33 50437.9 4428. 5757. 1.30
2400. 24.42 52628.0 4607, 5979, 1.30
2490. 24.51 54826.4 4785. 6201. 1.30
2580. 24.60 57032.7 . 4973. 6423. 1.29
2670. - 24.68 59246.5 5152. 6645. 1.29
2760, - 24.76 61467.7 5328. 6868. 1.29
2850. 24.84 63693.4 '§505. 7093, 1.29
2940. 24.91 65928.5 5684. 7315, 1.29
3030. 24.99 68170.4 5863. 7537. 1.29
3120. 25.06 70418.7 6042. 7760. 1.28
3210.. 25.13 72673.4 6221. 7982. 1.28
3300. - 25.19 74934.2 6401, . 8204. 1.28
3390. 25.26 77201.0 . 6581. - 8427. . 1.28
3480. 25.32 79473.6 6760. 8649. 1.28
3570. . 25.38 81751.8 6940. 8871. - 1.28 .
3660. 25.45 84035.6 7120. 9093. 1.28
3750. 25.50 86324.7 7300. 9316. 1.28
3840. 25.56 88619.2 7480. 9538. = 1.28
3930. - 25.62 90918.7 7660. 9760. 1.27
4020. 25.67 93223.3 7841. 9983. 1.27
4110. . 25.73 95532.7 8021. 10205. 1.27
4200. 25.78 97847.0 8202. 10427. 1.27
4290. 25.83 | 100165.8 8382. 10650. 1.27
4380. 25.88 102489.4 B8563. 10872. - 1.27
4470. 25.93 104817.4 8744. 11094. 1.27

4560. 25.98 107149.8 8925. 11317. 1.27



P e =

T & 4 & e 6 s & e & s & 4 & 8 s & e & o

N Y Y

e 9 6 & & o & & & 8 ¢ e * s & & o &«

78

TABLE A2 (continued)

-+

+ 8 4. 4

[ u.101 . Io u dy Rge Beat B
30. ° 13.99 293.7 53. 126. 2.37
45. 15.15 508.8 - 80, 173. 2.16
60. 16,81  737.8 _ _ _108. . . _ 217.. --—-2,02
75,7 716,48 976.6 135. 259. - 1.92
90. 16.93 1223.0 . 163. 301. 1.85
105. 17.31 1475.7 191. 342. 1.79
120. 17.64 1733.6 220. 383. 1.74
135. 17.93 ©1996.0 248. 424, 1.71
150. 18.18 2262.6 277. 465. 1.67
165. = 18.41 2532.8 307. 505, 1.65
180. 18.62 2806.4 336. 546. 1.63
195. 18.82 3082.9 365. 587. 1.61
210. 19.00 3362.3 395. 627. 1.59
225. 19.17 3644.3 425, 668. 1.57
240. - 19.32 3929.4 448, 708. 1.58
255. 19.47 4215.4 485. 749. 1.55
270. 19.61 4504.2 515. 790. 1.54
285. 19.74 4796.6 546. 829. 1.52
300. 19.86 5087.8 575. 871. 1.52
315. 19.98 5382.3 605. 912. 1.51
330. 20.09 5678.6 635. 952, 1.50
345, 20.20 5976.6 666. 993, 1.49
360. 20.30 6276.1 696, 1033, 1.48
375. 20.40 6577.1 727. 1074. 1.48
390. 20.50 6879.6 757. 1118, 1.47
405. 20.59 7183.5 788. 1155. 1.47
420. 20.68 ) 7488.8 819. 1196. - 1.46
435. 20.76 7795.3 849. 1237. 1.46
450. 20.85 8103.6 881. 1277. 1.45
465. 20.92 8412.7 912. 1317. 1.44
480. 21.00 8723.0 936. 1358. 1.45
495, 21.08 9034.5 974. 1398. 1.44
510. 21.15 9345.9 1004. 1440. 1.43
525. 21.22 ,9659.5 1027. 1480. - 1.44
540. 21.29 9975.3 1059. 1520, 1.44
555. 21.35 10290.9 1098. 1560. 1.42
570. 21.42 10607.6 1129. 1601. 1.42
600. - 21.54 11242.0 1190. 1683.. 1.41
630. 21.66 11881.5 1252, 1765, 1.41
660. 21.77 12524.5 1314. 1846. 1.40
690. 21.88 13170.8 1377. 1927. 1.40
720. 21.98 13820.2 1440. 2009, 1.40
750. - 22.08 14472.7 1502. ©2090. 1.39
780. 22.18 15128.2 1565. 2171, 1.39
810. 22.27 15786.5 1628. 2252, 1.38
840. 22.36 16447.5" 1691. 2334. 1.38
870. 22.44 17111.1 1754. 2415. '1.38
900. 22.53 17777.2 1812. 2496. ©1.38
930. 22.61 18445.7 1875. 2577. 1.37
960. 22.68 19116.6 1938. 2659. 1.37
990. 22.76 19789.8 2001. 2740, 1.37
1020. 22.83 -20465.2 . 2064. 2821. 1.37
1050. 22.90 21142.8 2127. 2902. 1.36
1080. 22.97 21822.4 2190. 2983. 1.36
1110. 23.03 22504.0 © 2254. 3065. 1.36
1140. 23.10 23187.7 2317. 3146. 1.36

1170. 23.16 23873.2 2389. 3227. 1.35
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TABLE A2 (continued)

+ .

' u, /o, I: utay' Re, Re s - H
1200, 23.22 24560.6 2453, 3308. 1.35
1230. 23.28 25249.8 2517, 3390.. . 1.35
1260. 23.34 25938.7 2578, 3473, 1.35

- 1290. 23.40 26631.3 2642, 3554. 1.35
1320. 23.46 27325.6 2706. 3636. 1.34
1350. 23.51 28021.5 2770. - 3717. 1.34
1380. 23.56 28719.1 2834. 3798. 1.34
1410. 23.62 29418.3 2898, 3880. 1.34
1440. 23.67 30119.0 2962. 3961, 1.34
1470. 23.72 30821.2 3026. 4043. 1.34
1500. 23.77 31525.0 3090. 4124, 1.33
1530. 23.81 32230.2 3154. 4205. 1.33
1560. 23.86 32936.8 3218. 4287. 1.33

- 1590. 23.91 33644.8 3282. 4368. 1.33
1620. 23.95 34354.2 3346, 4449, 1.33
1650. 24.00 35065.0 3411, 4531, 1.33
1680. 24.04 35777.1 ‘3471. 4612. 1.33
1710. 24.08 36490.5 3535. 4693, 1.33
1740. 24.13 37205.1 3599, 4775. 1.33
1770. 24.17 37921.1 3663. 4856. 1,33
1800. 24.21 38638.2 3727. 4937, 1.32
1830. 24.25 39356.6 3792, 5019, 1.32
1860. 24.29 40076.2 3856. 5100. 1.32
1890. 24.33 40796.9 3920. 5182. 1.32
1920. 24.37 41518.8 3984. 5263, 1.32
1950. 24 .40 42241.9 4049, 5344. 1.32
2040. 24,51 44417.7 4242. 5588. 1.32
2130. 24.62 46603.2 4436. 5832. 1.31
2220. 24.72 48798.0 4630, 6076. 1.31
2310. 24.81 51001.5 4823, 6321. 1.31
2400. 24.91 53213.6 5018. 6565. 1.31
2490. 25.00 55434.0 5212. 6809. 1.31
2580. 25.08 57662.2 5416. 7083. 1.30
2670. 25.17 59898.0 5611. 7297. 1.30
2760. 25.25 62141.2 5804. 7541. 1.30
2850. 25.33 64388.8 5996. 7788. 1.30
2940. '25.40 66645.9 6191. 8032. 1.30
3030. 25.47 68909.7 6386. 8277. 1.30
3120. 25.55 71180.0 6582, 8521. 1.29
3210. 25.61 73456.6 6777. 8765. 1.29
3300. 25.68 75739.4 6973. 9009. 1.29
3390. 25.75 78028.2 7168. 9254. 2 1.29
3480. 25.81 80322.6 7364. 9498. 1.29
.3570. 25.87 82622.9 7560, 9742. 1.29
3660. 25.93 84928.6 7756. 9987, 1.29
3750. 25.99 87239.7 7952, 10231, 1.29
3840. 26.05 89556.1 8149, 10475. 1.29
3930. 26.11 91877.6 8345, 10719, 1.28
4020. -26.16 94204.1 8542, 10964. 1.28
4110. 26.21 96535.5 8738. 11208. 1.28
4200. 26.27 98871.7 8935, 11452, 1.28
4290. 26.32 101212.6 9132, 11696. 1.28
4380. 26.37 103558.1 9329, 11941. 1.28
4470. 26.42 105908.0 9526, 12185. ©1.28

4560. . 26.47 108262.5 9723. 12429. 1.28
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TABLE A2 (continued)

+

+ S + e
e -n . 8- "é,“1 - !o u-dy Ree lzct H

0.3 30. 14.48 301.0 56. 133. ©2.39
0.3 45. 15.64 519.7 85. 184. 2.17
0.3 60. 16.40 752.5 114. 231. 2.02
0.3 75. 16.97 994.9 144. 277. 1.93
0.3 90. 17.42 1245.0 174. 323. - 1.85
0.3 105. 17.80 1501.3 . 205. 368. 1.80
0.3 120. . 18.13 1762.8 236. . 412, 1.75
0.3 - 135. 18.41 2029.0 - 267. - 457. 1.71
0.3 150. 18.67 2299.2 298. 501. 1.68
0.3 165. 18.90 2573.1 329, 546. 1.66
0.3 180. 19.11 2850.3 361. - 590. - 1.63
0.3 195. 19.31 3130.5 393. 634. 1.61
0.3 210. 19.49 3413.5 425, '679. 1.60
0.3 225. 19.65 3699.2 457. = 723. 1.58
‘0.3 240. 19.81 3988.0 483. 766. 1.59
0.3 255. 19.96 4277.6 522. 8l1l. 1.56
0.3 270. 20.10 4570.1 554. 856. 1.54
0.3 285, 20.23 4866.1 588. 898. 1.53
0.3 300. 20.35 5161.0 619. 1944. 1.52
0.3 315. 20.47 5459.2 652. 989. 1.52
0.3 330. 20.58 5759.2 685, 1033. 1.51
0.3 345. 20.69 6060.8 718. 1077. 1.50
0.3 360. 20.79 6363.9 750. 1121. . 1.49
0.3 37s. 20.89 6668.6 783. 1166. - 1.49
0.3 390. 20.99 6974.8 816. "1210. 1.48
0.3 405. 21.08 7282.3 -850, ° 1254. -1.48
.0.3 420. 21.17 7591.2 883. 1298. 1.47
0.3 435. 21.25 7901.4 916. "1343. 1.47
0.3 450, - 21.33 8213.4 950. 1386. ‘1.46
0.3 465. 21.41 8526.2 983. 1431. 1.46
0.3 480. 21.49 8840.1 1010, ‘1475, -1.46
0.3 495. 21.56 9155.2 1050. 1519. 1.45
0.3 510, 21.64 9470.4 1082. 1564. - 1.45
0.3 525, 21.71 9787.6 1108. 1608. 1.45
0.3 540. 21.77 10107.0 . 1143. 1651. 1.45
0.3 555. 21.84 10426.4 ‘1184. 1696. 1.43
0.3 570. 21.91 10746.7 - 1218. 1740. = 1.43
0.3 600. 22.03 11388.4 1283.- 1830. '1.43
0.3 630. . 22.15 12035.2 1351. 1918. 1.42
0.3 660. 22.26 12685.5 1418. 2007. "1.42
0.3 690. 22.37 13339.1 1486. .2096. 1.41
0.3 720. 22.47 13995.9 1553. 2184, 1.41
0.3 750. 22,57 14655.7 1621. 2273. 1.40
0.3 780. 22.67 15318.6 1689. -2361. -1.40
0.3 810. 22.76 15984.2 . 1757. 2450. 1.39
0.3 840. 22.85 16652.4 = 1825.7 2539, 1.39
0.3 870. 22.93 17323.4 1893.  2627. 1.39
0.3 900. 23.01 -17996.8 1956. .2716. 1.39
0.3 930. 23.09 18672.7 12024. 2804. 1.39
0.3 960. 23.17 19350.9 2092. 2893, ° 1.38
0.3 990. 23.2% 20031.4 2160. 2981, 1.38
0.3 1020. 23.32 20714.1 2228. 3070. 1.38
0.3

1050. 23.39 21399.0 2296. 3158.. 1.38
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TABLE A2 (continued)

- .
+ § 4. +
s ' “c’"t . {; u dy Re, Re s 1
1080. 23.46 22085.9 2365. 3247. 1.37
1110. 23.52 22774.9 - 2433, 3335, 1.37
1140. 23.59 23465.8 2502, 3424. . 1.37
1170. 23.65 24158.7 2579. 3513. 1.36
1200. 23.71 24853.4 2648. - 3601. 1.36
1230. 23.77 25549.9 2716. 3690. 1.36
1260. - 23.83 26246.1 2783. 3780. 1.36
1290. 23.89 26946.0 2852, 3869. 1.36
1320. 23.94 27647.7 2921, 3958. 1.35
1350. = 24.00 28351.0 2990, 4046. 1.35
1380. 24.05 29055.8 3059, 4135. 1.35
1410. 24.10 29762.3 3128. 4224. 1.35
1440. 24.15 30470.3 3197. 4313. - 1.35
1470. 24.20 31179.9 3266. 4401. 1.35
1500. 24.25 31891.0 3335. 4490. *1.35
©1530. 24.30 32603.5 3405. 4579. 1.34
1560. . 24.35 33317.4 3474. 4667. 1.34
1590, 24.40 34032.8 3543. 4756. 1.34
1620. 24.44 34749.5 3613. 4845, 1.34
1650. 24.49 35467.6 3678. 4933. 1.34
1680. 24.53 36187.0 3747. 5022. 1.34
1710. 24.57 36907.7 3817. 5111. 1.34
1740. 24.61 37629.7 3886. 5199, 1.34
1770. 24.66 38352.9 3955.. 5288.. 1.34
1800. 24.70 39077.4 4025. 5377. 1.34
1830. 24.74 39803.1 4094. 5465. 1.33
1860. 24.78 40530.0 4163. 5554. 1.33
1890. 24.82 41258.1 4233. 5643. 1.33
1920. 24.85 41987.3 4302. 5731. 1.33
1950. 24.89 42717.6 4372. 5820. 1.33
2040, 25.00 44915.5 4581. 6086. 1.33
2130, 25.11 47122.9 4790. 6352. 1.33
2220, 25.21 49339.6 4999. 6618. 1.32
2310, 25.30 51565.2 5209. 6884. . 1.32
2400, 25.40 53799.2 5419. 7150. 1.32
2490. 25.49 56041.5 5629. 7416. 1.32
2580, 25.57 58291.7 5848. 7682. 1.31
2670. 25.65 60549.4 6057. 7948. 1.31
2760, 25.74 62814.6 6267. 8215. 1.31
2850. 25.81 - 65084.2 6475. 8483. 1.31
2940, 25.89 67363.2 6686. 8750. 1.31
3030. 25.96 69649.0 6897. 9016. 1.31
3120, 26.03 71941.3 7108. 9282, 1.31
3210. 26.10 74239.9 7319. 9548. 1.30
3300. 26.17 76544.6 7531. 9815, 1.30
3390. 26.23 78855.3 - 7742. 10081. 1.30
3480, 26.30 81171.8 7954. 10347. . 1.30
3570. 26.36 83494.0 8166. 10613. 1.30
3660, 26.42 85821.7 8377. 10880, 1.30
3750. 26.48 88154.6 8589. 11146.- 1.30
3840, 26.54 90493.0 8802. 11412, 1.30
3930, 26.59 92836.4 9014. 11678. 1.30
4020, 26.65 95185.0 9226. 11945. 1.29
4110. 26.70 97538.4 9439. 12211. 1.29
4200. 26.76 99896.5 9651. 12477. 1.28
4290. 26.81 102259.4 9864. 12743. 1.29
4380, 26.86 104626.9 10077. 13009. 1.29
4470. 26.91 106998.7 10290. 13276. 1.29

4560. 26.96 109375.2 - 10503. "13542. 1.29
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TABLE A2 (continued)

+
+ & +. +
n 6 . ue/u1 fo u dy‘
.4 T 30, 14.96 308.3
.4 45. 16.13 530.7
.4 60. 16.89 767.1
.4 75. 17.45 1013.2
.4 90. 17.91 1266.9
.4 105. 18.29 1526.9
.4 120. 18.61 1792.1
.4 135, 18.90 2061.9
.4 150. 19.16 2335.8
.4 165.. 19.39 2613.4
.4 180. 19.60 2894.2
.4 195. 19.79 3178.1
4 210. 19.97 3464.8
.4 225, 20.14 3754.1
.4 240. 20.30 4046.5
.4 255. 20.45 4339.8
.4 270. 20.58 4636.0
.4 28S.- 20.71 4935.6
.4 300. . 20.84 5234.2
.4 315. 20.96 5536.1
4 330. 21,07 5839.7
4 345, 21.18 6144.9
.4 360. 21,28 6451.8
.4 375. 21.38 6760.1
4 390. 21.47 7070.0
4 405. 21.57 7381.2
4 420, 21.65 .7693.7
4 435, 21.74 . 8007.6
4 450. 21.82 . 8323.2 1017.
4 465. 21.90 8639.6 1046.
4 480. 21.98 8957.3 1082,
4 495, 22.05 9276.0 - 1124.
4 510. . 22.12 9594.8 1159.
4 525. . 22.19 9915.7 1188.
4 540. 22.26 10238.8 1224.
4 555. 22.33 10561.8 1268.
.4 570. 22.39 10885.8 1304.
.4 600. 22,52 11534.8 1375.
.4 630. . 22.64 12188.9 1447.
.4 660. 122.75 12846.5 1519,
.4 690. 22.86 13507.5 1592,
.4 720. 22.96 14171.6 1664,
.4 750. 23.06 14838.7 1737.
.4 780. 23.15 15508.9. 1809,
.4 810. 23.25 16181.8 1882.
.4 840. . 23.33 16857.4 1955.
.4 870. 23.42 17535.6 ~ 2028.
.4 900. 23.50 18216.4 2096.
.4 930. 23,58 18899.6 .2169.
.4 960. 23.66 19585.1 2242.
.4 990. 23.73 20273.0 2315,
.4 1020. 23.81 20963.0 . 2388,
.4 1050. 23.88 21655.2 . . 2462.
.4 1080. 23.94 22349.4 2535,
.4 1110. 24.01 23045.7 2608.
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TABLE A2 (continued)

: +
+ & 4.+

-8 “"“i' - fyudy - Rey —-Regw— . . B
1140. 24.08 23744.0 2682. 3702. . 1.38
1170. 24,14 24444.2 2763. 3798, 1.37
1200. 24.20 25146.2 2837, 3894. 1.37
1230. 24,26 25850.1 2911, 3990. 1.37
1260. 24.32 26553.5 2983, 4088. 1.37
1290. 24.38 27260.8 3057. . 4184. 1.37
1320. 24,43 27969.7 3131. 4280. 1.37
1350. 24 .49 28680.3 3205. 4376. 1.37
1380. 24.54 29392.6 3279. 4472, 1.36
1410. 24,59 30106.4 3353. 4568. 1.36
1440. 24.64 30821.7 3427. 4664. 1.36
1470. - 24.69 31538.6 3501. 4760, 1.36
.1500. 24.74 32257.0 3575. 4856. 1.36
1530. 24,79 32976.8 3649. . 4952. 1.36
1560. 24.84 33698.1 3724. 5048. 1.36
1590. 24.88 34420.7 3798, 5144. 1.35
1620. 24.93 35144.8 3873. 5240. 1.35
1650. 24.97 35870.2 3943, 5336. 1.35
1680, 25,02 36596.9 4017. 5432. 1.35
1710. 25,06 37324.9 40892. 5528, 1.35
1740. 25.10 38054.2 4166. 5624.  1.35
1770. 25.14 38784.8 4240. 5720. 1.35
1800. 25.18 39516.6 4315, 5816. 1.35
1830. 25.22 40249.6 4389. 5912, 1.35
1860. 25.26 40983.8 4464. 6008. 1.35
1890. 25,30 41719.3 4538. 6104. 1.34
1920, 25.34 42455.8 4613. 6200. 1.34
1950. 25,38 43193.5 4688. 6296. 1.34
2040. 25.49 45413.2 4912. 6584 . o 1.34
2130. . 25.59 47642.6 5136, 6872. 1.34
2220. - 25.69 49881.3 5361. 7160. 1.34
2310. 25,79 52128.8 5585. 7448. 1.33
2400, 25.88 54384.8 5811, 7736. 1.33
2490. 25.97 56649.0 6036. 8024. 1.33
2580. 26.06 '58921.2 6270. 8312, 1.33
2670. - 26.14 61200.9 6494. 8600. 1.32
2760. 26.22 63488.1 6720. 8888. 1.32
2850. 26.30 ~ 65779.6 6943, 9179. 1,32
2940. 26.38 68080.7 7170. 9467. 1.32
3030. 26.45 70388.4 7396. 9755. 1.32
3120. 26.52 72702.6 7622. 10043. 1.32
3210. . 26.59 75023.1 7849. 10332. 1.32
3300. 26.66 77349.8 8076. 10620. 1.32
3390. 26.72 79682.4 8303. 10908. 1.31
3480. 26.79 82020.9 8530. 11196, 1.31
3570. 26.85 - 84365.1 8757. 11484. 1.31
3660. 26.91 86714.8 8984. 11773, 1.31
3750. 26.97 89069.7 9212, 12061. 1.31
3840. 27.03 91430.0 9440. 12349. 1.31
3930. 27.08 93795.4 9667. 12637. 1.31
4020. 1 27.14 96165.9 9895, 12925, 1.31
4110. - 27.19 98541.2 10123. 13214. 1.31
4200, 27.24 100921.3 10351, 13502. 1.30
4290, 27.30 103306.1 10580, 13790. 1.30
4380. 27.35 105695.6 10808. 14078. 1.30
4470. 27.40 108089.4 11036. 14366. 1,30

4560. 27.44 110487.7 11265. 14655. 1.30
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TABLE A2 (continued)

+

+ s 4+, 4
é \le/u1 fo u dy Ree Re * H
30. 15.45 315.7 61. 148. 2.42
. 45, 16.62 541.7 94, 206. 2.19
60. 17.38 781.7 127, 261. " 2.05
- 75.- --.17.94 - _.1031.5-... -16l.... _314.. . _ _1.95_.
90. 18.39 1288.9 196. 367. 1.87
105. 18.77 1552.5 - 231. 415, 1.82
120. 19.10 1821.4 266. 471, 1.77
135. 19.39 2094.9 302. 523, 1.73
150. 19.65 2372.4 - 337, 574. 1.70
165. 19.88 2653.6 373. 626. .1.68
180. 20,09 2938.1 410. 678. 1.65
195. 20.28 3225.1 446, 729, 1.64
210. 20.46 3516.0 483 . © 781. o 1.62
225. 20.63 3809.0 519, 833. -1.60
240. 20.79 4105.1 550. 884. 1.61
255. 20.93 4402.0 593. "936. - 1.58
270. 21,07 4701.8 630. 987. 1.57
285, 21.20 5005.2 669. 1038. 1.55
300. 21.33 5307.4 705. 1091. 1.55
315. 21.44 5612.9 742. 1142. - 1.54
330. 21.56 5920.2 780. 1194. 1.53
345. 21.67 6229.1 817. 1245. 1.52
360. 21.77 6539.6 855. 1297. 1.52
375. 21.87 6851.6 892. 1349. - 1.51
390. 21.96 7165.1 930.- 1400. 1.51
405. 22.05 7480.0 968. 1452. 1.50
420. 22.14 7796.2 1006. 1503. 1.49
435. 22.23 8113.7 1044. 1555, 1.49
450. 22.31 8433.0 1082. 1606. 1.48
465, 22.39 , 8753.1 Il1g. 1658. . - 1.49
480. 22.47 9074.4 1152. 1709. 1.48
495, 22.54 9396.8 1197, 1761. 1.47
510. 22.61 9719.3 . 1234. 1813. -1.47
525. 22.68 10043.7 1265. 1865. 1.47
540. 22.75 10370.6 1304. 1915. - 1.47
555. 22.82 10697.2 1350, 1966. 1.46
570. 22.88 11024.8 1389, 2018. 1.45
600. 23.01 11681.2 1464. 2123. 1.45
630. 23,122 12342.7 1541, 2226. 1.44
660. 23.24 13007.6 1618. 2329. 1.44
690. 23.35 13675.8 1695, 2432. 1.44
720. 23.45 14347.3 1772. 2536. 1.43
750. 23.55 15021.7 1849, 2639. 1.43
780. 23.64 15699.2 1927, 2742. 1.42
810. 23.73 16379.4 2005, - 2845. 0 1.42
840. 23.82 17062.4 2083. 2948. - 1.42
870. 23.91 17747.9 2160. -3052. 1.41
300. 23.99 18436.0 2233, 3155. 1.41
930. 24.07 19126.5 2311, 3258. 1.41
960. 24.15 19819.4 2389, 3361. 1.41
990. 24,22 20514.5 2467. 3464. 1.40
1020. 24.29 21211.9 2545, 3568. 1.40
1050. 24. 36 21911.4 2623. 3671. 1.4¢
1080. 24,43 ' 22613.0 - 2701. 3774. 1.40
1110. 24.50 23316.6 2779. 3877. 1.40
1140. 24.56 24022.1 2858, 3980. 1.39
1.39

1170. 24.63 24729.7 2944, 4083.
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TABLE A2 (continued)

' u
“e/1

24.69
24.75
24.81
24.86
24.92
24.97
25.03
25.08
25.13
25.18
25.23
25.28
25.33
25.37
25.42
$25.46
25.51
25,55

25.59

25.63
25.67
25.71
25.75
25.79
25.83
25.87
25.98
26.08
26.18
26.28
26.37
26.46
26.55
26.63
©26.71
26.79
26.86
26.94
27.01
27.08
27.15
27.21

27.27

27.34
27.40
27.46
27.51
27.57
27.63
27.68

- 27.73

27.78
27.83

27.88

27.93

85

+
st 4+
% u dy
25439.0
.26150.2
26861.0
27575.5
28291.8
29009.7.
29729.3
30450.4
31173.1
31897.3
32623.0
33350.1
34078.7
34808.7
35540.1
36272.8
37006.8
37742.2
38478.8
39216.7
39955.8
40696.1
41437.7
42180.4
42924.3
43669.3
45911.0
48162.3
50423.0
52692.4
54970.5
57256.7
59550.7
€1852.4
64161.5
66475.0
€8797.9
71127.6
73463.8
75806.4
78155.0
80509.7
82870.0
85236.1

87607.7

89984.8
92367.0
94754.4
97146.8
99544.0
101946.2
104352.9
106764.2
109180.2
111600.4 .

Ree

3023.
3101.
3178.
3257.
3336.
3415.
3493.
3572.
3651.
3730.
3809.
3889.
3968.
4047.
4126.
4202.
4281.
4360.
4440.
4519.
4598.
4678.
4757,
4837.
4916.
4996.
5235.
5474.
5713.
5953.
6193.
6434,
6682.

. 6922,

7163.
7401.
7642.
7884.
8125.
8367.
8609.
8851.
9033.
9335.
9578.
9821.
10063.
10306.
10550.
10793.
11036.
11280.
11523,
11767.
12011.

h%*

4187.
4290,
4395,
4499.
4602.
4705,
4809.
4912.
5015,
5119,
5222.
5325,
5429.
5532.
5635.
5738,

5842,

5945,
6048.
6152.
6255,
6358.
6462.

6565, -
6668. "

6772.
7082.
7392.
7701.
8011.
8321.
8631,
8941.
9251.

9561.

9874.
10184.
10495.
10805.
11115.
11425.
11735.
12045.
12356.
12666.
12976.
13286.
13596.
13906.
14216.
14527.
14837.
15147.
15457,
15767.

1.39
1.38
1.38
1.38
1.38
1.38
1.38
1.37
1.37

© 1,37

1.37
1.37
1.37
1.37
1.37
1.37
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.36
1.35
1.35
1.35
1.35
1.34
1.34
1.34
1.34
1,33
1.33
1.33

.1.33

1.33
1,33
1.33
1.33
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.31
1.31
1.31



90.
105.
120.
135,
150.
165.
180.
195,
210.
225,
240,
255,
270.
285,
300.
315.
330.
345.
360.
375S.
390,
405.
420.
435,
450.
465.
480.

495, -

510.
525.
540.
555.
.570.
600.
630.
660.

: 690.

720.
750.
780.
810.
840.
870,
900.
930,
960.
990.
1020.
1050.
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TABLE A2 (continued)
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15.70
16.86
17.62
18.19
18.64
19.02
19.35
19.63
19.89
20.12
20.33
20.53
20.71
20.87
21.03
21.18
21.32
21.45
21.57
21.69
21.80
21.91
22.01
22.11
22.21
22.30
22.39
22.47
22.55
22.63
22.71
22.78
22.86
22.93
22.99
23.06
23.13
23.25
23.37
23.48
23.59
23.69
23.79
23.89
23.98
24.07
24.15
24.23
24.31
24.39
24.47
24.54
24.61

8 .+
.Q v &y Re,
319.3 62.
547.2 96.
789.1 131.
1040.7 166.
1299.9 201.
1565.3 237.
1836.0 273.
2111.3 310.
2390.7 347.
2673.7 384.
2960.1 421.
3249.5 459,
3541.6 497.
3836.5 535.
4134.4 567.
4433.2 611.
4734.8 649.
5039.9 689.
5344.0 725.
5651.4 764.
5960.5 803.
6271.2 841.
6583.5 880.
6897.4 919.
7212.7 958.
7529.4 997.
7847.4 1036.
8166.8 1075.
8487.9 1114.
8809.8 1148.
9132.9 1187.
'9457.2 1232.
9781.5 1271.
10107.8 1303.
10436.4 1343.
10764.9 1390.
11094.4 11430.
11754.4 1507.
12419.5 1587.
13088.1 . 1666.
13760.0 1746.
14435.1° 1825.
15113.2 1905.
15794.4 1985.
16478.3 2065.
17164.9 2145.
17854.1 2225,
-18545.8 2301.
19240.0 2381,
19836.5 2461.
20635.3 2541,
21336.3 2621.
22039.5 2702.

“Re,&

i
152,
212.
268.
323,
378.
432.

- 485,

539.
593.
646.
700.
753.
807.
860.
913.
967.
1020.
1072.
1127.

1181. -

1234,
1287,
1341.
1394.
1448.
1501.
1555,
1608.
1661.
1714.
1768.
1821.
1875.
1929..
1981.
2034.
2087.
2196. -
2303.
2410.
2517.
2623.
2730.
2837,
2944,
3051.
3158.
3265.°
3372.
3478.
3585.
3692.

3799. .

2.43

2.20
2.05
1.95
1.88
1.82
1.78
1.74

1.71

1.68
1.66
1.64
1.62
1.61
l1.61
1.58
1.57
1.56
1.55
1.55
1.54
1.53
1.52
1.52
1.51
1.51
1.50
1.50
1.49
1.49

. 1.49

1.48
1.48
1.48
1.47
1.46
1.46
1.46
1.45
1.45
1.44
1.44
1.43
1.43 -
1.43

1.42
1.42
1.42
1.42
1.41
1.41
1.41
1.41



0.55

0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55

8

1080.
1110.
1140.
1170.
1200.
1230.
1260.
1290.
1320.
1350.
1380.
1410.
1440.
1470.
1500.
1530.
1560.
1590.
1620.
1650.
1680.
1710.
1740.
1770.
1800.
1830.
1860.
1890.
1920.
1950.
2040.
2130.
2220.
2310.
2400.
2490.
2580.
2670.
2760.
2850.
2940.
3030.
3120.
3210.
3300.
3390.
3480.
3570.
3660.
3750.
3840.
3930.
4020.
4110.
4200.
4290.
4380..
4470.
4560.

SR

87

TABLE A2 (continued)

u
v, fu

24.68
24.74
24.81
24.87
24.93
24.99
25.05
25.11
25.16

- 25.22

25.27
25.32
25.37
25.42
25.47
25.52
25.57
25.62
25.66
25.71
25.75
25.79
25.83
25.88
25.92
25.96
26.00
26.04
26.07
26.11
26.22
26,33
26.43
26.52
26.62
26.71

26.79

26.87
26.96
27.03
27.11
27.18
27.25
27.32
27.39
27.45
27.52
27.58
27.64
27.70
27.76
27.81
27.87
27.92
27.98
28.03
28.08

28.13

28.18

+

S8 4+
4wty
22744.7
23452.0
24161.2
24872.4
25585.4
26300.2
27014.7
27732.9
28452.8

29174.5

29897.7
30622.4
31348.8
32076.6
32806.0
33536.8
34269.0
35002.7
35737.7
36474.1
37211.8
37950.8
38691.1
39432.6
40175.4
40919.4
41664.6
42411.0
43158.5
43907.2
46159.9
48422.2
50693.8
52974.3
55263.3
57560. 4
59865.5
62178.2
64498.2
66822.8
69156.6
71487.3
73844.5
76198.0
78557.6
80923.1
83294.6
85671.7
88054.2
90442.2
92835.5
95233.8
97637.2

100045.5

102458.5

104876.3

107298.6

109725.5
112156.7

ff Rided 2 dncets 2o0d

.fne

e . -

2782.
2863.
2944.
3032.
3114.
3195.
3274.
3355,
3436.
3518.
3599.
3680.
3762.
3843.
3924.
4006.
4088.
4169.
4251.
4329.
4411.
4492.
4574.
4656.
4738.
4819.
4901.
4983.
5065.
5147.
5393.
5640.
5887.
6134.
6382.
6629.
6884.
7132.
7380.
7626.
7875.
8123,
8373.
8622.
8871.
9120.
9370.
9620.
9870.
10120.
10370.
10621.
10871.
11122,
11373.
11624.
11875.
12126.
12378.

Reéi

3906.
4013,
4119,
4226,
4333,
4440.
4549,
4656.
4763.
4870.
4977,
5084.
5191.
5298.
5405,
5512.
5619.
5726.
58133.
5940.
6047.
6154.
6261.
6368.
6475,
6582.
6689.
6796.
6903.
7010.
7330.
7651.
7972..
8293.
8614.
8935.
9256.
9577,
9898.
10222,
10543.
10864.
11185,
11506.
11828,
12149,
12470.
12791.
13112.
13433,
13754.
14076.
14397,
14718,
15039,
15360.
15681.
16002,
16324.

1.40
1.40
1.40
1.39
1.39
1.39
1.39
1.39
1.39
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.36
1.36
1.36
1.36

1.36
1.36
1.35
1.35
1.35
1.35
1.34
1.34
1.34
1.34
1.34
1.34
1.34
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.32
1.32
1.32
1.32
1.32
1.32
1.32
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30.

45.
- 60.

75.

T TTe0T T T

105.
120.
135.
150.
165.
180.
195.
210.
225,
240.
255.
270.
285,
300.
315.
330.
345.
360.
375.
390.
405.
420.
435.
450.
465.
480.
495.
510.
525.
540.
555.
570.
600.
630.
660.
690.
720.
750..
780.
810.
840.
870.
900.
930.
960.
990.
1020.
1050.
1080.
1110,
1140.
1170.
1200.
1230.

88

TABLE A2 (continued)

<+

s 4+, 4+
'.\‘/u‘t Jo u dy
15.94 323.0
17.11 552.7
17.86 796.4
18.43 1049.8
18.88 ~ T1310.9
19.26 1578.1
19.59 1850.7
19.88 2127.8
20.13 2408.0
20.37 2693.9
20.58 2982.0
20.77 3273.3
20.95 3567.3
21.12 3863.9
21.27 4163.7
21.42 4464.3
21.56 4767.7
21.69 5074.7
21.81 5380.6
21.93 5689.8
22.05 6000.7
22.15 6313.3
22.26 - 6627.5
22.36 6943.1-
22.45 7260.3
22.54 7578.8
22.63 7898.7
22.71 8219.8
22.80 8542.8
22.88 8866.6
22.95 9191.5
23.03 9517.6
23.10 9843.7
23.17 10171.8
23.24 10502.3
23.31 10832.6
23.37 11163.9
23.49 11827.6
23.61 12496.4
23.73 13168.6
23.83 13844.2
23.94 14522.9
24.04 15204.7
24.13 15889.5
24.22 16577.1
24.31 17267.3
24 .40 17960.2
24.48 18655.6 -
24.56 19353.4
24.63 20053.6
24.71 20756.1
24.78 21460.8
24.85 22167.6
24.92 22876.5
24.99 23587.4
25,05 24300.3
25.11 25015.1
25.18 25731.8

26450.3

25.24

Beg
64.
98,

134.

_170.

~206.
243,
'~ 281.
318.
356.
395,
a33.
472.
510.
549.
583, -
628.
667.
708.
746.
785.
825.
865.
905.
945,
985.
1025.
1065.
1105.
1146.
1181.
1221.
1267.
1307.
1340.
1382.
1430.
1471.
1551.
1632.
1714.
1796.
1878.
1960.
2042.
2124.
2207.
2289.
2367.
2449.
2532.
2615.
2697.
2780.
2863.
2946.
3029.
3120.
3204.

1 3287.

lect
155.
217,
275.

332,

389.
444.
500.
556.
611.
666.
722.
777.
832.
888.
942,
998.
1053.
1107.
1164.
1219.
1274.
1330.
1385.
1440.
1495.
1551.
1606.
1661.
1716.
1771.
1826.
1881.
1937.
1993.

2047,

2102..
2157,
2269.
2380.
2490.
2601,
2711.
2822.
2932
3043.
3153.
3264.
3374.
3485.
3595.
3706.
3816.
3927.
4037.
4148,
4258..
4369.
4479.
4590.

2.44
2.21
2.06

1.9

1.88
1.83
1.78
1.75
1.71
1.69
1.67
1.65
1.63
1.62
1.62
1.59
1.58
1.56
1.56
1.55
1.54
1.54
1.53
1.52
1.52
1.51
1.51
1.50
1.50
1.50
1.50
1.48
1.48

"1.49

1.48
1.47
1.47
1.46
1.46
1.45
1.45
1.44

1,44

1.44
1.43
1.43
1.43
1.43
1.42

1.42

1.42

“1.41
S 1.41
-1.41

1.41
1.41
1.40
1.40
1.40
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¢« ¢ o e e o

1260.
1290.
1320.
1350.
1380.
1410.
1440.
1470.
1500.
1530.
1560.
1590.

1620.

1650.
1680.
1710.
1740.
1770.
1800.
1830.
1860.
1890.
1920.
1950.
2040.

"2130.

2220.
2310.
2400.
2450.
2580.
2670.
2760.
2850.
2940.
3030.
3120.
3210.
3300.
3390.
3480.
3570.
3660.
3750.
3840.

-3930.

4020.
4110.

-4200.

4290.
4380.

4470,
4560.

89

TABLE A2 (continued)

u.lu'r

25.29
25.35
25.41
25.46
25.52
25.57
25.62
25.67
25.72
25.77
25.81
25.86
25.90
25.95
25,99
26.04
26.08
26.12
26.16
26.20
26.24
26.28
26.32
26.36
26.46
26.57
26.67
26.77
26.86
26.95
27.04
27.12
27.20
27.28
27.35
27.43
27.50
27.57
27.63
27.70
27.76
27.82
27.89
27.94
28.00
28.06
28.11
28.17
28.22
28.27
28.32
28.37

28.42

+
,6 n‘lf‘

27168.4

27890.3
28613.9
29339.1
30066.0
30794.4
31524.5
32256.0
32989.0
33723.5
34459.4
35196.7
35935.3
36675.4
37416.7
38159.4
38903.4
39648.6
40395.0
41142.7
41891.5
42641.6
43392.7
44145.1
46408.8
48682.1
50964.6
53256.1
55556.0
57864.2
60180.2
62503.9
64835.0
67170.4
69515.3
71867.0
74225.1
76589.6
78960.2
81336.8
83719.2
86107.2
88500.7
90899.8
93304.0
95713.3
98127.6
100546.9
102970.9
105399.7
107833.1
110270.8
112713.0

lc° .'6.
3369. 4703.
3452, 4813,
3536. 4924,
3619. 5035.
3703. 5145.
3787. 5256,
.3871. 5367.
3955. 5477.
4038. 5588.
4122. 5699.
4206. 5809.
4290. 5920.
4374. 6030.
4455. 6141,
4539. 6252.
4623, 6362.
4707. 6473.
4791. 6584.
4875. '6694.
4960. 6805.
5044. 6916.
5128. 7026.
5213. 7137.
5297. 7247.
5551. 7579.
5804. 7911.
6058. 8243.
6313. 8575.
6568. 8907.
6823. 9239.
7084. 9571.
.7340. 9903.

7596. 10235,
7849. 10570.
8105. 10802.
8361. 11234,
8617. 11566.
8874. 11898.
9130. 12230,
9387. 12562.
9644. 12894.
9901. 13227,

10159. 13559,
1041e6. 13891.
10674. 14223,
10932. 14555,
11190. 14887,
11448. 15219.
11706. 15551.
11965. 15883.
12223. 16216,
12482. 16548.
12741. 16880.

1.40
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.36
1.36
1.36
1.36
1.35
1.35
1.35
1.35
1.35
1.35
1.34
1.34
1.34
1.34
1.34
1.34
1.34
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33

"1.33

1.32



75.
90.
105. .
120.
135.
150.
165.
180.
195.
210.
225.
240.
255.
270.
285.
300.
315.
1330.
345.
360.
375,
390.
405.
420.
435.
450.
. 465.
480.
495.
510.
525.
540.
555.
570.
600.
630.
660.
690.
720.
- 750.
780.
810.
840.
. 870..
900.
930.
- 960.
990.
1020.
1050.

TABLE A2 (continued)

-12.20

13.36

. 14.12
14.69

15.14
15.52
15.85
16.14
16.139
16.62
16.84
17.03
17.21
17.38
17.53
17.68
17.82
17.95
18.07
18.19
18.30
18.41
18.52
18.61
18.71
18.80
18.89
18.97
19.06
19.14
19.21
19.29
19.36
19.43
19.50
19.56
19.63
19.75
19.87
19.98

- 20.09

20.20

-20.29

20.39
20.48
20.57
20,65
20.74
20.82
20.89
20,97
21.04
21.11

90

266.9

468.5

684.1

909.5
1142.5
1381.7
1626.2
1875.3
2128.4
2385.2
2645.3
2908.5
3174 .4
3443.0
3714.7
3987.2
4262.6
-4541.6
4819.4
-5100.5
5383.4
5667.9
5954.0
6241.6
6530.7
-6821.,2
7113.0
7406.1
7701.0
7996.7
8293.6
85391.6
8889.8
-9189.8
9492.2
9794.4
10097.6
10705.2
11317.8
11934.0
12553.4
13176.1

- 13801.7

14430.2
15061.8
15696.0
16332.7
16972.0
17613.7
18257.8
18904.1
19552.7
20203.4

43.

81.
100.
119.
138.
157.
177.
196.
216.
236.
256.
271.
297.
3l0.
338.
359.
381.
400.
421.
441.
462.
483,
504.
525,
546.

- 567.

588.
610.
631.
645,
674.
694.
707.
729.
760.
781.
822,
865.
908.
951.
994.
1038.
1081.
1124.
1168.
1211.
1255,
1292,
1335.
1379.
1422,
1465.

133,

192.
220.
248.
276.
- 303.
330.
358.
385.
412.
440.
467.
493.
521.
548.
574.
603.
630.
657.
684.
711,
739.

766. .

793.
820.
847.
874.
901.
928.
955. .
983.
1011.
1037.
1064.
1081.
1147.
1201.
1256.
1310.
1364.
"1419.
1473.
1528.
1582.
1636.
.1691.
1745.
1800.
1854.
©1908.
1963.

2.32
2.14
2.02
1.93
1.86
1.80
1.75
1.72
1.68
1.65
1.63
1.61
1.59

©1.57

1.59
1.54
1.53
1.51
1.51
1.50
1.49
1.48

"1.47

1.47
1.46
1.45
1.45
1.44
1.43
1.43
1.44
1.42
1.42

"1.43

1.42
1.40
1.40

1.39

1.39
1.38
1.38
1.37
1.37
1.36
1.36

©1.35

1.35
1.35
1.35
1.35
1.34
1.34
1.34



-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
- -0.167

-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167

. =-0.167

-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167

-0.167

-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
-0.167
=-0.167
-0.167
-0.167
-0.167

é

1080.
1110.
1140,
1170.
1200.
1230.
1260.
1290.
1320.
1350.
1380.
1410.
1440,
1470.
1500.
1530.
1560.
1590.
1620.
1650.
1680.
1710.
1740.
1770.
1800.
1830.
1860.
1890.
1920.
1950.
2040.
2130.
2220.
2310.
2400.
2490.
2580.
2670.
2760.
2850.
2940.
3030.
3120.
3210.
3300.
3390.
3480.
3570.
3660.
3750.
3840.
3930.
4020.
4110.
4200.
4290,
4380.
4470.
4560.

TABLE A2 (concluded)

u
ue/ T

21,18

21.25
21,31
21.37
21.43
21.49
21.55
21.61
21.67
21.72
21.77
21.83
21.88
21.93
21.98
22.02
22.07
22,12
22,16
22.21
22.25
22.29
22.34
22.38
22.42
22.46
22.50
22.54
22.58
22.61
22.72
22.83
22.93
23.03
23.12
23.21
23.29
23.38
23.46
23.54
23.61
23.68
23.76
23.82
23.89
23.96
24.02
24.08
24.14
24.20
24.26
24.32
24.37
24.43
24.48
24.53
24.58
24.63
24.68

91

+
16 u+dy+

20856.2
21511.0
22167.7

©22826.4

23487.0
24149.4
24811.4
25477.2
26144.6
26813.8
27484.5
28156.8
28830.7
29506.1
30183.0
30861.3
31541.1
32222.3
32904.9
33588.8
34274.0
34960.6
35648.4
36337.5
37027.8
37719.3
38412.1
39106.0
39801.1
40497.3
42592.6
44697.6
46811.8
48934.8
51066.4
53206.2
55353.9
57509.3
59671.9
61835.0
64015.6
66198.8
68388.6
70584.7
72787.1
74995.2
77209.3
79428.9
81654.2
83884.8
86120.6
88361.5
90607.6
92858.5
95114.1
97374.5
99639.4
101909.0
104182.9

1509.
1552,
1605.
1649.
1693.

-1737.

1779,
1823.
1867.
1911.
1955.
1999.
2043.
2087.
2131.
2175.
2219,
2263.
2308.
2352,
2392.
2436.
2480.
2524,
2568.
2612.
2657.
2701.
2745.
2790.
2923.
3056.
3189.
3323.
3456.
3599.
3734.
3868.
4003.
4132.
4266.
4400.
4535.
4669.
4804.
4938.
5073.
5208.
5343.
5478.
5613.
5748.
5884.
6019.
6154.
6290.
6425.
6561.
6696.

Re %

2017.
2072.
2126.
2180.
2235,
2289.
2346.
2400.
2455,
2509.
2564.
2618.
2673.
2727.
2782.
2836.
2891,
2945,
3000.
3054.
3109.
3164.
3218.
3273.
3327.
3382.
3436.
3491.
3545,
3600.
3763.
3927,
4090.
4254.
4417,
4581.
4745.
4908.
5072.
5238.
5402.
5566.
5729.
5893.
6057.
6221.
6384.
6548.
6712.
6876.
7040.
7203.
7367.
7531.
7695.
7858.
8022.
8186.
8350.
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1.34
1.33
1.32
1.32
1.32
1.32
1.32
1.32
1.31
1.31
1.31
1.31
1.31
1.31
1.31
1.30
1.30
1.30
1.30
.30
.30
.30
.30
.30
.30
.29
.29
.29
.29
.29
.29
.29
.28
.28
.28
.27
.27
.27
.27
.27
.27
.26
.26
.26
.26
.26
.26
.26
.26
.26
.25
.25
.25
.25
.25
.25
.25
.25
.25
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TABLE A3

PROPERTIES OF THE COLES-GRANVILLE WAKE FUNCTION _

I (ﬁ—u) (%) (%) ot - (u+)X
T max max Yo (6)
8 max
-1/6 0 0 -0.813 -
-0.15 0.002 0.167 -0.732 3.557
-0.1 0.064 0.444 -0.488 1.426
0 0.361 0.667 0 0.628
0.1 0.755 0.762 '0.488 0.396
0.2 1.188 0.815 0.976 0.283
0.3 1.639 0.849 T 1.463 0.225
0.4 2.101 0.872 1.951 0.185
0.5 2.570 0.889 2.439 0.157
0.6 3.043 0.902 2.927 0.136
0.7 3.519 0.912 3.415 0.120
b\ 4 enan)’ & o 2 (en+D)
(u_l_) 27K (411+1)2 8 max -3 (47 +1)
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calculations based on the Musker-Coles profile representation.
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