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Figure 10. Streamline plots and instantaneous free-hinge fish configurations at two instants:
(a) tU/D = 24.64, (b) 26.4. Dashed line denotes level set of zero streamwise flow velocity.
(c) Same flow quantities with no fish present, at tU/D = 27.3.

0.136, respectively, compared with 0.164 observed for a cylinder at the same Reynolds
number with no wake insertion (both in present simulations and by Williamson 1988).

These observations suggest that the dynamics of the forming wake are coupled
with those of the fish, and it may be useful to regard the fish and cylinder as a
combined system. This perspective is different from that of Beal et al. (2006), who
regarded the fish as immersed in a fully developed wake. The wake formation in their
higher Re experiments was not explored; as mentioned earlier, their measurements
of the length of the suction zone were apparently made in the absence of the fish. It
is conceivable that the presence of the dead fish at four diameters downstream would
extend the length of the suction zone, but it is inappropriate to speculate on this
based on the present two-dimensional results at much lower Reynolds number. We
postulate that, at Reynolds numbers of order 100, sustained forward displacement
or station-keeping are only achievable if the initial position of the fish substantially
intersects this formation region. This is the subject of ongoing study.

4. Conclusions
This paper has presented high-fidelity numerical simulations of a simple passive

deformable system in the wake of an obstacle. It has been shown that, for certain
ratios of body length to cylinder diameter, the fish-like system is passively propelled
upstream toward the cylinder. This result is similar to the observations made by Beal
et al. (2006) in their experiments with a dead fish, though in this earlier investigation
the additional thrust was attributed to the body flapping induced by the wake. In the
present study, the additional thrust arises from a combination of mechanics at the
head of the fish, namely, leading-edge suction and upstream-oriented skin friction,
which overcome the streamwise skin friction on the aft portion. The region behind
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the cylinder in which this suction is available is greatly extended by the presence of
the fish. As demonstrated in this paper, these mechanics work equally well when the
fish is rigid.

There are several aspects of this problem that are beyond the scope of this paper
but warrant further study. The initial placement of the fish – longitudinal and lateral –
has not been systematically explored, and it would be interesting to determine whether
there exists an equilibrium position at which the fish can hold station indefinitely.
Secondly, the passive body may have a significant influence on the drag of the
upstream cylinder, but this has not been investigated here. Finally, the degree of
coupling in the dynamics of the wake–fish system must be explored further. In light
of the transverse oscillations exhibited by the inserted body, it would be interesting to
classify the present system in the taxonomy of vortex-induced vibrations, and bring
to bear some of the tools applied to such problems (Williamson & Govardhan 2004).

Support for this work by the National Science Foundation, under award CBET-
0645228, is gratefully acknowledged.
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