VrA Tax

3 % s i |
CAl FENG

% 06 E E+ (%)

*HRE SR &% 906 &

RSO B Rk 259 H4H

ARG D5 AR 4 458 1 HZS ERLD

¥ HmXER FLOW CHARACTERISTICS AND BED DEFORMATION AROUND A BOX
GROYNE IN OPEN CHANNEL
(BRZK BT 33T 2 FiTg K il J 0 O TR K SRR ZET))

MNEEER EE I B Ok % E
#om 2 M ¥

8 B H JiI 1E A
HEBL: It % R —
BB [ K oOH mEx

In the modern river ecological project, groyne is able to support an abundant habitat for
aquatic life, which is available for minimizing the river degradation and benefits for the river
restoration. A box groyne is composed by various types of single groyne to satisfy the different
river écological requirements. In contrast to the widely applications of box groyne in river
engineering, less information about the box groyne with special shaped groyne in river is
available. The present study mainly aimed at the box groyne with longitudinal block composed
by straight and L-shape groyne. In order to create an appropriate watery and sedimentary
environment for aquatic life in the groyne zone, the investigation of flow characteristics and
local scour around the box groyne both under the emerged and submerged condition is
necessary.

The effects of different configurations of longitudinal block are discussed by measurement of
three-dimensional flow field in the fixing bed both under emerged and submerged condition.
The longitudinal block is configured in the upstream side and downstream side of lateral
entrance with different block length, and the spacing of box groyne is also the important
consideration. The calculation methods of exchange coefficient obtained by the Particle Image

Velocimetry (PIV) and Dye Concentration Measurement (DCM) experiment are both modified




to adapt the emerged box groyne in this study. The sediment experiment and velocity
measurement in the movable bed is conducted in a box groyne with different block lengths and
positions. The flow characteristics obtained by the experiment of fixing bed is help to
investigate the formation mechanism of bed deformation with the measured flow field after bed
deformation in the movable bed.

Flow characteristics changes greatly when varying the position and length of longitudinal
block in the emerged box groyne under fixing bed. The longitudinal block placed in the
upsueém side causes weaker driving gyre, smaller mean velocity in the inner zone and stronger
velocity fluctuation with longer length and enhances the turbulence motion at the entrance.
Setting the longitudinal block in the downstream side promotes the development of secondary
gyre greatly when the block becomes long, and it reduces mean velocity and turbulence inside
the box groyne. The upstream setting of longitudinal block essentially promotes the
development of vortex structure by reducing the energy diffusion with the fluid from the inner
zone of box groyne in the upstream of mixing layer, and benefit the mass and momentum
exchange around the entrance by increasing the turbulent flow in the downstream side of
entrance.

The different configurations of longitudinal block in length and position also largely affects
the flow structure around submerged box groyne in the fixing bed. The vertical mixing layer
(VML) on the lateral side is sensitive to the longitudinal block set in the lateral entrance,
bringing different behaviors to the horizontal flow pattern in the inner zone. The longitudinal
block also has an indirectly effect on the horizontal mixing process due to the changed flow
pattern inside submerged box groyne. The setting of longitudinal block clearly improves the
three-dimensionality of flow and diversifies the circulation flow in the submerged groyne zone.
The mean velocity in the inner zone of most cases with a downstream longitudinal block
increases, while it of cases with an upstream longitudinal block decreases. The relatively low
mean velocity in the groyne zone for cases with an upstream block is able to provide a good
shelter for the aquatic animal during flooding season. Under the submerged condition, the
vertical mixing layer moves toward the box groyne, and the arc shape of area has larger
curvature than it under emerged condition. Exchange process is promoted by the upstream
longitudinal block and downstream longitudinal block with moderate length.

Narrow or widen the spacing of box groyne also lead to the change of flow structure and
mass exchange between the box groyne and main channel. When the box groyne is emerged,

the mean velocity in the inner zone increases as adding the spacing of box groyne. Lowering the

- spacing of box groyne makes the vortex structure develop insufficiently when it gets the




downstream of entrance, and less vortex structure enter in the inner zone. But when the spacing
is long, although sufficiently developed large coherent structure delivers amount of water to the
inner zone from the downstream side of entrance, the intensity of vortex structure is reducing by
the energy diffusion in long mixing layer. When the box groyne becomes submergence, the
mean velocity in the inner zone and the three-dimensionality generally reduces as adding the
spacing of submerged box groyne. In general, the setting of longitudinal block has the similar
effect on the flow pattern in the cases with different spacing.

Scour hole around the first groyne is concerned in this study due to its threat to the safety of
groyne structure. The setting of longitudinal block has an efficient effect on the reduction of
scour hole, mainly caused by the restrictions on development of horseshoe vortex. The
maximum scour depth generally decreases as length of downstream longitudinal block added
when the box groyne is emerged. And the longitudinal block set in the upstream side has a great
effect on reducing the maximum scour depth. But when box groyne becomes submergence, the
long longitudinal block has no superiority on scour reduction and the effect of upstream
longitudinal block is weakened. When an upstream longitudinal block is set, the scour hole in
the front of second groyne is both observed in the most emerged and submerged cases due to
strong inputting flow and shear flow with high longitudinal block respectively. The sediment
deposited in the inner zone is largely reduced by the setting of long longitudinal block in the

-upstream side, whereas it increases when the length of downstream longitudinal block is equal
or less than 0.5S under submerged condition. '

The setting of longitudinal block in the lateral side of box groyne creates a rich environment
with diversify gyre system and strong three-dimensional flow, and the dead zone behind the
longitudinal block is a good shelter area for aquatic animal and a deposition placement for
growth of aquatic plant. And its restriction effect on scour process around first groyne is also an
important advantage for groyne protection. In general, the setting of longitﬁdinal block in the

lateral side of box groyne is able to provide a suitable habitat for aquatic life.
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