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PROPFAN NOISE PROPAGATION
INTRODUCTION AND SUMMARY

This report summarizes studies of enroute propfan noise propaga-
tion involving noise data obtained by DOT/TSC at ground stations
during fly-over tests on October 30-31, 1987. These data have been
analyzed by DOT/TSC for comparison with in flight data obtained
by NASA. An important question which has been raised in this con-
text concerns the large fluctuations in the measured sound pressure
level at the ground station, and this was one of the focal points in
the present study.

The overall objective of the Low Frequency Propfan Noise Propa-
gation Project at DOT/TSC is the prediction of the noise exposure
on the ground caused by profans flying at altitudes of the order of
20,000-35, 0001t at and Mach numbers 0.7-0.8. An essential aspect
is then the determination of the overall sound attenuation in the
atmosphere along the path from the source to the receiver on the
ground.

Enroute levels of the propfan blade passage tone at the ground, mea-
sured by DOT/TSC, together with the SAE proposed standard pro-
cedure for computation of the sound attenuation has been used by
DOT/TSC to predict the sound pressure level of the blade passage
tone of the propfan at a cylindrical reference surface of radius 500
ft surrounding the flight path. These predicted values have been
compared with experimental data obtained by NASA.

We present here an independent analysis of the sound propagation
problem; the geometrical aspects of refraction are given in Section
1 and the calculation of the overall sound attenuation in the atmo-
sphere is summarized in Section 3. The analysis of the experimental
noise data and the comparison with the NASA data is dealt with in
Section 4, and a review of the meteorological conditions is given in
Section 2. Section 5 contains a discussion of the the problem of fluc-
tuations in the sound pressure level measured at the ground station,
and, finally, Section 6 contains the computer programs used in the
analysis.

The following may serve as a brief summary of the observations made
in this report.

m Refraction and Shadow formation. Due to the gradients of
temperature and wind in the atmosphere and the related refraction
of sound, acoustic rays emitted only within a certain angular range
will reach ground; outside this range the ground observer will be in
an acoustic geometric shadow (Figs.1.1 and 1.2). For example for a
source at an altitude of 35,000 ft and a Mach number of 0.8, the range
of emission angles is approximately 30-150 degrees (corresponding
view angle range is approximately 60-170).
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However, the background noise on the ground typically limits the
relevant range of emission angles to roughly 60-120 for measurements
of the propfan blade passage tone with a broad band receiver, and
shadow formation is then of academic interest only. Actually, in this
angular range, the effect of the curvature of the acoustic paths due
to refraction is small under normal weather conditions, as illustrated
in Fig.3.4.

With proper filtering, the angular range can be extended, of course,
and if good data can be obtained at angles down to the region 30-50
degrees, refraction must be accounted for. Below 30 degrees, shadow
formation is to be expected, and good data will be difficult (if not
impessible) to get even with narrow band filtering.

m Altitude dependence of sound absorption. The bulk of the
attenuation due to sound absorption in the air occurs below 7000 m
with a pronounced peak at an altitude of approximately 5000m
(Fig.3.1). As aresult, the corresponding total attennation along the
path from the source to the receiver on the ground will be essentially
the same for source altitudes of 35,000ft and 20,000ft. The differ-
ence between the total attenuation in these two cases, (=~ 7.5 dB, see
Fig.3.5) is then due solely to spherical divergence and the variation
of wave impedance with altitude (Fig.3.4).

m Ground reflection. The reflector plate at the ground station
has a diameter of only 40 cm which is approximately 3 times smaller
than the average wavelength. Then, unless the surrounding ground
has a very high acoustic impedance, it appears that diffraction effects
would be significant and that the correction to the measured sound
level due to reflection will depend on the ground impedance and the
angle of incident. Following DOT/TSC, we have used a reflection
correction of 5 dB, independent of the angle of incidence.

s Comparison with preliminary NASA data. An example of
the predicted noise level at the 500ft reference cylindrical surface
surrounding the flight path is given in Fig.4.2. In that case, the
range of emission angles in which the overall sound pressure level
is dominated by the propfan tone (in comparison with background
noise) is approximately 65-120 degrees.

m Fluctuations. Strong fluctuations in the received blade passage
tone from the propfan are to be expected because the propeller can-
not be regarded as a point source in this context; it is an eztended
sound source with a diameter which is more than twice the wave-
length. Actually, the propeller can be simulated approximately by
a distribution of point sources (dipoles and monopoles) along a cir-
cle with a diameter approximately equal to the propeller diameter
(Fig.5.2).

The received sound is a superposition of the contributions from these
sources; the corresponding waves have travelled along different paths
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to the receiver, and although the separation of these paths is rela-
tively small (a few feet), the difference in the average sound speed
along these paths required to produce a relative phase shift of 180
degrees (and hence large fluctuations) is so small, of the order of 0.01
%, that it is expected to be present in a real atmosphere under all
conditions.

As a result of the motion of the source (through the small inhomeo-
geneities referred to above), temporal fAuctuations of the received
sound will occur even if the atmospheric characteristics are time in-
dependent.

Systematic experimental and theoretical studies of fluctuations®? in
short range sound propagation over ground in an inhomogenous at-
mosphere are consistent with the observations made here.
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1. KINEMATIC RELATIONS
1.1. Real atmosphere

The ‘real atmosphere’ in this context refers to the atmosphere de-
fined by the altitude dependence of temperature, wind, humidity, and
pressure, as measured in conjunction with the enroute noise studies
considered here. In Sections 1.2 and 1.3, we consider for compari-
son, sound propagation in simplified models of the atmosphere for
which closed form simple mathematical expressions for some sound
field characteristics can be derived. These models can then be used
as benchmarks for the extended numerical analysis of the real atmo-
ephere,

Refraction. The temperature T'(z) and the wind velocity U(z) in the
atmosphere are assumed to depend only on the vertical coordinate
z. A ray, indicating the direction of propagation of a sound wave,
then remains in one and the same vertical plane from the source to
the receiver on the ground. The intersection of this plane and the
ground plane is chosen as the z-axis. In this report we shall consider
the case when the flight path is in the plane of sound propagation,
either in the positive or negative z-direction. Then, according to the
DOT/TSC terminology, the corresponding noise data on the ground
are the “centerline” data.

The component of the wind velocity in the z-direction is
Us=U(z)cos @

where @ is the angle between the wind direction and the z-axis.

We consider a sound wave emitted from the the altitude H in a
direction specified by the emisdion angle ;, as illustrated in Fig. 1.
The angle between the ray and the z-axis at the altitude z is denoted
by ¢ and the component on the wind in the z-direction, U (z), will
be denoted by U., for short. Then, with ¢ being the sound speed,
and the subscript 1 signifying the value at the altitude H, the wave
will be refracted in such a way that the trace velocity

o

€1
% cos i ® cosyy + Y

remains constant. Thus, the directional cosine of the ray at the

altitude = is then
(e/c1) cos iy (1.1)
1+ Mocosyy :

costh =

where M, = (U. — U.)/e;.

Shadow formation. Critical emission angles. As indicated in
Fig.1, a sound ray emitted at an angle below a certain critical angle
4. will not reach the ground so that the point of cbservation will
lie in the (geometrical) acoustic shadow caused by the refraction.
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Fig. 1.1. Refraction in a temperature and wind stratified atmosphere.
Shadow formation occurs below a critical angle of emission .. For a source
at an altitude of 35,000 ft, this angle typically is between 25 and 30 degrees.

The critical angle ¢, is obtained from Eq.1 by requiring ¢ = 0 (or
¥ = r)at z =0, and we obtain

=1

T (1.2)

coz i), =

Both ¢ and M. vary with altitude, and there will be a critical angle
for each altitude. The largest (for 4. < 90deg) and the smallest
(for 4. > 90deg) of these define the angular range of the shadow
boundary at the ground level and are determined by the maximum
values of ¢/c; — M; and ¢fc; + M., respectively. Normally, but not
always, these maxima occur at the ground level.

The first of the two days of enroute noise measurements, October
30, 1987, was relatively windy, particularly during the first flight,
early in the morning. With a flight direction of 0 degrees (north),
the maximum of ¢/c; — M. then occurred at an altitude of 705m
with a corresponding critical angle of 24.2 degrees. The maximum
of ¢fe; + M. occurred at 165 m and the related critical angle was
145.8 degrees. For the opposite flight direction (180 degrees), the
corresponding values were 525m, 33.7 degrees and 45m, 153 degrees.

The dominant refractive effect was due to temperature. The rela-
tively small effect of the wind caused the angular asymmetry in the
shadow boundaries with respect to 90 degrees. In a windless atmo-
sphere, a shadow boundary angle of 30 degrees on one side would
correspond to 150 degrees on the other.

October 31 was considerably less windy, and the critical angles were
found to be 31.1, 150.5 and 29.8,149 for flight directions 0 and 180
degrees, respectively.

Travel distance. The elementary distance of wave travel that cor-
responds to an altitude interval Az is Ar = Az/sin ¢(z) For emission

angles within the critical angles, the total travel distance of sound
from the source to the receiver is (Fig.1.1)

B

r=3% Ar=Y_ Az/siny(z)
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where sin+(z) is obtained from Eq.1.1.

In regard to the present analysis, atmospheric data (temperature,
wind, pressure, and relative humidity) were available at 70 altitudes
from 15 to 2085 m with Az = 30m, thus covering the range from 0
to 2100 m, at 20 altitudes from 2175 to 5025 with Az = 150, covering
the range from 2100 to 5100 m, and at 22 altitudes frem 5250 to
11550 m with Az = 300m, covering the range from 5100 to 11700 m.
Thus, the altitudes at which met. data are available are

2175+ (i —71)150, if 71 <1 < 80;

15 + (f — 1)30, l<i<T70;
5250 + (1 —91)300, if91<s <112,

For an altitude of 35,000ft (10,668 m) the closest altitude interval
corresponds to i = 109, (10,650 m) with the upper value of the interval

being 10650 + 150 = 10800m, i.e. exceeding the flight altitude by
132 m.

Similarly, a flight altitude of 20,000ft (6096 m) corresponds to i = 94,
(6150) with the upper altitude of the interval being 6300 m, exceeding
the fHight altitude by 204 m.

In terms of these numerical values, the expression for the acoustic
travel distance can be expressed as

70 20 i
50 150 300 A,
=2 R T S R = - = 1.3
r ; sin () {;151111,&{2;} ‘_=EH siny(z) s ¢(zn) (1.3)
where
o [109, if H=35,000ft;
= 94, if H=20,000ft.
and

A L 196m, if H = 35,000 ft;
™ | 204m, if H=20,000ft.

Travel time. To obtain the time of travel ¢, of the sound wave along

the refracted path from source to receiver, we merely have to repla.c.e, =
Azfsin(z) by az;’g{z} siny(z) in Eq.1.3. and compute the sum in gizl=eez) ) ced ¥a)
a completely analngnus manner. We sghall normalize the travel time
with respect to H/c; and express it as

t. = {Hf‘:L]FL{h'-"l} {1-4]

where Fi(y,) is computed from the modified Eq. 1.3, as descsribed
above,

Arrival time. The sound which was emitted at the time ¢, arrives
at the ground station at the time ¢ = ¢, +¢,. In this report, we choose
t = 0 to be the time when the source passes overhead at the observers
position z = 0 (view angle of 90 deg). The z-coordinate of the source
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is then given by z = V¢, where V is the velocity of the source in the
z-direction,

During the acoustic travel time from the emission point to ground,
the source has moved forward along the path of travel a distance |7
as indicated in Fig.1.2. where the angle under which the source is
viewed at the arrival time ¢ of the sound is dencoted by ,. We shall
refer to it as the view angle.

. Mizn (—vé)
- —
ESrressy r.:-'rJ' I soree i s Bowrre
. - = -
Le‘;" ¥ ";.r/ s\
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Fig.1.2. Definition of emission angle and view angle.

At the source position shown in Fig. 1.2, z and ¢ are negative (accord-
ing to our choice of ¢ = 0) and the magnitude of the distance of the
source from the origin is (—V¢). Then, with reference to Fig. 1.2, the
relation between the arrival time and the emission angle is obtained

from
H

Vi + [—V#] = E

]

Azcostz)
sy (z)

where, as before cos = (¢ /c1) cos ;. The sum on the right hand side
is the =z-projection of the travel path. According to Eq.1.1, it is a
function of the emission angle ), and we have expressed this function
as HFa(y1)-

= HF;(4,) (1.5)

Then, if we introduce the normalized time r = ¢t/(H/c,) and use the
expression t, = (H/e;)Fi(y,), as defined in Eq.1.4, we obtain from
Eq.1.5

T=Fi(ys) — (1/M)F3(¢:) (1.8)
where M =V /e, is the local Mach number of the source. This is the
desired relation between the normalized arrival time r and the angle
of emission ;. The characteristic fimes used in the normalization
is, with ¢; = ¢(H),

which correspond to a temperature at 35,0001t of 222 K.

35.7 sec,
19.1 zec,

if H = 35,000ft;
if H = 20,000 ft.

R
o(H) ~

et h L,

t

ST e

15k
;}.u' S l'_.u_i,.x-—.-

{
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View angle. It follows from Fig. 1.2, that the view angle is obtained
from

th, = arctan(H/(—V¢)) = arctan(—1/Mr) (1.7)

where, as before, M = ¥ /¢; is the local flight Mach number and r
the normalized time of arrival, as obtained above in terms of the
emission angle.

1.2. Windless atmosphere with a constant temperature gra-
dient

The measured temperature profile, shown in Fig.2.1 indicates +hat
that as a first approximation the temperature gradient can be con-
sidered to be constant, or somewhat better, to have two values of
the gradient, one between ground and about 5000m and another,
somewhat larger, from 5000 m and up.

In this and the following subsection, we shall reaxamine the kine-
matic relations, first considering a calm atmosphere with a constant
temperature gradient and then a uniform atmosphere.

As will be apparent shortly, the travel distance obtained from Eq.
1.3 is affected but slightly by the wind (even at wind speeds of 30
knots) and it is an excellent approximation to treat the atmosphere
as calm with a temperature which decreases linearly with altitude.
Under these conditions, the travel distance and the travel time can
be expressed by simple closed form mathematical relations.

Thus, if the temperature at z = H is T} = T — AT, where T} is the
temperature at z = 0, we have for a linear temperature distribution,

T(2) = Ty — (z/H)AT
and ¢?/cf = T/T,. Furthermore, Eq. 1.1 reduces to
cos® ¢ = cos” Yy [1 + AT/Ty (1 — =/ H)
and the critical angles for shadow formation are given by
cosyp, = =/T1 /Ty

which replaces Eq. 1.2.

Travel distance. For sound rays which reach the observer on the
ground, the distance of wave travel between source and observer can
be written

== fﬁ'£= f”——-d_*
o #RY  Jo fen?g — (AT/TL)(1 - 2/H) cos? 5 (1.8)

_ME 1 [lu V11— (AT/T;) cot? 1,01]

AT siny cot? ¢y
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Fig.1.3. Normalized wave travel distance as a function of the emission angle
indicating “shadows” formed by refraction.

(a) Source height=35,000 ft. Mach number=0.8

(b) Source height=20,000 ft. Mach number=0.7

Calm atmosphere with a constant temperature gradient.

T(0) = 203 K. dT /d= = —~71/35, 000K /ft.

For H = 35,000 and H = 20, 000t, Ty = 293K (20 C), and a tempera-
ture gradient dT'/d= = —80/35,000 K/ft, the relations between travel
distance r and the emission angle ¢; are shown in Fig. 1.3.

From a geometric acoustic standpeint, acoustic rays will reach the
observer only in the range between emission angles indicated. In
reality, this range can be markedly reduced because of background
noise masking of the propfan tone.

Travel time. The time of travel of a sound wave from emission to
arrival at the ground station is

f,_fﬂ de B [ dy
a

e(z)sing ¢ Jo [c/ci)sinv
where y=z/H.

Again, assuming a linear decrease of temperature with height, we
have

e(z)/er =1+ e(l—-y)
where ¢ = AT/Ty, and it follows that

o= (Bfe) || s
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This can be rewritten in the form of a standard elementary integral
with the result

t = [chl]fc;yﬁl [arcsin(2e cos® ) + cos 2y, ) — arcsin(cos 24, )]
= (Hfe1) Fi(yn)
(1.8)
Arrival time. Eq. 1.5 now becomes
g ds 3
Ve, + (—Ve) =fﬂ s::‘ﬂ = HF () (1.9)
188
158} B e
i {2y
128+ B
A 98 |
68 | '
3 L ,// ] ]
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=2 d 2 E 6 8 18

Fig.1.4. Emission angle vs normalized arrival time r = ¢/(H/c;), where ¢,
is the sound speed at height H. Time is measured from the moment (¢ = 0)
when the sound source passes z = 0, the z-coordinate of the observer on
the ground.

(a) H = 85,0006, M = 0.8. (b) H = 20,000f, M = 0.7. Calm atmosphere
with the temperature decreasing linearly frem 203 K at the ground level to
222K at 35000 ft.

In Fig. 1.4 is shown the emission angle as a function of the normalized
time of arrival of the emitted sound from a source is at 35,0001t and
the fight Mach number is 0.8. The ground temperature is 283 K and
the temperature at 35,000ft iz 222 K.

Because of shadow formation, discussed above, no ray can reach the
observer at normalized times less than -0.87 and greater than 6.5. In
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Fig. 1.5. Wave travel distance as a function of the normalized arrival time
of the wave at the ground station when the source height is H = 35,000t
and the Mach number is 0.8.

T(0) =293 K, T(H) = 222 K. Calm atmosphere with temperature decreas-
ing linearly with altitude.

reality, this range is reduced because of masking of the propfan tone
by background noise.

Under the same conditions, we have shown in Fig. 1.5 the wave travel
distance as a function of the normalized arrival time.

Finally, the view angle
Yp = arctan(H/(—Vt)) = arctan(—1/M7)

is shown in Fig.1.6 as a function of the emission angle.
1.3. Windless isothermal atmosphere

If we ignore the nonuniformity of the atmosphere altoghether and
assume no wind and a temperature equal to that at the altitude of
the source, the relation between the normalized travel distance and
the emission angle is simply

In terms of the normalized time of arrival, the travel distance is given

by
VMEE +1— M2 — M3T

= 1- M2
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Fig. 1.6. The view angle vs the emission angle.

(a) H =35,000ft and M = 0.8. (b) H = 20,000ft and M = 0.7.

T(0) = 293, T(H) = 222K (H=35,000t). Calm atmosphere with temper-
ature decreasing linearly with altitude.

and the relation between the view angle and the emission angle takes
the form

My/feot® b, +1— M2 + cot 1,
Mot by + v/cot® by, + 1 — M3

cosyh =

1.4, Comparisons

A comparison of the results obtained from the approximate proce-
dures in Sections 1.2 and 1.3 and the direct caleulations in Section 1.1
is made in Fig. 1.7, where the travel distance is plotted as a function
of the emission angle. In the direct calculations, using meteorologi-
cal data at the 109 altitudes as discussed earlier, we have chosen the
conditions at 7:35 AM on October 30 which exhibited the highest
wind (about 30 knots at some altitudes) encountered during the two
day enroute noise study.

The wind was predominantly in the positive z-direction. This means
that for emission angles less than 90 degrees, the average refractive
effects of wind and thermal gradients work in opposition, the tem-
perature gradient bending an acoustic ray upwards and the wind
bending it downwards; the wind has the effect of reducing the cur-
vature of the rays caused by the temperature gradient. For emission
angles larger than 90 degrees, on the other hand, the two effect co-
operate, both bending a ray upwards; the presence of wind increases
the ray curvature.
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Fig.1.7. Normalized travel distance vs emission angle.

(2) Real atmosphere (7:35 AM, October 30, 1987).

(b) Windless atmosphere with a temperature decreasing linearly with alti-
tude from 293 K at ground level to 222 K at 55,0007,

{c) Uniform atmosphere.

Under such conditions we expect the presencee of wind to result in
a decrease in travel distance for emission angles less then 90 degrees
and an increase for angles larger than 90 degrees. By comparing with
the travel distance obtained in the windless isothermal atmosphere
in Fig.1.7, we see that the results are indeed consistent with this
observation. In the angular region usually of interest, 55-120 degrees,
the difference is so small that it barely noticesable in the graph. The
same holds true for other kinematic relations, such as the travel
distance vs arrival time, etc.

For the uniform atmosphere, the rays are straight and the travel
distance is smaller than for the other two cases, and the difference is
large enough to be noticeable.
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REVIEW OF METEOROLOGICAL CONDITIONS

In the analysis of sound propagation, the atmosphere is assumed
to be vertically stratified according to data on temperature, relative
humidity, pressure and wind velocity, as provided by DOT/TSC. The
dependence of these quantities on the height above ground have been
given at intervals of 30 m between 15 m and 2085 m, 150 m between
2175 and 5025 m, and 300 m between 5250 m and 11850 m. The
data refer to the the times 7:35, 8:50, 12:00, and 13:56 on October
30, 1987 and the times 8:30, 11:31, and 14:09 on October 31, 1987.

Temperature distribution

The temperature data are summarized in Fig.1. As can be seen,
there is little variation between Oct. 30 and 31, and, as far as sound
propagation from heights of 20,000 or 35,000 ft is concerned it is a
good approximation to assume the temperature to decrease linearly
with height. (The data for Oct.30 at 7:35 and 8:50 were found to
be identical, so that out of the four curves, two fall on top of each
other).

Pressure distribution

With a temperature decreasing linearly with height, the static pres-
sure distribution can be computed from the relation

P(z) = P(0)(1 — ay)t7o/<) (1/=) (2.1)

where -4 = 1.4, g = 9.81m/sec?, ¢ the sound speed at the ground
level, a = (1/H)|AT/T(0)|, and AT = T(0) — T(H) the difference in
temperatures on the ground and at the height H.

The plot of P vs the height y (Eq.1) with |[AT| =71 (H = 85,0001t),
T, = 293 is shown in Fig. 2. It is in good agreement with the measured
pressure distribution.

Relative humidity

Unlike the temperature, the relative humidity for the two days under
consideration are significantly different, as can be seen from Fig. 3.
This has a noticeable effect on sound attenuation, as discussed later.
(The relaxation frequency for vibrational excitation of Oxygen and
Nitrogen depends on the ratio beteen the vapor pressure and the at-
mospheric pressure and this in turn depends on the relative humidity,
temperature, and static pressure.)

Wind distribution
The wind speed and direction for October 30 and 31, 1987 depends

on altitude as shown in Figs. 4-5. The wind speeds differ considerably
for these days and also with the time of the day. "
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3. CALCULATION OF SOUND ATTENUATION
Attennation due to sound absorption in the air

The blade passage frequency of the propfan under consideration was
237.6 Hz, and the Doppler shifted frequencies observed on the ground
ranged from approximately 150 to 500 Hz. In this frequency range,
the bulk of sound attenuation in air is due to the vibrational relax-
ation of the Oxygen molecules in the air. The corresponding contri-
bution from the Nitrogen is relatively small, as will be demonstrated
ghortly. The attenuation due to translational (visco-thermal losses,
“classical”) and rotational relaxation effects are negligible.

The frequency dependence of the attenuation of each of these effects
is expressed through the ratio of the frequency and the correspond-
ing relaxation frequency. The vibrational relaxation frequencies of
Oxygen and Nirogen depend on the ratic between the water vapor
pressure and the total static pressure. The vapor pressure P,, the
product of the vapor saturation pressure P, and the relative humid-
ity, depends strongly on the temperature through the temperature
dependence of P,. Furthermore, through its dependence on the in-
termolecular collision frequency, the relaxation frequency is propor-
tional to the static pressure.

The data on the relative humidity as a function of the height above
ground are shown in Fig.2.3. The calculation of the corresponding
vapor pressure involves the use of an empirical expression for the
temperature dependence of the saturated vapor pressure, and the
relaxation frequency is obtained from the vapor pressure through
another empirical relation. There exist several such empirical rela-
tions which have been justified on the basis of experiments. We have
used here the relations in the SAE proposed standard computation
procedure (Nov. 1986). For comparison, computationof the attenua-
tion were carried out also with another set of formulas for the vapor
pressure and the relaxation frequency. Although the dependence of
the attenuation per unit length with the altitude showed marked dif-
ferences, the integrated attenuation over the entire distance of sound
propagation was essentially the same in the two cases.

The computed altitude dependence of the attenuation per unit length
is shown in Fig.3.1 at two different times of the day. It is interest-
ing to note that the attenuation i= concentrated to a region below
approximately 7000m with a pronounced peak around 5000 m. This
has the important consequence, that the attenuation over the entire
path of sound propagation will be essentially the same at the two
source heights of interest here, 35,000t and 20,000 ft.

There is a noticeable variation of the attenuation curves with the
time of the day. In the midddle of the day (13:56) the the attenuation
“band” is somewhat wider than in the morning (7:35 AM), and the
integrated attenuation over the entire path of sound propagation will
be somewhat larger, as will be shown later.
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Fig.3.1. Attenunation (in dB/km) due to sound absorption in the air as a
function of height above ground with frequency f as a parameter, f = 100,
200, 300,..1000 Hz.

October 30, 1987.

(a) 7:35 AM. (b) 13:56.
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Similar result were obtained for October 31, 1987.

To demonstrate explicitly the dominant role of Oxygen in regard to
sound attenuation, we have shown in Fig. 3.2 the contribution to the
attenuation from the vibrational relaxation of Oxygen alone. This
attenuation differs only slightly from the total attenuation in Fig. 3.1,
the difference occurring at lower altitudes, where the role of Nitrogen
is not negligible.
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Fig.3.2. Attenuation (in dB/km) due to the vibrational relaxation of the
Oxygen molecule alone. The difference between it and the total attenuation
in Fig. 1 ia significant only at low altitndes where the contribution from the
vibrational relaxation of Nitrogen is noticeahble.

October 30, 1987, 13:56.

Integrated attemuation. If we denote the attenuation per meter
by A(z), where z is the altitude (in meter), the total attenuation due
to air absorption along the refracted path from the source to the
receiver is computed from Eq.1.3 by multiplying each term (under
the summation sign) by A(z) (and the last term by A(z.).

Attenuation due to spherical divergence

The “geometrical spreading” of the wave gives rise to a level reduc-
tion
Aupn = 20log(r/ro) (1)

where r is the distance of sound propagation along the (curved) re-
fracted path of the sound. This distance, cbtained from Egq.1.3,
depends on the angle of emission, as shown in Fig.1.7. The reference
rp is the distance from the source defined by the intersection of the
sound path with a cylinder of radius 500ft surrounding the straight
path of the source. For the case considered here (centerline data),
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ro = 500/siny; ft. Thus, for an emission angle of 90 degrees, we have
r=H and rp = 500ft so that for H = 35,000 and H = 20,000ft, we
get A,., = 36.9 and 4, = 32dB, respectively.

Sound pressure reduction due to wave impedance variation

Even if spherical divergence an sound absorption in the air are ne-
glected, there will be a dependence of the sound pressure with al-
titude as as result of the variation of the wave impedance Z = pc,
where p is the density and ¢ the sound speed.

For a plane wave travelling in the vertical direction, conservation of
acoustic energy requires that p?/pc remains constant, independent
of height. Consequently, the relation between the sound pressure
amplitudes at z=0and z = H is

p(y)/p(0) = VZ(0)/Z(H) = [T(0)/T(W)]"*[P(v)/PIO)]**  (2)

With T'(z) = T(0) - [T(0) — T(z) /T(0)|(/H) and the expression for the
z-dependence of the static pressure in Eq.3 in Appendix1, we have
computed the sound pressure level variation AL = 20log[p(z)/p(0)]
with altitude, as shown in Fig.3.3.

! ! i L] ! 1 i i ¥ § '
Vg 4 2§ & 5 %% B 808 i
H KN
Fig.3.3. Sound pressure level variation with altitude as a result of wave
impedance variation. T(0) =293 K, T(H) = 222K (H = 35,000 £t).

With T(0) = 293K, H = 35,000{t, and AT = 71K, we get AL =
—5.6dB and for H = 20,000ft, the corresponding value is -3.0dB.

Total attenuation

The total attenuation in sound pressure amplitude is the sum of
the contributions from (a) the integrated attenuation due to sound
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absorption in the air, (b) the effect of spherical divergence, and (c)
the effect of the variation of wave impedance with altitude which
results in a decrease of amplitude with altitude as indicated above.

For the atmospheric conditions that existed during the flight on Octo-
ber 31 at 14:08 PM, we have shown the computed total attenuation
as a function of the emission angle in Fig.3.4. The source height
is 35,000t and the flight Mach number 0.8. Shown separately are
the contributions to the total attenuation due to air absorption (in-
cluding the effect of variation of wave impedance with altitude) and
spherical divergence, For comparison are shown the corresponding
results if refraction of sound is not accounted for.
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(a)

Fig. 3.4. Total attenuation vs emission angle of the blade passage tone from
a propfan travelling at an altitude of 35,000 ft., Mach number 0.8. Blade
passage frequency =237.6 Hz. The atmospheric conditions refer to the date
1Uf31‘rr37 and time 14:09,

Dashed curve: Refraction omitted, i.e straight line propagation. (a) Atten-
uation due to absorption in the air and the effect of the altitude dependence
of the wave impedance.

(b} Pressure attenuation due to spherical divergence.

{c) Total attennation.

The difference between the curves obtained with and without account
for the wind is so small that it is not noticeable, and only one curve is
shown. If the refraction effect is omitted, however, so that the sound
propagates along straight rather than curved path, the predicted
attenuation is noticeably smaller at low and large emission angles.
However, the background noise on the ground limits the relevant
emission angles to values typically between 55 and 120 degrees, and
the omission of the refraction effect does not markedly affect the
predicted attenuation in that angular range.
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It is noteworthy that the attenuation due to sound absorption in
the air is for an altitude of 20,000 ft is essentially the same as for
35,000 ft because of the altitude dependence of the absorption per
unit length, as discussed in connection with Fig.3.1. The difference
in the total attenuation for the two heights (= 7.5dB) is due to
spherical divergence and the variation in wave impedance.

It is also important to note that for small emission angles the total
attenuation depends strongly on the emission angle. This angle is
computed from the measured acoustic arrival time at the ground
station and the flight trajectory, and an error of 1 degree can lead to
a significant error in the total attenuation.

Physically, the reason for the strong angular asymmetry of the total
attenuation curve with respect to an emission angle of 90 degrees is
the increase of the Doppler shifted frequency with decreasing angle
of incidence coupled with the (strong) frequency dependence of the
attenuation due to absorption in the air. -
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4. COMPUTED “SOURCE” LEVELS

The received propfan blade passage tone at the ground station is
Doppler shifted and has the frequency

fo

i) = 1— Mcosy;

(4.1)
where fo = 237.6 is the blade passage frequency, v; the emission
angle, and M the local flight Mach number of the source.

The lower and upper curves in Fig. 1 are examples of the measured A-
weighted and overall sound pressure level noise level at the ground
station during a fly-over. The background noise at the measuring
station was dominated by relatively low frequencies since the aver-
age difference between the overall and A-weighted noise levels of the
background noise was at least 12 dB. In the important range of emis-
sion angles between 50 and 90 degrees, the Doppler shifted frequency
of the blade passage tone in the approximate range 276-500 Hz with
a corresponding A-weight correction between approximately 8 and 3
dB (significantly smaller than 12 dB). It is possible, then, to check
whether a measured sound level is tone-dominated or contaminated
with noise by compared the measured overall sound pressure level
(OASPL) with the value obtained by adding the A-weight correction
to the mesured A-weighted level.

This has been done in Fig. 4.1, in which the top curve is the measured
overall sound pressure level, OASPL, and the next curve down is the
OASFL-~value obtained from the sum of the measured A-level and the
A-weight correction. Above and emission angle of about 65 degrees,
these curves fall almost on top of each other. Below 65 degrees,
however, there is a significant difference, indicating that the blade
passage tone is buried in noise and that it is difficult to determine
its true value from these data.

The “good” values of the OASPL, i.e. for emission angles above 65
degrees, are now used for the prediction of the OASPL at the 500
ft reference cylinder surrounding the flight path by adding to the
ground data the total attenuation, including the effects of sound at-
tenuation in the air, the spherical divergence, the variation of wave
impedance with altitude, and the correction due to the reflection at
the ground. Under ideal conditions of total reflection, the measured
sound pressure level at the ground will be 6 dB higher than the cor-
responding free field level. However, the reflector plate used in the
experiments appears to be too small (diameter of 40 cm, which is less
than one third of the average wavelength of interest) to produce total
reflection. The ground impedance is expected to play a significant
role in the reflection, and if the ground impedance is small compared
to that of the plate, the angular dependence of the reflection cor-
rection may have to be considered. In the present computation, we
have followed the DOT/TSC convention of using 5 dB as a reflection
correction.
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Fig.4.1. (a) Measured A-weighted noise level at the ground station as
a function of the emission angle during fight 54-17 (October 31, 1987,
H = 34925ft, M = 0.8.)

(b) Measured overall sound pressure level (OASPL).

(¢) Caleulated OASPL from the A-weighted levels.

The result of such a prediction is illustrated in Fig.2 which concerns
a propfan at an altitude of 35,000t with a flight Mach number of
0.8.

The lower curve is the measured noise level at the ground station,
plotted as a function of the emission angle. The upper curve (with
fluctuations) is the predicted level at the 500 ft reference cylinder,
the “corrected” noise data, using DOT/TSC terminology. The data
points represent the preliminary NASA chase plane data extrapo-
lated to the 500 ft reference cylinder. As can be seen, there is rough
agreement between the predicted and measured “source” levels at
emission angles above 70 degrees, which is close to the lower angular
limit of 65 degrees below which the measured sound is not domi-
nated by the propfan tone (this angle is marked by an arrow). It
should be kept in mind, though, that the NASA chase plane data
have been labelled preliminary and that more detailed comparisons
will be forthcoming.
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Fig.4.2. (a) Measured noise level at the ground station during flight 54-17,
10/31/87, 13:09, plotted as a function of the emission angle.

(b) Predicted level at the 500 ft reference cylinder surrounding the flight
path obtained by adding to (a) the total sound attenuation along the acous-
tic travel path.

(¢) Measured levels (chase plane data) extrapolated to the 500 ft reference
cylinder,

The arrow at the angle of 65 degrees indicates the lower range below which
the measured OASPL iz not dominated by the propfan tone but contami-
nated by background noise.
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5. FLUCTUATIONS

The observed large fluctuations in the mezsured sound level at the
ground station is typical for pure tone sound propagation in the
atmosphere in which interference between two or more sound waves
transmitted over different paths to the receiver. This problem has
been studied in controlled experiments for a point source over a plane
ground surface. As long as the source or the receiver is not placed in
the ground surface itself, the signal received by the observer will be
a superposition of the contributions from a direct sound wave from
the source and a time (phase) delayed reflected wave the from the
ground, as indicated schematically in Fig. 1.

5 ' : =

Fig.5.1. Large fluctuation in received sound pressure level will occur as a
result of the interference between the direct and the reflected sound due to
(elight) temporal Buctuations in the relative average sound speed along the
two paths.

In the measurements referred to, the source and receiver were located
4 ft above ground and the sound level fluctuations were measured as
a function of source-receiver separation over a range from 10 to 300ft.
For these distances, level fluctuations of 10dB were common when
the difference in travel path between the two waves exceeded half
a wavelength. The fluctuations were found to be larger at locations
where, in a uniform atmosphere, destructive interference occurs. The
spatial variation in the fluctuation amplitude could be understood
theoretically accounting for the fluctuations both in amplitude and
phase of the interfering direct and reflected sound waves,

In the present case of propfan sound propagation, the receiver, in
essence, is placed in the ground surface (actually 7 mm above), and
there is no significant path length (or corresponding phase) difference
between the inciden and the relected sound. Thus, the situation is
not the same as in the fluctuation experiments abave, which relied
on the the acoustic path length difference and inteference between a
direct wave and a wave reflected from the ground.

The propfan is not a single point source, however, but rather an
eztended with a diameter (D = 108 inches), approximately twice the
wavelength of the blade passage tone. Actually, the fan is approx-
imately equivalent to a distribution of point sources (dipoles and
monoples) of different signs placed along a circle of diameter D, as
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indicated schematically in Fig.2 and interference of the individual
sound waves emitted from these separate sources (rather than the
interference between a direct and a reflected wave as in the case
above) will give rise to fluctuations.
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Fig.5.2. (a) Sound level fluctuations ohserved in the field from a single

point source above a reflecting plane will be esentially the same as from
two point sources in free space.

(b) The propfan is an ertended source with a diameter about twice the
wavelength of the blade passage tone. The fan can be simulated approxi-
mately by a distribution of point sources (monopoles and dipoles) with al-
ternating signs along a circle. Interference between the sound waves emitted
from these sources will give rise to fluctuations.

The directional characteristics of the sound from the propeller is
determined by the interference of the sound from these sources. For
example, at a point on the axis of the propeller, the acoustic path
length to all the sources is the same and the sound waves from the
positive and negative sources then cancel each other, making the
total sound presssure equal to zero. In other directions, there will be
difference in the path lengths, and the interference no longer will be
destructive so that a sound pressure different from zero will result.

In a nonuniform atmosphere, with a nonuniform acoustic index of
refraction, the acoustic path lengths from the observer to the vari-
ous sources and the corresponding directional characeristics will be
affected. For example, the sound pressure on the axis no longer will
be zero, in general. If the atmospheric characteristic are time depen-
dendent, this leads to fluctuations in the observed sound pressure.
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For an cbserver on the ground, the sound waves from the individual
sources along the circle has travelled over a long distance (of the or-
der of 35,000ft) along different paths through the atmosphere. Even
if the separation between these paths is relatively small (a few feet on
the average), the difference in the average sound speed along these
paths required to produce a phase shift of 180 degrees at the blade
passage frequency is exceedingly small, of the order of 0.01 %. Conse-
quently, such phase shifts are expected to cccur with correspondingly
large fluctuations in the received sound pressure level.

It should be pointed out in this context, that since the source is
in motion, temporal fluctuations in the received sound pressure will
occur even if the atmospheric characteristics are time independent.
All that is required is a small spatial nonuniformity in the direction
of flight. If the characteristc length of such a nonuniformity is L,
the characteristic fluctuation time will be L/V, where V is the speed
of the source. As an example, a fluctuation period in the range 0.1-
0.5sec and a flight Mach number of 0.8 corresponds to a characteristic
scale of approximately 80-400ft, which is not unreasonable.

A measurement of the sound pressure distribution about the pro-
peller at a sufficiently small distance leads to an insignificant phase
shift between the sound waves from the individual source and the
this yields an approximately stationary sound pressure distribution
with little or no fluctuation. The phase relationship between the
sound pressure contributions from the various elementary sources of
the propeller is determined solely by the acoustic path lengths. In
a certain direction of observation, these contributions generally are
not zll in phase.

For long range propagation, with phase fluctuations entering the pic-
ture, the probability of a resulting increase in the received sound pres-
sure should be approximately the same is the same as as decrease.
Although a decrease yields a larger excusion on a logarithmic scale,
it is important to realize that, since several elemnentary sources are
involved, the peak level in a fluctuation can, in principle, be consid-
erably larger than the level that corresponds to the near field level.
This should be borne in mind in the analysis of the experimental data
and the calculation of the “corrected” levels for comparison with the
levels at the 500{t reference cylinder.

Another important point to consider in this comparison is that scat-
tering of sound from turbulence tends to redistribute the sound,
transferring acoustic energy from regions of high to regions of low
sound pressure level. Thus, deep and pronounced minima in the
near field directivity pattern, (such as in the forward direction) will
be less distinct in the far feld directivity pattern.
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6. COMPUTER PROGRAMS

The predicted “source” level at the 500 ft reference cylinder was
computed as follows:

1. From the program “CRITANGL” the relevant range of emission
angles is determined within which the sound will reach the ground.

2. Using the program “DTAHANDL?” the primary 1/2 second records
of measured noise levels at the ground station are converted to files
with measured levels versus the emission angle rather than the record
number used in the original files (including the time of the first
record). In making this conversion, we first identify the record num-
ber at which corresponds to our chosen origin of time ¢t = 0 (and a
view angle of 80 degrees). Then we use a table, obtained from pro-
gram “KIN-ATT", relating the normalized arrival time of the sound
at the ground station and the emission angle.

3. The attenuation due to air absorption is obtained as a function of
the emission angle from program “KIN-ATT" and the attenuation
due to spherical divergence from the computed travel distance vs
emission angle in the same program. The effect of wave impedance
variation with altitude is obtained from the altitude dependence of
pressure and altitude, as described in the text.

4. For each emission angle, the predicted level at the 500 ft reference
cylinder is obtained (from program “SOURCELV”) by adding to
the “good” sound pressure levels at the ground (sorted out by the
program “DTAHANDL") the total attenuation, including the effects
of sound absorption in the air, spherical divergence, wave impedance
variation with altitude, and the reflection correction at the ground.




188 REM "CRITANGL"™, UND INGARD, FEBR. &4, 1888
118 REM DETERMINES THE ANGULAR RANGE OUTSIDE WHICH SHADOW FORMATION OCCURS
126 REM ACCOUNTS FOR WIND AND TEMP DISTRIBUTION IN ATM, 112 STRATA

TIE 1SSl R RIS N R 100

288 CALL Input_temp wind

2@5 CALL Critangles

218 END

B e e e s

7688 SUB Input_temp wind

7881 INPUT PROMPT "FLIGHT ALTITUDE, FT: " ALTER "3sgdgdm:H
7882  IF H=35PPF.F THEN I1 = 169 ELSE I1 = 93

7@@5  INPUT PROMPT "FLIGHT DIRECTION @-388: " ALTER "@":Fdir
7818  INPUT PROMPT "NAME OF FILE WITH DOT MET DATA: ":NS
7811 IF N$S="M-1§-38.DAT" THEN Nc = 8 ELSE Ne = B

7812  DECLARE LOCAL V,Vd,V1,vd1,Vx,Vix | DIM Th[112,Mc].Ma[112],5p[112],T[112]
7813  INP PRO "TIME OF DAY PARAMETER 1/2/3 FOR 18-31, 1/2/3/4 FOR 16-38: ":Nt
7814 T1 = 2=*Nt-1

7815  OFPEN #2:N$,"R"

TJE28  INPUT #2:Th

7821 CLOSE #2

7624 FOR I = 1 TO 112 | T[I1 = ThII,T1]+273 ! NEXT I

7826 FOR I = 1 TO 112 | Sp[I] = 1123#50R(T[I]/293) | NEXT I
7038 INPUT PROMPT "FILE NAME WITH WIND DATA: ":WS

7B31 INPUT PROMPT "TIME OF THE DAY PARAMETER 1/2/3: ":Nt
7832 ] = 2Nt | K = J-1

7835  DIM Wd[112,6]

74P OPEN #3:W§,"R"

7858  INPUT #3:wd

7EE@  CLOSE #3

7878 FOR I = 1 TO 112

7684 Vd = Pi/18@8%wd[I,J] | V = Wd[I,K]*1.597 | V1 = Wd[I1,K]*1.597 | Vdi = Pi/
188*wd[I1,J]

@82 Vx = V*COS(Vd-Fdir) | Vix = VI#COS(Vd1-Fdir)

7@E8 MalI] = (Vix—Vx}/sp[I1]

7g89 PRINT I,ROUND(Mal[I].4)

7098  NEXT I
7188 END sUH
TN Y o

9@9¢8 SUB Critongles

9ge5  DIM Mx[I1],M<1[I1]

g  Mx[1] = sp[11/5p[I1]-Mal1] ! Mx1[1] = Sp[1]1/Sp[I1]+mMal1]
9128 FOR I = 1 TO I1-1

ag2g Mx<[I+1] = MAX{Mx[I],Sp[1]1/5p[I1]-Ma[I+1])

g@25 Mx1[I+1] = MAX{MxT1[I],5pl[1]/Sp[I1]+Ma[I+1]}

aE3g@  NEXT I

9B&0  PRINT "MAX=";Mx[I1]," MAX1=":Mx1[I1]

845 I = 1

a@s4 IF Mx[I]=Mx[I1] THEN 9870

apE@d I = I+1 | GOTO 9458

978 PRI I | Critl = ACO{1/Mx[I1]) | PRI "CRIT Al1=";ROU{188/PisCrit1,1}
apad I =1




r—=

9898 IF Mx1[I]=Mx1[I1] THEN 9109

935 I = I+1 | GOTO ogag

8168 PRI I | Crit2 = ACO(-1/Mx1[I1]) | PRI "CRIT A2=";ROU(188/Pi*Crit2, 1)
89118 END SUB
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188 ! PROGRAM "KIN_ATT", UNQO INGARD, NOV, FEB 5 1989, DOT/TSC PROFFAN PROJECT

118 ! DISTANCE OF SOUND THAVEL FROM MDOVING SOURCE IN & TEMP-WIND STRATISFIED ATMO
SPHERE EXPRESSED AS A FUNCTION OF THE ANGLE OF EMISSION FROM SOURCE AT A HEIGHT H A
BEOVE GROUMND.

715 REM OTHER KIMEATICAL QUANTITIES ARE INCLUDED: TRAVEL TIME. ARRIVAL TIME

121 ! TOGTAL ATTENUATION IS ALSD COMPUTED USING DATA OM ATTEN FER KM FROM PROGRAM
APKM_ALT {(ATTEN PER KM)

122 ! IN THE NONUNIFORM ATMOSPHERE 112 STRATA ARE CONSIDERED. DATA FROM ORIGIMAL
DOT MET-FILES ARE USED.

124 ! FOR A UNIFORM ATM THE KINEM RELATIONS CAN BE EXPRESSED IN CLOSED FomM AND A
T THE END WE HAVE INCLUDED THIS FOR COMPARISON WITH GENERAAL COMPUTATIONS. HAS TO B
E CALLED SEPABATELY

125 ' NOTE ! WE HAVE ACCOUNTED FOR THE VARIATION OF WAVE IMPEDANCE WITH ALTITU
DE IN THE COMPUTED ATTENUATION IN AIR BY SUBTR 5.5 DE AND 3.5 DB FOR SOURCE HEIGHTS
OF 350p@g AND 20088 FT RESP.

13ﬂ ! A R R T S ﬂ****ﬂﬂﬂﬂﬂ*“ﬂhﬂﬂu*ﬂﬂﬂ*ﬂ

14@ INP PRO "MNEW CALC OF INPUT FROM FILE N/F: ":C% ! IF C3%="N" THE 188 ELS 145

145 INPUT PROMPT "FILE MAME ™:NS

158 QOPEN #2:NS%,"™R"

168 INPUT PROMPT "NR OF COLUMNS IN THE ONE DIM ARRAYS: ™:MNw

165 DIM Wdeg[Mw],Va2deg[Nw],Rdiscr[Nw], Arrt[Nw], Atten[Nw], Sphdiv[Nw]

166 INPUT #2:Wdeg,Vo2deg,Rdiser, Arrt, Atten, Sphdiv

17¢ M = 8.8 | CAL Printouts ! CHECK WHAT OTHER PARAMETERS MAY BE REQUIRED TO RUN
PRINTOUTS

175 END

TTE 1 MR s i 00 EIE 6 U 0 R e

188 INPUT PROMPT "UNIFORM ATM ¥/N ":U$

198 INPUT PROMPT "INCLUDE EFFECT OF WIND? Y/N ":W$

208 PRINT "Inputs:" | CALL Inputs ! PRINT ! AT LINE 504

285 PRINT "Read temp wind:" | CALL Read_temp_wind | PRINT

207 PRINT "Emissicnongles:" | CALL Emissiocnangles | PRINT

208 IF WS="N" THEN 233

218 PRINT "Angles:"™ | CALL Angles | PRINT ! AT LINE 700

233 PRINT "Traveldist_times otten:" | CALL Traoveldist_times_atten | PRINT
234 PRINT "Viewangle:" | CALL Viewangle | PRINT

235 ! PRINT "Doubleemissien:™ | !CALL Doubleemizsion | PRINT

248 PRINT "Printouts:" | CALL Printouts | PRINT ! AT 1188

25@ PRINT "Filing:"™ | CALL Filing | PRINT ! AT LINE 15p@

2748 END

2B !
503 SUB Inputs

5@5 DECLARE LOCAL V11,¥271,M12,C8,Wcl . We2, We, Wee

586 INP PRO "FLIGHT DIRECTION IN DEG @-360 " ALT "@r:Fdir | Fdir = Pi/i1B@~Fdir
587 INPUT PROMPT "LOCAL MACH NUMBER: " ALTER "g.2":M

51¢ INP PRO "HEIGHT, FT™ ALT "35g88":H | H1 = H*@.3@48 ' TO CONVERT TO METER
515 GOTO 6@@

528 INFUT PROMPT "ABS TEMP AT H " ALTER "222":Ti

525 ! IF H=35800.8 THEN T1 = 222 ELSE T1 = 252
5348 INPUT PROMPT "ABS TEMP AT GROUND " ALTER "293":7T@
535 ! T@ = 293

548 INP PRO "WIND VEL IN KN AT H "™ ALT "7.8":V¥7 | V1 = 1.597*V1 ! FT/SEC
541 INP PRO "WIND DIR IN DEG AT H " ALT "184":Dir1 | Dirl = Pi/188*Dir1




542
543
AN
545
546

INFUT PROMPT "WIND VEL IN KN AT GROUND " ALTER "2":V¥2 ! V2 = 1.587#\y2

INP PRO "WIND DIR IN DEG AT GROUND " ALT "147":Dir2 | Dir2 = Pi/188=Dir2
V11 = VI#COS(Dir1-Fdir) | ¥21 = V24C0S(Dir2-Fdir)

CB = 1123*50QR(TE/293) t M2 = (V11-v21)/CP

Wel = ACO(SQR(T1/T@)/(1-M12)) | We2 = ACO(-SQR(T1/T8)/(1+M12)) | Wc = ACO(s

QR{TI/TE)}) | Weec = Pi-We

547
o548
5508
555
568
5748
5494
595

Wel = INT(188*We1/Pi+1) | We2 = INT(188*We2/Pi-1)
PRINT Wcl,We2," NW=":Wc2-Wel+1

We = INT(188/Piswe+1) | Wec = INT(188#*Wcc/Pi-1)
FRINT Wc,Wcec,Weo-We+1

INPUT PROMPT "LOWEST ANGLE, DEGREES ":Wld

INFUT PROCMPT "HIGHEST ANGLE, DEGREES ":wWud

INPUT FROMPT "ANGLE INTERVAL ":Delto_angle

Mw = INT((Wud-Wld)/Delta angle+1)

688 END sUB

61@ 1!

78¢ SUB Emissionongles

Jg2
743
784
785
718
712
715
728
725
738
735
736
73iB
744
7548

INPUT PROMPT "MIN ANGLE ® ALTER ™32":Wld
INPUT PROMPT "MAX ANGLE ™ ALTER "158":Wud
INPUT PROMPT "ANGLE INTERVAL " ALTER "1":Delto_angle
Nw = (Wud-Wld)/Delta cngle+1
DECLARE LOCAL J | DIM W[Nw],C[Nw],S[Nw],Wdeg[Nw]
' DIM W2[Nwl,C2[Nw].S2[Nw]
WL = P1/18B*Wld | Wu = Pi/18@*Wud
FOR J = 71 TO Mw
Wdeg[J] = Wld+(J-1)*Delta angle
WEI] = WL+(J=1)*{Wu-W1)/{Nw=1)
5[J] = SIN(W[J]) 1| c[a] = cos{w[a])}
! c2[J] = c[J]#sqr(267/222) { 152[J] = SQR{1-c2[J]1"2)
! W2[J] = acos{cos(w[Jd])*sor(267/222))
! PRINT ROUND{Wdeg[J],2)
NEXT J

7E@ END SUB

778 1

775 SUB Angles

778
7848
781
782

DECLARE LOCAL I,J | DECLARE INTEGER I,J ! DIM Co[Nw,I1]
FOR J = 1 TO Nw
FOR I =1 To I1
IF W§="Y" THE Co[J,I] = c[J3]/(14Ma[I]*c[I])*sar{T[I]/T[I1]) ELS Co[J, 1]

= c[a]#*sQr(T[I]/T[11])

783
78B4

! PRINT Wdeg[J],ROUND({188/Pi*ACOS(Co[J. 11}, 1)
NEXT I | NEXT J

785 END sSUB

786 !

1838 SUB Viewangle

1835
1838
1839
rt[31))
1848
1641

DECLARE LOCAL J | DIM Va2[Nw],Vo2deg[Nw]
FOR J = 1 TO Nw
IF Arrt[J]<@ THE Va2[J] = ATA(=1/(M*Arrt[J])) ELS va2[J] = Pi-ATA{1/{M*=Ar

Va2deg[J] = ROUND(188/Pi*va2[J],1)
PRINT Wdeg[J],Va2deg[J] | NEXT J

1842 END SUB

1843 1



1858 SUB Doubleemission

1855
1856
1968

DECLARE LOCAL J | DIM Gamma[Nw]
FOR J = 1 TO Nw

Gamma[J] = Rdiser[J]/SOQR((M*TaulJ]-M*Arrt[J])"2+1) ! RATIO BETWEEN TRUE T

RAVEL DISTANCE AND THE STRAIGHT LINE DRAWS FROM EMISSIONT FOINT TO OBSERVER ON GEOU

ND
1865
1878

PRINT HOUND{1aa*w[J]fPi,2}.RDUND{Gummu[J].E),Ruumu{Arrt[J],E}
NEXT J

18675 END sUB

1876 !

1188 SUB Printouts

1185
1114
1128

CLEAR GRAPH | OPEN #1:"PRN", "W"
INPUT PROMPT "WANT PRINTOUTS, Y/N ":P$ | IF P$="N" THEN 1148 ELSE 1126
PRI #71:"EM ANGLE";™ VIEW ANGLE":"™ ARR.TIME":" TR DIST", "™ ATTEM DB"," SPHOILV

", " TOTATTEN"

1138

FOR I = 1 TO Nw | PRI #1:Wdeg[I],Va2deg[I],ROU(Arrt[I],2),ROU(Rdiscr[1],2),

ROU(Atten[I],2),ROU(Sphdiv[I],2) ROU({Atten[I]+Sphdiv[I],2) | NEX I

11448
1188

tep = 2

1181
1185
12408
1219
1211
1215
1228
1234
1248
step =
1252
1256
1260
1274
1272
1275
1289
1258
13948
step =
1315
1328
1338
1332
1335
1348
1358
1355
lstep =
1360
1365
1376
1375

INPUT PROMPT "PLOT R WS T7? ¥Y/N ":6% | IF G$="N" THEN 1228 ELSE 1158

¥min = =2 | Xmax = 186 | ¥Ymin = @ | Ymox = & | Xstep =1 | ¥step = §.5 | ¥ls
| Ylstep = 1 | X$ = "T" | ¥§ = "R" | CAL Linldin

MOV Arrt[1],Rdiscr[1] | FOR I = 1 TO Nw | DRA Arrt[I].Rdiscr[I] ! NEX I
PRINT ™M=";M

INPUT PROMPT "WANT HARD COPY Y/N ":G1% ! IF B15="N" THEN 1228 ELSE 1210
PRINT #1:A3

SET GRAPH @

INPUT PROMPT "ANOTHER COPY":C$ ! IF C$="N" THEN 1228 ELSE GOTO 1158

SET GRAFH @ | CLEAR GRAFH

INP PRO "WANT PLOT R V5 E-ANGLE ":P$ | IF P$="N" THE 1280 ELS 124§

¥min = @ | Xmax = 180 | Ymin = @ | Ymox = &4 | Xstep = 18 ! ¥stap = 8.5 | %1
36 | Yistep = 1 | X$ = "EM. ANGLE"™ | ¥$ = "R™ | CAL Linlin

MOV Wdeg[1],Rdiscr[1] | FOR I = 1 TO Nw | DRA Wdeg[I],Rdiscr[I] { NEX I
PRINT "Ma":;M

INPUT PROMPT "HARD"™:HS$ | IF H$="N" THEN 1286 ELSE 127¢@

PRINT #1:AS

SET GRAPH @

INPUT PROMPT "ANOTHER COPY":CS | IF CS="N" THEN 12880 ELSE 1248

SET GRAPH @ | CLEAR GRAPH

INPUT PROMPT “"PLOT W VS T":P$ | IF P$="N" THEN 1348 ELSE 1588

Amin = -2 | Xmox = 19 | Ymin = 8 | Ymox = 180 | Xstep = 1 | ¥Ystep = 18 | X1
2 | Ylstep = 30 § X3 = "T" | ¥$ = YA | CAL Linlin

MOVE Arrt[1],Wdeg[1] | FOR I = 1 TO Nw | DRAW arrt[I],wdeg[I] ! NEXT I
INPUT PROMPT "HARD":HS | IF HS$="N" THEN 1335 ELSE 1338

PRINT #1:A%

SET GRAPH @

INPUT PROMPT "ANOTHER COPY":C3 ! IF CS="N" THEN 1340 ELSE GOTO 1300

SET GRAPH @ | CLEAR GRAFH

INPUT PROMPT "PLOT W V5 VA™:PS | IF P$="N" THEN 1385 ELSE 1555

¥min = @ | Ymin = § | Xmox = 188 | Ymax = 1808 ! Xstep = 1§ | ¥Ystep = 16 | X
5¢ | Ylstep = 38 | X$ = "EM. ANGLE™ | ¥$ = "¥" | CAL Linlin

MOV Wdeg[1],vo2deg[1] | FOR J = 1 TO Nw ! DRA Wdeg[J],Va2deg[J] | NEX J
INPUT PROMPT "HARD":H$ | IF H$="N" THEN 1385 ELSE 1378

PRINT #1:A%

SET GRAPH @




1388
1385
1386
1386
lstep
14886
1418
1415

div[J]

1426
14386
T4LE
14586
1466
1479
.88

1588
18148
1528
1838
1535
1548
1545
1546
1547
1558
1688
1618

Igag
Ig1e
3823
3g3g
g4
3gs0
3651
3288
3205
5210
3228
3238
3249
32549
3268
3278
3280
3294
3380
331g
3328
3338
3340
3350

INPUT PROMPT "ANOTHER COPY":C$ | IF C$="N" THEN 1385 ELSE GOTO 1355

SET GRAPH @ | CLEAR GRAPH

INPUT PROMPT "PLOT ATTEN VS WDEG":P$ | IF P$="N" THEN 1466 ELSE 1398

Amin = @ | ¥Ymin = B | Xmax = 180 | Ymox = 199 ! Xstep = 18 | Ystep = 18 ! X
= 3@ | Yistep = 18 | X$ = "EM. ANGLE" | Y¥$ = "dB" | CAL Linlin

MOVE Wdeg[1],Atten[1] ! FOR J = 1 TO Nw ! DRAW Wdeg[Jd],Atten[J] | NEXT J

MOV Wdeg[1],Sphdiv[1] | FOR J = 1 TO Nw ! DRA Wdeg[J],Sphdiv[d] | NEX J

MOV wWdeg[1],Atten[1]+Sphdiv[1] | FOR J = 1 TO Nw ! DRA Wdeg[J]. Atten[J]+5ph

I NEX J

INFUT PROMPT "HARD™:HS | IF H$="N" THEN 1445 ELSE 1436

PRINT #1:A3

SET GRAPH @

INPUT PROMPT "ANOTHER COPY":C$ | IF C$="N" THEN 1466 ELSE GOTO 1398

SET GRAPH @ | CLEAR GRAPH
END SUB

SUB Filing
INPUT PROMPT "FILING Y/N":F$ | IF F$="N" THEN 1888 ELSE 1520
INPUT PROMFT "NAME FILE ":N$
OPEN #2:Ns, "W
PRINT #2:Wdeg,Vo2deg,Rdiscr,Arrt, Atten, Sphdiv
PRI #2:"EM ANGLE, VIEW ANGLE, TRAVEL DISTANCE, ARRTIME, ATTEN, SPHDIV ATT"
PRINT #2:"FROM PROGRAM ‘HIN_ATT'™
FRINT #2:"DATA TO BE USED IN *SOURCELV' FOR COMP OF SOURCE LEVEL™
PRINT #2:"DOT/TSC PROPFAN PROPAGATION PROJECT, 1888-1984"

CLOSE #2

END sSuB

SUB Prngraph

A% = CHRS({12)

OPEN #1: "PRN®, myn

PRINT #1:"MMAP 6,8192,8,-24486,4,0,1:"

FRINT #1:"SHOWA €,BEPEH:8 B,P 728,348 50,58 4,6:"
END sSUB

SUE Linlin
DECLARE LOCAL X.,Y
CALL Frngroph
INPUT PROMPT "sx-min":X¥min | INPUT PROMPT "s—mosx™: Xmos
! INPUT PROMPT "y-min":¥Ymin | INPFUT PROMPT "y—mox" : Ymox
! INPUT PROMPT "x-tic spacing":Xstep
! INPUT PROMPT "y-tic spacing™:Ystep
* INPUT PROMPT "x-label spocing":Xlstep
! INPUT PROMPT "y-label spocing™:Y¥lstep
! INPUT PROMPT "X-AXIS LABEL":X3%
! INPUT PROMPT "¥Y-AXIS LABEL"™:¥%
Xcorr = @.@9*%(Xmox-Xmin) | Ycorr = @.87+*(Ymax-Ymin)
Xlcorr = 1.4%Xcorr | Ylcorr = 2%Ycorr
#lshift = @.48%*Ystep | Ylshift = P.18%Ystep
SET VIEWPORT 28,1080,27,848
SET WINDOW Xmin,¥max,¥Ymin, Ymax
! IF Ymin<@® THEN MOVE X¥min,® | !'RDRAW Xmox,0




3360 MOV Xmin,Y¥min | RDR Xmux-xmin,ﬂ:ﬁ.Ymnx—?min;-Exmux—Xmin}.ﬁ;ﬂ.—{?mnx—?min}
3374 MOVE Xmin,¥Ymin

33849 FOR X = Xmin TO Xmox STEP Xstep | MOVE X,¥Ymin | RDRAW @, {Ymax=-Ymin) /60
3398 NEXT X

SLgd MOVE Xmin, ¥Ymin

I4g FOR ¥ = ¥Ymin TO ¥max STEP ¥Ystep | MOVE ¥min,Y | RDRAW (Xmox-¥min) /B8, 0
3428 NEXT ¥

35359 SET CLIP OFF | SET TEXT STYLE ¢

3409 MOVE Xmin, ¥Ymin

34540 FOR X = Xmin TO Xmax STEP Klstep | TEXT AT X-Xlshift,VYmin-Ycorr:X

3460 MNEXT X

3470 SET TEXT STYLE @

L8090 IF Ymin<@ THEN 349@ ELSE 35540

3490 TEXT AT ¥min-Ycorr,-Ylshift:@

3568 FOR ¥ = ¥Ymin TO -Ylstep STEP Ylstep

3510 TEXT AT Xmin-Xcorr,¥Y-Ylshift:¥

35208 NEXT Y

3534 FOR Y = Ylstep TO Ymox STEP Ylstep

3544 TEXT AT Xmin-Xcorr,Y-Ylshift:v

3550 MEXT ¥ | GOTD 3598

3560 FOR ¥ = ¥Ymin TO Ymax STEP Ylstep

25740 TEXT AT Xmin-Xcorr,¥Y-Ylshift:Y

3580 MNEXT ¥

3598 SET TEXT ALIGN 3,5

36aE TEXT AT (Xmox+Xmin)/2-X1shift/2,¥Ymin-Ylcorr:Xs$

3610 TEXT AT Xmin-Xlcorr, (Ymox+¥Ymin)/2-Y1shift:Vs

SE28 END sUB

4PP@ SUB Hordcopy pressure

LE1E INPUT PROMPT "WANT PRINTOUT Y/N ":P$ | IF P$="N" THEN 4848 ELSE 4g24
LE2a PRINT #1:"5TATION #";" HEIGHT";" PRESS/PRESS G" | PRINT #1:

LB3E FOR I = 1 70 112 | PRINT #1:1,Y[1],ROUND(P[I]/Pg.2) | NEXT I

Lang INPUT PROMPT "PLOT P VS ¥7 ¥/N ":6% | IF G3="N" THEN 4138 ELSE 4850
LAsE CALL Linlin

LOGE Move ¥Y[1]1.P[1]/Pg

Lg7o FOR I = 1 T0 112

LG88 DRAW ¥[I].P[1I]/Pg

LpEog MEXT I

41g4@ INPUT PROMPT "WANT HARD COPY Y/MN ":G15 | IF G1%="N" THEN 412¢ ELSE 4114
4118 PRINT #1:AS%

4128 SET GRAPH € | CLEAR GRAPH

4138 END SUB

T R e e

6508 SUB Troveldist_times aotten

6585  INPUT PROMPT "NAME OF FILE WITH ATTEN/KM " ALTER "APKM 313.DAT":N3
G586 DIM Wref[121],A[121,112] | OPEN #2:N§,"R"

BS@7  INPUT #2:Wref, A

6588  CLOSE #2

6509 DEC LOC Delta_r,Delta_t,Delta x,Si1,J,R1,R2,R3,Dr,I,A1,A2, A3, Tt1, Tt2, Tt3, X1
+X2,X3 | DIM Rdiscr[Nw], Tt[Nw],Arrt[Nw], X[Nw], Atten[Nw], Sphdiv[Nw]

6518 FOR J = 1 TO MNw

6515 Jr o= J+Wld-3g

6520 Rl = § | Te1 =@ | ¥1 =81 A1 = @

6539 FOR I =1 TD 79




6532 IF U$="Y" THEN 81 = SIN(W[J]) ELSE Si = SQR(1-Co[J,I]"2)
6535 Or = 38/5i

6540 R1 = R1+Dr | Tt1 = Tt14Dr=*saR(T[I1]/T[I]) | A1 = At+Dr#alJr, 1]

BS45 IF US="¥*" THEN X1 = X1+Dr#CO5{W[J]) ELSE X1 = X1+Dr*Co[J,I]

BE558 MEXT I

BESGH R2 =@ | T2 =B | X2 =8 | 22 = ¢

65748 FOR I = 71 TO 9@

6571 IF Us="¥" THEN 5i = SIN{W[3]) ELSE Si = SOR(1-Co[J,I]"2)

B572 Dr = 158/54

B575 R = R2+Dr | Tt2 = Tt2+Dr*3CR(TLI1]/TLI]) | A2 = AZ2+Dr#a[Jr, 1]

6584 IF US="Y" THEN X2 = X2+Dr=»COS{W[J]) ELSE X2 = X2:Dr*Co[J,1]

6594 NEXT I

6600 R = @ | TiZ3 = @ | X5 =0 | A5 = @

6610 FOR I = 91 TO I1-1

6612 IF U$="¥" THEN 5i = SIN(W[J]) ELSE Si = S0R{1-Co[J,1]"2)

615 Dr = 3@@/51

6520 R3 = R34Dr | Tt3 = Tt3+DresaR(T[I1]/T[I]} ! A3 = A3+Dr*A[Jr,I]

6625 IF U§="¥" THEN X3 = X3+Dr+COS(W[J]) ELSE X3 = X3+Dr#col[J,I]

BEE30 MNEXT I

EE32 IF U$="Y" THEN S11 = SIN(W[I1]) ELSE 5i1 = SQR(1-Co[J,I1]"2)

BE35 Delto r = 169/(H1*511) | Delta t = Delta_r | Delta a = Delta r*A[Jr,I]
GE36 IF US="Y" THE Delta_x = Delta_r#COS(W[J]) ELS Delta x = DeltE_r*Cu[J.I1]
B5L4Q Rdiser[J] = (R1+R2+R3+Delta_r)/H1 | Tt[J] = (Tt1+Tt2+Tt3+Delta_t)/H1 | X[

J] = (X1+X24X3+4Delta_x)/H1 | Atten[J] = (A1+A2+A3+Delto o)/1€@88 ! TO ACCOUNT FOR Fa
CT THAT DIST ARE MEASURED IN M RATHER THAN KM

BEL2 IF H»=34P88.8 THE Atten[J] = Atten[J]-5.5 ELS Atten[J] = Atten[J]-3.3 ' T
0 ACCOUNT FOR IMPEDANCE VARIATION WITH ALTITUDE

GBELE Sphdiv[J] = 20#L0G18(Rdiscr[J]*S[d]=H1/(588#=0.348))

6650 Arrt[d] = Tt[I]-X[31/m

6668 PRI Wdeg[J],ROU{Rdiscr[J].2).ROU{Arrt[Ja],2),ROU{Atten[J].2) , ROU(Atten[d]+

Sphdiv[J],2)

6678  NEXT J

668¢ END SUB

= T e L TP S e

7288 SUB Read_temp_wind

7882 IF H=350¢8.0 THEN I1 = 1¢9 ELSE I1 = 93

7885 DECLARE LOCAL V,vd,V1,vd1 | DIM Th[112,86]1,Ma[112],8p[112],T[112]
7886  DECLARE LOCAL Vx,Vix

7é1g OPEN #2:"M-18-31.DAT®,"R"

TR28 INPUT #2:Th

7838  CLOSE #2

832 FOR I = 1 TO 112 |
TB33 FOR I =1 T0 112 1
Ta3s IF WE="N" THEN 7188
TE35 DIM Wd[112,8]

7e44a OPEN #3:"W-18-31.DAT","R"
JEsd INPUT #3:Wd

7868 CLOSE #3

g8 FOR I = 1% TO 112

TLI] = ThII,5]+273 | NEXT I
SplI] = 1123»5QR{T[I]/293) § NEXT I

7eag Vd = Pi/188#Wd[I.B] | V = Wd[I.5]*1.597 ! V1 = Wd[I1,5]#1.597 | vd1 = Pi/
188*wd[I1,86]
7gaz Vx = VHCOS(Vd=Fdir) | Vix = VI1#C0S{Vd1-Fdir)

7@a8 Mal[I] = (Vix-¥=x)/Sp[I1]



7E89 PRINT I,ROUND(Ma[I],4)
FEIE  NEXT I

7885 ! CALL Critangles
7188 END SUB
TN o

BE#P SUB Dist_vs_ongle unif_atm

BgEs DIM Wdeg[Nw], R[Nw]

ag1g INPUT PROMPT ™MIN ANGLE " ALTER "@":Wmin

sgz2d INPUT PROMPT ™MAX ANGLE ™ ALTER "18B8":Wmax

ags4d INPUT PROMPT "ANGLE INTERV ™ ALTER n3":Delto_angle
8@ag Nw = (Wmax-Wmin)/Delta_ongles+1

BESE FOR I = 1 TO Nw

BE6S Wdeg[I] = Wmin+(I-1)*Delto_aongle
BE7d IF SIN(Pi/18@*Wdeg[I])<1.E-86 THE R[I] = 148 ELS R[I] = 1/SIN(Pi/188*Wdeg
I

8086 NEXT I

8998  INPUT PROMPT "PLOT ":P3 | IF P$="N" THEN 82F¢ ELSE B@gs

8095 Xmin = @ | Xmax = 186 | Ymin = @ | Ymox = & | Xstep = 18 | Ystep = £.5 ! X1
step = 38 | ¥Ylstep = 1 | X§ = "EM, ANGLE" | ¥§ = "R"

8188 CALL Linlin

8118  MOVE Wdeg[8],R[6] | FOR I = 6 TO Nw-B | DRAW Wdeg[I],R[I] ! NEXT I
812¢  INPUT PROMPT "C? ":C3% | IF C3="N" THEN 8148 ELSE 8130

813¢ FRINT #1:A%

8148  SET GRAPH 8 | CLEAR GRAPH

B288 END SUB

B2l e
848g sSUB Dist vs_time unif otm

Bugs  DIM T[1@e], R[188]

B41@  INPUT PROMPT *"MACH NR ":Ma

8411 INPUT PROMPT "MIN TIME ":Tmin

B412  INPUT PROMPT "MAX TIME ":Tmax

8413  INPUT PROMPT "T INT ":Delta_time

B414 Nt = (Tmox-Tmin}/Delta time+1

B42d FOR I = 1 TO Nt

8425 T[I] = Tmin+(I-1)*Delta_time

BL43P Num = SQR{MQ“E*T[I]‘2+1-Mu“E}-Mu"E*T[I]
8444 Den = 1-Ma™2

8450 R[I] = Num/Den

8469 NEXT I

8479 INPUT PROMPT "PLOT ":P$ | IF PS="N" THEN B638 ELSE B4Bp3

8589 ¥min = -2 | ¥mox = 18 | Ymin = @ | Ymox = & | Xstep = 1 | ¥Ystep = §.5 | Xls
tep = 2 | ¥lstep = 1T | X§ = "T" | ¥ = "R"

8485 CALL Linlin

B4949 MOVE T[1]1,R[1] | FOR I = 1 TO Nt | DRAW T[LI],R[I] | NEXT I

8504 INPUT PROMPT "C? ":C% | IF C$="N" THEN B52§ ELSE 8518

8514@ PRINT #1:A%

8520 SET GRAPH § ! CLEAR GRAPH

B530 INPUT PROMPT "ANOTHER GRAPH ":G6% | IF GS$="N" THEN B8G68@ ELSE B4ES
BE@@ END SUH

o B e ——— e e e e e e

S@f@ SUB Critongles
ogas DIM Mec[T1],Mx1[I1]




2@68
ag14d
9g28
8425
8430
8948
9@L5
@53
9@6d
ag7g
ageg
ogog
8835
8188

M<[1] = sp[1]1/sp[T1]-Ma[1] ¢ mx1[1] = sp[1]/splT1]+Mal1]
FORI =1 T0 I1-1
Mx[I+1] = MAX(Mx[I],5p[T]/5p[T1]-Ma[I+1])
Mx1[I+1] = mAX(Mx<1[I],Sp[I]/splI1]+MalT+1])
NEXT I
PRINT "MAX=";Mx[I1]," MAXT=";Mx1[I1]
I =1
IF Mx[I]=M=[I1] THEN 9878
I =3I+1 | GOTO 9859
PRINT I | Critl = ACOS(1/Mx[I1]) | PRINT ROUND(188/Pi*Criti1,1)
I = i
IF Mx1[I]=Mx1[I1] THEN 9188
I =1I+1 | GOTO 9pSp

PRINT I | Crit2 = ACOS(-7/Mxi[I1]) | PRINT ROUND(188/Pi*Crit2, 1)

9118 END SUB



188 ! "DTAHANDL®", UND INGARD, JAN 38, 1982

118 REM CONVERSION OF MEASURED RECORDS OF SOUND LEVELS (1/2 SEC INTERVALS) TO A F

ILE OF LEVELS VS EMISSION ANGLE
112 REM FIRST STEP IS TO CONVERT RECCORE NR TO NORMALIZED TIME

114 REM THEM FROM TABLE OF NORM TIME VS EM ANGLE (FROM PROGRAM "KINEMATN"), DETER
MINE RELATION BETWEEN RECORD MR AND EMISSION ANGLE

116 REM HAVING OBTAINED EMISSION ANGLE THE DOPPLER SHIFTED FREQUENCY OF THE BLAD
FASSAGE TONE CAN BE COMPUTED

118 REM CORRESPONDING A-WEIGHT CORRECTIOM CAN BE COMPUTED

128 REM BY ADDING TO MEASURED A-WEIGHT LEVEL WE OBTAINED PREDICTED OASPL

121 REM THIS COMPUTED OASPL IS COMPARED WITH THE MEASURED OASPL TO DETERMINE WHAT
DATA ARE "GOOD", I.E. DOMINATED BY THE PROPFAN TONE,

158 1 R R T R T S P Py TR VS PPy P SR PR Sy

168 INP PRO "NEW COMF OR INPUT FROM FILE N/F":Q% | IF O%="N" THE 268 ELS 182

162 INPUT PROMFT "™NAME OF FILE ™:NS$

164 DIM Wdeg[116],La[118],0aspl[118], onsplc[11ﬂ] OPEN #2:NS,"R"

166 INPUT #2:Wdeg,la,Qospl, Casple

168 LS = "Big"™ | Rows = 118 | CALL Plots

178 END

L= R e ——— e e e e e e e —————

20@ PRINT "Dotfile:®™ | CALL Dotfile | PRINT

285 PRINT "Recordnr_to_normtime:" | CALL Recordnr to_normtime | PRINT

218 PRI "Normtime_wvs_angle reference:" | CAL Normtime_vs_aongle reference ! PRI

229 PRINT "Normtime_to_aongle:™ | CALL Normtime_to_aongle | PRINT

225 PRINT "Frequencies:™ | CALL Frequencies | PRINT

226 PRINT "Aweight:™ | CALL Aweight | PRINT

23@ PRINT "Plots:"™ | CALL Plots ! LA,OASPL,OASPLC VS EMISSION ANGLE

235 PRINT "Printout:" | CALL Printout

2403 PRINT "Filing:" | CALL Filing ! WDEG, LA, DASPL,OASPLC

258 END

20 | mmmm e

5¢@ SUB Detfile

515 INPUT PROMPT "NAME OF FILE WITH L ¥S RECORD NR " ALTER "Bi1@":LS
518 INPUT PROMPT "NR OF ROWS IN FILE ™ ALTER ™1718":Rows

517 INPUT PROMPT °"NR OF COLUMNS ™ ALTER "6":Columns

518 DIM T[Rows],L[Rows,Columns],La[Rows],0aspl[Rows],Oosplc[Rows]
5280  OQPEN #2:L$,"R"

530 INPUT #2:L ! L[I,1]=RECORD NR, L[I.2]=DBA, L[I,4]=0ASPL

544 CLOSE #2

545 FOR I = 7 TO Rows | La[I] = L[1,2] | Oos=pl[I] = L[I,&] ! NEXT I

548 INP PRO "RECORD NR FOR WHICH T=@ ™ ALT "@g":I8 | INP PRO "RECORD RNR FOR WHI

CH T=1 "™ ALT "B66™:1I1
558 END suB

T

S6f SUB Recordnr_to_normtime
5861 INPUT PROMPT "SOURCE ALTITUDE FT " ALTER "348925":Height

562 INP PRO "GROUND TEMP, K " ALT “283":Tg | INP PRO "TEMP AT H " ALT "222":T1

578 Th = Height*@.3@848/{543#*30R{T1/Tg)) ! NORMALIZATION TIME
572 IF I@=@ THEN 574 ELSE 578



574
576
578
588
581
582
S84

688
618
615

629
E3d
648
658
651

7848
785
718
728
725
738
732
735
757
TuB
758
751

1880
1818
1628
1838
1948
1858
1968

1340
13508
1368
13808
1390
1488
1410
1428
1438
Th4d
1458
1468
1478
14808
1488

FOR I = 1 70 Rows | T[I] = 1+8.5/Th*{I-I1
GOTO 584
FOR I =1 TO Rows | T[I] = 8.5/Th*(I-10

)
)

PRINT ROUND({T[I],2),ROUND{La[I],2),ROUND(0aspl[I],2)

NEXT I
END SUB

SUB Mermtime wvs angle reference
DIM Wref[233],Tref[233]

INF PRO "NAME OF FILE WITH COMPUTED T V5 EM ANGLE:

OPEN #2:F§%,"R"
INPUT #2:Tref,Wref
CLOSE #2

END SUB

SUB Nermtime_to_angle
DIM Wdeg[Rows]
FOR I = 1 TO Rows
FOR J = 7 TO 232
IF T[I]-Tref[J]=0 THEN 732

"OALT "TW3IT13S835.DAT":F

IF SGN(T[I]-Tref[J])+SGN(T[I1-Tref[J+1])=8 THEN 732 ELSE 735

Wdeg[I] = (Wref[J]+Wref[J+1])/2
MEXT J
PRINT ROUND(T[I],2),ROUND(Wdeg[I],2)
NEXT I
END SUB

SUB Printout
OPEN #1:"PRN", "W"
FPRINT #7:"DCT FILE ";L$

PRINT #1:"EM ANGLE",™ LA, dB8"," OQASPL"," DASPLC"
FOR I = 1 7O Rows | PRINT #1:Wdeg[I],Lo[I],00spl[I],00splec[I] | NEXT I

END SuUB

| PRINT #1:

SUB Plots

INPUT PROMPT PPLOT?":P3 | IF P$="N" THEN 1488 ELSE 1359

DECLARE LOCAL I

CALL Linlin

PRINT "FILE: ":;L%

MOVE Wdeg[1],La[1] ! FOR I = 1 TO Rows

DRAW Wdeg[I]

JLalI] F NEXT I

MOV Wdeg[1],0aspl[1] | FOR I = 1 TO Rows | DRA Wdeg[I],Oaospl[I] ! NEX I
MOV Wdeg[1],0aosplc[1] | FOR I = 1 TO Rows | DRA Wdeg[I],Oasplc[I] | NEX I
INPUT PROMPT "HARD COPY?":CS | IF CS="N"

FRINT #1:A3
CLEAR GRAPH | SET GRAPH 8@

THEN 1&5d ELSE 1448

INPUT PROMPT "ANOTHER COPY?":A% | IF AS="N" THEN 1478 ELSE GOTO 1388

SET GRAPH @ | CLEAR GRAPH
END SUB




1579
1584
1590
1688
1614@
1620
1638

1728
1738
1748
1745
1754
1755
1778
1788

1798
1888
181¢
1828
1825
1838
18448
1858
1860

1878
188¢
1894
18495
1884
18@5
18148
1915
1929
1825
1938
1835
1844
1945
18548
1855
1864
1874
1284
18948
2@8@
2¢16
2029
2030
2048
2858

SUB Prngraoph

A% = CHRS(12)

OPEN #7:"PRN"™, "W"

PRINT #1:"MMAP 6,8192,8,-24486,4,6,1:"

PRINT #1:"SHOWA 6,BE0OH: @ @,0 720,348 58,50 4 6:"
END SUB

SUB Frequencies
DECLARE LOCAL I | DIM F[Rows]
INPUT PROMPT "MACH NR ":M
FOR I = 1 70 Rows | F[I] = 237.6/(1-M*COS(Pi/188*Wdeg[I])})
PRINT Wdag[I],2,INT(F[I])
NEXT I
END SUE

SUB Awelght
DECLARE LOCAL I | DIM Aweight[Rows],Oaosplc[Rows]
FOR I = 1 TO Rows
Aweight[I] = B=(LOG16(F[I]/1088)-1/L0G18(5)*L0G1B(F[I]/1888)"2)
CaspleclI] = La[Il-Aweight[I]
NEXT I
FOR I = 1 TO Rows | PRINT INT(F[I])},ROUND{Aweight[I],7) | NEXT I
END SUB

SUB Linlin
CALL Prngraph
! INP PRO "x-min " ALT "=7":Xmin ! INP PRO "x-maox " ALT "4":¥max
¥min = 48 | Xmox = 128
! INF PRO "y-min " ALT "3@":Ymin | INP PRO "y-max " ALT "78":Ymox
¥Ymin = 38 | Ymax = 7@
! INPUT PROMPT "x—tic spocing " ALTER ".1":Xstep
¥step = 2
! INPUT PROMPT "y-tic spocing " ALTER "2":Ystep
¥step = 5
! INPUT PROMPT "x—laobel spacing " ALTER "1":¥lstep
Xlstep = 18
! INFUT PROMPT "y—lobel spocing " ALTER "1@":¥lstep
Ylstep = 18
! INPUT PROMPT "X-AXIS LABEL "™ ALTER "7, NORMALIZED":.XS
X5 = "ANGLE"
¥ = "dB"
Xcorr = B.@8*(Xmax-Xmin) | Ycorr = @.87%(¥Ymox-Ymin}
Xleorr = 1.5%Xcorr | Ylcorr = 2%Ycorr
Xlshift = 1.2#Xstep | Yishift = @.18%¥step
SET VIEWPORT 28,190d,20,B8
SET WINDOW Xmin, Xmax,¥Ymin, Ymox
! IF Ymin<@ THEN MOVE ¥min,® | '"RDRAW Xmax,@
MOV Xmin,¥min | RDR Xmox-¥min,8:;8, Ymox-¥Ymin;—(Xmax-Xmin),@; @, -{Ymax-Ymin)
MOVE ¥mdin,¥min
FOR X = ¥min TO ¥max STEP Xstep | MOVE X,Ymin | RDRAW 8, (Ymox-Ymin) /6@



2068
2679
2g80
2¢98
2188
2118
21249
2138
21448
21548
2168
2178
21809
2198
2298
2218
2229
223
2248
2258
2268
2278
2284
22040
25¢4
2510
25268
25308
2540
2558
2560
2578
26088
3ggag
3685
3g1g
3@g12
3g2¢g
3gzg
3835
3g4g
3858

NEXT X
MOVE Xmin,¥Ymin

FOR Y = ¥min TO Ymox STEP Ystep | MOVE Xmin,Y | RDRAW (¥mox-Xmin) /88,0

MEXT ¥
SET CLIF OFF | SET TEXT STYLE @
MOVE Xmin,¥Ymin
FOR X = Xmin TO Xmox STEP Xlstep | TEXT AT X-Xlshift,Ymin-Ycorr:X
NEXT X
SET TEXT STYLE @
IF ¥min<® THEN 2168 ELSE 223d@
TEXT AT Xmin-Xecorr,-Ylshift:g@
FOR Y = ¥Ymin TO -Ylstep STEP Ylstep
TEXT AT Xmin-Xcorr,¥Y=Ylshift:¥Y
MNEXT ¥
FOR Y = Ylstep TO Ymox STEP Ylstep
TEXT AT Xmin—Xcorr,Y-Ylshift:Y
NEXT ¥ | GOTO 2268
FOR ¥ = ¥min TO Ymox STEP Ylstep
TEXT AT Xmin-Xcorr,¥Y-Ylshift:v
MEXT Y
SET TEXT ALIGN 3,5
TEXT AT (Xmax+Xmin)/f2-Xlshift/2,¥Ymin-Ylcorr:Xs$
TEXT AT ¥min-Xlecorr, (Ymax+¥Ymin)/2-Yishift:¥$
END SUB
SUB Filing
INPUT PROMPT "FILING? ":F3 | IF F3="N" THEN 2628
INPUT PROMPT “"NAME FILE? ":F1%
OPEN #2:F1%,"W"
PRINT #2:Wdeg,lLo,Oospl, Oasple
PRINT #2:"ANGLE,AWEIGHT LEVEL,DASPL,0ASPLC=0ASPL+AWEIGHT"
PRINT #2:"DOT PROPFAN PROPAGATION PROJECT™
CLOSE #2
END SUB
SUB Noisecorr_levels
DIM Corrl[Rows] | DECLARE LOCAL X1, %2
INPUT PROMPT "AVERAGE A-WEIGHT dB OF BACKGR MNOISE: "™ ALTER "13":Lav
FOR I = 1 TO 114
X1 = 187({0aspl[I]-LalIl-Lav)/168) | X2 = 18°(({Aweight[I]-Lav)/18}
Corrl[I] = Lo[I]l-Aweight[IT+18*L0G18{{1-X¥1)/({1-X2))
PRINT Wdeg[I],INT{F[I]},LD[I].RDUND(CQPFI[I],EJ
MEXT I
END SUB




168 REM "SOURCELV™, UNO INGARD, JAN 31, 1888

11¢ REM TO BE USED IN CONJUNTION WITH THE CONVERTED DOT DATA FILES IN WHICH MEASU
RED OASPL ARE GIVEN AS A FNCTN OF EM ANGLE, OBETATIAMED FROM PROGRAM "DTAHANDL"™

12P REM AND FILES WITH ATTENUATION DATA OBTAINED FROM "KIN ATT®

138 REM BY ADDING THE MEASURED LEVELS AND THE ATTENUATION FOR EACH ANGLE OF EMISS
ION, THE SOURCE CHARACTERISTICS ARE OBTAINED

‘”'I-ﬁ [ L L FEHE B W W NN I e e 36 3 I e

158 INP PRO "NEW CALC OR DATA FROM FILE N/F ":0% | IF Q$="N" THE 289 ELS 152
152 INPUT PROMPT "NAME OF FILE: ™ ALTER "A_SL B1f.DAT":N$

154 DIM Hdeg[11ﬁ],A1[1Tﬂ].A2[11H].Atat{11ﬂ].Duspl[1Tﬂ],SI[11G],Wn[4I,Ln[#1
156 OPEN #2:Ng,"R"

158 INPUT #2:Wdeg,A1,A2,Atot,Oaspl, Sl

168 CALL Plots

162 END

1B

209 PRINT "Dotdata:" | CALL Dotdoto | PRINT

214 PRINT "Atten_angle_table:" | CALL Atten_ongle table | PRINT

228 PRINT "Attenuations:"™ | CALL Attenuctions | PRINT

238 PRINT "Sourcelevel:" | CALL Scurcelevel | PRINT

235 PRINT "Nasodoto:" | CALL Nosodoto | PRINT

24F PRINT "Plets:™ | CALL Plots

25@8 END

260 ! e e e e e e e R e

489 SUB Dotdata

428  INPUT PROMPT "NAME OF DOT-FILE " ALTER "B18_L-W.DAT":D$S

425  DIM Wdeg[118],La[118],00sp1[118],0asplc[118]

438  OPEN #2:0%,"R"

440 INPUT #2:Wdeg,Lo,Qaspl,Oasplc

458  CLOSE #2

4GP END SUB

o R S S e ————— e

EfP SUB Atten_angle table

618  INPUT PROMPT "NAME OF ATTEN FILE " ALTER "KINA 313.WND":FS

615  INPUT PROMPT "NR OF ELEMENTS IN EACH ARRAY: ":Ne

628  DIM Wref[Ne],Vo2[Ne], Rdiscr[Ne],Arrt[Ne], Acir[Ne], Asph[Ne]

638 OPEN #2:F$,"R"

648 INPUT #2:Wref,Vo2,Rdiscr,Arrt,Aoir, Asph

658  CLOSE #2

BEQ END sUB

BB mmmme e

Bf@ SUB Attenuations
BES  DIM A1[118].A2[118]).Atot[118]
B1f FOR I =1 TO 118

Bz2p FOR J4 = 1 TO Ne-1

azs IF Wdeg[I]-Wref[J]=@ THEN 831 ELSE 838

83g IF SGN(Wdeg[I]-Wref[J] )+56N(Wdeq[I]-Wref[J+1])=¢ THEN B31 ELSE 832
831 A1[I] = (Aoir[J]+acir[J+1])/2 | A2[I] = (Asph[J]+Asph[J+1]1)/2

832 NEXT J

835 Atot[I] = A1[I]+A2[I]



Bag PRINT Wdeg[r],HOUND{A1[I},Ej,REUND{AE{I],EJ.RGUND(Atnt[I].E}
B5¢ NEXT I

BEd END SUB
e B

1888 SUB Sourcelevel

1685 DIM s1[119]

1686  DECLARE LOCAL I

1618 INPUT PROMPT "REFLECTION CORRECTION " ALTER "5":Ref]

1828 FOR I = 1 TD 118

1938 §1[1I] = oaspl[I]+Atot[I]-Refl

1849 PRINT wWdeg[I],ROUND{S1[I],2)

1858  MEXT I

1668 END SUEB

B b e e e e e e

1188 SUB Nasadata

1208  DATA 40,91.5,57,96,86, 190,183, 93.5

1265 DIM wWnl[a],Ln[4]

1218 FOR I =1 70 &4

1228 READ wn[I],Ln[I]

1258  NEXT I

1248 END SUB

1250 | e e e e e

1488 SUB Plots

1418 INPUT PROMPT "PLOTS? ":PS | IF P5="N" THEN 1588 ELSE 1412

15412 INP PRO "otten or sourcelevel? afs ":55 | IF 53="S" THE 1428 ELS 1512

1428 Amin = 48 | Xmax = 12§ | Ymin = 48 | Ymox = 128 | Xstep =2 | ¥Ystep. =5 | %
lstep = 18 | Yistep = 16 | X$ = "ANGLE" | ¥$ = "dB" | XlIshift = T.4%¥step | CAL Lin
lin

1438 MOV Wdeg[1].0ospl[1] | FOR I = 1 TO 118 | DRA Wdeg[I],0aspl[I] | NEX I

1448  MOVE Wdeg[1].S1[1] | FOR I = 1 TO 118 | DRAW Wdeg[I],S1[I] | MNEXT I

1445  SET POINT STYLE 3

1458 FOR I = 1 TO 4 | PLOT POINT Wn[I],Ln[I] ! NEXT I

1468  INPUT PROMPT "C? ":C$% ! IF CS="N" THEN 148¢ ELSE 1478

1478 PRINT #1:A%

1488  SET GRAPH @ | CLEAR GRAPH

1488  INPUT PROMPT "ANOTHER COPY ":C$3 | IF C$="N" THEN 158¢ ELSE 1428

158@ GOTD 1518

1512 ¥min = @ | ¥mox = 188 | Ymin = @ | Ymox = 188 | Xstep = 18 | ¥step = 198 | X
lstep = 3@ | Ylstep = 28 | X$ = "ANGLE" | ¥$ = "dB" | Xlshift = @.8%Xstep | CAL Lin
lin

1513  MOVE Wdeg[1],A1[1] | FOR I = 1 TO 11¢ | DRAW Wdeg[I],A1[I] | NEXT I

1514  MOVE Wdeg[1].A2[1] | FOR I = 1 7O 11¢ ! DRAW Wdeg[I],A2[I] | NEXT I

1515 MOV Wdeg[1],A1[1]+A2[1] | FOR I = 1 TO 116 | DRA Wdeg[I],Aa1[I]+A2[I] § NEX
I

1576  INPUT PROMPT "C? ":C$ | IF CS="N" THEN 1518 ELSE 1517

1517  PRINT #1:AS%

1518  SET GRAPH @

1519 END SUB

152 ! o e e

2¢¢F sSUB Linlin



2¢1@
2020
2@3g
2048
2gsp
2¢ed
2078
2¢ag
2@9g
2198
2118
212¢
2125
2138
2148
2158
2168
217¢
2188
2198
2290
2218
2224
2238
2248
2250
2266
22749
2289
2294d
23049
231¢
2328
2338
2340
2358
2360
23749
2384
230g
24084
2418
24248
3ggg
3@1@
3g2p
@3
3040

CALL Prngraph
! INFUT PROMPT "x-min":X¥min | INPUT PROMPT Mx—max™: Xmox
! INFUT PROMPT “"y-min":¥Ymin | INPUT PROMFT "y-mox" : ¥Ymox
* INPUT PROMPT "x-tic spacing”:Xstep !
! INPUT PROMPT "y-tic spocing":Ystep
! INPUT PROMPT "w-label spacing®:Xistep
! INPUT PROMPT "y-label spocing":Ylstep
! INPUT PROMPT "X-AXIS LABEL™: X%
! INPUT PROMPT "Y-AXIS LABEL"™:YS
Xeorr = @, 1%(Kmox-Xmin) | Ycorr = B.87%{ Ymax-Ymin)
Xlecorr = 1.5%Xcorr | Ylcorr = Z%Yecarr
! Xlshift = 1.&4*Xstep
¥Ylshift = @.23%Ystep
SET VIEWFORT 2¢,1¢d,2¢ 8¢
SET WINDOW Xmin, ¥mox, Ymin, Ymosx
! IF Ymin<® THEN MOVE Xmin.@ | !'RDRAW ¥max, @
MOV XEmin,Y¥min | RDR Xmux—xmin.ﬁ;E.Ymux—?min:—{xmux—xmin},E;ﬂ,-{?mux-?min}
MOVE Xmin, ¥Ymin
FOR X = Xmin TO Xmox STEP Xstep | MOVE X.Ymin | RDRAW g, (¥mox-Ymin) /60
NEXT X
MOVE X¥min,Ymin
FOR ¥ = ¥Ymin TO Ymax STEP Ystep | MOVE ¥min, ¥ | RDRAW (Xmox-Xmin)/8@,8
NEXT Y
SET CLIP OFF | SET TEXT STYLE ¢
MOVE Xmin, ¥Ymin
FOR X = Xmin TO Xmox STEP Xlstep ! TEXT AT K-Xlshift,¥Ymin-Yeorr:X
NEXT X
SET TEXT STYLE ¢
IF ¥Ymin<@ THEN 2299 ELSE 2360
TEXT AT ¥min-Xcorr,-Y1lshift:@
FOR Y = ¥Ymin TO -¥Ylstep STEP Y¥istep
TEXT AT X¥min-Xcorr,Y-¥Ylshift:¥y
NEXT ¥
FOR ¥ = Ylstep TO Ymox STEP Ylstep
TEXT AT Xmin-Xcorr,Y-Y1lshift:¥
NEXT ¥ | GOTOD 2398
FOR Y = ¥Ymin TO Ymax STEP Ylstep
TEXT AT Xmin-Xcorr,Y-Ylshift:¥
NEXT ¥
SET TEXT ALIGN 3.5
TEXT AT (Xmox+Xmin)/2-X1shift/2,¥Ymin-Ylcorr:Xs
TEXT AT X¥min-Xlcorr,{Ymox+Ymin)/2-Ylshift:v¥s

END SUB
SUB Prngraph

AS = CHRs(12)

OPEN #1:"PRN", "y

PRINT #1:"MMAP 6,8192,4,-24486,4,8,1:"

PRINT #1:"SHOWA 6,BEg@H:@ &,8 728,348 50,50 &, 6:"

5858 END SUB



