Directivity patterns of disc transducers operating in water
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Introduction: In seismic physical modeling, disc-shaped piezoelectric transducers are
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Geometry: Figure la shows the geometry for calculating directivity. The blue semi-circle

. . . . . . . . FIG. 1. (a) Geometry for calculating the radiation directivity of a disc transducer. (b) Numerical procedure: the circular face of the transducer is divided up
indicates receiver pOSItIOﬂS with constant distant R from the disc tranSducer; with R much into many small square elements, and the total displacement is the sum of Green’s functions from all the elements. (c) Analytic procedure: the total
greater than both the disc diameter D and the wavelength A The face Of the transducer is displacement is obtained by integrating in cylindrical coordinates the Green’s functions for all small areas on the surface of the transducer.

divided up into many small areal elements each radiating with a source function of the form

cos(kR)/R, where k = 2rt/A is the wavenumber. The receiver and source coordinates are :
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Numerical method: The face of the transducer is divided up into many square areal elements % . - B o
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(Figure 1b). Summing over all elements gives the displacement field: £ | £ 2 7 2|
= : o Numerical Procedure - Py D/A=0.42 ' D/A = 1.46
. = Analytic Expression 0 ‘:’“"_"_“"“""“_“"_""““"“""___“““"_'!b Y S . W
V()= ) cos (klr,— 7, /. —7,1(Ax,8y,) (1) A R | |
..LI =0 o . e = 22 - " -40 . 0 . 4.0 . 8.0 »2 -8.0 . -4.0 . 0 a 4.0 . 8.0 a9 -8,0 g -40 ; 0 . 4.0 . 8.0
= Polar Angle, degrees Polar Angle, degrees Polar Angle, degrees Polar Angle, degrees

Normalizing V (6) by its maximum value gives the numerical directivity for total displacement.

FIG 2. Directivities for total displacement from the numerical procedure (Equation 1) and the analytic expression (Equation 2) agree very closely. The lower
curves on Figures 2b to 2d are the directivities for the vertical displacement, obtained by multiplying Equations 1 and 2 by cos(8), where 0 is the polar angle.

Analytic method: In cylindrical coordinates, the face of the transducer is divided up into many
small areal elements (Figure 1c). By integrating, we get the total displacement field:
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The double integration yields the Bessel function J,(X). Normalization results in the radiation

directivity for the total displacement:
ur() =J,(x)/x, X=(nDsing)/4 . (2)
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FIG 4. Fixed-gain display of the reflected arrivals from the water-acrylic interface. The
arrivals have been flatted by removing the moveout of the arrival times. The
reflection starting at about 105 s is from the water-acrylic interface

The directivities for both the numerical procedure (Equation 1) and the analytic expression
(Equation2) are controlled by the dimensionless parameter D/A (see Figure 2). The larger the
value of D/A , the more focused toward the vertical direction (6 = 0°) are the directivities.

Applying directivity corrections to physically-modeled data:
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Figure 3 displays a CMP gather of seismograms recorded over a scale model using the U of s 100 150 200
C Seismic Physical Modeling Facility. The model was an acrylic plastic slab immersed in water. CMEF OFFSET, m

FIG 3. AGC display of a Common Midpoint Gather of
Figure 4 shows the reflection arrivals from the water-acrylic interface in wiggle-trace and modeled seismograms. The reflection starting at about

. . . . . . . 105 us is from the water-acrylic interface
colour-coded displays with fixed gains. The trace-to-trace relative amplitudes can be estimated
by the peak-to-trough excursions.
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On Figure 5a, the raw reflection amplitudes are plotted versus incident angle. On Figure 5b, the raw amplitudes have been corrected for o (a 5 | S T—
spherical divergence and vertical-component combined directivity (accounts for both the radiation AND the reception patterns of disc —t 3.0| = s
transducers). They are then plotted in direct comparison with the theoretical spherical-wave and plane-wave Zoeppritz AVA predictions. The Incident Angle, degrees melentangl Cearess
corrected experimental AVO response fits well with the spherical-wave AVO predictions for angles slightly beyond the critical angle. FIG. 5 ) Raw amplitudes’ picked on the reflested arrvals fram e waisr-aoryle

interface. (b) Reflected amplitudes corrected for spherical divergence and combined
(radiation and reception) vertical-component directivity. The short blue lines on the
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