An LES study of the near wake structures of a generic ship
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ABSTRACT

An LES (large eddy simulation) investigation at Re = 8 × 104 has been conducted to predict the flow
past a simplified frigate shape model of which the stern is analogous to a double backward-facing
step. This geometric configuration with constant aspect ratio (width / height = 1.29) contributes to the
occurrence of bi-stable flow states, i.e. an asymmetrical flow topology is observed in the lateral
midplane behind each step. Similar has been previously observed in other squareback bluff body
flows such as the Ahmed body [1]-[3] and ground transportation system (GTS) model [4]-[5]. It is highly
interesting to note that in each flow state, the flow configuration at the flight deck (top step) is antisymmetrical to the rear step, as shown in Fig. 1(b). Furthermore, the two flow states are antisymmetrical to each other [6]. Even though the incoming flow is yawed at a small angle (e.g. ±2.5°),
this bi-stable flow state is still presented at each step, (Fig. 2(a) and (b)). Moreover, the negative
angle maintains the same flow state as what is shown in Fig. 1, while the positive angle leads to the
anti-symmetrical flow configuration. A larger yaw angle will weaken this asymmetrical flow
topology at the rear step (Fig. 2(c) and (d)). More interesting is that when the bow is rounded and the
flight deck is shortened, the bi-stable flow state is still observed behind each step with the same
aspect ratio (width / height = 1.29), although the Reynolds number Re = 1.73 × 105 was higher, Fig. 3.
PFC (passive flow control) and AFC (active flow control) methods have been used to control or
break this asymmetry in order to improve the flow state at the flight deck, and lower the aerodynamic
drag.
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Fig. 1 Asymmetrical flow topology in the lateral midplane behind each step: (a) location of lateral
midplane, (b) asymmetrical flow topology
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Fig. 2 Flow topology in the lateral midplane behind each step at yaw: (a) -2.5°, (b) 2.5°, (c) 5°, (d)10°
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Fig. 3 C
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