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Abstract: Prefect fore-separation technology is the key to realize garbage comprehensive treatment and increase
resource utilization ratio. To the low purity quotient and efficiency of plastic and paper separation, through
simulating and analyzing on velocity and pressure distribution of internal flow field for horizontal flow separator at
different air-intake angle and wind velocity, reasonable processing parameter and better flow running condition are
studied in this study.
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INTRODUCTION

Facing to the serious position of rapid increasing
amount and heavy pollution of urban garbage,
reclamation, reducing quantity and hazard-free treatment
of garbage treatment must be carried out (Guo et al.,
2005). At present, classified collection of urban garbage
is not implemented in China and garbage has the
characteristics of ingredient complex, high content of
plastic, paper and water, serious ravelment. Prefect fore-
separation technology is the precondition and key to
realize garbage comprehensive treatment and increase
resource utilization ratio. In the fore-separation process
of garbage, the most difficult and the worst effective
separation is plastic and paper. To them, the most
effective method is flow separation. Its working
principle is to separate plastic and paper from heavy
ones by utilizing density difference of different garbage
ingredients. According to special characteristic of
different region and season’s garbage, better separating
purity quotient and efficiency can be obtained by
adjusting processing parameter of flow separator, such
as air-intake angle, wind velocity, length of out-feed
channel (Lu et al., 2005). Through simulating and
analyzing on velocity and pressure distribution of
internal flow field for horizontal flow separator at
different air-intake angle and wind velocity, the
influence of different intake angle and different wind
velocity to internal flow field of horizontal flow
separation ,reasonable span of processing parameter and
better flow running condition are studied in this study.
Technology reference and support is provided to
equipment design and production of urban garbage
treatment factory.

STRUCTURAL PARAMETER AND MODEL
CREATION OF HORIZONTAL
FLO SEPARATOR

Key performance index of horizontal flow
separator is separation’s purity quotient and efficiency
of plastic and paper (Gao et al., 2005). The main
influencing factors are air-intake angle, wind velocity,
drop height, length of separating system, length of
heavy substance groove and light substance groove of
horizontal flow separator (Li et al., 2007). Therefore,
main processing parameters of reasonable horizontal
flow separator should be regulated in a given range. In
order to obtain higher separation effect, those
parameters should be adjusted correspondingly
according to special characteristics of different region
and season’s garbage.

Length of separating system is 9000 mm, drop
height is 2000 mm, length of heavy and light substance
groove is 2000 mm and 1000 mm. Creation of
geometric model and mesh division are finished in
GAMBIT. Hexahedral mesh is adopted and map
method is used to divide mesh. Spring urban garbage of
North cities in China is used as analyzing object.

Plastic and paper moves along upper parabolic
locus under the action of air flow’s horizontal pushing
force, vertical lifting force and self-weight. The smaller
horizontal pushing force is, the shorter moving distance
is. It is difficult for plastic and paper to reach to upper
part of light substance groove, leads to worse separating
effect. Lifting force can slow up the dropping velocity
and increases separating time effectively. The bigger
vertical pushing force is, the longer separating time is

Corresponding Author: Lanting Zhang, College of Mechanical Engineering, Inner Mongolia University of Technology,

Hohhot, 010051, China

This work is licensed under a Creative Commons Attribution 4.0 International License (URL: http://creativecommons.org/licenses/by/4.0/).

4629



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

ElFLUENT (0] Flument TInc

E.00g+00
1.60e+00
T.20&+00
B.a0e+00
B.A40e+00
6.00e+00
5 B0e+00
5.20e+00
4.80e+00
4 A0e+00
4 .00+ 00
A.60e+00
3 20e+00
2.80e+00
240e+00
2.00e+00
16000
1. 20e+00
£.00e-01
4.00e-01
0.00e+00

t—¢
e

Contaurs af Valocity Magrituds [mds)

Apr 21,2012
FLUENT .2 {3d, coupled imp, ske)

Bl rLoERT [0] Fluest lmc

(a) Wind velocity is 8m/s

1.0+ 01
8. 50+ 00
O, 00+ 00
B.S0e+00
B O0e+ 00
T.50e+00
T.00e+00
5. S0+ 00
&.00e+00
5. 506+ 00
5. 00+ 00
4. S0ev 00
4. 00e+00
3. 50ev 00
2.00&+00
2. 50g+ 00
2 D0+ 00
1. 506+ 00
1.0+ 00
5.00e-01 x

0. 00+ 00

Contours of Yelocity Magnitude (mis)

Apr 21, 2012
FLUEMT &.2 {3d, coupled imp, ske)

(b) Wind velocity is 10m/s

4630



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

Bl FLuERT (0] Fluent Ine

1.20e+01
IRETEY
1 OB
1.02e+01
9 G0e+00
0 Ole+00)
8. 40e+00
T.B0e+00
T. 20e+00
G.G0e+00
£ 00 +00
5. 40e+00
4 Gl
4 2000
3 B0e+00
3 00e+00
2 40a+00
1. Ele+00
1.20e+00 ¥

B.008-01 X

0.00&+00

Contours of Welocity Magnituds (mis) Apr 21, 2012
FLIUEMT &.2 (34, coupled imp, ske)

(c) Wind velocity is 12m/s

ElFLOENT (8] Fluemt Ins

1 40a+01
1.33a+
1. Ma+0
1. 18a+01
1.12e+01
1.05e+01
B Bler0D
P 10a+00
B ADa+00
! 1le+00
I O0e+00
G 2a+00
5 Be+00
8 & D0a+00
4 Marin
3 504+00
I Ble+00
2 10a+00
1 40e+00 I_
T.00s-01 >

O.00e+00

Contours of Vieloeiy Magribde (r/s) Apr 1, 2012
FLUENT & 2 (3d, coupled imp, ske)

(d) Wind velocity is 14m/s

4631



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

ElFLuesT (01 F1

1.E0e+01
1.52e+01

.4de+01

1.36e+01

1. 20e+01

1. 20e+01

1.12e+01

1.04a+01

9 Bilaei

8.80e+00

8.00e+00

7. 20a+00

fi.40e+00

5. 60a+00

4 Ele+0

4 0de+00

3.20e+00

2.40e+00

1.&0e+00 L
&.00e-01 X

0 e+ 00

Conbours of Vialocity agritudes [m's|

D 08, 2011
FLUENT 5.2 {3d, coupled imp, ske)

ElFLuesT (0] F1

1. B0e+01
1. T1a+01

1 B2+

1.53a+01

1442+01

1.35a+01

1.28&+01

1.17e+01

1.08e+01

& B+ 00

B O+ 00

B Ale+00

7. 20e+00

& 30e+00

5 A+ 00

4 Ede+00

3 Bie+00

2 Te+00

1.80e+00 i

0 (-1 22X

0. O+ 00

(e) Wind velocity is 16m/s

Contours of Walocity Magniude (m's|

Dec 08, 2011
FLLENT 6.2 {34, couplad imp, ske)

(f) Wind velocity is 18m/s

Fig. 1: Simulation results of equipotential velocity distribution in internal flow field when intake angle is 15°
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Fig. 2: Simulation results of pressure distribution in internal flow field when intake angle is 15°
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and the high separation purity quotient of plastic and
paper is. But separation efficiency becomes low.

SIMULATION AND ANALYSISON
INTERNAL FLOW FIELD AT DIFFERENT
WIND VELOCITY

Simulation and analysis on equipotential velocity
distribution at different wind velocity: Known from
Fig. 1, after air flow enters into separating system,
velocity of top region is bigger. High velocity region is
formed along the top surface and low velocity region is
formed at the top of light substance groove and its right.
With the increasing of wind velocity, plastic and paper
will obtains greater momentum and horizontal moving
distance becomes longer. Rotational flow region begins
to form in upper part of light substance groove.

Simulation and analysis on pressure distribution at
different wind velocity: Known from Fig. 2, the
characteristics of pressure distribution when intake
angle is 15° are concluded as follow:

e The maximum pressure locates in intake opening.
Flow will be diffuse after entering into separating
system, but mainly moves to the right along top.

Elrimw: (8] Floest Des

e  With the increasing of wind velocity, pressure and
acting force of flow to plastic and paper become
bigger and horizontal moving distance is longer.

e Low pressure region is formed at left lower part of
internal flow field and air flows to this region from
right high pressure region.

Rotational flow is formed. With the increasing of
wind velocity, relative low pressure region enlarges.
High pressure region reduces and moves to the right.
The region and strength of rotational flow increases and
it leads to low separation’s purity quotient and
efficiency of plastic and paper.

SIMULATION AND ANALYSIS OF INTERNAL
FLOW FIELD AT DIFFERENT
INTAKE ANGLE

Simulation and analysis on equipotential velocity
distribution at different intake angle: Known from
Fig. 3, the maximum flow velocity locates in intake
opening. With the increasing of intake angle, horizontal
component of wind velocity decreases continuously and
horizontal acting force of flow to solid material
reduces. Moving distance of plastic and paper is short
and it leads to worse separating effect. But vertical
component of wind velocity increases accordingly and
the dropping time is lengthened. It is good for
increasing purity quotient of separation.
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4636



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

ElFLoENT [0] Fluent Inc

1 40e+01

1.35e+01

1. 28e+01

1. 19e+01

1.1 2e+01

1. 05+

9. 80e+00

9. 10+

8 L0+
— T TOe+00]

T 00+

6 Z0g+n)

5 E0e+00

4 B0+

4 e+

350+

2 80+

2 10+

1 A0+ b

7 00601 L—x

Q.00+ )

Comours of YWalociby Magnibids [mis) Coac 07, 2011
FLUEMT €2 {3d, coupled imp, ske)

(b) Intake angle is 10°

EIFLUERT (0] Flusnt Tnec

1 40e=01
1.33a+01
1 Harl
1. 18a=01
1. 12a+1
1.C5a=01
A 80a+00
9 10a+00
B 40as00
| T a0
T.00a=00
6. 30«00
5 E0a+00
4 Sa=00
4 ie=00
3 S0a«00
2. B0
2 10a+00
1 40e+00
T.00e-01 'y

0.0+ 00

Contours of Velocity Magnitude imfs) Dec 07, 2011
FLUENT 6.2 {3d, coupled imp, ska)

(c) Intake angle is 15°

4637



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

ElFLUERT (0] Flusst Inc

1.40e+01
1.33e+01
1. 26+t
1.19e+01
1.12e+01
1.05e+01
9.80e+00
S.10e+00
& 4 0e+00
= T. T Qe+ il
T.00e+00
G.30e+00
5. 606+ 00
4 Q0e+0i
4. 20+ 00
350+
2. 806+ 00
2.1 0e+00
1.4 0e+00
T.00e-01 —

000+ )

Contaurs of Velociby Magnibude [ms] Dz 07, 20171
FLUENT 6.2 {3d, coupled imp, ske)

(d) Intake angle is 20°

ElFLUERT (0] Flugnt Inc

1 40a+01

g

Contours of Velocity Magnitude (m/'s) Dec 07, 2011
FLUEMT &.2 {3d, coupled imp, ske)

0a+00

(e) Intake angle is 20°

4638



Res. J. Appl. Sci. Eng. Technol., 5(19): 4629-4643, 2013

HF-_”E': [0] Flment Inc

1.40e+01
1.33e+01
1.26&+01
1. 18+ 01
1126401
1.05e+01
8806+ 00
8. 10e+00
E 4De+0]
7 T+ )
T.00e+00
6 30600
5. G060
4.80e+00
4,20+ 00
3.50e+00
2. 80e+00
210600
1406400
7.00e-01 X

0. 00&+ 0

Contours of Velocity Magnitude (m's) Dec 07, 2011
FLUEMT &.2 {3d. coupled imp, ske)

(f) Intake angle is 30°

Fig. 3: Simulation results of equipotential velocity distribution in flow field when wind velocity is 14m/s
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Fig. 4: Simulation results of pressure distribution in flow field when wind velocity is 14m/s

Simulation and analysis on pressure distribution at
different intake angle: Known from Fig. 4, the
characteristics of pressure distribution when wind
velocity is 14m/s are concluded as follow. With the
increasing of intake angle, relative low-pressure region
is formed gradually at the top of light substance groove
and its range enlarges continuously. Rotational flow is
formed. When intake angle is greater than 20°, the
strength of rotational flow enlarges and it leads to low
separating effective.

CONCLUSION

When intake angle and wind velocity is little, it is
difficult for plastic and paper to reach to the upper part
of light substance groove and leads to low separating
effective. With the increasing air-intake angle, vertical
component of wind velocity increases accordingly.
Dropping velocity decreases and separating time
elongates effectively. Separating purity quotient rises at
the first and then falls. With the longer of separating
time, separating efficiency decreases. When intake
angle is greater than 15°, rotational flow occurs at the
upper part of substance groove. With the increasing air-
intake angle and wind velocity, relative low pressure
region enlarges and relative high pressure region
reduces and moves to the right. The region and strength
of rotational flow increases and it leads to low
separating effect.

Considered generally, to the spring urban garbage
of North cities in China, better separation’s purity
quotient and efficiency of plastic and paper can be
obtained when air-intake angle is between 15-20° and
wind velocity is between 12-14 m/s.
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