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Optimization of Flow Field Characteristics of the Sweeper Settling Chamber
Based on Response Surface Method

CAO Guozhi’
(China Railway Siyuan Survey and Design Institute Group Co., Ltd., Wuhan 430063, China)

Abstract

at the fan discharge port due to the irrational design of the gravity settling chamber, the flow field analysis and

In order to solve the problems of low dust removal efficiency and excessive particle concentration

structural optimization design of the gravity settling chamber of a certain type of road sweeper was carried out.
Firstly, FLUENT was used to simulate the internal flow field characteristics of the settling chamber and the
movement of dust particles inside the chamber, and the single-factor effects of the key structural parameters of the
settling chamber (angle of the dust shield, width of the dust baffle plate, and the distance of the inlet duct outlet from
the top of the chamber) on the settling performance (velocity at the bottom of the chamber, velocity at the front of
the outlet, and the along-travel pressure drop) were investigated. Based on Box-Behnken design and regression
analysis, a multi-objective response surface optimization of the gravity settling chamber was carried out, and the
optimal structural parameters of the gravity settling chamber were obtained. Finally, based on the DPM particle
phase model, it was verified that the optimized gravity settling chamber had a better settling effect for dust particles
with an equivalent particle size above 0.5 mm.
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Fig. 1 General structure of the sweeper
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Fig.2 Cross-sections of the settling chamber. (a) Cross-section
along the inlet duct, (b)Longitudinal section along the

inlet duct
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Fig. 3 Reference surfaces for evaluation indicators
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Fig. 4 Influence of a on settling characteristics
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Fig. 5 Influence of L on settling characteristics
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Fig. 6 Influence of H on settling characteristics
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Tab. 1 Factor levels table

K- al® L/mm H/mm
-1 120 1200 400
0 135 1300 450
1 150 1400 500.
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Y, =3.69-0.08370—-0.2775L—-0.0913H—
0.0700aL —0.0125aH + 0.0900LH—-
0.0573a* +0.0052L* + 0.0928 H* (6)
Y, =7.73+0.12750 - 0.4937L - 0.0512H+
0.0650aL +0.0050aH - 0.0375LH+
0.0047a* - 0.0178L* +0.0423H* (7)
Py =970.01 — 1.50e + 13.1400L — 1.0200H -
0.0050aL +0.1650aH —0.1175LH—
0.2273a* +0.3902L% —3.9700H> (8)

3.2 EAEEKEZERI

FERT R Y 2 PR R 5 P, BB Y P A B
(P<<0.05), HARFITIA B2 (P>0.05), W% A 1Y
UGG BB vR e 1 TR L5 5 TR 8 A% T L b i e 1R
AR S

L R 2 IS 35 - 2 5 B2 Y [l JH S AR 1) T 22 0 bt
RN TFRIPFAR. BHABAIE PR 0.0038
(<<0.05); [A] It 2 AT K P AE N 0.0750(>0.05), 3
Y, ] BT 2 H ARG BE AP . e Lo H
() P (BT 0 W7 45 55K S 5000 Y 1 52 e R AR 3]
JIMKIR NL>H>a,

x3 NMEERBEHEREY, ZRXSWMANFTESN
Tab.3 ANOVA of quadratic polynomial model forY;
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3 120 1200 450 4.02 8.15 958.5
4 150 1200 450 3.93 829  955.44
5 120 1300 500 3.65 759  965.83
6 135 1200 500 3.88 8.23 952.71
7 120 1300 400 3.91 7.72 968.72
8 135 1300 450 3.59 769  970.18
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10 120 1400 450 3.49 7.01 984.92
11 135 1400 400 3.52 7.35 980.38
12 135 1300 450 3.73 770 970.18
13 135 1300 450 3.69 776 970.24
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15 150 1400 450 3.12 7.41 981.84
16 135 1200 400 4.14 824  953.98
17 135 1300 450 3.74 7.75 970.19
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Fig. 11 Velocity distribution along the longitudinal section
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Fig. 12 Velocity distribution at the bottom
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Tab. 6 Characteristic parameters of granular phase
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Fig. 13 Trajectories of the particle phases. (a) Cross-section

along the inlet duct, (b) longitudinal section along the

inlet duct
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