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The simulation and experiment of fluted floating
garbage collection device

ZHOU Nianging',ZHOU Ting'?

(1. Department of Hydraulic Engineering, Tongji University,Shanghai 200092, China;
2. Engineering, Nagoya Institute of Technology, Japan 466-8555)

Abstract: Water environmental pollution caused by floating garbage in rivers is increasingly worse,and severely affects biodiver-
sity, human health and ecosystems. In this paper,a floating garbage collection device is designed according to the hydrodynamic
characteristics of the channel in Nagoya City, Aichi Prefecture, Japan. The retaining plate in the device is used to change the flow
state,and the flow is guided to drive the floating waste into the groove structure, so as to achieve the collection effect. First of
all, the simulation software iRIC is used to simulate the water, the appropriate scale of the test model is determined,and the in-
door experimental device is designed. Under certain hydrodynamic conditions, the indoor model test research is carried out. By
adjusting the groove length and the inner wall length of the collecting device, and setting different working conditions to carry
on the test, the concrete floating garbage collection rate results are obtained. On this basis, the test results are analyzed and com-

pared,and it is found that with the increase of concave length and inner wall length, the collection efficiency of the device will

improve,

Key words: hydrodynamic characteristics; floating garbage; collecting device; simulation; experiment

In recent years,a large number of floating gar-
bage carried by rivers have entered the ocean
through estuaries, causing marine pollution as well
as ecological and environmental problems. Such sit-
uation, if persists for a long period of time without
prompt remedies, will not only threaten marine
life, but also have a negative impact on human
health and safety. According to relevant statis-

"), the amount of marine garbage due to human

tics
activities is astonishing; globally speaking, roughly
80 pieces of garbage is disposed into oceans on a
daily basis and total of 6 400 kt annually. Global
annual plastic consumption has now exceeded 3. 2
X 10° kt. More plastics have been produced in the

past decade than ever before. A large number of

Received: 2019-09-20 Revised: 2019-11-26

products or materials produced play a temporary
role, some of which are quickly converted into
waste. A small portion may be recycled or burn-
ed, while most will be collected to landfills or dis-
carded in the natural environment*). Many ma-
rine garbage is transported through waterbodies.
Therefore, in order to reduce the amount of gar-
bage entering the ocean, we need to pay attention to
the collection and disposal of garbage into the sea
channel, among which floating waste disposal is an
urgent problem to be solved. Horikawa river in Na-
goya, Japan has very similar function and pollution
with most rivers in China. In addition, the concave
structure at the intersection of Horikawa and Naka-

gawa Canal and separated by loose heavy gate pro-
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vides a favorable prerequisite for this design. There-

fore, this study takes Horikawa, Japan, as the re-

search object.

1 Current domestic and global floating gar-
bage management

Many foreign countries’ environmental protec-
tion agencies including the US, UK, Germany, Can-
ada, Australia, etc. have paid serious attentions to
treating floating waste in rivers, and specially for-
mulated river waste management regulations and
technical standards for testing and sampling, "> and
developed corresponding garbage salvage and col-
lection devices. For example, United Marine Inter-
national Limited Co. (UMI Company) and the
United Water Witch company in the US have de-
veloped floating garbage salvage boats ( Marine
Trash Skimmers) , aquatic plant cleaning ship (A-
quatic Weed Harvesters) and oil pollution removal
vessels on the surface of the water (Oil Skim-
mers). In New York, Superior Lakes, Baltimore,
South Korea and Hong Kong, etc. , the river branch
harbor waters have been widely used,and good re-
sults have been obtained, but the outstanding char-
acteristics of these treatment technologies are de-
veloped for calm water surface.

The problem of floating garbage on the sur-
face of important rivers such as Huangpu River in
Shanghai, Pearl River in Guangzhou and Three
Gorges Reservoir area has been very serious. Ac-
cording to "2015 Xiamen Marine Environment Bul-
letin", The total amount of floating waste in Xia-
men sea area in 2000 is-1 600 t,and it is basically
the same in 2014. The floating garbage in the three
Gorges Reservoir area is dominated by leaves,
branches and straw weeds,about 70% of the total,
wood, tree roots, about 10% of the total, Plastic,
foam and other white waste accounts for about
5%. Because of its light weight, large volume, not
easy to degrade, great harm,""’ When cleaning up
garbage in the three Gorges Reservoir area,long is
mainly used 29.2 m Width 7 m Water sanitation
operation ship and long 21 m Width 6 m Mecha-
nized cleaning operation ship. Because the hull cost
of cleaning floating garbage and the consumption in

the operation process are high,a lot of manpower,
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material and financial resources were spent in the
whole treatment process.

In this paper, Horikawa, a river entering the
sea in Nagoya, Aichi prefecture, Japan, is taken as
the research object. In view of the problems exist-
ing in floating garbage collection in Horikawa, the
structure of riparian grooves is set up to change the
hydrodynamic characteristics of the rivers, and a
more efficient and environmentally friendly floating

garbage collection device is designed.
2 Collection device

Horikawa fetches water from Nakagawa and
flows through the underground channels of Yata-
gawa. It flows out of the north side of Nagoya Sce-
nic spot and bypasses Nagoya City westward, then
southward from Nagoya City Center,and eventual-
ly flows into Nagoya Port. Horikawa is a river that
passes through the urban area, and the problem of
water pollution has always attracted much atten-
tion. 1In the mid-9th century, a large amount of
sewage was discharged into Horikawa. Although
the sewage treatment plant was built in 1965, there
is still a strong odour. In 1966, the BOD value of
Horikawa has risen up to 54. 8 mg / L.,a phenome-
non once known as the "dying river" and has not
been well solved so far.

From previous investigation of Horikawa, it is
found that there is a concave structure at the inter-
section of Horikawa Canal and Nakagawa Canal.
This part is separated by the loose weight gate and
the gate is closed for a long time, which provides a
favorable prerequisite for the use of the concave
structure. Fig. 1 is a schematic diagram of the con-

cave structure (Google Maps screenshot).
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Fig. 1 Schematic diagram of concave structure location

Based on the problem of floating garbage in

Horikawa at present,a design scheme of automatic
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collection device for floating garbage in river course
is proposed. The device relies on the guidance of
the flow power to guide the floating garbage move-
ment track,so that it flows into the preset concave
structure to complete the garbage collection work.
The early investment of the device is less, referring
to the flexible setting of different river topogra-
phy,only need to increase the water retaining de-
vice and small excavation of the river bank to form
a concave part. In this study, the natural concave
structure existing in Horikawa is taken as the original
model,and the experimental device is designed for la-
boratory test simulation. In the test process, the hydro-
dynamic characteristics of the water body are changed
by guiding the water flow direction by the water retai-
ning plate in the device, so that the floating waste
flows to the groove structure of the collecting device
with the flow of water, and then the floating waste is
blocked by the filter net, so as to achieve the purpose
of collection, This process completely realizes zero drive
operation which does not consume other energy and
hence helps with energy saving and environmental
protection. Finally, operators only need to collect
and dispose garbage from the concave structure on
a regular basis. A schematic diagram of the collec-

ting device is shown in Fig. 2.
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Fig. 2 Schematic diagram of floating garbage
automatic collection device

L, is the length of the water retaining plate de-
vice; B,, 1s Width of main channel; B,, is The width
of the groove structure, L., is the length of concave
structure; L, is the length of guide wall;L,, is the
length of the filter,and the 4 is the angle between
the guiding wall and the shore.

The experimental model is based on 1/80 of
Horikawai,and the collecting device is tested and
studied under the condition of fixed channel struc-
ture parameters, The model adopts length 12 m, width
60 cm. And set the hydraulic gradient I=1/1 000. Set
width on the right bank of the flow device 30 cm.,high
6 cm of PVC Plate,so that the width of the current is

30 cm. Fig. 3 set upstream for the main part of the de-
vice 4 m. The length is set downstream of the groove
collector to be 40 cm. The metal mesh is used to
filter floating garbage.

The change of each parameter will have a cer-
tain impact on the final collection effect. Here we fo-
cus on the two parameters of L, and L, influence on
the collection effect of the device. There is a certain de-
viation between the uneven flow caused by the rough-
ness of the floor and the uniform flow set in the exper-
iment, in order to ensure the reliability of the re-
sults, the actual hydraulic conditions are simulated

and compared with the experimental results.
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Fig. 3 schematic diagram of structure size

3  Numerical modeling

Based on the test results, we first create a
45 cmX400 cm model. Then the model is further di-
vided into 1em squares grids. IRIC software was used
to simulate two groups, and the hydrodynamic condi-
tions set by the test are shown in Tab. 1. Under this
hydrodynamic condition, the control variables are ad-
justed to change the groove length and the inner wall
length respectively,and the whole simulation time is
set to 120 s. The turbulence model is based on k-e
and the results are compared and analyzed.

Tab.1 Hydrodynamic condition

Depth of  Velocity of ~ Reynolds Froude

Flow Slope
/L~ s water water flow number  value |
h/em  U,/(cm s R, F,
1.0 3.0 11.1 3 300 0.41 1/1 000

3.1 Simulation study of groove length change

In the setting of the device, it is necessary to
study the influence of the change of groove size on the
result. Therefore, the groove length is designed to be
0.96 m and 1. 2 m. The two schemes were compared.
In the design of the length of the inner wall, two
lengths of 0.3 m and 0.6 m are respectively set for
comparison. The experimental simulation conditions of

groove length change are shown in Tab. 2.

4 &5 5x% - 105 ¢
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Tab. 2 Comparison chart of 0. 9 m and 1. 2 m

Unit:cm
Case B, B.. Ly, L, Ly L,
C-96-30 30 15 40 10 96 30
C-96-60 30 15 40 10 96 60
C-120-30 30 15 40 10 120 30
C-120-60 30 15 40 10 120 60

The results obtained by simulating two kinds
of groove lengths and two kinds of interior wall

lengths are shown in Fig. 4-Fig. 7.

Fig. 7 Model C-120-60 flow velocity and direction simulation

Through the analysis of the simulation results, for
the model with a groove length of 0. 96 m, the water
flow near the groove structure is more inclined to the
left bank, so that more upstream garbage cannot flow
into the groove collection structure, which is not con-
ducive to the collection of floating garbage. The simu-
lation results of 1. 2 m model are relatively good. When
the length of the groove is certain, compared with the
condition that the length of the inner wall is 0. 3 m, the
water flow direction of the model with a length of 0. 6
m is more conducive to floating garbage collection.
Therefore, the model with a length of 1. 2 m for the
groove and 0. 6 m for the inner wall has better sim-
ulation effect.

3.2 Simulation study of different interior
wall lengths

According to the simulation results of the change
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of groove length, the flow trend of model ¢-120-60 is
more favorable for collection. Therefore, the length of
the groove was fixed as 1.2 m, and further research
was carried out, Models with internal wall lengths of
0 m,0. 2 m,0. 24 m,0.3 m,0.4 m,0.5 m,0. 6 m and
1 m were set for simulation, and the working condi-

tions were shown in Tab. 3.

Tab. 3 Comparison simulation of different guide wall lengths

when the embayment length is 1. 2 m Unit:cm
Case B, B Ly, L, Ly L,
C-120-0 30 15 40 10 120 0

C-120-20 30 15 40 10 120 20
C-120-24 30 15 40 10 120 24
C-120-30 30 15 40 10 120 30
C-120-40 30 15 40 10 120 40
C-120-50 30 15 40 10 120 50
C-120-60 30 15 40 10 120 60
C-120-100 30 15 40 10 120 100

With the increase of length, the angle between the
inner wall and the bank of the river decreases, which
leads to the influence of the structure on the water
body is also constantly changing. Fig. 8 and Fig. 9 are
the simulation results of two models with no inner wall

and a maximum length of 1m inner wall.
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Fig. 9 Model C-120-100 flow velocity and direction simulation

From the simulation results of Fig. 8 and Fig. 9,it
can be seen that the inner wall device can make the
direction of water flow more inclined to the
groove, which plays a good role in guiding the flow
direction of floating garbage. Secondly, when there
is no inner wall, the water speed at the entrance of
the structure is large, which can easily cause the in-
stability of floating garbage, and the guiding
process of water flow is short,which is disadvanta-
geous to the collection process. Therefore, the sim-
ulation results show that the structure with inner

wall is more conducive to floating garbage collec-
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tion. And the longer the length of the inner wall,
the more obvious the guiding effect on the flow,
and the greater the probability that floating gar-

bage will be collected into the grooves.
4 Experimental and discussion

4.1 Floating garbage collection rate

According to the different size models de-
signed in the numerical simulation, the floating ob-
ject is simulated by plastic elastic ball with diame-
ter 13 mm and specific gravity of 0. 91. the experi-
mental results are as follows: (1) the floating ma-
terial is simulated by plastic elastic ball with diam-
eter and specific gravity of 0.91. The elastic ball
throwing position is located upstream, 2.5 m from
the entrance of the device. In each experiment, 200
plastic elastic balls were put into the main channel
from the upstream position. When pitching, the ball
is evenly placed in a cubic box the same width as
the canal,and then the front baffle of the box is re-
moved to ensure that the experimental ball enters
the channel slowly and evenly.

After the number of elastic spheres in the
groove structure is stable, the number of balls in
the groove structure is counted and the collection
rate is calculated. The collection rate R is: R =
number of elastic spheres in concave structure/200

Each model carries on 20 repeated experi-
ments, and then calculates the average collection
rate to facilitate the analysis and comparison of the
experimental results,

When setting up the test device, design with
reference to the simulation results. In this laborato-
ry test study,the two schemes of groove length of
0.96 m and 1.2 m were adopted. First, the length
of the inner wall was controlled at 30 cm for the
experiment. The collection rates of 0. 96 m and 1. 2
m were 42. 55% and 46. 475%. Then, the length of
the inner wall is controlled to the length of the 60
cm for the same experiment. The results show that
the collection rate of 0. 96 m and 1. 2 m is 46. 35%
and 50. 475% respectively. The comparison of gar-
bage collection rates between the two scenarios is
shown in Fig. 10.

It can be intuitively judged from Figure 10

that the collection rate is better when the length of
the groove structure is 1. 2 m and the length of the
inner wall is 0.6 m. The experimental results are
consistent with the simulation results. Therefore,
in the following experiment, the influence of the
change in the length of the inner wall on the collec-
tion rate when the length of the groove is 1. 2 m is

discussed emphatically.
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Fig. 10 The garbage collection rate comparison
chart of 0.9 m and 1. 2 m

Fig. 11 shows that when the length of the
groove is 1. 2. m, the model collection rate of differ-
ent interior wall lengths is presented in the form of
box-plot to reflect the distribution characteristics
of the original data.
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Fig. 11  Garbage collection rates of different guide wall
lengths when the embayment length is 1. 2 m

During the specific test operation, the test was
repeated 20 times under each working condition,
and 200 elastic balls were put into the throwing
place each time. The results show that there are
some differences between the experimental results
of the same model. The " X" in the figure repre-
sents the average value,and it can be seen that the
results of each experiment have a large deviation.
The difference of capture rate may be related to the
effect of eddy current formed by the water baffle
and the hydrodynamic field behind it. While the
collecting rate of @ below 20° was basically un-

changed,and on average, more than 50% could be
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captured. The overall influence trend is that the
smaller the Angle and the longer the length of the
inner wall, the higher the capture rate will be.
4.2 Surface water flow velocity and lateral
velocity

In order to show the change of surface flow di-
rection more intuitively. Using talc powder as dis-
play agent,it is convenient to carry out visual flow
velocity measurement by PIV method. Take pic-
tures with a digital camera at 1 280 X 780 pixels
and 30fps. The pictures taken during the experi-

ment are shown in Fig. 12,

i —

Fig. 12 Experimental picture of talcum powder as display agent

The PIV analysis software Flow Fig. 12 Ex-
pert was used to analyze the correlation of and the
average velocity vector was obtained. Fig. 13 and
Fig. 14 are respectively the treatment diagrams of
water surface flow direction and transverse velocity
of model ¢-120-0 and model c-120-100 obtained by
PIV test under the internal wall Angle of 90° and

8. 6° respectively.
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Fig. 13 Experimental model c-120-0 water surface flow

direction and transverse velocity treatment diagram
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Fig. 14 Experimental model ¢-120-100 water surface flow
direction and transverse velocity treatment diagram
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As can be seen from the treatment diagram,a
large-scale vortex caused by shear instability oc-
curred at the water baffle,and a circulation flow of
more than 1m was formed behind the water baffle.
In the process of collecting floating garbage, it is
hoped that the water flow can be as close to the
concave collection structure as possible to drive
garbage collection. The flow direction in the meas-
ured experimental model is consistent with the
flow direction in the simulation results. It can be
seen that the longer the inner wall is, the easier it
is for water to be directed to the interior of the
groove structure, so as to achieve the purpose of
collecting floating garbage. The experimental re-

sults are consistent with the simulation results.
5 Conclusion

In this study,in order to collect floating waste
in the river, the appropriate size ratio of the test
model is determined by numerical simulation meth-
od,and then the specific collection results are ob-
tained according to the laboratory test research,
and the test results are analyzed and compared.
Through a series of experimental studies, the fol-
lowing main conclusions are drawn.

(1) The flow direction can be adjusted by the
river structure,and the floating garbage can be col-
lected effectively by using the device designed by
the riparian groove and baffle.

(2) the groove length has a certain influence
on the collection effect. In this experiment, the
length of the device's groove was set as 1. 2 m and
0. 96 m respectively. It was found that the length of
the groove was 1. 2 m, which improved the collec-
tion rate of floating garbage by about 4% com-
pared with the length of the groove of 0. 96 m;

(3) with the increase of the length of the inner
wall of the device and the decrease of the angle of
the inner wall, the capture rate shows an upward
trend. Therefore, when designing the automatic
collection device of floating garbage in river
course, the length of the inner wall of concave
structure can be prolonged as much as possible ac-
cording to the actual ground conditions and flow

conditions, so as to obtain better collection effect.
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