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TWO ARRAYS ON A WEDGE
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The far field radiation pattern for a phased array
on a rigid corner or wedge of corner angle yzlﬂoa‘has been
calculated before. We will now consider two arrays, one on
each side of the wedge, phased to the same direction in the far
field. The arrangement is shown in Figs. 1 and 2.

b Each of the arrays consists of N columns and M rows
of elements which are assumed to be small as compared to a wave-
length, i.e., the far field pattern of each element is assumed
to be independent of the direction to the far field if the ele-
ments are in the free field or in an infinite rigid baffle.

The distance between the edge of the corner and the nearest
column is w, and the spacings between columns and rows are d1
and d2, respectively.

T

It can be shown that the far field pattern at 6, G*
of the two arrays together is given by

Ey(0,0") = E@, v - )+E@,F v + 0, 1y

where E(8,d) with ¢ % v + ¢ 1is the far field pattern of just
one of the arrays, obtained before as1

PR

sin[2 M kdz(cos ®@ - cos © ) —i(M-l)kdz(cose - cos@ )
| & E(9,0) =
1 : M sin[gikdz(cos @ - cos © ﬂ .
| (2)

N )
x (1/N) Zl S(kx, sin O,G)e'i n 810 6, cos Oo
n=

where xp = Ww +(n-1)d1, k is the wave number, 00 and “o
% v+ Cg are the angles to which the far field pattern main
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beam is steered, and*

T o8 2
ds e 18

S(u,¥) = elucosd_ 1 _iucosf + i
VT VZu cos % ¢

&1

(3)

1
w -iu -i; ( ) [ " & sin(wzlw) ]
2u 27 cos } @ cos(m2/y) - cos(m@/y)

for kw sin 6>>1 and y>.

The velocity o of the element in the mth row and
nth column of the sonar array is assumed to be given by

-ikxn sin Qo cos Go - ikzm cos 90

Vam/V11 = © (%)

wher e i = (m-l)dz, i.e., the velocity magnitudes are assumed
to be equal, and the phases are the same which one would choose
if the array were on an infinite plane baffle. It has been
shown that the latter assumption yields results which differ
very little from the optimum pattern in which velocity phases
are chosen with diffraction effects taken into account.

Fig. 3 shows |E2(9 ¢ )I and lE(O =y -0 )' vs.
for g =0°, y = 352°, 8_ = @ = 90°, N = 229, “u = 12, kd, = kdz
= 2,09, which corresponds to spacings of 0.2 meters at a fre-
quency of 2.5 ke, and kw = 114.39. |[E, % v + 09| is not shown
in Fig. 3 because due to symmetry it can be obtained by reflect-

ing the [E(e Ly - g% curve about the line ¢* = 0°.

It 1s well known that the composite pattern of two
identical arrays on an infinite rigid plane baffle can be ob-
tained as the product of the pattern due to one of the arrays
times the pattern B due to two point sources, each source
located at the center of one of the arrays, i.e.,

'The second term in Eq. (3) of Reference 1 should be divided by
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B = sin [kL(sin G* - sin G:)]/sin[% kL(sin 0* - sin G:)]

= 2 cos[% kL(sin ¢* - sin 02)] (5)

if the distance between the centers of the arrays is L, and
G* and G: are angles measured from the normal to the arrays 1
and the baffle. The product theorem will not hold for our two
arrays on the wedge because of the diffraction effects. How-
ever, we can expect it to hold approximately in Fig. 3 in the
narrow region -4°¢ C*S 4° in which neither of the arrays is
shielded by the wedge. One can imagine that the two end-fire
arrays have been projected on a plane normal to the bisector
plane in Figs. 1 and 2, and we can apply the product theorem
to the two projected arrays. Then for the array parameters
used in Fig. 3. we obtain from Eq. (5) a null in B at U* =

+ 3.6°, which agrees well with the minima in the pattern in
Fig. 3.

Fig. 4 shows the far field patterns for G: = 4° and
the rest of the array parameters the same as in Fig. 3. The
minimum at G* = 0.4° is again explained by a null in B; of
course, due to diffraction effects one does not get a true null
in IEZ‘ because, as we mentioned before, the product theorem
applies only approximately.

In Fig. 3 for Gz = 0° the composite main beam due to
both arrays is narrower (at the -6 db level relative to the
maximum, say) than the main beam from each of the arrays sepa-
rately. 1In Fig. 4 for G: = 4° the composite main beam has
been practically split into two beams.

Figs. 5 and 6 show the single array patterns for
G: = 8° and 16°; the second array cannot be steered beyond
G: = 4° since that angle is a grazing angle with respect to the
baffle of the other side of the wedge.
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q Let us now consider the cavitation limited power out-
put. The near field pressures and the radiation impedances of
the array elements are relatively unaffected by the presence
of the wedge, and such quantities can be calculated as if the
array were on an infinite plane rigid baffle if the edge of

the array is at a distance of a wavelength or more from the
edge of the wedge.2’3’4

For simplicity one can assume that the ratios of the
actual peak near field pressures for different steering angles
will be the same as the ratios of the peak average pressures
over the pistons. The average pressure P,y OVer a piston is
proportional to the radiation impedance, i.e., the force pavA,
where A is the area of the piston, is equal to vpcAZ, where v
is the velocity of the piston, p the density and ¢ the speed
of sound in wyater, and Z is a dimensionless radiation impedance
parameter such that pcAZ is the actual radiation impedance. 1If
{ we now set the maximum Ipavl (for a fixed steering angle) equal
to the cavitation limit pressure P.» we obtain the value of the

maximum allowable velocity amplitude V. as
Ve = PoA/pcA lzlmax = P./pc |Zlmax (6)

;! | where IZImax is the maximum value of IZ] of all the pistons in

‘ the array.
The cavitation limited power output out of the array
5 is given by
g sl e ¢ M
= = v pc
k ; out 2 ‘¢ P & & Ron
t‘ '
; = where is the real part of Z for the piston in the ath
l E row and n B colum.
B The directivity index DI in db is
2 ‘
DI = 10 log(Io/IaV) (8)

vy

b m’v‘«ng ¥ e »
{ e

| : - o il : G e
. P S PR VAL S Ry -~ - e s—




£ RA DY

— »
3 mw-wq R etk

— g

FReT—"
.

WP22-1-42010

where I, is the intensity on the axis of the main beam, and
y is the average intensity.

The source level SL in db is given by

SL = 71.6 + DI + 10 log (Pout) (9
The quantities T Pout’ DI, and SL are given in
Table I for a single array of 12 by 229 elements, with both
rows and columns spaced 0.2 meters apart, the elements being
circular pistons with radii 0.0635 meters. The frequency is
2500 cps, and P~ 1.5 atmospheres.

In Figs. 7 and 8 the source levels SL and the 3 -db
beamwidths are compared for three different arrays: 1) the two
arrays on a wedge as discussed previously, so that the arrays
are at an angle of 4° with respect to endfire; 2) a single
array on the wedge; 3) a single array on a halfplane not in-
clined with respect to endfire, i.e., diffraction effects due
to the finite extent of the baffle are taken into account, but
endfire is assumed to be at a grazing angle with respect to
the array and baffle, not at 4° off the baffle as in 1) and
2) above. 1In 1) above one has to assume that only one array
will operate for ¢z>4°, since the second array cannot be steered
behind its own baffle; therefore for ¢: = 4° the curves for 1)
and 2) coincide.

The implication of the above results for the design
of the C/P array will be discussed in a subsequent report.
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TABLE 1

Cavitation Limited Quantities for a Single Array on an Infinite
Plane Baffle

Go, degrees 180° 176° 172" 168° 160°
Ve meters/sec | 0.0235 0.0228 0.0305 0.0431 0.0778
§ Power output,
: kilowatts 20.3 25.3 50.7 67.9 132.2
Directivity
index, db 29.35 28.17 27.66 29.38 31.63

i Source level,
db 144.03 143.79 146. 31 149. 30 154.44

M=12, N=229, 6 =0° kd =kd,=2.09.
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