





























Fig.11 Instantaneous vorticities around the
original deck in one period (w=%1.5)

Fig.12 Instantaneous vorticities around the
deck with central grids in one period
(w=%1.5)

Fig.13 Time-averaged streamline around

the original deck with the attack angle of
-3°
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Fig.14 Time-averaged streamline around the optimized deck with the attack angle
of -3°

Fig.13 and Fig.14 show the time-averaged streamline around the original deck and
the optimized deck, as well as in their gaps, with attack angle of -3°. As for the original
and the optimized decks, it can be found that there are two main vortices behind the
oblique web of upstream girder (named first vortex) and in the gap (named second
vortex), which are formed by the shear layers separated from the upper railings and
lower overhaul track of the upstream girder, respectively. Zhou, Yang et al. (2015) also
found the similar phenomenon in their numerical simulations. It indicates again that the
two VIV lock-in regions are induced by these two main vortices, respectively. As shown
in Fig. 13, the flow which passes over the upper side of upstream girder has a
significant downward velocity at the central gap and impinge onto the bottom of the
downstream girder. This also illustrates that interfere between the upper and lower
vortices is strong and the large-scale vortices formed by upstream girder impinges
alternately onto the upper and lower surfaces of downstream girder.

However, after setting of central grids in the gap, the second vortex is obviously
suppressed and become much smaller as shown in Fig. 14. Meanwhile, the downward
flow in the gap is significantly inhibited, which illustrates that the interaction between
the upper and lower vortices is obstructed due to the existing of central grids. The
change of flow structures around the deck has direct influence to the forces on the deck,
especially the fluctuating forces In addition, the vortices in the wake of downstream
girder is weaker than that in the wake of upstream girder as for both the cases of
original and the optimized decks. It demonstrates that the total mean drag and lift
forces on the deck are mainly contributed by the upstream girder, which will be
discussed in detail as in the followed section.

4.2 Aerodynamic forces

In order to further explain the aerodynamic mechanism of the central grids to
suppress the VIV of two twin box girders, the aerodynamic forces, based on the flow
behavior around the deck, are analyzed in this section. Fig. 15 presents the contour of
fluctuating pressure around the original and the optimized decks. It shows that the
fluctuating pressure distribution of the original deck is more extensive, especially in the
central slot and around the downstream girder. Moreover, as for the original deck, the
pressure on the bottom surface of downstream girder shows more pulsating. The
reason is that the intensity and scope of impingement of the vortices onto the
downstream girder is weakened by setting of central grids.
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(a) original deck (b) optimized deck
Fig.15 Contour of fluctuating pressure around the decks

Fig. 16 presents the time-history of total lift and lift on the downstream girder,
where the red line represents these lift coefficients of the optimized deck and the black
one is for the original deck. It is well known that the factors that determine the vortex-
induced vibration are mainly the vortex frequency and the amplitude of the lift
fluctuation. As shown in the Fig. 16, the domain frequency of the total lift coefficients,
as well as the mean lift coefficients, is almost unchanged with the setting of central
grids. However, the total lift fluctuation (RMS value of lift coefficients) on the original
deck is 0.113 and decreases obviously to 0.055 of the optimized deck as shown in the
table 2. Similarly, the lift fluctuation on the downstream girder is also clearly suppressed
and decreases from 0.096 to 0.050. This is due that the vortices which impinges onto
the downstream girder are suppressed by the central grids and become weaker as
mentioned above. It means that the mechanism of suppress of VIV by central grids is
the decrease of fluctuating lift, rather than the change of vortex shedding frequency.

(a) total lift (b) lift on the downstream girder
Fig.16 Time histories of total lift coefficients

Table 2 Mean and fluctuating of lift coefficients

Cross Mean total lift Mean lift on RMS of total lift RMS lift on
section downstream downstream
girder girder
Original deck -0.255 -0.089 0.113 0.096
Optimized -0.257 -0.093 0.055 0.050
deck
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Fig.17 Components of mean and fluctuating lift forces
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In addition, we also analyze the components of mean and fluctuating lift forces in
order to enhance the understanding of suppress of central grids and the characteristics
of aerodynamic forces as shown in Fig. 17. Whether it is the original deck or
optimization deck, the contribution of the mean lift on the downstream in total lift is
greater than 62%. This is because that the first vortex exists behind the trailing oblique
webs of upstream girder. As for the fluctuating lift, the total fluctuating lift is mainly
provided by the downstream girder, which is accounting for nearly 80%. This means
that the mean total lift is mainly contributed by the upstream girder, while the fluctuating
lift is mainly contributed by the downstream girder. This phenomenon is similar as that
of staggered cylinders (Sumner 2010; Zhou and Alam 2016). In addition, it should
mention that both the mean and fluctuating lifts on central grids are less than 10% as in
the total mean and fluctuating lifts, respectively.

5. Conclusions

Delayed Detached Eddy Simulation (DDES) is performed to investigate the flow
over two twin box girders at Reynolds number Re=2.5x10*. The Strouhal number, drag,
lift and pitch moment coefficients, as well as the unsteady wake structures are studied
in order to enhance understanding of VIV performance and the suppression of central
grids. Some conclusions are summarized as follows:

® The severe vertical vortex-induced vibration phenomenon are found as for the

original two box girder as a result of large scale vortices in the central vent,
which induce obvious lift fluctuation on the downstream girder.

® The VIV are obviously suppressed by the central grids in the gap due that the

vortices in central vent becomes weaker, which cause a smaller fluctuating lift
forces on the deck.

® The mean total lift is mainly contributed by the upstream girder, while the

fluctuating lift is mainly contributing by the downstream girder.
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