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Shape Design Sensitivity Analysis For The Radiated Noise

From Thin body

Jeawon Lee, Semyung Wang

ABSTRACT

A continuum-based shape design sensitivity analysis (DSA) method is presented for the acoustic

radiation from thin body. The normal derivative integral formulation is employed as an analysis formulation

and differentiated directly by using material derivative to get the acoustic shape design sensitivity. In the

acoustic sensitivity formulation, derivative coefficients of the structural normal velocities on the surface are

required as the input. Thus, the shape design sensitivities of structural velocities on the surface with respect to

the shape change are also calculated with continuum approach. A simple disk is considered as a numerical

example to validate the accuracy and efficiency of the analytical shape design sensitivity equations derived in

this research. This research should be very helpful to design an application involving thin body and to change

its acoustic characteristics.
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normal, n-boundary tangent, and v-boundary normal )
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Table. 1. Element convergence test ( Hz )

Free-free case 28 Number (9)16‘elements ™ Experiment

1% mode (0,2) 359.0 419.5 425.6 423.9
2" mode (0,0) 426.8 668.2 705.2 656.9
37 mode (0,3) 807.6 1010.6 1035.9 1056.9

*(m, ny=(number of nodal circles, number of nodal diameters )
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Table. 2. Sensitivity verification for both DV1 and DV2

Design Perturbation Y(d +6d) Y(d - 6d) Ay " Accuracy
variable (%] [mm} (Pa] [Pa] (w/aw) [%]
0.1 0.0475 | 5.2123e2 |  5.2102¢-2 2.1e-4 97.5
bVl 0.01 0.00475 | 52111e2| 52109-2 2.1e-4 2.047e-4 97.5
0.1 0.0125 | 5.1874e-2 | 52316e2| -1.768e-2 105.7
bva 0.01 0.00125 | 5209262 | 5213762 -1800e2] 1382 103. 2

* ayp - Y(d+8d)-¥(d-5d) | central finite difference and ' is an analytical sensitivity result
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