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Research on the Mixing and Segregation Phenomenon of Municipal

Solid Waste Layer on Mechanical Grate

JIANG Tao', WANG Jiehua'", LIU Haiyang' ,ZHANG Zhi*

(1. School of Mechanical Engineering, Tongji University , Shanghai 201804, China;
2. Shanghai Environmental Sanitation Engineering Design Institute Co. , Ltd, Shanghai 200232, China)

Abstract: In order to quantitatively characterize the mixing and segregation phenomenon of municipal solid
waste (MSW) layer incinerated on a mechanical grate, an MSW layer model containing three different sizes of par-
ticles is established based on the discrete element method, and the mixing index and segregation index are intro-
duced to characterize the mixing intensity and segregation intensity. Furthermore, the influence of movable grate pro-
cess parameters (movement amplitude and reciprocating frequency) on the mixing intensity and segregation speed is
analyzed based on the discrete element method. The results show that the mixing of the MSW layer mainly occurs
along the layer’s advancing direction as well as the height of the layer, and a binary linear relationship between mix-
ing intensity and process parameters is found. The segregation of the MSW layer is related to the component size. The
larger the size of the component, the more concentrated in the top area of the material layer; and a binary nonlinear re-

lationship between segregation speed and process parameters is found. The conclusion above provides an effective de-
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sign reference for the efficient incineration of MSW and the optimization of incineration equipment.

Key words: municipal solid waste ; discrete element method ; mixing ; segregation
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Tab.1 Parameters of different particles
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Fig.1 Initial configuration of the particle layer model
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Tab.2 Simulation scheme

FEIFS BB A/m B f1H 15 B ofs
1 0.1 0.1 350
2 0.1 0.125 350
3 0.1 0.175 350
4 0.1 0.2 350
5 0.2 0.1 350
6 0.2 0.125 350
7 0.2 0.175 350
8 0.2 0.2 350
9 0.3 0.1 350
10 0.3 0.125 350
11 0.3 0.175 350
12 0.3 0.2 350

2 BERAESSETMTE

2.1 MEREDHEE
2225 BT IO 2 5 AR Z AR R TR G ﬁir“
Gy AT AT — JIURL B 0, (1) 20 R AR
V() FPEB I 0] (¢), I (2) AP, ﬁa;iimﬁﬁﬁi_
JEE U sl 30 ke A UKL 2 1) N S RAT: 2 B TR A 5

Mi(t).
PR SERE R E TV (o) BISR i, B A7 AR G
WEFEXF TV (¢ ) B 2R A 238 2ok T 56 5 S i JOR: 78

(1 B 32 X S o A7 JBARE (14 Jg 3 - 40 3 88 A R A, {HLXT

B 30T DX 3 e 8 e 19 3 BB R AT 7 A% E L, 2R
V(1) BOFEHCH T AT XA Dy 5 S, k2 WL
WA 30 ok R IS - g R A S 1 A A TR B A 1] T
WORHZ SR TR SR BE , T Tk T i R R RR
ORI BRI LV (o) RAGF T EATAE R R BRYE, O
G S Z SR AR V(o) B RZ WD [R] AR AR fiE
S FE I3 il R 2 B R TR 5 5iR BE , AR S 5 SR i b
HE_E A J0RL 14 4 Jeg - 2 T EE SRRV (¢).

vi(t) =v,(t) = V(t),ie[1,N] (2)

Mi) = [ DLl 3)
S )

Vi) == (4)

B! (1) 3R = AR T oo (¢) w! - (¢)
Aol (¢), W] Mi(e) mT A5 2] (5) 20 7 7R A8 $, Hodp
Mi, (¢) Mi, (¢) 1T Mi, (¢) 53590 2R FORLEHZ TE Ly 11 2
=AH AR B R 2B IR AR . BT Mi() A
Mi, (¢)(k €[ x,y,2]) S W RIAR G, 7E R A0 H A Ko
N A7 B 4y s B A5 B R A [R) I G /Y R B MR
ML, (k €[ x,y,21), 50 5l Fe 7 kR 2 AE b HE LA TR
AR BB HAE x oy 2 AT ) B RS R BAR
TR AC6) (7)) Fis .

1t)=/li{[vf_x(t)]z+ 0!,

() P+l () F)

= JIMi. ()P (1) F + [ Mi(0) P
(5)
:%f;Mi(t)dz (6)
=%f;Mik(t)dt,ke[x,y,z] (7)

22 BESESER
WORCEHZE 73 )2 R BEFE 0 — i T 2 e T
A [ PR J2 1) - X g B8 SR Ak BORLRHZ 19 03 )2 R4
It DL SR FRAERE 2 9 43 J23 5 BE o AR GBI 92 T 1
B 22 b B XA 2 A [A] RS i o 8 3 28 RO
YRR Z . T b OBHZE 2 53 52 %, 3 Rl DR 2E 4Y
AH EG T 2 B AR 280 BB T A b AR B ORHZ 24 50 &
FAORE AR DL BT A AT IS kgt e R
T 3 MO ] R UKL S R A 1 10
PLH, (1) 2R 55 i BB F0RE 14 53 )2 280, Hooh
ST A] ¢ 1 RS, SRR A IR
hi(t)/h (1) -1 ;

Hi(t)z 1-p,

el1,2,3] (8)



4 PN QR 2]

2022 4F

W)= D500 el1,2,3] (9)
mmzﬁumw (10)
P = nid” viell,2,3] (11)

n,d; + n,d; + n,d;

b (¢) 27 XoF 17 B9 55 i Ao 2 780 S0k A X 0 HE 1
FM XIS b, (1) FoR A FURDEZ 1935 5
B, p, R P IS RUAOR A 4L A ORRHZ P g iR
E(p, +p,+ps = 1), n, M d, 539 R i Fp el
WORE B R ELAR (DLER 1).

X 3 AR AL 1Y 43 )2, H (1) A 3R BUE S
Fil7E-0.5~0.5 Z 8] . 24 H, (1) #3T 0.5, F/R 55 i i
LI 3 A DX Sl S i R 2 A TS s 1, (1) B3 -0.5,
DU 7 UK ) 3 A DX 380 5 0 e 2 G35 H, (1) Az
AT O, DU IO AT 3 A X 3530 5 A e J2 o ) X

3 ERBEERSH

3.1 BRERE

I A e SCRE o3 AT 5 0 5 LS e 4
AT . 2 - 3BTRS A=0.3 m,f=0.2 Hz i X3 1
R R B2 AE x Ly 2 = AN 7 18 O BRI IR A R
Mi, (¢) Mi, (¢) I Mi, (¢) 255 B 350 s L )
T 508 PR BifFsf [ 22 £ 1 il 2k ]

0.15

el . * . HICIRIL T . .‘ ‘z: L]

0.10 4] ‘ H‘\‘ ﬁ\ 1~> Tt AR
izé il “‘ ‘ il W‘Ey‘"‘!‘\‘ “i;w Wil ‘
%[ 1““ | “\ I ‘ 1“} I ‘ ““, | Mi‘ “F‘J “‘H“ :‘ : %3;
Gl
| I LA ““ s“\',.l“"}“'f"v.:\P"‘r‘j@‘-‘ “.‘“"‘;m"dx ;“TP‘
,‘:.‘Hl\mww‘uh‘HlMi‘uuuw'a‘:ll“i‘u‘

0 ) \ |

0 50 100 15IO 200 250 300 350
fifIfl/s
B2 HAME AR A SR E RS R B 1R R At &
Fig.2 Evolution curve of the particle layer’s mixing index

over the entire simulation period
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mixing index over 0-50 s
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Tab.3 Values of mixing index corresponding

to different simulation conditions

FEFS  EMREAm R, Ef‘f{ m
1 0.1 0.1 0.0200
2 0.1 0.125 0.023 5
3 0.1 0.175 0.0323
4 0.1 0.2 0.036 8
5 0.2 0.1 0.037 5
6 0.2 0.125 0.044 1
7 0.2 0.175 0.061 7
8 0.2 0.2 0.070 2
9 0.3 0.1 0.055 4
10 0.3 0.125 0.065 6
11 0.3 0.175 0.0919
12 0.3 0.2 0.105 3
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Fig.4 Scatter plot of mixing index and the

corresponding bivariate linear fitting plane
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Tab.4 Result of bivariate linear fit
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Fig.5 Evolution curve of the particle layer’s

segregation index over the entire simulation period
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Fig.6 Segregating process of particle layer over the entire simulation period
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Fig.7 Nonlinear fitting of segregation index evolution trend
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Tab.5 Fitting result of segregation index evolution trend

e o ‘ .
1 0.2790 0.243 2 0.0132
2 0.277 3 0.249 5 0.0187
3 0.283 0 0.2450 0.0210
4 0.286 8 0.258 3 0.024 3
5 0.284 9 0.248 7 0.024 5
6 0.287 6 0.258 3 0.029 6
7 0.286 5 0.2530 0.0400
8 0.2859 0.244 4 0.039 1
9 0.280 3 0.234 4 0.034 1
10 0.283 5 0.244 9 0.042 2
11 0.285 8 0.2579 0.057 2
12 0.2879 0.265 3 0.063 0
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Tab.6 Result of bivariate nonlinear fit

L4k BRIEEES
d, d, R? MSE
0.004 8 0.9700 0.9879 3.092e-06
4 & i

ST B HORITIA Dy LSSk L TR 3
Foft AN [ RT 288 B ORE A OB = AU B SRR | 7
FIABRCRHZ TR A M0 J2 50 70 B B S L

i 1 12 17 LSRR B AR S R 2 R
IRBEATITSE AR LA EEEE

1) gl HE AR 52 32 3 S B OoRHZ N B 4L
Z A TR R B R AR AR P R B EHEE T 1)
FBHZ S BT 1 5

2) B SCRHZE N R AL oy 2Z T B TR 5 B MT 55 ]
Stz Sl i B A ARSI £ 2 ) A7 A
I Vves - (i PSS

3) I S e i B R EURORHE N B
Al R A 2, R R R 4 7 2 i 6 R
RS B/ RO Ly s RHR R R A, 2%
NSF 253 W) 32 25 AR A2 T DX 5

4) FAEBLIOREZ P HR 73 T2 R 72 B2 1 s ] 5 %5
¢ 5T SRS Bl EE A R R £ Z R AE T
FRLLPEA SRR AR

i A A AL TRHZ IR ALz Sh LB, S fif
BERCEHEZNTRIR G 50 2R RIS H K G A
BEFER BB 1 R] Sl R T 22 80E S i B A
SR X RERORHZ N B IR R0 2 B2, LA
FHER e =%

S 3Lk

(U] A ZRM8 i, 55 . AR TR BERALAY HEZ S s wF o (]
ORI T R (A AFEEM) , 2012, 26(3) : 46-50.
ZHU X C, LI P, FENG W, et al. Experimental study about MSW
movement on mechanical grates[]]. Journal of Chongqing Univer-
sity of Technology (Natural Science) , 2012, 26(3) : 46-50. (In
Chinese)

(2] ZRMG . Tl A 3 B3 MR 0 25 8 B S e iP5 [D .
TR MRHE TR, 2012.
LI P. Research on the design and experiment on mechanical grates
experimental device of MSW [D]. Chongging: Chongging Univer-
sity of Technology, 2012. (In Chinese)

(3] . Wi A b BE bedr b HE R ge et e fk[ D ] PR
BRI TR, 2012.
FENG W. Research on the design and optimization on grate sys-
tem of MSW incinerator [ D ]. Chongqing: Chongqing University of
Technology, 2012. (In Chinese)

[4] LIM CN,GOH Y R,NASSERZADEH V, et al. The modelling of
solid mixing in municipal waste incinerators[J]. Powder Technol-
ogy, 2001, 114(1-3): 89-95.

(5] g, WM, & T4, 5 A BE N Z fr B 00 1Y) B
JCIEBE BT ], R R 2 # ik CASAREE M) L 2019, 46



PN QR 2]

2022 4F

(3): 106-113.

TAN X,ZHAO M H,JIN Y X, et al. Numerical simulation of load-
ing test on a single stone column using discrete element method
[J]. Journal of Hunan University (Natural Sciences) , 2019, 46
(3): 106-113. (In Chinese)

LV S R S A0 ) FREE R S A A8 i -1
TIRE RRVERT S L ). 1R R i A AR R L 2018, 45
(30): 161-166.

KONG Y, SHI C,ZHU Z D, et al. Study on seepage-stress cou-
pling characteristics of rock mass with single joint under complex
stress state [ ] ]. Journal of Hunan University (Natural Science) ,
2018, 45(S0): 161-166. (In Chinese)

VG WG, PN . 22Tl ) AR TR A AR P R A A 3
PR B HOE A3 BT [0, 55 = TR 441, 2020, 42.(6) = 1159~
1166.

LI T, JIANG M J, SUN R H. DEM analysis of evolution law of
bond degradation for structured soils[J]. Chinese Journal of Geo-
technical Engineering,2020,42(6) :1159-1166.(In Chinese)
KRUGGEL-EMDEN H, SIMSEK E, WIRTZ S, et al. A compara-
tive numerical study of particle mixing on different grate designs
through the discrete element method [J]. Journal of Pressure Ves-
sel Technology ,2007,129(4) : 593-600.

DZIUGYS A, PETERS B, HUNSINGER H, et al. Experimental
and numerical evaluation of the transport behaviour of a moving
fuel bed on a forward acting grate [J]. Granular Matter, 2007, 9
(6): 387-399.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

PETERS B, DZIUGYS A. Influence of bar motion on heat—up and
temperature dispersion of a wooden bed on a forward acting grate
[J]. Chemical Engineering Transactions (CET Journal) , 2011,
24: 637-641.

DZIUGYS A, PETERS B, HUNSINGER H, et al. Evaluation of
the residence time of a moving fuel bed on a forward acting grate
[J]. Granular Matter,2006,8(3/4) : 125-135.

PETERS B, DZIUGYS A, HUNSINGER H, et al. An approach to
qualify the intensity of mixing on a forward acting grate[ J]. Chemi-
cal Engineering Science,2005,60(6) : 1649-1659.

DZIUGYS A,PETERS B,NAVAKAS R, et al. Densily segregation
on a moving grate[ J |. Powder Technology,2017,305: 323-332.
DZIUGYS A, NAVAKAS R. The role of friction in mixing and seg-
regation of granular material [J]. Granular Matter, 2009, 11 (6) :
403-416.

DZIUGYS A, NAVAKAS R, SLANCIAUSKAS A, et al. Numerical
simulation of mixing and segregation of granular material [J].
Mechanika,2005,53(3): 52-56.

DWIVEDI V,OTTINO J M, LUEPTOW R M, et al. Granular segre-
gation induced by a moving subsurface blade [ ] ]. Physical Review
E,2019,100(5): 1-10.

LIU S Y, MCCARTHY ] J. Validating granular segregation rate
models[J]. AIChE Journal,2017,63(9): 3756-3763.

SUN L Y,ZHAO F X,ZHANG Q H, et al. Numerical simulation of
particle segregation in vibration fluidized beds[J]. Chemical Engi-

neering & Technology,2014,37(12): 2109-2115.



