AD~A086 731  NAVAL RESEARCH LAB WASHINGTON DC F/6 171/
cous‘rxc RAY'I’RAC!NG TO FIXED 6ROUND RECEIVERS (PROGRAM AIRRAY),.(U)

UNCLASSIFIED m—m—uas SBIE-AD-E000 451

Iml
w

gnp !
St

880

oTIC




22 flas

o

= Iz
TR 2

fled

lI2s flis pie

MICROCOPY RESOLUTION TEST CHARI
Dl = |




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY. '




.
| o
{ e

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

RE :
_ REPORT DOCUMENTATION PAGE BEFORE D O o RM !
B T. REPORY NUMBER Z. GOVT ACCESSION NO| 3. RECIEIENT'S CATALOG NUMBER :
NRL Memorandum Report 4185 g :
r P DA 731 ,
| 17‘ FAFLErand Subritte) - 5. /TYPE OF REBDRT & PERIOD COVERED ‘
/|, ACCUSTIC RAYTRACING TO FIXED GROUND Final TeP” Lon one phase of :
RECEIVERS (PROGRAM AIRR—A_Y) *--continuing prOblem.
N ) R ‘° €. PERFORMING ORG. REFORT NUMBER :
] —_ - - ;]
7 AUTROR(AL 8. CONTRACT OR GRANT NUMBER(s) i
, kY
. i Evan B. Wright ;
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. P:OGROA: ERLEMENT PROJECT, TASK
Naval Research Laboratory AREA & WORK UNIT NUMBERS ‘

Washington, D.C. 20375 81-0371-0-0

1. CONTR CENANE AN’D/ADDRESS 12, REPORT DATE s EE ‘
- ? 1, April 11, 1980 Y/ yy. e

- = ST T T3. NUMBER OF PAGES .. g

: . / 58 L - J // ) /

15, SECURITY CLASS, (of this repoMy— ————F— - i
Unclassified

. TSa. ?CECELASSIFICATION/ DOWNGRADGING

‘ 16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if difterent from Report)

18. SUPPLEMENTARY NOTES

3
E 19. KEY WORDS (Continue on reverse aide if neceesary and identily by block number)
Raytracing, acoustic
Airborne Sound
Sonic boom
Wind, effects on sound propagation
) 20. ABSTRACT (Continue on reveras side Il necessary and identity by block number)
3 - ZIAIRRAY is a FORTRAN-IV program for air-acoustic raytracing with wind. It finds all
' multipath arrivals, from a source at arbitrary elevation, at a set of equally-spaced receivers along
fr ) a ground track. Tables of transmission loss vs range and bearing, or range and source height, are

computed. &
P

=

DD ,%5%™, 1473  eoiTion oF 1 Nov 6515 0BSOLETE
S/N 0102-014- 6601

i SECURITY CLASSIFICATION OF TH(S PAGE (When Data Entére.)




e ol i il e it 40D G e R R A N
B e i b

I
i

e A e A

< oo g oo iy TR

CONTENTS

L. INTRODUCTION ..ottt bbbt bs e e 1
I THEORY oottt caas e aen 2
HI. INPUT AND OUTPUT ..ottt ittt sreesees e s 3
IV, REFERENCES ..ottt et 5
APPENDIX A Lttt et 6

APPENDIX B ..ot e e e eee s eees s e sae e ses e s sases et s s seeeesssesessasssseeeseeeseasenseneeranes 23 o

ACCESSION for '
white Section } [

NS
Buft Section O

I ’ 0oC
l UNANNOUNCED o
AT pe——

ELECTE
JUL 16 1980

B ] :
TION] RS SLABIITY CODES L
DSTRBUTON ALABTY S -

Dist. AVAIL._and/or |
1

B /
Ao

e SV L E




! ACOUSTIC RAYTRACING TO FIXED GROUND

RECEIVERS (PROGRAM AIRRAY)

INTRODUCTION

AIRRAY is a FORTRAN-IV program which adapts some of the techniques used for some
time in underwater acoustic ray computations to atmospheric ray tracing. The basic ray path
integration algorithm of R. J. Thompson,"? which has been incorporated into this program,
computes the paths of sound rays reaching the ground from a source at an arbitrary altitude,
and traveling in a fixed vertical plane. The effect of the horizontal component of the wind iﬁ
the source-receiver plane, at each altitude, is considered in the program; other wind com-
ponents are neglected. The present program is designed to find all eigenrays (rays connecting
source and receiver) reaching a set of equally-spaced receivers along the ground track, either
directly or by multiple surface reflection, and compute their travel times, ray intensity levels,

ray angles and number of surface reflections. Eigenrays are found, and their trajectory parame-

ters are computed, by linear interpolation in the set of rays traced to the ground. After the
eigenrays along a user-specified set of tracks have been computed, a table of CW transmission
losses vs. range and bearing is computed by random-phase addition; or, for a given bearing, a

table of transmission loss vs. range and source altitude may be computed.

Since this program will often be used to mode! explosive or moving sources of sound, the
eigenray listing may be a more useful output than the transmission loss table. The transmission

loss calculation is strictly valid only for a stationary continuous source; however, the table may
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still be useful in indicating the locations of shadow zones on the ground. Transmission losses

greater than 120 dB are not printed, so that high-loss regions stand out in the table as blank
areas.
The physical input data required is a weather profile, i.c., a table of temperature, wind

speed, and wind direction as functions of altitude. The receivers are always on the ground, and

the ground is flat, although it may be at an arbitrary elevation with respect to sea level, where

the weather profile is assumed to start.

THEORY

An outline of the theory will be found in Refs. 1 and 2. It is of interest here, however, to
show a comparison between the equations used here and those of single-profile underwater

acoustic ray tracing with currents neglected, where Snell’s law applies. The basic differential

equations in the Snell’s law case are :°

dx ¢

i (1A)
Z_, . fi-< (1B)
dt c"2,

and an invariant quantity along the trajectory of a ray is

c
m = Cos @ @

In the present model of an atmosphere with wind, the differential equations are

dx  u(l + ku) — kc?

dt 1+ ku GA)
dz eV + ku)? — kic?
dr * 1+ ku (B)
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and the invariant quantity along a ray trajectory is

k= ] u - ! 4)
2~ u? 2+ (2= udan 0

In all of the equations above, x and z are the horizontal and vertical coordinates, respectively,
¢ = ¢(z) is the soundspeed, ¥ = u(z) is the in-plane component of wind speed, and @ is the
ray angle with the horizontal. Note that the present model is not the small-angle model some-
times used, where Egs. 1 and 2 are used with the still-air sound speed ¢ being replaced by ¢ + u
at every altitude in the vertical plane.* The present model treats the wind component in the

plane exactly (Eqs. 3A and 3B), although neglecting the ordinarily smaller effect of crosswind.

The interpolating function used here is piecewise-linear; i.e., the ray path equations are
solved in closed form in each profile layer, under the assumption that ¢ and « vary linearly with

z within the layer, and are continuous at layer boundaries.

INPUTS AND OUTPUTS
The input card deck structure for AIRRAY is as follows:

Card 1: Any alphanumieric titie in cols 1-72.

Card 2: DR, R2, (H(D),1 =1, 8) FORMAT (10F8)
DR is the initial receiver range (and range increment) in km.
R2 is the final range in km.
H is the array of source altitudes in m.
Additional source altitudes may be entered following card 2 in format (10F8), up to
a total of 30. Always terminate the array of source altitudes with a blank or nega-

tive number, using an extra card if necessary. Note that the source altitudes

entered are measured from ground level.

s e e e . 2t 1 e
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BM,1=1,16) FORMAT (16F5)

(B (D,1=17,30 FORMAT (16F5)

- ORI L 0 e iy G € OISR B BT ik e

B is the array of track bearings (source to receivers). Use card 3A if more that 16
are to be computed. Always terminate the bearing input with a negative number

unless the full 30 are entered.

Ym®mTO, DM WD, I=1,50 FORMAT (4F8)

Y is the array of weather profile altitudes in m. (Y is measured from sea level—see

below.)
T is the array of temperatures in degrees C.

D is the array of wind directions (bearings from which the wind blows) in degrees.

W is the array of wind speeds in knots.

The weather profile is read in, one altitude per card, from sea level up. The
last altitude should be above 100,000 m, and its temperature should be the max-
imum on the profile. Always terminate the profile input with a blank card, unless
all 50 altitudes are used. Since the first weather profile card is for sea level, the
first profile altitude is always 0. If a non-zero ground elevation is desired, enter it
in m. in the Y-position on the first profile card. The rest of the altitudes in the
profile will be reduced to altitudes above ground level in the program. Source alti-

tudes are always measured from ground level when entered.

The program finds and lists all eigenrays for a track (source-receiver bearing) before going
on to the next track. (The listing for each eigenray includes the number of ground reflections
the ray has had up to the receiver point, and the ray’s source and receiver angles, travel time,

intensity level, and mean horizontal speed.) After all tracks for a given source altitude are
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done, a table of transmission loss in dB vs. range and bearing is computed by random-phase
addition of eigenrays at each receiver, and printed. Then the program proceeds to the next

source altitude and repeats the computations for the same set of bearings.

If only one bearing is entered, transmission loss is tabulated vs. range and source altitude

rather than range and bearing. In this case the table is not printed until the very end.

Appendix A is a listing of the program; Appendix B is a listing of a sample data deck with

the resulting output.
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