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FOREWORD

ARP 866, issued in August 1964, has served as the basis for many analyses of noise
propagation and for correcting sound pressure levels measured under given atmos-
pheric conditions to specified reference atmospheric conditions. It has been apparent
for some time, however, that some changes were required to improve the consistency
of determ:ining atmospheric absorption coefficients over a wide range of temperatures
and humidities.

In the original ARP 866, atmospheric absorption coefficients were presented for
1/1- and 1/3=-octave bands of noise, but only in a graphical form and for a few
selected values of relative humidity. It was necessary, in many practical cases, to
interpolate between the plotted curves. This need to interpolate or extrapolate, re-
sulted in problems with repeatability and accuracy in the determination of absorption
coefficients. This revision of ARP 866 preserves the original concepts of the 1964
version but replaces the various curves with mathematical representations more
suitable for machine computation. It also provides tabulated values of atmospheric
absorption coefficients in dB/1000 feet for 1/1- and 1/3-octave bands of noise, with
center frequencies between 50 and 10, 000 Hertz, for temperatures ranging from

1 to 100°F (in 1-degree intervals) and for relative humidities ranging from 1 to 100%
(in 1-percent intervals). Procedures are also indicated for calculation in Inter-
national Units with temperatures in degrees Celsius and absorption coefficients in
dB/100 meters.

Use of the modifications described in this document should eliminate some of the
inconsistencies that resulted from use of the August 1964 version of ARP 866 and

should thereby provide for improved uniformity in analyses of the propagation of
noise under varying atmospheric conditions.

PREPARED BY

SAE COMMITTEE A-21, AIRCRAFT NOISE MEASUREMENT
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STANDARD VALUES OF ATMOSPHERIC ABSORPTION
AS A FUNCTION OF TEMPERATURE AND HUMIDITY

1. INTRODUCTION

There are a number of factors which influence the propagation of noise from
an aircraft to a point on the ground. The purpose of this ARP, however, is
to consider only the classical and molecular absorption of sound energy by
the atmosphere. Spherical divergence, scattering, refraction, and other

effects should be treated separately.

This ARP describes a method by which values can be obtained for the absorp-
tion of sound in air over a wide range of temperature and humidity conditions.
Although it was developed primarily for use in evaluating aircraft flyover
noise measurements, the information should be applicable to other noise

problems as well.

The method presented is based on the theories of Kneser (References 1 and
2) and Evans and Bazley (Reference 3), the laboratory results of Harris
(References 4-7), and field data from various sources (References 8-10). .
Although the final information was used from these sources only, the works
of mmany other individuals and groups were used to arrive at a selection of

the present method.

The experimental results of Harris (Reference 4), were obtained for a single
temperature of 20°C (68°F). Essentially, these data were used and curves
based on Kneser's theory were modified to fit them, The modified curves
then served as a basis for obtaining values over a wide range of tempera-
tures, humidities and frequencies. Once these curves were established,
they were compared with field results to select a method for predicting
absorption values for bands of noise by using the absorption value for a

single frequency.

Since ARP 866 was first published in 1964, considerable data on the atmos-
pheric absorption of sound have been collected, e.g., References 11, 12, 13

and 14. Most of these studies have indicated that, on the average, the atmos-
pheric absorption coefficients determined by the method described herein

are quite close to the measured values over a reasonably wide range of air

temperatures and relative humidities. Documents
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The purpose of this reissue of ARP 866 is to describe a mathematical pro-
cedure for determining atmospheric absorption coefficients that is suitable
for use with machine computation techniques. Use of the mathematical
representations of the various curves involved in the calculation routine
should improve the precision and repeatability of determining atmospheric
absorption coefficients. The calculation procedure is used to determine
atmospheric absorption coefficients for 1/1- and 1/3-octave bands of noise,
for air temperatures ranging from 1 to 100°F and relative humidities from
1 to 100 percent. The calculated coefficients are presented in tabular and
graphical forms. The tabulated coefficients provide a convenient method of
reading all 1/1- or 1/3-octave band coefficients on one page for a variety of
temperatures for a given relative humidity. The graphical forms use
expanded scales for improved legibility and for easy comprehension of the
dependence of the absorption coefficients on frequency, temperature, and

humidity.
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2. SYMBOLS

freq Frequency, Hz
h, Absolute humidity, gm/rn3
hmolmax Absolute humidity for maximum molecular absorption, gm/ m3
hnormalize d Normalized absolute humidity, ratio of ha to hmolma.x
RH Relative humidity, percent
temp Air temperature, degrees Fahrenheit or Celsius
Xelass Classical absorption coefficient, dB/1000 ft or dB/100 meters
@ ol Molecular absorption coefficient, dB/1000 ft or dB/100 meters
@ olmax Maximum molecular absorption coefficient, dB/1000 ft or

dB/100 meters
@ ormalized I;Lox;ma.lized molecular absorption coefficient, ratio of @ ol

molmax

a Atmospheric absorption coefficient, sum of a and @ ol

dB/1000 ft or dB/100 meters. class
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3. BACKGROUND

According to the theory presented in Reference 1, there are two principal
mechanisms by which sound energy is absorbed when propagating through
the atmosphere. These mechanisms are termed classical absorption, which
is a function of frequency and temperature, and molecular absorption which
is a function of frequency, temperature and hurnidity. Both mechanisms

can be expressed as a loss, in decibels, per unit distance that a sound wave
has travelled,

3.1 CLASSICAL ABSORPTION

Classical absorption results from energy dissipation through the effects of
heat conduction and viscosity. It is relatively unimportant except at higher
frequencies and varies only slightly with temperature; however, it has to be
considered in an analysis since at 10, 000 Hz the classical absorption amounts
to a little over 4 dB/1000 feet. Values of classical absorption from

References 1 and 2 are given in Figure 1,

Molecular absorption results principally from a rotational and vibrational
relaxation process of oxygen and nitrogen molecules., It varies over a wide

range of values and may be as high as 100 dB/1000 feet at 10, 000 Hz.

Both theoretical and experimental results indicate that for a given frequency
there is a value of absolute humidity at which molecular absorption has a max-
imum value., Relative humidity is a more familiar term than absolute humid-
ity, because it has significance to weather and comfort. It is the ratio, in
percent, of the amount of water in a parcel of air at a given temperature
divided by the amount of water that parcel of air would have at the condensation
point. However, molecular absorption is concerned with the actual amount

of water in the air regardless of how much there could be. A nomogram

from Reference 2 relating absolute humidity, relative humidity, and air

temperature is given in Figure 2.

Reference 1 presented an empirical formula relating the absolute humidity

at which maximum molecular absorption occurs to the frequency of a sound
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wave, This relationship is shown in Figure 3, Reference 1 also provided
values of maximum molecular absorption as a function of frequency and

temperature; these values are given in Figure 4.

Given the information in Figures 2 through 4, the remaining problem would
be to determine what fraction of the maximum molecular absorption occurs
at absolute humidities other than that at which the maximum absorption
occurs. Figure 5 indicates the relationship, from Reference 1, between
normalized molecular absorption and normalized absolute humidity that can
be used to determine the molecular absorption coefficient for a given fre-
quency, air temperature, and absolute humidity.
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4. MODIFICATIONS TO LABORATORY RESULTS

4.1 TEMPERATURE AND HUMIDITY EFFECTS

Most of the experimental test results reported in the literature show trends
which agree with the theoretical predictions given in References 1 and 2.

For specific conditions, however, many of the experimental results do not
agree with the theoretical values nor with one another. The results from
laboratory experiments were usually obtained only over a limited range of
temperature and humidity. In order to obtain absorption coefficients over a
wide range of temperature and humidity, it has been general practice to alter
the theoretical curves to fit the experimental results. The procedure used
here was to make use of the precise and systematic laboratory data from

Reference 4 to modify the theoretical curves from References 1 and 2.

Because the determination of atmospheric absorption depends on several
curves, one rmust be arbitrary in deciding which of these curves should be
altered to make the theoretical curves agree with experimental data. The
approach taken here was to accept the classical absorption curve (Figure 1)
and the curve of absolute humidity at which maximum absorption occurs as

a function of frequency (Figure 3). The curve presenting maximum molecular
absorption values for different frequencies and temperatures (Figure 4) and
the theoretical curve relating normalized molecular absorption to normalized
absolute humidity (Figure 5) were then adjusted to fit the data of Reference 4.

The total absorption values (i.e., a combination of molecular and classical)
in Figure 3 of Reference 4 were used as presented. However, in Figure 4
of Reference 4, the plot of normalized absorption as a function of normalized
humidity includes the effects of classical absorption. Classical absorption
was subtracted from the total absorption values and a modified curve relat-
ing normalized molecular absorption as a function of normalized humidity
was obtained. This curve is plotted in Figure 6 along with the curve from
Figure 4 of Reference 4, and Kneser's theoretical curve. The modified

Harris curve was selected for the currently proposed method.
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In Figure 5 of Reference 4 a comparison was made between experimental
values and Kneser's theoretical values for maximum absorption coefficient
as a function of frequency. However, Harris' values once again included
classical absorption and the theoretical values do not. Comparing only the
molecular absorption of Harris' total absorption values showed them to be
lower than theory would predict. Harris' data were approximately parallel
to the theoretical curve of maximum molecular absorption as a function of

frequency (Figure 4),

Theoretical values of maximumn molecular absorption for three frequencies
were plotted as functions of temperature in Figure 7. Data from Reference 4
obtained at 20°C (68°F) were plotted and modified curves parallel to the
theoretical curves were drawn through them. The modified curves in Fig-
ure 7 were used to obtain the complete set of modified data presented in

Figure 8. %

The curves in Figures 1, 3 and 8, and the curve in Figure 9, which is taken
from the modified curve in Figure 6, then supply a complete set of curves
for use in determining total atmospheric absorption coefficients for a wide

range of frequencies, temperatures and humidities.
4.2 FREQUENCY EFFECTS

The theoretical and the modified theoretical curves described above and
presented in Figures 1, 3, 8 and 9 are strictly applicable to pure-tone,
single-frequency sounds. For wide-band noise,‘ with or without strong
discrete-frequency components, it is necessary to consider frequency bands
that may contain several frequency components. The most commonly used
frequency band has a constant percentage bandwidth, either that of a full or
1/1-octave band filter or that of a 1/3-octave band filter. In order to develop a

procedure for determining atmospheric absorption coefficients for bands of

*Note that Figures 7 and 8 differ slightly from the corresponding Figures 6
and 7 in the August 1964 version of ARP 866. The differences are due to
inconsistencies that occurred in the plotting of the previous curves for air
temperatures near 0 F. These inconsistencies have been removed by the

use of Equation (4) (Paragraph 5.4) to determine amolmax'
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noise it was necessary to compare absorption coefficients from field mea-

surements to those determined from the curves of Figures 1, 3, 8 and 9.

Although laboratory data are obtained under comparatively carefully con-
trolled conditions, field values of atmospheric absorption coefficients are
obtained under a fairly wide range of conditions which may not be carefully
measured. These data are usually obtained from a series of tests in which
the sound pressure levels are measured on the ground as a particular type
of airplane flies over the measurement point at heights ranging from a few
hundred to a few thousand feet. The measured sound pressure levels (in
1/1- or 1/3-octave bands) are plotted as a function of height overhead,
inverse-square spherical-divergence losses are removed, and the excess
attenuation is attributed to atmospheric absorption. It is usually assumed
that temperatures and relative humidities measured near the surface of the
earth are representative of conditions to a height greater than the maximum
height during the flyover and that the sound propagation is in all cases

vertical.

Three fairly complete sets of atmospheric absorption values obtained from
field tests of aircraft flyover noise levels are described in References 8-10.
These three sets of data, taken by completely independent groups and under
a variety of atmospheric conditions, indicated that by making certain general
assumptions fairly reliable predictions of absorption values could be made.
It was assumed that the absolute humidity was constant over the height range
and that the air temperature decreased with height at the lapse rate given by
an International Civil Aviation Organization standard étmosphere, Reference
15. It was also assumed that, because the spectrum of the flyover noise
slopes down rapidly with frequency (especially for long distance measure-
ments), the sound pressure levels in the high-frequency bands would be con-

trolled by energy in the lower frequency range of the band.

Analyses of the flyover noise data from References 8-10 indicated that the

following general rules for the frequency to use in the analyses gave the

best agreement between absorption coefficients determined from the field

data and values determined from the curves of Figures 1, 3, 8 and 9.
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In Figures 1, 3 and 8, the frequencies to use are:

1. For 1/1-octave bands:
a. Geometric mean irequency for bands centered:
at 53, 106, 212, 425, 850, 1700, and 3400 Hz (commercial), or
at 63, 125, 250, 500, 1000, 2000, and 4000 Hz (preferred).
b. 1.05 times the lower limiting frequency for bands centered:
at 6800 Hz (commercial) - i.e., 1.05 x 4800 = 5040 Hz, or
at 8000 Hz (preferred) - i.e., 1.05 x 5600 = 5880 Hz.
2. For 1/3-octave bands:

a. Geometric mean frequency for bands with center frequencies at
and below 4000 Hz.

b. The lower limiting frequencies for bands with center frequencies
above 4000 Hz, i.e., 4500, 5600, 7100, and 9000 Hz for the bands
centered at 5000, 6300, 8000, and 10,000 Hz.

The geometric mean frequencies and the lower limiting frequencies were
the standard values recommended in Reference 16 for 1/1- and 1/3-octave

frequency bands.
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5. PROCEDURE FOR CALCULATING ABSORPTION COEFFICIENTS

A seven-step procedure is used to determine the total atmospheric absorption
coefficients as the sum of a classical absorption component and a molecular
absorption component. The steps are set forth first for temperatures in
degrees Fahrenheit and absorption coefficients in dB/1000 ft and then for
degrees Celsius and dB/100 meters.

5.1 CLASSICAL ABSORPTION COEFFICIENT, @ jass

Based on the data in Figure 1 as a function of frequency and temperature the
clagsical absorption coefficients are determined from

[2. 05 log, 4 (freq/1000) + 6,33 x 1074 x temp - 1.45325]
a = 10
class (1)

in dB/1000 ft for freq in Hz and temp in °F.

5.2 ABSOLUTE HUMIDITY, ha

From Figure 2, the mathematical representation of the relationship between

absolute humidity, ha' relative humidity, RH, and air temperature, temp, is

b 1o[loglo (RH) - B]

. " | @)

in gm/m3 for RH in percent and where B is the value of log10 (RH) for an

absolute humidity of 1.0 gm/ m3. The quantity B is determined from the
following relationship:

B = b0 + b1 x temp + b2 x t:empZ + b3 X temp3 (2a)
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The coefficients in Eq. (2a) were determined by a least-squares curve {itting
technique for a third-order polynomial (over the temperature range from
0°F to 100°F) to be

b 1.97274664

0
b, = -2.288074 x 1072, °F"!
b, = 9.589x 107, °F2

b, = -3x107", °F"

5.3 ABSOLUTE HUMIDITY FOR MAXIMUM MOLECULAR

ABSORPTION, hmol max

From References 1 and 2, the absolute humidity for maximum molecular

absorption as a function of frequency is

/2

(freq/1010)! (3)

h =
molmax
. 3. .
in gm/m” with freq in Hz.

5.4 MAXIMUM MOLECULAR ABSORPTION COEFFICIENT, o
molmax

From Figure 8, the relation between the maximum molecular absorption

coefficient, frequency, and air temperature is determined using

[1og10 (freq/1) + 4. 6833 x 10.3 X temp - 2.4215]

?molmax 10 (4)

5.5 NORMALIZED MOLECULAR ABSORPTION COEFFICIENT,

Ynormalized

From Figure 9, corresponding values of normalized absolute humidity (ratio of

h toh
a molmax

to a
%mol molmax

) and normalized molecular absorption coefficient (ratio of

) are as follows,
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ARP866B
b ormalized ®normalized
0.00 0. 000
0.25 0.315
0.50 0.700
0.60 0. 840
0.70 0.930
0. 80 0.975
0. 90 0.996
1.00 1.000
1.10 0.970
1.20 0.900
1.30 0. 840
1.50 0.750
1.70 0.670
2.00 0.570
2.30 0.495
2.50 0.450
2. 80 0.400
3.00 0.370
3.30 0.330
3.60 0.300
4.15 0.260
4,45 0.245
4, 80 0.230
5.25 0.220
5.70 0.210
6.05 0.205
6.50 0.200
7.00 0.200
10,00 0.200
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For calculation purposes, these coordinate pairs may be stored in the memory

of the digital computer. Values of a_ .. ., at intermediate values of
= NoriIIi4llsaz€a
h . can then be determined by a quadratic interpolation technique,
normalized

5.6 MOLECULAR ABSORPTION COEFFICIENT, ol

The values of the molecular absorption coefficient for given frequency,
temperature and relative humidity are determined by multiplying the corre-

(determined in step 4) and o

sponding values of o normalize

(deter-
molmax d
mined in step 5), That is,

(5)

@ = x .
mol ?molmax © “normalized

5.7 TOTAL ATMOSPHERIC ABSORPTION COEFFICIENT, o

The total atmospheric absorption coefficient for corresponding values of
frequency, temperature, and relative humidity is determined by adding

together the values of o« from step 6. That is

class from step 1 and o

mol

o= (6)

+a

%lass mol

5.8 MODIFICATIONS FOR INTERNATIONAL UNITS

For some noise propagation analyses it is more convenient to deal with air
temperatures in degrees Celsius and absorption coefficients in decibels per
100 meters. Modifications to the above equations to accomplish this are
described below. The frequencies to use for analyses in 1/1- and 1/3-
octave bands are the same as those given in Section 4. The modifications

use the following conversion factors:

1 meter 3,281 feet
°r = 9/5°C + 32

dB/100m 1/10 x 3.281 ft/m x dB/1000 £t
0.3281 x dB/1000 ft

-0.48399

(10 ) (dB/1000 ft)
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5.8.1 Classical Absorption Coefficient, ®.lass

From Equation (1),

X lass [10 exp (-0.48399)] [10 exp (2.05 log,q (freq/1000)

+6.33x 104 x (9/5) x temp + 6.33 x 10™% x 32

- 1.45325)]

1ol2- 05 log, o (freq/1000) + 1.1394 x 10™> x temp -~1.916984]
(7)

in dB/100m for frequency in Hz and temperature in °c.

5.8.2 Absolute Humidity, ha.

From Equation (2),

h, = 10{l08; ¢ (RH) -B] (8)

in grn/m3 for RH in percent and temperature in °c.
From Equation (2a), the nondimensional quantity B is:
x temp3. (8a)

B = b,+b, xtemp+ b xtempsz

0 1 2 3

The appropriate constants can be determined from those given in Equation (2a)

by substitution as follows:
- 2.288074 x 1072 (9/5 temp + 32)
9.589 x 10"‘3 (9/5 temp + 32)2
-3x10”’ (9/5 temp + 32)°

Expanding and collecting terms including the constant of 1, 97274664 from
Equation (2a) gives

b, = 1.328924

b, = -3.179768 x 1072, °c”}
b, = 2.173716 x 1074, °¢2
b, = -1.7496 x 1076, °¢3
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5.8.3 Absolute Humidity for Maximum Molecular Absorption, hmol

Same as Equation (3),

_ 1/2
hmolmax = (freq/1010)

(9)

in gm/ m> with frequency in Hz.
5.8.4 Maximum Molecular Absorption Coefficient,

[« 4
molmax

From Equation (4),

“molmax [10 exp (-0.48399)] [10 exp (log,, (freq/1)
+4,6833 x 10-3 x (9/5) x temp

+4.6833 x 1073 x 32 -2.4215)]

_ 10llo8yo (freq/1) + 8.42994 x 10”° x temp -2.755624]  (10)

in dB/100m with freq in Hz and temp in °C.

5.8.5 Normalized Molecular Absorption Coefficient, o .
- "normalized

Use the same table of coordinate pairs and quadratic interpolation technique
described in Paragraph 5,5,
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5.8.6 Molecular Absorption Coefficient, @ ol

Combine @ olmax from Paragraph 5.8.4 and « from Paragraph

normalized

5.8.5 as follows:

a ol - “molmax * “normalized (11)
in dB/100m.
5.8.7 Total Atmospheric Absorption Coefficient, @

Combine O lass from Equation (7) and @ ol from Equation (11) as follows:

@ = @lass + “mol (12)

in dB/100m for temperatures in oC, relative humidity in percent, and

frequency in Hz.

Documents

Document Sharing Hub

Full document details: SAE ARP866B


http://www.avadocuments.com/doc/sae-arp866b
http://www.avadocuments.com/doc/sae-arp866b

SAE ARP866B Page 18 of 377

Documents

Document Sharing Hub

Full document details: SAE ARP866B


http://www.avadocuments.com/doc/sae-arp866b
http://www.avadocuments.com/doc/sae-arp866b

SAE ARP866B Page 19 of 377

6. ATMOSPHERIC ABSORPTION COEFFICIENTS

Atmospheric absorption coefficients were calculated for 1/1- and 1/3-octave
bands for air temperatures ranging from 1 to 100°F and for relative humid-
ities ranging from 1 to 100 percent. The 1/l1-octave bands are for the pre-
ferred frequencies; values for the old commercial octave band frequencies
would have to be calculated separately using the technique described above.
The results of these calculations are shown in graphical form in Figures 10
and 11 and in tabular form in Tables 1 and 2. The tables present the calcu-
lated values for temperature intervals of 1°F and relative humidity intervals
of 1 percent. For most analyses, the tabular format will be more useful
than the graphical format, although the graphical format does provide an
easy visualization of the relationship between the variables. Note also that
the curves in Figures 10 and 11 have been faired through the calculated
values. As a result, there may be minor differences between atmospheric
absorption coefficients read from the curves and those in Tables 1 and 2.

In case of a discrepancy, the calculated values in Tables 1 or 2 should be

used.

The absorption coefficients in Figures 10 and 11 and in Tables 1 and 2 were
calculated by a digital computer. The program statements for generating
these values are given in Appendixes A and B. The statements are in
FORTRAN and include the quadratic interpolation routine used to determine

values of ®normalized from values of h The statements include

normalized-
Eqs. (1) through (6) and the table of Paragraph 5. 5.

If absorption coefficients in dB/100m with temperatures in °C are desired,
it would be feasible to retain the same statements but make an internal
change of variable to change TEMP from °F to °C and to change ALPHA
from dB/1000 ft to dB/100m. Alternatively, the program statements could
be rewritten to incorporate the revised values for the constants in Eqs. (7),
(8), and (10).
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7. VALUES FOR REFERENCE CONDITIONS

Two reference atmospheric conditions are commonly used for aircraft noise
analyses. These are (1) an air temperature of 59°F (15°C) and a relative
humidity of 70 percent, and (2) an air temperature of 77°F (ZSOC) and a
relative humidity of 70 percent. The first condition uses the international
standard day temperature at sea level from Reference 15 and a relative
humidity that represents an average of the relative humidities encountered at
the major airports around the world. The second condition is widely used for
aircraft noise certification and for describing noise levels around airports,
References 17 to 19.
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7.1 59°F (15°C) AND 70-PERCENT RELATIVE HUMIDITY

From Tables 1 and 2 the absorption coefficients are:

Atmospheric Absorption Coefficient
C}?;Z‘—t‘:ir 1/1-Octave Band 1/3-Octave Band
Frequency, Hz dB/1000 ft dB/100 m dB/1000 ft dB/100 m
50 - - 0.1 0.0
63 0.1 0.0 0.1 0.0
80 - - 0.1 0.0
100 - - 0.1 0.0
125 0.2 0.1 0.2 0.1
160 - - 0.2 0.1
200 - - 0.3 0.1
250 0.4 0.1 0.4 0.1
315 - - 0.5 0.1
400 - - 0.6 0.2
500 0.7 0.2 0.7 0.2
630 - - 0.9 0.3
800 - - 1.2 0.4
1, 000 1.5 0.5 1.5 0.5
1,250 - - 1.9 0.6
1, 600 - - 2.4 0.8
2, 000 3.0 1.0 3.0 1.0
2,500 - - 4.0 1.3
3,150 - - 5.4 1.8
4, 000 7.6 2.6 7.6 2.5
5,000 - - 9.1 3.0
6, 300 - - 12.7 4.2
8, 000 13.7 4.6 18.5 6.1
10, 000 - - 27.4 9.0
Documents

Document Sharing Hub

Full document details: SAE ARP866B


http://www.avadocuments.com/doc/sae-arp866b
http://www.avadocuments.com/doc/sae-arp866b

SAE ARP866B Page 23 of 377

7.2 77°F (25°C) AND 70-PERCENT RELATIVE HUMIDITY

Again from Tables 1 and 2 the absorption coefficients are:

Atmospheric Absorption Coefficient
CB::::II, 1/1-Octave Band 1/3-Octave Band
Frequency, Hz dB/1000 ft dB/100 m dB/1000 ft dB/100 m
50 - - 0.1 0.0
63 0.1 0.0 0.1 0.0
80 - - 0.1 0.0
100 - - 0.2 0.1
125 0.2 0.1 0.2 0.1
160 - - 0.3 0.1
200 - - 0.3 0.1
250 0.4 .1 0.4 0.1
315 - - 0.6 0.2
400 - - 0.7 0.2
500 0.9 0.3 0.9 0.3
630 - - 1.1 0.4
800 - - 1.4 0.5
1, 000 1.8 0.6 1.8 0.6
1, 250 - - 2.2 0.7
1, 600 - - 2.9 0.9
2, 000 3.6 1.2 3.6 1.2
2,500 - - 4.6 1.5
3,150 - - 5.9 1.9
4, 000 7.6 2.5 7.6 2.5
5, 000 - - 8.7 2.9
6,300 - - 11.0 3.6
8, 000 11,7 3.9 14.9 4.9
10, 000 - - 20.6 6.8
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8. LIMITATIONS

The atmospheric absorption coefficients and calculation procedures described
herein should be used with caution in estimating sound propagation losses.
When long propagation distances are involved there may be large discrepancies
between observed and estimated sound pressure levels unless careful con-
sideration is given to the actual spectrum shape of the noise source, the true
propagation path length, the actual condition of the atmosphere between the
source and the receiver, and the actual level of the background noise that may
be present. In the high-frequency bands, it is possible for the losses due to
atmospheric absorption to reduce the level of the sound from the noise source

to below the level of the background noise.

For the analyses considered herein, the atmosphere was assumed to be still
and homogeneous with no therxﬁal or humidity inversions, no wind or wind
gradients, no inhomogeneities, and no turbulence. If these conditions are
not approximately satisfied, the sound can be refracted and scattered with
the result that measured sound pressure levels can be significantly different

from predicted sound pressure levels.

The acoustic propagation path should not be too close to horizontal. The
elevation angle between the source and the receiver should not be less than
approximately 25 degrees. When the elevation angle is small, there are
losses in addition to the atmospheric losses described herein due to pro-
pagation over the ground and over a.hy grassy or wooded terrain. These
additional losses can be substantial and are outside the scope of this

document,

The analyses presented herein are for atmospheric pressures near the
standard, sea-level pressure of 760 mm of mercury (29.92 in. Hg).
Additional research is needed to develop an explicit method to account for
atmospheric pressures much different from the standard sea level value

such as might be encountered at a high-altitude airport.

As a final limitation it should be pointed out that because of the curve-fitting
techniques used to obtain the mathematical representations presented herein,
it is not recommended that any extrapolations be made for temperatures

colder than 0°F (-18°C) or warmer than 100°F (38°C).
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10. APPENDIX A

This appendix contains a listing of the computer program statements for
calculating atmospheric absorption coefficients for sound pressure levels
in 1/1-octave bands. The program was written in FORTRAN for operation
on an IBM model 65 System 360 digital computer. The coefficients are in
dB/1000 ft with temperatures in degrees Fahrenheit and relative humidities

in percent.
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APPENDIX A
1/1 OCTAVES

ATMOSOMERIC ABSORPTIUN COEFFICIENT CALCULATION AS A FUNCTION UF

TEMPERATURE AND RELATIVE HUMINITY FOR FULL OCTAVE BANJS.

NGTE= TEMPERATURE IS IMN DESPEES FAMRENMEIT, RELATIVE nmUMIDITY 1S

IN PERCENT, AND ABSORPTION COEFFICIENTS ARE IN LB/1000 FEET.

THIS PROGRAM NOES NOT 11SE ANY INPUT DATA.

DIMENSION 1FPQ(A),FREQ(B)DEGPEELS0)+TABLE(59)

DIMENS TON HMOLMX (8, 100) cAMOLMX{B,100) JHUMRAT(B,100) ,ALPRAT(4,100)

DIMENSION ALPMOL(8,100) sALPCLALB.L100) +ALPHALS8,100)

EQUIVALENCE (NN,TABLE(1))

OATA TABLE /29.000.00¢040000e25000.315¢0050¢0.70¢0.6+0.84¢0.7+2.93
1000893e975,0.940099601e002000101¢0:979102+0:90043¢0e8491.5+0.75,
Zl-7.0.07.2.0'0.57.Z.J-O.bOS.Z.)’.O.bS.Z.0.9.5.3.0.0.37.3.30.0.33.
33,000030%¢150002604:.6590026450140800002305025000622¢5:.700.21+6405,
40.20506050002+7:00002¢10.040.2/

DATA [FRQ/03.125+250,500,1300,2000,40100,8000/

DATA FREQD/63.0,125.00250.0+¢500.0,1000.0+,2000.0¢4000.0,5880.0/

DATA DEGREE/1IM 1M oLlH o1H 1M +iH 1M o1t LN e LMY o LHE o LM, IHP,

1 LHE o LHMR o LA LHT o LU LR o LHE ¢ 1My o 1™ o LHO S IHE 4 LHG, LHO,

2 LIME o LHE s IHS o LM o LMF o LA LM LHP L EME  LHN o LM LHE o LN] .

3 INToIH o IH o 0H LM s LIH G IH oM L UH o LN oiH /

55 FUFMAT(IMl, 27X, *ATMUSPHERIC ABSORPTION COEFFICIENTS IN 08 PER 100
LO FT FOR FULL DCTAVE BANDS®,/30X,'OF NCISE AS A& FUNCTION UF TEIMPER
24TURE FOPY , 14, PERCENT RELATIVE WUMIDITY®)

60 FORMAT(LMD»21Xe*BAND CENTER FREQUENCY, HZ2®,36X,*BAND CENTER FPEOQUE
INCY, ™2°}

65 FORMAT(IN 8X,816,13X,816/)

70 FORMAT(LM ¢3XoAlel3elX¢AF6.LeBXoALoI3yiXe8FbL1)

NN=229

DC 180 [®P4ea]l,100

REL HUM= [AM

00 160 x=1,100

TEMP=K

B 81.97276664-0.022880 742 TE%P+U . 00005898 TENPe92-0,0000003¢TzMPee]3

ABSHUM = 10,0 ®**(ALOGLO(RELHUM)~ B)

D0 150 J=1,8

AMOLMX (J oK )=10.098(ALOGLO(FRPEQLJ) ) *0.00406933I0TEMP-2,.46215)

HMULYX (Je<) = (FREQ(J)/ 1010.00%%0,5

HUMRAT (JeK) = AASHUM/HMOLMX{J oK)

L=3

TFIHUNRATI oK) LE.TANLE(2)1GO TO 130

00 90 Isa¢58,2

Lalel

80 IFITABLEIL) ~ HUMRAT(J,K))IS0,130,110

90 CONTINUE

(o NaNaKa¥al

G0 T2 132

110 ts=]=2
IF(1.GE.4)GO YN 120
Is]e2

120 XAl s HUMAT(J,X) - TABLE(])
KAD & WUMRAT(J,K) = TABLE(]-2)
XA2 = HUMIAT(J,K) - TABLE(1+2)
X0l = TABLE(1=2} =~ TABLE(I)
X02 » TABLE(1-2) = TABRLE(]+2)

K12 = TABLE(1) - TABLE(]e2)
ALPRAT(J X )STARLE(L-1)0(XAL/XOL)®(XA2/X02)~
1 TABLEI[*L)®(XAQ/XJL)®(XA2/X12)e
2 TABLE(1e3)®(XAD/X02)®( XAL/X12}
GO TO 140
130 ALPRAT(J,K)} = TAJLEIL)
140 CONTINUE
ALFMOL (Jo<)m ALPRATIJ,K) ® AMOLMX{J,K}
ALPCLALJ+< 1210, 008 ( 2. 05SALOGINIFREQ(J)I/1000.01¢(D.2006338TEMP)
i -1.05325)
150 ALPMA(JeK)s ALPCLA(JoK) ¢ALPMOLIJWK)
160 CONTINUE
WRITE(O,55) IPH
WRITE(6,60)
WRITEL6,65) (IFRQUJI)IsISL iR LIFRQLIIII=],38)
00 170 Ks=l,%0
[TEMPL » K
ITEMP2 = KeS0
170 WRITEUA,T0) DEGRFE(K) o ITEMPL, (ALPHA(J K)o Ju1eB8)DESREEIKD,ITEMOZ,
LEALPHALI K+50),Js],8)
180 CZONTINUE
sTOP
END
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11. APPENDIX B

This appendix contains a listing of the computer program statements for
calculating atmospheric absorption coefficients for sound pressure levels
in 1/3-octave bands. The program was written in FORTRAN for operation
on an IBM model 65 System 360 digital computer. The coefficients are in
dB/1000 ft with temperatures in degrees Fahrenheit and relative humidities

in percent.
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APPENDIX B
1/3 OCTAVES

ATMOSPHERIC ABSOKPTINN CUEFFICIEMT CALCULATION AS A FUNCTICN OF
TEMPERATIJRE AND RELATIVE HUMINITY FOF ONS~THIRD OCTAVE HANDS.
NOTE= TEMPERATURE IS IV DESREES SAHFENMEIT, RELATIVE HUMICITY IS
IN PEPCENT, AND ARSOQPTINN CCEFFICIENTS ARE [N DB/1000 FEET.

TMIS POCGRAM DOES NOT USE ANY INPUT DATA,

DIMENSTUN IFPQU24),FREQI24),DEGREE( 1000, TARLE(S9

NIMENS 10 HMDLMX[24,100) o AMOL“X(24¢ 100) yHUMRAT (24,100}

DIMENSION ALPRATI24,109) ALPMOL (2401000 ,2LP LAL24,100)

DIMENSICN ALPHAL24,1000

EGUIVALENCE (NN, TAMLE(LY)

UATA TABLE /729¢0+0¢0003000000250¢00315¢00650+0070¢0¢6+0e84,067+0+93
100081009750 0099009960100+260580le0097+102¢00991003¢04849105+0.75,
CleT 400670200 065791203000495024500065026800e649300+003743430+0.33,
3306000309015,0020090%500026050408010023+5025+0062215¢7+002106405,
40,205+60500e2+7e0+0¢2+11040¢042/

DATA IFRQ/SGe63980,100012%,1600200,250¢315+%00¢500,633.,800.,1000,
1250+1600,2000,250093150:4000,5000.,6300,8000,10000/
DATA EPEQ/5060¢63.0¢8040¢10000012500¢16000020000¢25060,315.0¢
4004 0+50060+630+0080040,100060¢125040+1600.0+2000.0+
2500604 3150009400040+ 4500604 560040071906 0,9000.0/
DATA DEGREE/ZIM 1M o1M olH o LM oIH oLH oLM oLH o INT INELHM, NP,
LME ¢ 1M o LA, LHT o LU o 1R  LHE o LMy o LH o AHD ) IME 4 1HG o 1 MO,
LME g LHE G 1MS o IR o LME LHA o 100 o LMk o LHE o LHN G LM o LHE o IM]
NS IS U LS LTS LS IS LIS TN L IS L
LH o LM lH oM 1M odlH o IH (14 JLH LIHT 1IN (LMY, INP,
LHE o LR o LA o LMT o 1) o 1MR ) LHE o LMy oL o LHD G LME o LHG o LMR
LME g AME G L MS o 10 o KHF o LHA o LM 1HP o LHE o 1M1, LMo LME o LHT o
IHT g3k oM oIk y Ik 1K JAH o IH JLH 1M (LN /
35S0 FOPMAT(IML, JOX,'ATMOSPHEEIC ABSPRPTINN COEFFICIENTS IM O PER 10
AUD FT FOR ONE=THIRD OCTAVT®, /29X, *BANDS IF NUISE 4S A FUNCTION OF
2TEMPERATURE FOR',[4," PERCENT RELATIVE HU™IDITY*)
351 FOEMAT(L40,56X°BAND CENTER FREQUEMCY, HI®)
352 FOOMAT(IM 406X 42313,100,/)
353 FORMAT{IH ¢Aly15923F5.10Fba1l)
NN 239
00 300 19°we}, 100
REL M ms fRM
oC 200 Kvl,1J0
TEMPaK
6 81a972746064-0,02288074% TEM® ) ,00009549° TFMpPse 2.0, 0000V0I*TEMP =]
ABSHUM = 10,0 *8{ALDGIOIRELMUMI=~- 3)
0N 200 J=l,.24
LMOLMX(JoK)nl0a0* (ALNGIO(CREQI J) 120, 006568333 TEUP~2,4215)
HUDLMX(j,K) = (FREQIJI/ 1013.01°°C.5
HMUMRAT (oK) » ABSHUR/MmOLUX{Jen)
L3
TRIMUMRAT (U, K)o LELTABLEL2VIGD TO 130
60 OO 90 1%4,58.2
Lelel

80 IF{TABLE(I) = WMUWRATIJ,K1190,130,110

90 CONTINUE
coO Y0 130

110 Iel=2
1f(1.6G5.4)G0 TN 123
Isle2

120 XAl = MUMRATIJ,X) = TAMLE(TL)

XAD » MUMRAT(J,k) = TAALE(I-2)

XA2 = MUMRAT(J,K) - TABLELTe2)
- -
- -

>

N

w0 Ve N

x01 TABLE(1~-2) TABLILIY
x02 TABLE(I=2) TABLE(]e2)
X1Z = TASLELD)Y - TAMLE(1e2}
ALPRAT{J,K)sTABLE(I=1)2{X41/X0L)*(XA2/X02})~
1 TABLE(16112(XAO/XOLI®{XA2/X 12}
2 TABLE(1031°(XA0/X02)*IXAL/X12}
GO YO 140
130 ALPRATI(J,X) = TABLE(L)
140 CONTINUE
ALPMOL(JoK)® ALPRAT({JoF) & AMOLMX(J4K)
ALOCLA(JK)910.0%®(2,05%ALOGLOI FREQ( J)/1000.0)*(0,0006332TEUP)
1 -1e4%5325)
200 ALPHA(J X)® ALPCLALJI,K)SALPHOLIJK)
WRITEL6,350) IRM
WRITE (6,351)
WRITEL0+352) LIFRQ(JIeImi 26)
WRTTE(60353)( (DEGREE(T 1o 1o (ALPHALY, 1) J0=1,24)),121,50)
wR1TE16,350) IRM
WRITEL6.351)
WRITE(64352) (IFRQ{JIvJ=le24)
wRITE(0,353) L (DEGREEI Vo le (ALPHALJ 1) oJd=Le241),1251,100)
300 CONTINUE
sTOP
END

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-arp866b
http://www.avadocuments.com/doc/sae-arp866b

SAE

ARP866B

Page 33 of 377

CLASSICAL ABSORPTION COEFFICIENT, a ..., dB/1000 FT
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FIGURE 1. CLASSICAL ABSORPTION COEFFICIENT AS A F '"UCTION
OF FREQUENCY FOR VARIOUS AIR TEMPERATURES
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FIGURE 2. ABSOLUTE HUMIDITY AS A FUNCTION OF RELATIVE HUMIDITY
FOR VARIOUS AIR TEMPERATURES
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FIGURE 4. MAXIMUM MOLECULAR ABSORPTION COEFFICIENT AS A FUNCTION OF FREQUENCY
FOR VARIOUS AIR TEMPERATURES. (KNESER’S VALUES FROM REFERENCE 1.)
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