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ABSTRACT

A semi-empirical model for predicting the noise generdted by jets ex-
hausting from circular nozzles is presented and compared with small-scale
static and simulated-flight data, The present method is an updated version of
that part of the original NASA Aircraft Noise Predictioh Program (1974) rala-
ting to circular jet noise. The earlier method has been shown to agree reason-
ably well with experimental static and flight data for jet velocities up to ~520
m/sec, The poorer agreement at higher jet velocities appearad to be due pri-
marily to the manrner in whith supersonic convection effects were formulsited.
The purely empirical supersonic convection formulation is replaced in the pre-
sent method by one based on theoretical considerations. Other improvements
of an empirical nature have been included based on model-jet/free-jet simula-
ted-flight tests. The offects of nozzle size, jet velocity, jet temperature, and
flight are included,

INTRODUCTION

Accurate noise prediction methods are now required-in order to prediot
thoe environmental impact of airport operations on the surrounding communt-
ties, as well as for the realistic design of new aircraft and the development of
noise reducing modifications to uxisting afrcraft, The prediction method pre-
sented horcin is an updated, more theoretically based, version of that part of
the original NASA Aircraft Noise Prediction Program pertaining to circular
nozzles (ref. 1), This papor deals only with the noise genorated by the ex-
haust jot mixing with tho surrounding air and does not consider othor noises
omanating from the enginc such as narrow-band shock screech or intornally-
gencorated noisos,




Although the numereus aspects of the mechanisms of jet noise generation

&re not fully understood;. the necessity of predicting J8t nose has led to the de= N
velopment of empirical proeedures. . The NASA interim prediction method for

(ref, 2) are in current-uge, The SAE method shows reasonable agreement with
static experimental data for jet velosittes up to about 870 m /sec, The-esarlier
NASA method (ref. I)-shows. reasonable agreemant-with both static and flight
data at jet velocities up to about 520 m/sec. However, at higher velooities-
and at locations near the jet axis (angles greater than about 130° with respect

agrees fairly well with the SAE method (ref. 2) under static conditions, The
same relationships are then used to predict the noise in flight, in contrast to
the SAE method, whick uses a purely empirical approach for flight effects,

SYMBOLS
(All symbols are in SI units unless noted, )
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area

c speed of sound

D nozzle diameter

F functional relation (eq. (13))

f 1/3-octave-band center frequency
I acoustic intensity

K; coefficient in equation a)
k ratio of convection velocity to jet velocity
| charaeteristic length

Mach number, V/c

-

IR L0, T NS TN i i oy v iy othd A




v g3 v
|

SPL

DV P R M < =~

()
-

)
=2

w
Subscripts:
a

c

convection factor exponent

overall sound pressure level, dB re 20 uN  —
predicted OASPL uncorrected for refraction, dB re 20 uN /m2
pressure

reference pressurc, 20 uN/m2

niean=square acoustic pressure fluctuation
source-to-observer distance

effective Strouhal number (oq, (12))
1/3-octave-band sound pressure level, dBre 20 ,.41‘1/11[12
total temperature

velocity

source position downstream of nozzle exit plane
turbulent length scale ratio

effective angle of attack (ig. 1), deg

flight level relative to static, dB

density

polar angle from inlet axis (ig. 1), deg
effective polar angle, 0(Vj/ca)0‘1, deg

Mach angle, sin'l(l/Mj), deg

density exponent (eq. “))

ambient or apparcat

convection

dynamic

cffective

flight

international standard atmosphere (288 K and 101. 3 kN/mg)
fully-expanded jot

TR




4
K kinematic
s static
S source alteration
8 shock noise
90° parameter evaluated at ¢ = 90°
0 aircraft

FORMULATION OF PROCEDURE

The noise levels predicted are free-field {no refleetions), far-field and
lossless (i.e., the effscts of atmospheric -absorption are not included). The
geometric variables describing the position of the obiserver relative to the en-
gine are shown schematically in figire 1. The jet mixing noise and shock noise
are assumed to by symmetric about the jet axis. The results of the prediction
procedure are expressed in terms of SPL spectra at each angle of interest.
(Acoustic power relations are not given explicitly, but power computations may
be made by integrating the results numerically over all angles.)

The prediction is first developed for shock~-free jet mixing noise with no
flight effects. Then, the effects of flight are considered, and static-to-flight
increments established. Finally, supersonic jet shock noise effects (static and
flight) are incorporated into the prediction procedure.

Experimental noise measurements are often made at a distance far enough
from the sources to be in the acoustie far field of each individual source, but
not far enough away to treat the entire jot plume as a point source at the center
of the nozzle exit plane. When such is tlie case, comparisons between experi-
mental data and prediction must take source locations into account. The meth-
ods used to approximate these-source location effects are given in appendix A,

Static Jet Mixing Noise

Lighthill's theoretical studies (refs. 7 and 8) established that the acoustic
intensity of a shock-free jet varies with pV?cgslz. If tho charactoristic dimen-
sion ¢ {is tuken to be the square roet of the fully-expanded jet area A,, the in-
tensity I at a distance R from the source would be given at 6 = 90° by
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where K; is an experimeﬁtally determired coefficierit.
In experiments, however, it is generally the mean-square pressure fluc-

tuation ;5 which is measured and not the intensity. This mean-square pres-
sure fluctuation is given by Ip aCa’ 80 that

@

The mean-square pressure fluctuatious are usually expressed in decibels (@B)
referred to a referencé pressure Prept 2nd physical properties are often re-
ferred to those for the International Standard Atmospliere (ISA). Consequently,
an equivalent relation to equation.(2) can be written in dimensionless 1ogarith-
mic terms:

] K, p2 s04 v
OASPL = 10 log(:;—- = 10 log —I—%-IS—A +10 log{
ref 8,

e
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Thus far in the present development, the characteristic density p has not
been specified. Experimental results (e.g., ref. 9) indicate that at Mgh jet
velocities the noise increases with increasing jet density (decrvasing jet tem-
perature), approaching a square-law relation, I « pjz. On the other hand, at
low jet veloeity the noise decreases with increasing jet density, approaching
an inverse relation, [« p'fl. These effects were incorporated into the earlier
NASA prediction (ref. 1) gy using the ambient density in equation (3) but adding

aterm 10 log(pj /pa)"" to the right-hand side, where pj is the fully-expanded
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et density. The tqilow;pg analytieal expression-for w, developed in refer-
ence 1, will also be used herein; :

This expression gives values simflar to those recommended by the SAE pro-
cedure (ref. 2), as is shown in figure 2. The agreement is nearly exact over
the range in which the SAE curve is based on experimental data. With this
formulation for « it was determined that tle jet velocity exponent required
adjustment to 7.5 from 8.0 to agree with data.

The effect of source convection on the noise radiation has been deter-
mined on theoretical grounds to-introduce a directional effect on the noise
level. According to Ffowes Williams (vef. 4) the acoustic intenisity is' multi-

plied by the factor, L\I + Mc cos 6 + a M° » where Mé = ij/ca. In

the present formulation the value of k is taken to be 0.62 and n is taken to
be 3, as suggested by Goldstein and Howes (ref. 5). The value used for a is
0.2, essentially as determined by Larson, et al, (ref. 10). The resulting ex-
pression for OASPL uncorrected for refraction (OASPL) is given by

A o, \¥
+ 10 log(—l)’«r 10 log{—L
i R :

| 2
e
OASPL! = 141 + 10 log -—)(_&_)

18a/ \°ma/

g

7.5
+ 10 log (Y'L) - =15 log [(1 + Mc cos 0)2 + azmz]. T ®)

(Note that for an ideal gas the term, ("a/"ts A)z(ca/cls A)4' reduces simply to

pz/p?s A+) The earlier NASA prediction (ref. 1) contained a more complicated
jet velocity effect to give the experimentally observed trends at high jet veloc-
ity. This term is no I nger needed with the theorstically more correct hand-
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ling of supersonic corvection, Corrections for the effects of refraction are in-
corporated {n the spectral curves, as discussed in the following paragraph.

Spectral curves are shown in figure 3, where SPL-OASPL! {s plotted at
10° increments as a function of the logarithm of the effective Strouhal number,

8, where
0.4(1+cos 6"
T

where ' s an effective angle given by O(V.1 /ca)o‘l, and D is the equivalent
diameter based on fully-expanded jet area, '/471 /n. These results are also
given in table I for the convenience- of the user, Thesé curves were evolved
through improvements to a similar set of curves determined empirically in
reference 1. Integration of the spectral curves produces a difference between
the corrected (OASPL) and uncorrected (OASPL') overall sound pressure lev-
els, as indicated by the bottom row of table I. This difference is attributed to
refraction.

In figure 4 the level of agreement between the present method and that of
the SAE (ref. 2) over the range of the latter (~0.4 = log(V, /°a) <£40.4 and
20°=<9 < 160°) is illustrated. It can be seen that the general agreement is
fairly good. Within this range, comparing at increments of 10° in ¢ and 0,05
in log(Vj /ca), the standard deviation between the two methods is 1,8 dB,

Effects of Flight on Jet Mixing Noise

The effects of flight on jet mixing noise level are ess
in reference 3, and the effect on frequency is treated in

In ordef to predict the effects of flight on jet mixing not
be identified as follows:

entially as developed
an analogous nisnner,
se, three effects can

These effects are briefly summarized as follows:
(1) The kinematic effect,

AK’ due to motion of the airplane with respect
to the stationary observer,




comes

AD-

a=0,3.

Ag = -10 1og[1 - M, cos(@ + m]

-15 log{

r

craft in motion, it was suggested by Ffowes Williams
placed by l':(Vj - Vo) /°a‘ (As in the static case, k = 0,62, n = 3, and
a=0.2.) Thus, the static to flight increment due to the dynamic effect be-

2

-V, 2.2 (Vi = Vo¥
+ k[—2)cos o] + o2k2[-1_l0
Cq | Cq
o v, 1 V.
T+ k(—t)cos OH + azkz (—1)
c c
L - v

Y.

() The dynamic effect, AD’ due to the motion of the sources with respect
to the propagation medium, '

(3) Source strength alteration, A
between the jet plume-and the ambient air.

Kinematic effect. ~ There is general agreement in the literature on the
calculation of Ay that is: '

So’ due to the effect of the reduced shear

®

where M o is the aircraft Mach nuniber, Vo/ca, and B is the effective engine
angle of attack (fig. 1).

Dynamic effect. - As mentioned in developing the static prediction, source
2 g 2]-n/2
convection introduces a term, (1 + Mc cos 0) +a Mc . For an air-

(vef. 4) that M, be re-

r ®)

This formulation is quite similar to one proposed by Cocking and Bryce
(ref. 11), who used a relation of this type-but with k =0.65, n = 3,8, and

Source strength alteration. - The change in source strength in flight
shonld be observable near 6 = 90°, where the Kinematic and dynamic effects

are smadll, To correlate this effect, the approach is to replace the jet veloe-
ity, Vj, by an effective jet velocity, Ve. in equations (4) and (5). With this

assumption, and deleting the convective te ~ which is small at ¢ = 90°
is handled separately (eq. (®)) anyway, the OASPL at 90° can be written as

and




P fc \A A
OASPLyj0 =141+ 10 log |{ —2-} (2} [, ,, log(~d
P1sa/ \Cisa r?

P A
+ 10w log[ L ) + 75 10g[~ (10)
p ¢,

3.5
3(—‘-'-9-
W= ca

3.5
v
o.6+(—2)
Cq

As in the case of the static Prediction, the jet velocity effect can be siwmplified
from ‘hLe earlier formulation (refs. 1 and 3) because of the improvement in
modeling.the Supersonic convection effect . Analysis of recent free-jet simu-

lated flight test results (e.g., refs. 12 and 13) indicates that the approximation,

2/3
v, = Vj [1 - (Vo/Vj)] / » 18 appropriate. In terms o
ment, the resulting relation is

r 3.5
2 . 3.5
v c V. c
ASO=5010g(1-—°)+ 10 2 J - 2
0.6 +(] — - — 0.6+ [ =
c, VJ c, J

where

-1 (10a)

f the static to flight incre-

A

“
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pPregent. The rosulting ex

Pression for the nondim
eter in flight is then as fol

ensional frequency param-
lows;

—

Ty

- - ol . 0!
.. fD[l Mo CoS(8 +i)1<.rj>o 4(1+cos 6')

VJ('&)

i/

2
a c
: YR o
kV. Vi
1 +——j cos 0) + azkz (-j-)
Ca Cq

When Vo =0, this expression reduces to equation (6).

was found to increage with the parametey M
was incorporated in the NASA Lewis predict
experiments (ref, 15) have shown that this
to values of ¢ M2 - ; g

little beyond thig point,
assuming

» and this type of dependence
ion method (ref, 14). More recent
type of dependency is followed only

2
(33 1)
OASPL, « 10 log -
1+ (sz - 1)

e effects of flight, along with size, distance,
ions, leads to the fo

The incorporation of th
bient condition correct
noise:

and am-
llowing expression for the shock
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p 2/0 A (Mz" 1)2
OASPL = 162 + 10 log (-&-> -—‘:'—-> +10 log(—:z-) + 10 log ]

p N 2
134/ \'18A 14 (sz - 1)

- 10 log [1 - Mo cos (0 + ﬁ)] +F(6 - 0y (1.3)

where 0y is the Mach angle given by sin'l(l/Mj). The function F is given
by

F=0 for 60 = oM (13a)

F=0,75 for 0 >0M

'L The appropriate nondimensional frequency parameter, again based on the
Harper-Borne and Fisher (ref. 6) model, is given by

2
fD ‘/2'— : Y 2,2 v\
Ss= ‘k—Vj. Mj-l[l-Mocos(0+ﬁ)] 1+k;; 08 0] + « c—

4

Note that the convection velocity factor k = 0.7, instead of the 0.62 value ap-
propriate for jet mixing noise, but the « = 0.2 value is retained. The shock
noise peaks at ss = 1.0 and varies with log Ss as shown in figure 6 and tabu-
lated in table II. The spectrum shape is significantly changed from that of
reference 14, as indicated in figure 5.

COMPARISONS WITH EXPERIMENTAL DATA

This section contains a limited comparison of the present prediction me-
thod with experimental data obtained with model jets ir. anechoic facilities.
Although there exists a great deal of additional experimental data with which
comparisons may eventually be made, the present comparisons are considered
to be sufficient to demonstrate the validity of the procedure.
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Static Jet Mixing Noige

A rather comprehensive set of Jot noige Mmeasurements veag obtained by
Tanna, et al, (vef. 16) in an anechojc facility, These resuits were shown to

be free of contamination by extrancous noise sources and cover a wide range

of jet conditiong, These data have been gencrally accepted und have been-uged— -

in validating othep prediction procedures, Therefore, it seems appropriate to
compare the present Prediction method with 1his data Jet, The uata were ob-
tained for conical nozzles at subsonic conditions and convergent-divergent noz-
zles at the design point; the nozzle throat diameters were 5.08 cm. The data
were reported on a losslegs basis and are used herein on the same basis,
OASPL, - Overall sound pressure levels, corrected for size, distance,
and properties are plotted against the Jet velocity parameter, log(V. /ca), in
figure 6 and compared with the present prediction. Such comparisons are
shown for angles of 57° gig. 6()), 86° (fig. 6g)), 116° fig. 6(c)), a *155°
fig. 6d)). It appears that the efiect of Jet velocity is Predicted reasvnably
over the range of these tests for nondimensiornal jet velocities, Vi /°a" fr
0.35 to 2,55, B .
Further comparisons in terms of directivity oveyr o »=. -« jet velocities

0.8< Vj/cas 2.55) of interest for jet engines a1 . «, .yn in figure 7. The ef-
fects of directivity are predicted reasonably well, tLhough there is clearly an
overprediction or a low measured level at the highest angle, For this rather
limited dat;. set, even including the highest angle, the standard deviation be- :
tween the experimental data and the prediction is 1.6 dB with
prediction of le;s than 0.1 dB. (Excluding the highest angle, the standarg de-~
viation is reduced t0 1.3 dB, and there is an average underprediction of 0.2

L

Spectra. - Limited Speeiral comparisong are shown in figure g for the
Same conditions as the dirc ‘vity comparisons of figure 7. Such comparisons
are shown for angles of 57¢ v18. 8()), 86° (fig. 8M)), 116° (fig, 8(c)), and
155° (fig. 8(d)). The agreement generally appears to be good, but there may
be some problems with the high-frequency experimenta! data, such as high SPJ,
values resulting from electronic noise, dynamic range limitations, ang large

corrections for atmospheric absorption, as has been reported by others (e.g.,
ref. 17). :

g
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Jet Mixing Noise in Flight.

The method presented herein was shown in reference 3 to predict the ef-
fect of flight on jet mixing noise to within & standard deviation of. 1,5 dB for
full-scale-flight tests. It is shown in this seéﬂon that this method also com-
pares well with simulated-flight model-scule-results, Limited compariséns
are made with the experimental results of Kozlowski and Packmar (ref. 17)
for a 5.7-cm~diameter conical nozzle in a 0.91-m~diameter froe jet in an ;
anechoic chamber. Spectral comparisorns are shown ih figure 9 for a nondimen- :
sional jet velocity, Vj/ca, of 1.38 and a free jot-Mach number of 0.18. Com- ;
parisons are shown at angles, 6, of 65%, 85°, 115°; and 148°. The agreement
s quite good, especially in the rear quadrant {115° and 148% where jet naise ;
is generally most dominant, The seatter at low frequencies for the experimen- '
tal data at angles of 65° and'85° probably indicates the presence of some wall ,
reflections, but for higher frequencies the agreement is excellent, . : =

Shock Noise

Shock noise is present along with Jet mixing noise for non~fully=expanded
Jets. For a given jet Mach number, shock noisc increases relative to jet mix-
ing as jet temperature is decreased. Therefore, comparisons at relatively
low jet temperaiure €394 K) are included. The experimental results are again
from reference 17.

Static. - Comparisons at essentially static conditions M, =0.03) are
shown in figure 10 for a jet Mach number of 1.41 and nondimensional jet velo-
cities, V, /ca, of 1.38 (fig. 10(a)) and 1.63 (fig. 10(b)). Spec ral compar:sons
with the }'et-mixmg and shock noise predictions, as well ag total noise, are
shown at angles, 8, of 65°, 85%, 115°, and 148°. As in figure 9, the iow-
frequency data at 65° and 85° appear to be influcnced by reflections. In addi-
tion the high-frequency data slow a "roll-up" at high frequencies whick is
thought to be anomalous, Although the shoc! nois:. prediction does not appear
as accurate as the jet noise nrediction, the cffccts of angle appear correct and
the level and peak frequency are reasonably approximated,

Simulated flight. - Similar comparisons for essentially the same jet con-
ditions as in figure 10 are shown in figure 11 1r a free jet Mach number, MO’
of 0.18, By comparing figure 10 @) with figure 11(a) and figure 10 () with fig-
u'e 11(), it can be seen that the effects of flight on level and frequency are
predicted properly. It can also be seen that shock noise is predicted to be
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more vominant in flight than under static-conditions and this result is cnusis-
tent with the oxperimontal data. Thesc figures also. further tilustrate the uc-.
curacy of the jet mixing noise prediction, :

CONCLUDING REMARKS

An improved semi-empirical model for predicting the noise generated by
jets exhausting {rom circulaf nozzles is presented.and Sompared with small-
scale static und simulated-flight data, The jet mixing noise prediction is de-
veloped largely from the theories of Goldstein (1973) and Ffowes V/illiams .
(1963) along with some empirically determined elements. The theuretical
basis for the shock noise model is from Harper-Bourne and Fisher (1973).
The predictions formulated for both sources cover the full angular cange from
0 to 180 degrees. There are no inherent limitations on the rangé of the pre-
diction methods, and comparisons of the jet mixing noise model with experi-
mental data are made at jet velucities from 120 to 880 m/sec.

The revised Soriety of Automotive Engineers (SAE) method is shown to agree
reasonably well with the present jet mixing noise predietion in terms of static
level, directivity, and spectra. Tne two methods agree within a 1.8-dB stan-
dard deviation in OASPL. Limited comparisons with model-scale simulated-
flight data prescnted herein show that the levels and spectra are predicted ac-
curately. An carlior report showed that this method predicts static to flight
increments for full-scale jet mixing noise to within a 1, 5-dB standard devia-
tion in OASPL,

The shock noise method is shown to give reasonably accurate predictions
statically and in flight, but detailed statistical comparisons have not been
made. -

APPENDINX A
SOURCE LOCATION CORRECTIONS

Experimental noise measurements are often made at a distance far enough
away to be in the far ficld of any individual noise source region, but not far
onough away to treat the entive exhaust plume as a point source at the center
of the nozzle exit plane, When this is the case, the prediction for cach source
must take into account the location of that source. ‘This appendis gives the
mothods used herein to approximate these source location offects,  The geo-

e a e p e
P R T

——

4

3

- e eea




16

metric relations for noise sources downstream of the nozzle exit are given in
figurc Al. The relationship of the actual source-to-observer distance; R, to
~ its apparent value, R, for a source at & distance, X, downstream of the exit
plane is as follows:

- 2. w2 2,
R '{(Ra + X cos aa) + X% 8in” 6, (Al)
The relationship of the actual angle, 6, to its iipparent value, oa, is then

R .
= gin~1{_2
6= sin (_E sin oa) (A2)

Jet Mixing Noise

The relation for jet mixing noise source location is based very loosely on
the data of reference 18. The approximate relation used is as follows:

0
X, = (1 * -“-)D (A3)
920°

This is an approxi.nation to the source position where the peak frequency noise

at each angle is generated. The variation of source position with frequency is

. not given explicitly, but {8 included to some degree of approximation in the
spectral shapes. Figure A2 shows the OASPL correction for distance and

" angle corrections for jet mixing noise as a function of apparent angle, 6, for
various values of Ra/D'

Shock Noise
1..e relation used for shock /turbulence interaction noise source location
has some foundation in the theory of Harper-Bourne and Fisher (rof. 6). Ref-

erence 6 indicates that the first shock occurs at 1.31 D M2 - 1 and that the
spacing betwoeon shocks is about 6 percent of that distance. Furthermore, ref-

erence 6 indicates that about eight shocks are significant in the noise generation

o Bt e
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process. The approximation used here emphasizes the earlier, stronger
shocks and is given as follows;

xs=1.sn\/Mf-1 (A4
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TABLE 1. - RECOMMENDED SPECTRA FOR JET MIXING NOISE' =
Froquency Effective angle, 0, dog 1
-_parameter, = :
log 8 0-110 1 120 1130 | 140 | 280 [-280 | 170 180 | 180 | 200
SPL~OASPL', dB-
-1.8 89,1 [=42.9 [<44,0 {~46.0 |-44.4. ~38.9 1-38,8 [ -32,9 | -20.8 | -28.7
1.7 ~36.8 1-40.5 1-31.2 [~42.8 [“42.3 |-34,4 | -31.7 [ -20 1 -26.2 [ -23,7 i
-1.8 ~34.5 1-38.1 1-38.4 | -38.7.|~38,2 | -30.4 | -28.0 =28.7 [ 23,2 {-21.1 |
1.8 ~32.3 1-36.7.1-35.6 | -36.5 {-95.1 | -26.8 24,7 -22.7 | -20.64 -18.8
-1.4 =30.0 (-33.3 |-32.8 | -33,3 [ -82.9 | -23.6 | -22.8 -20.1{-18.3 16,9
-1.3 ~27.7 |-30.9 |~30.0 | -30.2 | -28.8 ~20.8 1-29.3| -17.8 [216.4 | -15.4
-1.2 -28.47(~28.5 |-27.2 | ~27.0 [~25.¢ ~18.41-17.1]«15.9 | -24.9 | ~24.2
-1.1 ~23.2 1-26.1 (-24.4 [ -23.9 {-22.5 [ ~16.3] -15.3 214.4 [-13,7 | -13.4
-1,0 ~21.1 1-23.7 [-21.6[-20.8 | -19.5 | -14.6 | -13.5 ~13.2 f-12,9 | -12.9 i
-.9 ~19.1 1-21.8 1-18.8 | -17.6 | -16.7 | -38.3 | -12.8 | -12.4 -12.4 ] -13.4
-.8 ~17.4 1-19.0 |-16.2 [ -14.7 [ -14.1 [ ~12.4 | -22.0 ~11,9 | -12.9 ] -14.4
-7 ~15.9 [-16.7 |~14.1 ['-12.8 | ~11.9 | -12,7 | =215 -12.4 ~13.9 | -16.3
-.8 14.7 [=24.6 | -12.5 [ 12,5 [ 10,3 -11.2 | -22.0 ~13.4 | -15.8 | ~18.4
-.5 “18.7 {~22.7 [11.21-20.9 | 8,7 |-12.7 | -13.0) -15.3 -17.9 -20.5
-4 ~12.8.1-11.4 {-10.6 | -10.6 [ ~10.8 [ ~12.7 | -14.8 -17.4 ] -20.0 | -22.8
-.3 ~12.11-16,7 {-20.3] -10.9 | ~21.7 [ -14.5 | -16.8 -18:8) -22,1 | -24.7
-2 12,6 1-20.4 |-10.6 | -12.4{ -13.6 | -18.4 -15.8 -21.6 | -24.21 -26.8
-1 "11.31-10.7 |~11.2 | ~12.4 [ ~15.4 | -18.3| -20.8 | -23.7 -26,3] -28.9
0 “11.1 =12, 1-12.4 | -13.9 | -17.2 [ -20.2 | -22.8 ~25.8 -28.4| -31.0
X "11.2 1<11.6 £-13.7 [ ~15.5 | -19.0 [ -22.1 | -24.8] -27.¢ -30.5) -33.1
.2 -11.31-12.31-15.0  ~17.1 ~20.8 | -24.0 | -26.8 -30.¢ -32,6] -35.2
.3 ~11.71-13.2 1-16.3( ~18.7 [ -22.6 | -25.9| -28.8 -32 1 -34.7| -37.3
.4 “12.31-14.2 117,68 ~20.3| ~24,3( -27.8| -39.8 ~34.2| -36.8| -39.4
.5 -18.01-15.2 1 -19.0f -21.9 -26,1) -29.7 | -22.8| -36.3 -38.9| -41.5
.6 -13.71-16.31-20.31 -23.6 | -27.9 | -31.8 | -34.8| -38.4 -41.0] -43.6
R ~14.61-17.41-21.7| -25.2 -20,7 -33.5] -35 5 ~40.5| -43.1| -45.7
.8 ~18.6 1 -18.51-23.0( ~26.8 | -31,5] ~35.4] -35.8 -42.6| -45.2] -47.8
.9 ~18.71-19.7 [ -24.4| «28.4 | -33.3] ~37.3 -40.8 ~44.7| -47.3| -49.9
1.0 ~17.81-20.81-25.7 -30.0( -38.1| -39.2] -42.5 ~48.8 | -49.4] -52.¢
1.1 ~18.91-22.1 (27,1 «31.6 | ~36.8] ~41.1] -44.8 -48.9| -51,5| ~84.1
1.2 ~20.11-23.3)-28.5) -33.2| 38,7 | -43.0( ~46.8 -61.0| -53.6| -56.2
1.3 21,31 «24,5-29.8| ~34.8| ~40.5| ~44.5[ -45.8 ~53,1} -85.7] -58.3
1.4 ~22.41-28.7| -31.2) <38.4| -42,3| 46,8/ -50.8/ -85 2 -57.8| -60.4
1.5 ~23.61-26.9-32.5/ -33.0| -44.0( -48.7| -52.8] -57.3 -59.9| -62.5
1.6 ~24.6-28.1(-33.8] ~39.6( -45.8 ~80.6 ~54.8| -804 -62.0} -64.6
1.7 ~26.01-20.3) -35.1| -41.2} -47.8 -52.5] -86.8| -61 5 -64.1/ -66.7 f
1.8 ~27.21-30.5) ~36.5] ~42.8| -49.4| -54.4( -58.8| -63.¢ -66.2| -68.8 '
OASPL~OASPL'| 0.0f -0.5( -1.0| -1.5| -2.0] -2.5 -3.0] -3.8| -4.0] -4.5
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