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Numerical Prediction of Acoustic Load Around a Hammerhead
Launch Vehicle at Transonic Speed
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ABSTRACT

During atmospheric ascent of a launch vehicle, airborne acoustic loads act on the vehicle and
its effect becomes pronounced at transonic speed. In the present study, acoustic loads acting on
a hammerhead launch vehicle at a transonic speed have been analyzed using k—w SST based
IDDES and the results including mean Cp, Cpms, and PSD are compared to available
wind-tunnel test data. Mesh dependency of IDDES results has been investigated and it has
been concluded that with an appropriate turbulence scale-resolving computational mesh, the
characteristic flow features around a transonic hammerhead launch vehicle such as separated
shear flow at fairing shoulder and its reattachment on rear body as well as large pressure
fluctuation in the region of separated flow behind the boat-tail can be predicted with
reasonable accuracy for engineering purposes.
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Table 1. Computational mesh information used
in the present study
Number of divisions
in near-wall zone |Number of
Mesh total cells
nx nr no
360-deg full 240
(coarse) 90 | 80 (AB=1.5°) 45,363,904
coarse | 960 | 80 | .20 | 6960880
(AB=15°) DR
. 120
medium_T | 960 | 80 (A6=0.5°) 20,220,107
60-deg )
mesh 40
midium_L |1,650| 125 (AO=15°) 15,530,920
fine 1,440| 125 120 41,377,800
’ (A6=0.5°) D

(b) 60-degree coarse mesh

Fig. 4. Configuration of computational mesh
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