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ABSTRACT

This report reviews a general i zed formulation

of the steady-state boundary -value problem for
- “; scattering of infinite plane waves by an arbitrary

• 
- 

- closed rigid surface immersed in an infin ite fluid.

The normal veloc i ty distribution generated over the

closed surface by scattering of plane waves can also
be interpreted as the boundary condition of an equi-
valent steady-state radiation problem . The numerical

solution of rigid surface scattering problems is
therefore obtainable by a simple extension of
capabilities of the XWAVE program. The additional

• data required by XWAVE for rigid-surface scattering
applications and several sample calculations are

presented .

FORMULATION OF BOUNDARY-V ALUE PROBLEM FOR RIGID-BODY SCATTERING

Part I l of this documentation described a numerical method for
obtaining the radiated pressure field external to the surface of a
structure vibrating in an ideal , infinite fluid. This problem is
mathematically posed by the wave equation with attendant boundary conditions
at infinity and on the structural surface .1 It is well known2’3 that

boundary-value problems such as the one describing sound pressure from

submerged vibratin g surfaces can also be interpreted as formulating the

Henderson , F.M., “A Guide to Use of the XWAVE Program : Part I - Radiated
Pressures From Vibrating Structures ,” DTNSRDC Report 77-0041 (Jun 1977).

2 ,, . . .
Chertock, G., Integral Equation Methods in Sound Radiation and

Scattering from Arbitrary Surfaces ,” NSRDC Report 3538 (Jun 1971).

Junger , M.C ., and 0. Feit , “Sound , Structures and Their Interaction ,”
M I T Press , Cambridge , Massachusetts , and London , England (1972).

_ _ _ _ _ _ _ _ _ _ _  
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sound field produced when trains of pressure waves impinge on and are
scattered by structural surfaces.

To obtain this alternative formulation , the vibrating structure
considered in the earlier report1 is replaced by a rigid- body surface (see
Figure 1) on which a time-independent succession of infinite plane waves
impinges.
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Figure 1 — Rigid-Body Scatterer Inunersed in an Infinite Fluid

L

It is of practical interest to consider plane wave incidence since in
applications such as active sonar detection problems the wave source is
sufficiently far from the scattering obstacle that the radius of curva-
ture of the wave fronts near the obstacle can be considered essentially
infinite . In addition , the decrease in pressure from geometric spreading



of the incident wave over the scattering surface can be neglected .3

The total pressure (above ambient) in the field is the sum of the
incident and scattered wave pressures,

= + p ( z )  ( 1 )

where z denotes field points and in the notation of Junger and Feit ,3

denotes field pressures scattered from rigid (infinite impedance)
boundaries. Since the total pressure p must satisfy the wave equation ,
the scattered pressure must also satisfy it,

v2p (z) + k2p5 ( z )  = 0 ( 2)

k is the wave number of the incident pressure wave ; k Ui/c in which
is the angular frequency of the incident pressure wave

c is the speed of sound in the fluid
The presence of the rigid boundary requires the sum of the fluid particle
velocities in the incident and scattered waves at any point on the body
surface to be zero ,

~p. (s) ~p (s)
______ = — ‘iwpv~(s) = jwpv

5 (S ) —  S (3)

where , referring to Figure 1 ,
s is a point on the closed surface S of arbitrary shape
n is the direction normal to the structura l surface at s
v
~
(s) is the incident fluid particle velocity norma l to the

structural surface at s
v5 (s) is the scattered fluid particle velocity norma l to the

structural surface at s
p1 (s) is the incident pressure on the structura l surface at s
p5 (s) is the scattered pressure on the structura l surface at s

p is the fluid density
The boundary condition at infinity is

ik i z ie — 
(4)

3

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _  



where z denotes a point in the fluid.
Equations (2), (3), and (4) then give the alternative boundary—value

problem to be solved for rigid body scattering. When these equations
are compared with their counterparts for a vibrating body , (Equations (1),

• ( 2 ) ,  (3) of DTNSRDC Report 77-0041) it is seen that the only distinction
between the radiation problem and the rigid-body scattering problem is
the manner in which the surface boundary condition is interpreted .

GENERAL FORMULATION FOR THE BODY SURFACE BOUNDARY CONDITION

In order to perform rig id-body scattering calculations using XWAVE ,
a suitable representation for the normal surface boundary condition
v5 (s) arising from an incident plane wave must first be obtained . Since
a genera l direction cf incidence is to be specified , it is convenient to
utilize vector wave number notation .3 With this notation the steady-state
incident pressure field is given by

i k.(~ )z
p.(z) = P.e —i — (5)

where k1 is defined as a vector with magnitude equal to k
~ 

and having x- ,
y- , z-components corresponding to the direction of wave incidence , and z
is a vector denoting a field point. Taking the partial derivative of
p~(z) in the direction normal (outward ) to the surface S at s (z = s)
gives

i k.(.)s
ap.(s) aP.e 1 ik.(.)s ik.(.)s

i 1 n~vP .e = I n~k.P . e (6)an an — 1 — — i i

where ii denotes a unit vector normal to S at s and pointing to the
exterior of S. Substituting this result into Equation (3) then yields

“!~.-~ 
( . ) s

i ~. k.P.e = iwpv (s) (7)

Since the XWAVE formulation uses the nondimensional forms of pressure and

4 
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• veloc i ty
p = p/pcv0

(8)
v v / v0

where v0 is an arbitrary velocity , dividing both sides of Equation (7) by

ipcv 0 gives

— 
ik.(~ )s

~~
. k .P~ e —i 

= k~v 5 ( s )  (9 )

and finally the desired expression for the surface normal velocity
resulting from time-harmonic infinite plane waves incident on S from a

general direction ,
— 

ik.(~)sn~~k.P.e
1

— —1 (10)

Since XWAVE is based on a numerical solution to the wave equation , a
finite representation for v5 (s) is used , as in the case of the radiation
calculations , in which its values are defined only for points of a
discretized mode l of the scattering surface S (see Figure 2 of DTNSRDC
Report 77-0041).

XWAVE DATA FOR THE RIGID-BODY SCATTERING PROBLEM

Equation (10) shows that the data required to calculate v5 are :
1. x- , y- , z-coordinates of ~
2. x- , y- , z-coordinates of vector wave number
3. x- , y- , z-coordinates of surface point s
4. magnitude , P1 , of nondimensional incident pressure
5. magnitude , 

~~ 
of

Since i tems 1) and 3) are already included as part of XWAVE’ s “surface
geometric data ” ,’ additional input facility is needed only for the
remaining i tems. To accommodate i tems 2) and 4) a new data card is
introduced with format as follows :

5 
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• “INCIDENT PLANE WAVE DATA” CARD
Columns Contents Description

1-8 k. x-component of k.—i —1x
11-18 

~-i y-cc ~onent of
y

21-28 z-component of

33-40 Magnitude of nondimensional incident
pressure wave , = P1/pcV 0

Item 5) is entered in the space allotted to k (for radiation
applications) on the “Miscellaneous Data ” Card .1

DATA INPUT FORM (1) (see Part I of this documentation) is revised as
shown in Appendix A to include the incident plane wave data card type and

to indicate its position in the XWAVE data deck.
Two of XWAVE’ s program options (see Part I , section entitled DATA

FORMATS) are augmented as follows :

• “PROGRAM OPTIONS” CARD 1

Columns Contents Descr i ption
13-16 UPT4: Selector for surface velocity

distribution

Velocity distribution is:

0005 Genera ted for p lane  wave i ncidence
upon the body surface. (Scattering

applications only)

17-20 OPT5: Selector for radiation or

sca tter ing a ppl i ca ti ons
0000 Radiation calculations

0001 Scattering calculations

The other options and types of data as well as data configurations

to be used for scattering applications are the same as those previously

descri bed for use with radiation calculations (see DATA FORMATS’).

6
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SAMPLE LALCULAT IONS

CALCULATION OF FAR-FIELD SCATTERED PRESSURES FROM A RIGI~ CYLI NDER
ILLUMINATED BY A PLANE WAVE NORMAL TO THE CYLINDER AXIS

An approximating analytic result 3 is used for comparison with the

numerical solution for this problem . The analytic approach extends results

obta i ned 3 for an infinite rig id cylinder that scatters a plane wave
incident from the ~~~~ direction (spherical coordinates) by restricting the

- . 
scattering acceleration boundary condition of the infinite cylinder to a
finite length 2L , Figure 2, and by taking the acceleration distribution

equal to zero for I z i > L.

0 = 0

,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ cIDENT WAV E FRONT

Figure 2 — Approximate Representation for Finite Cylinder Scattering of
Plane Wave Incident Normal to Cylinder Axis

7
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The acceleration for z~<L is 3

kP.
= _-___i_ 

~ ~~i ’~J~ ( k a )  C O S fl~ 
(1 1)

~~ n=0

w i th the f o l l o w i n g no tat i on 3:

~ 
is  the Neumann funct i on , =1 for n=O ; 2 for n>O

J~(x) is the cylindrical Bessel function of the first kind

a is the cyl inder radius

The far-field scattered pressure field is expressed as3

2Le ’~~P.j (kL cos o) c i’ (ka)cos ~
p5~ (R ,o ,~ ) = - 

R 5111 0 n=O H~(ka sine ) 
— (12)

wi th the fol lowing notation 3:

R ,e ,~ are the spherical coordinates of field point

s in xj0
( x )

H
11
(x) is the cylindrical Hankel function of the first kind

Before Equation (12) is evaluate d , i t is convenien t to mo di fy i t
to make the results compatible with XWAVE calculations. Transforming to

nondimensiona l pressures by dividing through by pcv 0 and us ing Equation

(8), gives

2Le 1
~~P.j (kL cose ) ~ J

’ (ka)cos n~
= - 

R sin 0 n~0 
(13)

The form of the XWAVE solution for far-field pressure (Equation (10) of

DTNSRDC Report 77-0041) is

4~Iz~F ( z )  ~-~~(z) ik~~ j (14)

In th i s ex press i on , ~(z) denotes non dimensional pressure at z , where z is
NI NI

the far-field point position vector. For the case of scattering,

~~~(z) will correspond to ~5 (R ,e ,~ ) in Equati on (13). The following

8
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form of Equation (13) is thus compatible wi th XW AVE :

4~I z I
F5 (z)  = 

~~ 
~~~~~~~~~ 

~~~~ 
= ~~

. 

~~~(R ,O ,~ ) -4~
-

8iL~.j (kL cos e) c J ’ (ka)cos no
= - k sin ~ n=O H~(ka sin e) 

= F5
(e ,~) (15)

To illustrate the evaluation of Equation (15) the following data
were used : cyl inder radius a=1; cylinder half -length L=2; k=1 ; normalized

- 
- .

~~ incident pressure P1 = l .

A FORTRAN program was written to perform the far-field pressure

calculation . This program utilized a subroutine COMBES (PS-582A) from the

Boeing Math Science L ibrary to compute the cylindrical Bessel functions

of first and second kinds , Jn(x) and Y11
(x), for this evalua tion . These in

turn were used to obta i n4:

J’(ka) = 3n+l (ka) 
+ ~ J ( k a )

H~(ka sin e) = J
11
(ka sin e) + i Y

11 
(ka sin - 3 )  (16)

H~(ka sine) = -[J~~1 (ka sin e)+i Y11~1 (ka sin e)) + ~~~
— [J (ka sine)

+ i Y
11
(ka sin e)]

Far-field pressures were computed around a polar great circle path (in a

plane perpendicular to the incident wave) and an equatorial great circle

path (in a plane parallel to the incident wave) on the surface of a large

sphere (R -* ~ centered abou t the cyl i nde r . The resul ts are g iven i n
Table 1.

Hildebrand , F.B., “Advanced Calculus for Applications ,” (Prentice-Hall
Inc., Englewood Cliffs , New Jersey , 1962). (See in particular Chapter 4,
Equations (92), (111).)

~ 
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TABLE 1 - FAR-FIELD SCATTERED PRESSURES FROM F I N I T E , R I G I D  C Y L I N D E R
WITH INCIDENT PLANE WAVE NORMAL TO CYLINDER AXIS ( ANALYTIC SOLUTION )

IF so (0 ,0)I/~
Fs(O~0)l~ax

- 
- 

0
0 0 0 Polar Circle 0

0 o° Equatorial Circle

0 0 .3397 90 0 .3397
5 .2932 5 .3389

10 .2436 10 .3400
15 .1922 15 .3451
20 .1432 20 .3548
25 .1102 25 .3694
30 .1177 30 .3887

; 35 .1642 35 .4126
40 .2274 40 .4404

• 45 .2956 45 .4713
50 .3639 50 .5044
55 .4299 55 .5383
60 .4920 60 .5717
65 .5484 65 .6031
70 .5977 70 .63 12
75 .6382 75 .6545
80 .6683 80 .6720
85 .6870 85 .6829
90 .6933 90 .6866
95~ 95 .

~
~, Symmetry (850 _ O 0 )  Symme try (850 _ 0 0 )

180 ~ 180

180 180 .3397 270 180 ‘~
175 .3821 ¶, Symmetry (l800 _O0)
170 .4265 .

165 .4756
160 .5295
155 .5865
150 .6442
145 .7001
140 .7523
135 .7998
130 .8421
125 .8793
120 .9112
115 .9383
110 .9604
105 .9776
100 .9900

95 .9975 
*90 1.000 ~F (e ,o)~ =14.801 3

Symmetry (95° -180°)
~~~~~

10
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In order to obtain the numerical solution of this problem , the

finite cylinder of length 2L (see Figure 2) is referenced to a Cartesian
frame as shown in F igure  3,

,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~NC IDENT WAVE FRONT

Figure 3 — Plane Wave Incidence Normal to Axis of Finite Cylinder

and the incident wave front (Figure 2) is reoriented to approach from

the y~ direction (
~ 

= 900). The latter revision transforms the xz-plane
symmetry of the surface velocity boundary condition resulting from x

(or o = ~~ incidence to a particular pattern of yz-plane symmetry

compatible with XWAVE ’ s data input generator.
As a result of yz- and xz-plane symmetry in the cylinder geometry

and velocity boundary condition , specification of the acoustic model for
only one quarter of the cylinder surface is sufficient to enable the data
generator to establish the total surface model . Figure 4 indicates
subdivisioning of the quarter surface into “regions ” 1 (numbered) for
subsequent  genera t ion of surface acoustic elements.

The data which specify the surface regions and the distribution of

L 

elements over each region (and the total body surface by reflection) are

11
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1$’.

Figure 4 — Designation of Surface Regions on Portion of Finite
Cylinder  f or Firs t Sample Problem

prepared according to procedures previously described .’ Table 2
summarizes data for an initial surface model, A,and one refinement of this
model , B, which were used to check convergence of the numerical solution.

TABLE 2 - SURFACE MODELS OF FINITE CYLINDER
FOR FIRST SAMPLE PROBLEM

No. Basic Elements No. Effective Elements
Region n m z n x m Over Entire Surface

— 
4(~~n x m )

MODEL A 1* 6 ~ 162 648
2 12 9

MODEL B 1 6 15 270 1080
2 12 15 )

* Ref. Figure 4

Numerical results for the surface modelings given in Table 2 are
summarized in Table 3 and the results for the second model are compared in
Table 4 and Figure 5 with results for the approximating analytic solution
(Table 1). The data for XWAVE , prepared on the program ’s input forms ,
and computer output for the second calculation (Model B) are presented in
Appendix B.

12
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TABLE 3 - FAR-FIELD SCATTERED PRESSURES FROM FINITE , RIGID CY LINDER
WITH PLANE WAVE NORMAL TO CYLINDER AXIS ( XWA VE SOLUT ION )

1F 5 (0 ,o)l71i~ (e ,o) r~ax( analytic)
Equatorial Circle Polar Circle

0
0 0

0 Model 1 Model 2 0
0 0 0 Mode l 1 Model 2

270 0 .3813 .3766 0 0 .3813 .3766
5 .3420 .3386 5 .3830 .3784

10 .3042 .3021 10 .3883 .3837
15 .2684 .2677 15 .3969 .3924
20 .2363 .2369 20 .4087 .4042
25 .2114 .2128 25 .4232 .4189
30 .2000 .2012 30 .4402 .4361
35 .2086 .2080 35 .4591 .4553
40 .2390 .2355 40 .4794 .4759
45 .2874 .2804 45 .5006 .4974
50 .3476 .3371 50 .5219 .5191
55 .4143 .4005 55 .5428 .5403
60 .4826 .4659 60 .5626 .5605
65 .5487 .5292 65 .5806 .5789
70 .6086 .5869 70 .5963 .5949
75 .6592 .6356 75 .6092 .6079
80 .6975 .6726 80 .6187 .6176
85 .7215 .6957 85 .6245 .6236
90 .7296 .7035 90 .6265 .6256
95~ 95)

Symmetry (85°-0°) Symmetry (850 _ O 0 )

l80~ 180

90 180 .3813 .3766 180 180 ~

~~ ~~ 
Symmetry (185°-0°)

165 .5091 .5016 0

160 .5553 .5471
155 .6029 .5943
150 .6513 .6424
145 .6996 .6909
140 .7470 .7386
135 .7923 .7846
130 .8346 .8278
125 .8730 .8675
120 .9068 .9026
115 .9356 .9328
110 .9590 .9576
105 .9771 .9769
100 .9899 .9907
95 .9975 .9989 

*
90 1.000 1 .002 F (e , o ) I  = 14.8013

Symmetry (g5o lBoo)
0

13 
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TABLE 4 - PERCENTAGE DIFFERENCES BETWEEN NUMERICAL AND
ANALYTIC SOLUTIONS FOR FIRST SAMPLE PROBLEM

Polar Circle Equatorial Circle

•
0 0 0 % Differences * q~° 0

0 % Differences *

0 0 10.9 90 0 10.9
5 15.5 5 11.7
10 24.0 10 12.9
15 39.3 15 13.7
20 65.4 20 13.9

- 
- 25 93.1 25 13.4

30 70.9 30 12.2
35 26.7 35 10.3
40 35.6 40 8.06
45 5.14 45 5.54
50 7.36 50 2.91
55 6.84 55 0.37
60 5.30 60 -1.96
65 3.50 65 -4.01
70 1.81 70 -5.75
75 0.41 75 —7.12
80 0.64 80 -8.10
85 1.27 85 -8.68
90 1.47 90 -8.88

180 0 10.9
5 8.98 . -

10 7.39
15 5.47
20 3.32
25 1.33
30 -0.28
35 -1.31
40 -1 .82
45 -1.90
50 -1.70
55 -1.34
60 -0.94
65 -0.59
70 -0.29
75 -0.072
80 -0.071
85 0.14
90 0.20

* = 
Numerical Result -Ana lytic Result 100Analytic Resul t x
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Figure 5 — Far—Field Scattered Pressures from Finite, Rig id Cylinder with
Incident Plane Wave Normal to Cylinder Axis. Comparison of

Analytic and Numerical Solutions

/
— /

-

0 = 9 0 0  
-

0

0 = 180° 0.2 0.4 0.6 0.8 1.0 o = 00

0 ANALYTIC SOLUTION 0
XWAVE SOLUTION ~

Fi gure 5a — Press ures Along the Pol ar Circular Pa th on a Spheri cal
Su r face  a t Inf ini ty
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- Figure 5 (Continued)
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ANALYTIC SOLU T ION 0
XWAVE SOLUTION A

Figure 5b — Pressures Along the Equa torial Circular Pa th on a
Spherical Surface at Inf in i ty

16

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CALCULATION OF FAR-FIELD SCATTERED PRESSURES FROM A RIGID CYLINDER
ILLUMINATED BY A PLANE WAVE PARALLEL TO THE CYLINDER A XIS

a.

The second sample problem illustrates the facility with which the

direct ion of the incident wave and hence the veloc ity boundary condition

for scat ter ing  can be var i ed by us i n g the wave vector conce pt as
im plemented in XWAVE .

Instea d of a p lane  wave i nc id en t norma l to the ax i s of a cy l i n der
(Fi gure 3), a wave propagatin g parallel to the z-axis from the zdirection

is  used , as shown in Figure 6. If the wave number is assumed to be 2 for

t h i s  case , the components of the wave number vector are k
~ 

=0 , =0 ,

• =2. Al though any direction in space could be as readi~y spec’~
’f i ed

fr6m the general expression for components , k 1 2~ , ki~ =2~~ ki
~
=2
~
, w here

-~~~, ~, 
y are direction cosines of 

~~ 
the wave directe d paral le l  to the

z-axis generates a radially symmetric surface velocity boundary condition

which in turn leads to shorter computer running times for the problem.

Figure 6 — Plane Wave Incidence Parallel to Axis of Finite Cylinder
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The portion of the cylinder surface specified to XWAVE ’ s data

generator and the subdivision of this surface into regions used by the
program in establishing surface element models are sketched in Figure 7.

FIgure 7 — Designation of Surface Regions on Portion of Finite
Cy linder for Second Sample Problem

Table 5 summarizes three surface models , the i n i t i al one and two
refinements , for which calculations were made . In all cases the far-field

pressures were calculated at 2-degree intervals to insure reasonably good

resolution of the lobes which appear in the pressure profile. Data
preparati on and computer output for the initial calculation (Model 1) are
given in Appen dix B.

Table 6 compares results obtained for the three models. The initial

surface model resul ts , which differ by at most 2.72% from the second model

results and 2.94% from the third model results , in dicate that the initial

model was already a fairly good representation of the cylinder surface .

Figure 8 sketches the scattered pressure profile predicted by t~-~
third model .

18
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TABLE 5 - SURFACE MODELS OF FINITE CYLINDER
FOR SECOND SAMPLE PROBLEM

No. Bas ic Elements No. Effective Elements
Re g ion n m ~ n x m aver En tire Surface

4(~~n x m )

1* 6 9

MODEL 1 2 12 5 168 672

3 6 9

1 6 1 6

MODEL 2 2 12 5 252 1008

:1:

MODEL 3 2 24 9 324 1296

3 6 9

* Ref. Fi gure 7

19
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TABLE 6 - FAR-FIELD SCATTERED PRESSURES FROM FINITE , R I G I D  CYLINDER
• WITH INCIDENT PLANE WAVE PARALLEL TO CYLINDER AXIS . COMPARISON

OF XWAVE RESULTS FOR T H REE SURFACE MODELS .

-

o Model 1 Model 2 Model 3 o Model 1 Model 2 Model 3

O 8.07 8.21 7.91 92 4.01 4.04 4.00

4 7 .99 8.13 7.83 96 4.55 4.58 4.54

8 7.76 7.89 7.59 100 4.66 4.68 4.66

12 7.37 7.50 7.21 104 4.34 4.35 4.35

16 6.85 6.96 6.69 108 3.64 3.64 3.66

20 6.22 6.31 6.05 112 2.71 2.68 2.72

24 5.52 5.60 5.37 116 1.84 1.79 1.83

28 4.86 4.91 4.73 120 1.79 1.78 1.74

32 4.37 4.39 4.26 124 2.72 2.75 2.64

36 4.20 4.19 4.12 128 3.89 3.95 3.81

40 4.38 4.37 4.34 132 4.98 5.05 4.90

44 4.81 4.80 4.79 136 5.85 5.93 5.78

48 5.29 5.30 5.28 140 6.47 6.55 6.41

52 5.65 5.68 5.64 144 6.82 6.90 6.78

56 5.75 5.80 5.74 148 6.94 7.00 6.91

60 5.53 5.58 5.51 152 6.87 6.92 6.86

64 4.94 5.00 4.92 156 6.66 6.69 6.66

68 4.02 4.07 4.00 160 6.39 6.40 6.39

72 2.84 2.87 2.82 164 6.09 6.10 6.10

76 1.56 1.58 1.55 168 5.83 5.82 5.84

80 0.98 0.960 0.967 172 5.62 5.61 5.63
84 1.94 1.94 1.94 176 5.50 5.48 5.50

88 3 .10 3 .11 3.09 180 5.45 5.44 5.45

20
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Incident Wave Parallel to Cylinder Axis
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APPENDIX A

AUGMENTED XWAVE DATA INP UT FORM (1)

FOR SCA TTERING
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SCATTERING APPLICAT IONS
TITL E __________________________________________________________________ DATE ____________________

PROBLEM ___________________________________________________________ SHEET _________ OF_

XWAVE DATA

PROBLEM TITLE ___________________________________________________________________________________________

13
CASE TITLE ___________________________________________________________________________________________

13 —

DIMENSIONS FOR X W A V E  
______________________________________________________________________

01 D2 D3 04 05 06 07 08 09 010 D l i  Dl? D 13 014

I 
1 I 1

79 
1 I 1 1

M ISCELLANEOUS DATA ITER-

c p H REAL ~ H IMAGI A T IO N CONVE RGENCE

_ _ _  [ 1
9 17 25 33 41 49 53 60

— PROGRAM OPTI ON S
Cpu OPT? QPT3 OPT 4 OPTS OPT6 OPT 7 OPT8 OPT9 OP T I O

1 5 ~9 i i  17 
‘
21 

1 5 1
79 ‘p: - 137 ~J

INCIDENT PLANE W A V E  DATA ______________________________________________________________

!i
~ 

—

1 i l l  i8I~ A!7i
SY M M E TR Y OPT I ONS

— PL~~NE P L A F~E LONG . RAO IAL

ii I I I
1 5 9 13

DATA I NPUT FORM (1)

24
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APPENDIX B

INPUT DATA AND COMPUTER OUTPUT FOR
SAMPLE CALCULATIONS
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SCATTERING APPLICATIONS

T ITLE SRI-2PJE PRo8AEf1 / DATE ___________

PROB LEM 
________________________________________________ SHEET / OF .~~~

- - 
XWAV E DATA

PROBLEM TITLE ___________________________________________________________________________________________

~~~~~~~~~~~~~~~~~~~ CYAINDE-~~ f l f lDJ L1.5~~ 1, LENGTH~~’/.
CASE TITLE

,~~~~~~~~~,~f lJG,o-Boo1 Sc,9TTEFaNG of PLIINE ~vflyE Mon ‘y(t) QIRECTION

DIMENS IONS FOR X W A V E  ______________________________________________________________________

Dl D2 03 D4 05 06 07 08 09 010 D l i  D l ?  D 1 3  014

O~7~ooI0IO~bIooo.~1oo151 25 
1
33 37 4 1 

I oo,?Iooo~1I
MISCELLANEOUS DATA ITER-

p H REAL H IIMA G I ATIO N CONVERGENCE

1.0 J~~~~ I I I ô.5 J o.o loosolo.ooo i I
1 9 17 25 33 41 49 53 60

PROGRAM OPTIONS
OflI OPT2 OPT3 OPT4 OPTS 0PT6 OPT? OPTS OPT9 OPT1O

oooc1~co!I ~ooJ 100051000, b oo, I ooooI oo~ Ioooo1ooo~j
INCIDENT PLANE W A V E  DATA __________________________________________________________________

k

1 i l l  18 21 28 33 4p
1

SYMMETR Y OPTIONS
Y z -  .z

PLANE PLANE LONG. RADIAL

ooo~I oooo I oooI I oooI

DATA INPUT FORM ( 1)

26
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PIECEWISE CONICAL SHELL SURFACE

TITLE sRtIPLE P~ o8LE11 
~ DATE ___________

PROBLEM ___________________________________________________ SHEET _____ OF 3

XWAVE DATA

NUMBER OF REGIONS

REGION EXTENT AND MODELING ____________________________________________________________

‘ i fl “ SIGN

o.o ~•Ô I o.o / ?O•0 ~ _2.0 Iooo~~oIs1~—/. o
NORMAL SURFACE VELOCITY
V , (REALI V ,~ IIMAG .)

1 9 Ii 18
REGION: EXTENT AND MODELING

‘2 ~ l 2 Z 1 fl n~ SIGN

/.0 /.0 o.o 1~~0.0 I —~ o o.o I~ s4I oo1s 1 I
1 9 17 26 33 41 49 63 57 64

NORMAL SURFACE VELOCITY __________________________________________________________________

V ,, (REAL ) V,, (IMAG.)

REGION: EXTENT AND MODELING _______________________________________________________________

‘1 ‘2 ~~2 ~ n’ SI GN

9 17 25 33 49 53 57
NORMAL SURFACE VELOCITY _________________________________________________________________

IREAL) V , IIMAG.)

8 11

DATA INPUT FORM (2)

27
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FAR-F IELD PRESSURE CALCULATION

TITLE .S R!IPAE pRoBLEPI / DATE _________

PROBLEM ___________________________________________________ SHEET .~~~.. O F 3

XWAVE DATA

AUTOMATIC FAR-FIELD POINT GENERATION ______________________________________________________

~~~~LAT N FFLNG LATL IM LONGLIM

- • . oi ?Joo~tIoox~1 70. 0 I *70. 0 I
• 1 4 7 10 18 25

ARBITRARY FAR-FIELD POINT SPECIFICATION _______________________________________________________

‘FF 0FF

I I
1 9 16

‘~
‘FF 0FF

I I
1 9 16

~
‘FF 0FF

I —_________________
9 16

I
~FF 1

~FF

I I
1 9 16

~FF

I I
9 16

W FF 0FF

I I
1 9 16

~
I
FF

9 16

DATA INPUT FORM (15)

28 

_ _ _



_ _ _ _ _ _ _ _ _ _ _  - -

-A

r

a

I

ao
a —

aa
a

I4..

•
‘a

1
a
o -

13
a 2
a 

~ :
— a

a

0

a ,j
I S

. 4
1 -. a

13

29

. ~~~~~~~~~~~~~~~~~ _ _ _ _  _ _



— .~---- -—-—---- S -- - - - ---- - - -~~~~~~~~ -~-—-— __

4:

- - a a a a
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— —  s I I
31- -:. 0 .4

0
N t

1(Si
Sa
a

0 .
L I I  — —

- .
I I —
0
C,
C4 .

44 0 —

1 .4 (Si Is (a
a is a a. a a’
~J ,_ t I S S C
p O w  0 0 0 a

~ ~

o —a a
S

• a.4 .4 .4
1 0a 3 .4o 4. ‘ ‘ .4— ( . 4

1 O 0 .  •
o 0 .4 .4 7

C IX ~4 4.4
— .4 4., 3 a

a .  I-
4. .4 .4 7 0 0 0 0a a p — S • 0S t 0  a .4 — LI * • • *0 0 .7 I- LI (Si Iii Iii (Si

— •,, a a — ..i S C a a
• 5 - ‘  4.1 1 0 0 5 5 .4 4.4 0 -. — — 5 0 0 .47 0  0 & — 0 ..4 — V 41 V N ICi N N4 = .4 0 V a a , ,

—.4 ._ ,, . ‘4 1 4.1
.4 .4  . 40  • & I C 0 0 N N N N-J I 0 1 5 4.4 0 (4 a 0 0 —4 Cii S Cii I I I I.4 C a I’d — S (Si Cii Iii (SI— S a a ‘~ a — — a o. aA .4 1 — — -a a a a. — ii. IX 1wal~ a S a s  C 0 .4 I N — a

‘4’ , • p p S 0 N —C .4 t IM 0 3 (Si I
OIl a a a Do  — 0 — a • a. a. ~a at in s a t o  a S a 4.1
1-~ a • a s  S paa a a — — a Pd 4.2 a 0 5 Ia 0 i — I N N Pg.4 ‘ . i &— : — :  I, I • I 4. a. V S., a a1 SW N I,J S 0 ‘ I .4 ‘4 4 .4 4. 4.T 5 5 I 5a a — C .4 in . C, . I 0 s. I’. C lii lii .4 Iii (Si(Si W I  (I 4 SI 4 4 4 55 4 II • SI A IS 0 Cl Is S ~i II .1 t — .4 a. .4

• ou a a 0 a a h i M  — a a .5 ~V S a 0 : 4.1 — a a a — 55. — .. N .4 S 5 7 .4 1 ..i -a — a. a 5..(.5 .4 IC — .4~~~~~~~.4 01 IC 4.. Iii I. I .,J lSi 4.. a — a4.. .4.4 .4 . 4  (5. 0 1 N I (4. 1 .
.4 4 .0 a a a a a aa . Z az aa a .  — 0  0 •1 0 0 ~4 0 • N - aU 4.10 5 0 0 0 0 0 0 0 00 0 0 00  — a a (Si si 0 0a S ~ —(il l .4 L I L I L I L I L I L I L I L I L I L I L I L I L I L I  ON  0 1 .4 0 I (5 4..

LI Z * t Z Z Z Z Z Z 7 Z j 7 Z  .4.4 3 a S S (Si Si — 5 5 ( 4 25 i  14 S iu(i 515 ( , 5 h u 5 . 5 S,n.i S O S . (  — 7 0 — II .4 54 ( 4 0 4
a a,. 5 T a r a S S v f r t S S a y  0 0 4 4 .  (‘4 0 • a a a . o  — 1(5 ~~ .5 a S — .4 V .4 ‘S S .4 ~~ S I V I., V
I . I — flea .~ a a a C 00 i a ,, a — — ,4 1 a (1 5 4.. 5 (P ‘ a

L

a a a — 0 • .4
n o  a u a a

30

:~~~~~_~~~~~~~~~~~~~~~~~ _5—5-—-—.—-—--- - 
~~~~~~ --—--~~~~~~~~~~~~ 

- - - - — -——— - - - —- S ~~~~~~~~~~~~~~~~~~~ - - - -



-• 

~~~~~~~~~~~~~~~~~~ 

- -, — - 

~~~~~~~~~~~~~~~~~~ - 4 - ----

4 0 S 0 0 0 .7 .7 S 0 0 0 0 0 0 S 0 0 S 0 0 S 0
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- 

S S S 0 0 0 0 0 0 = S 5 5 0 5 S 0 S 0 0 0 S

* IX IX IX * * * IX IX IX • * IX IX • IX IX • IX • IX IX

a IS Iii U Is 55 Is Is Is (a (Si Is Iii U IS 55 55 55 Si Is Si IS
o 0 5 S 0 0 S 0 0 0 0 0 S S 0 0 5 • S S 0 0
a 0 0 0 0 0 0 0 S .7 0 5 0 0 0 0 5 • S S 0 0

-a .4 ‘3 0 0 • a ‘S 0 0 a a a 0 0 0 0 S 0 5 0 0

a 0 S 0 0 5 0 .7 0 S a S ‘S 0 • 0 0 0 0 5 0 5

I I I I I I I I I 1 5 I I I I I I I I I I I

P.

• 0 0 0 0 0 0 5 0 0 0 5 00 0 0  0 S 0 0 01 0

0 0 5 0 ‘S a C 0 5 S 0 0 — 0 0 0 0 0 0 0

151 04 04 55 01 04 ~ 44 04 Cl (‘4 04 04 04 04 01 0~ 03 04 01 04 04

0 0 5 a a a 0 0 0 0 a a 0 a 0 S 0 0 0 0 0 •
I I I I I I I I I I I I I S I I I I I I I I

Cii Cii Iii Cii S (Si IS IS 55 Cii (S (Si (Si U Cii Iii Cii 55 U SI (5 Si
a. a a a a. a a. a a a a .5 0 .0 .5 .0 .5 .5 .5 .5 .5 .5

• a 5 5 S S C S 0 S S a .0 .0 IX IX .5 .0 II 55 a a
0 0 5 0 0 S 0 — 0 0 — N Psi Psi P4 I’d Pd Si Si N Pd Pd

a a a. a a a a a so a. S a. — p . I. a. a. a. a. — a. —
*4 Pd 04 4.5 PCi Pa 04 Cl P4 (‘.4 S S S S S S S S S S S

o 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 S 0 0 0

0 0 S 0 0 0 0 0 0 S 0 0 0 0 0 S 0 0 0 0 0 0
0 S 0 5 0 0 5 0 0 0 — 0 0 0 0 0 0 0 0 0 0 0

* IX • * IX IX * • IX IX IX S IX IX IX IX IX IX IX IX IX IX

~ g ~ ~ g : ~
o a S 0 0 5 0 5 0

O a 5 0 0 0 0 0 .7 5 04 0 5 0 0 5 0 0 5 0 0

N N 54 Pd Si Si Pd N 04 N SI SI Pd Pd Pd N Pd Pd 4.4 Pd N N

N N Pd a. Psi Psi Pd Pd Pd Pd N .4 .4 .4 Is Pd S N 04 .4

0 0 5 0 0 0 0 0 0 0 0 5 5 0 5 0 0 0 S 0 0 5

I I I I I I I I I I I I I I I I I I I I I I
U U U U U 55 U U Iii U Iii Si Si SI Si Si U SI U SI SI Si

Pd a 55 S 55 a Pd a a a a. 04 .0 a a 0 0 55 • 0 0
• IS N S SI S S N a Is a. a a. vi a. is a — a. . —
is S — 03 S a a .~ 454 5 0 a. .5 a (1 .i 0 • .4 IX
S 5. .~ — 0 — N a sa .5 — — . . — 5

• 01 — 151 .4 54 .5 .5 P. a. 5 Pd p~ 55 4 WI C 55 55
I I I I I I I I I I I I

N 454 Psi Pd P4 Pd Pd N N Pd 05 N Pd

I I I I I I I I I I I I I I I I I I I I I I

Pd Is 05 55 N Is .5 0 5’ 5 ~ WI S N Pd PS 5’ 0 54 P5 Pd

• .. in o iØ ... a a. a a. .. Si a P. Pd S S S S Si

a. a .1 5 — a P.. 54. — sp, a. 5 p. N a Pd 0 0 5 45.5 —

• — S C a. 55 50 S Isi S 454 a. .5 .4 Pd 454 N N Pd Pd Pd

a a . 5 01 0 ~ i 0 • a a a. a i. a Pd s a in
Is Is Si 54 Si Pd Pd N SI
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O 0 5 0 0 0 0 S 0 0 0 0 0 S 0 S 0 0 0 0 0
0 0 5 0 0 0 0 5 — 0 S • 5 0 0 0 0 5 0 0 0
• . IX IX S IX • • S S S • S IX IX IX S IX S • S
55 III 55 Is (SI Iii Iii SI U IS U (SI SI SI U SI (55 IS 5.1 U U
0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 S 0 0 0 5
O 0 0 0 0 S 5 0 0 5 0 5 0 0 0 0 5 S 0 0 0 -
0 0 0 0 S 0 0 0 0 0 5 5 0 5 0 0 0 0 0 0 5
S S 0 0 0 5 0 0 0 0 0 0 ‘S 0 5 5 0 = S S

I I I I I I I I I I I S I S I I I I I I I

0 S 0 0 0 S 0 0 a • a S S a a a a o S •

01 0’ 1 ‘51 N Pd Pd Pd Pd N Pd Pd Pd N N N N Pd Pd N Na 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I I I I I I I I I I I I I I I I I I I I I
IS U IS IS IS Cii Is Is (S U Is S Is Cii SM IS IS Is Is U A
IX IX IX a S S S S S 5 5 .5 5 S 5 9 .5 5 2 N Pd

.0 IX so IX S S S S S S 5 5 ~ ~ ~ ~ • • • ~N Pd Id N Iii a in 51’ (45 in in Ii’ 51’ a in (Ii a ~~ (IC C 05
a. a. a. 4.. 5 5 S 5 a a a S 5 S S 5 5 5 .5 — a
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I I I I I I I I I I I I I I I I I I I I I S

Cii (Si IS U ,i (SI Is (SI (5 (5 Is U (Si IS U SI Is U U (Si Is U
N N N Cd Pd Pd N Pd N N N N N — 0 0 0 0 0 5 0 5
a a a a a a IX a a a a a .. 5 5 S S S • a a 5
04 01 04 05 01 0) 0) 05 01 05 05 05

O S o 0 0 ’ S  ‘0 .0 0 .0 IX a .0 .0 IX

0 0 .4 0 0 S .4 0 0 0 0 0 = 0 0 0 0 0 0 ‘S 0 0
0 0 0 0 0 a a 0 0 0 S 0 0 0 0 5 0 5 0 S 0 0
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Is Iii (Si IS IS (SI lii Cii Cii di U Is (SI (SI Cii (S IS (Ii (Ii Is
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SCATTERING APPLICATIONS
T I TLE SRtI PA E PRODL EFI ~~ DATE _ _ _ _ _ _ _ _ _ _
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PROBLEM TITLE _____________________________________________________________________________________
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CYj . ,,VOER- AROiaJ S~ 1, A ENG7W~~~~~~~~~~

13
CASE TITLE

~~~~~~~~~~~~~~~~~~~~ scA l7Eg,WG op ~~~~~ WAVE F~ofl iC-) D,RECT,ON

DIMENSIONS FOR XWAVE ______________________________________________________________________

Dl 02 D3 D4 05 D6 07 08 D9 010 011 012 D13 014

x~’t1 ’o’* IoiL?loooslôoo,I 
25 

129 1
33 

1 I I I
MISCELLANEOUS DATA ITER-

p H REAL I H IMAGI ATI ON CONVERGENCE

~Z.0 1wjAiw ~1 I 0.5 0.0 0030 0.000 1 I
1 9 17 25 33 41 49 53 60

PROGRAM OPTIONS
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,xoloooi Ioooi1ôoo~iooo1 J ooo i Joooo J~o~ Ioooo I oooij
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~5 ~ b oi l

DATA INPUT FORM (1)
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