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Analysis of Fine Grit Separation Characteristics in a Vortex-type Grit
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Abstract: Particle size characteristic of suspended particles is one of the important factors affecting
the design and operation efficiency of a vortex-type grit chamber. The particle size of inorganic substances
in urban sewage in China is very small, so it is inappropriate to use the conventional parameters to design
or operate a grit chamber directly. According to the distribution characteristics of inorganic suspended
solid (ISS) in urban sewage, a Pista vortex-type grit chamber model was established, and separation
characteristics of fine grit in the vortex-type grit chamber were simulated by means of regression
orthogonal design. Based on different particle size range of the suspended particles (0 - 100 pm, 100 -
200 wm and >200 wm) , a multivariate regression model between ISS removal efficiency and influencing
factors was developed, and the influence rule of each factor on particle removal efficiency and the optimal

conditions were determined. Rotation speed and hydraulic residence time ( HRT) were different in the
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optimal conditions for ISS removal in various particle size ranges. Although the increase of HRT and

rotation speed could improve the separation and removal efficiency of the fine inorganic particles to a

certain extent, it had a poor effect on the removal efficiency of particles with particle size less than 100

pm. Under the optimal operation conditions, the error between the actual physical model results and the

regression prediction was 1.86% —4.20% , which had good reliability.
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Fig.1  Three-dimensional geometrical model and meshing

of Pista grit chamber
TR 3 PAD ks 7 1) R ZKOREIE (3% O 15°) (L
RN QR SRS B iTIES i L D IN &
H o
FERY AR R Z RN T = 27K R BOK -4 600
mm, 5% 145 mm; YIRS AR B A2 732 mm, 55 304

.64 -



www. cnww1985. com

VR R, A T = 2R SO 69 U i B 5 B A A AT

F3T A H11H

mm , HoA DS 4% 304 mm , BP3] 25 406 mm, B £
AR 60 mm B PEE M K BE 43 R 120 mm
550 mm; H/KIETE 145 mm, 55 214 mm, KPP IGHL
UKL AE 0 22 5 511 55 7K T PR 55 T B P st o 0 e 1
R, 5280 1SS (TR 5 .

HY T KR | K R AR Rl PR, PROHR:
JH = 4 3 9 2 {4 ( Unigraphics NX 10. 0) #£47 Pista
DU s ) JUAR] A%, [B] k32 FH “ Design Modeler” X H
AT B X 43 85 R Delaunay J7 : 40 43 =
YEARZEAE) F DA% LA 428 1) Do A6 Jo ok 32 T 48 W) 6 8
JE RS A0k 1986 215 45 %k 357 713,
11,2 BRI p i

PARRFE — FA% ) H AR ADL Pista JURD it H (Y
5 M B O YA 7 U E | BN &L B BIE R S
MIRRP R E S B o A B i S Bl i A
KH RNG k — & LAY (ISS Hif2 <200 pm) Fl
Realizable k — & Fi7 (1SS 4% >200 pum) "' #i
PR JE AT Bl DI foff FH A% D s AR AR HL T 15 D
1.1.3 AR RCE SEUEK R

HE TR 5T T sl i AR K
WA TS5 TE KU H 101 1 40 3] 15 B o ek P 3t 1
RS EI TR A R A FR A B
PRV E R A IR, 8 i E1 A Uk A3 A
P57, 1SS (R 2 650 kg/m® ) et i 4 T A4 AH
JiF ., 1SS Rif2 34 0 ~ 100,100 ~ 200, >200 pm
Feor 5l 47% 28% 25% ., ILAb, 7 Uk B HOH Y
TR A DS SRR 143 AR IR 2R 7Y ki
A,

iz FH Fluent {4 $E 47 B0E K A LA K 5 Ab 28 T
YEo SR FH—Bv it Xtg =04 il R 64 7 B8, R
3 AR A i ) T A

HR A HRT 1T it it 38 0 HERD B i, JE T oimb
WA RS BRI BT vk R DORD BB, SR 5
ISS KPR,
1.2 @EPFERIRE

PICb i osf 1SS 1Y 23 BR 3 il B 45 45 (V) , 76
FEAMF 58 AR a1 6 K g 452 B ek ]
(HRT) it ol (n) BibEisfm (0) Hitk2Eins
MR ()R EEEF RN R (S HhcE X, X, .
X3 \X4> o

(8] 9 1E 2 (A B AU SR F KO A A g, 1%

PE L (27) B33, 45 TR 17K 7 G i B 2 LR

1R,
*1 EFEEFHKERD
Tab.1 Coding levels of each factor
B
MRERER Z, X,/mm | X,/(°) XZ./ | X /s
(r+min"")
FRSE Z,(r) 80 75 30 50
K Zy + A1) |70 67.5 25 42.5
FIKF- Zy; (0) 60 60 20 35
(TR Zy + A -1)| 50 52.5 15 27.5
TRSEZ,(-1) 40 45 10 20
ARIEEE A 10 7.5 5 7.5
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Fig.2 Pilot test facility for verification
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Tab.2  Numerical simulation results of general regression design experiments
o h 0 n HRT ISS EBRE Y/ %

5 X,/mm X,/(°) X,/(r - min™") X,/s BifR <100 um | Rifs:100 ~200 pm | k4% >200 wm
1 70 67.5 25 42.5 9.86 65.10 90. 40
2 50 67.5 25 42.5 9.98 66. 19 89.68
3 70 52.5 25 42.5 12.15 63.16 85.13
4 50 52.5 25 42.5 12.18 53.78 83.12
5 70 67.5 15 42.5 6.73 75.42 93.52
6 50 67.5 15 42.5 6.88 74.19 92.07
7 70 52.5 15 42.5 7.00 64.42 85.80
8 50 52.5 15 42.5 7.14 65.99 87.45
9 70 67.5 25 27.5 13.09 74.68 92.64
10 50 67.5 25 27.5 13. 14 72.62 93.23
11 70 52.5 25 27.5 13.38 78.74 94.91
12 50 52.5 25 27.5 13.48 74.11 92.98
13 70 67.5 15 27.5 9.79 75.92 93.60
14 50 67.5 15 27.5 10. 89 76.63 94.44
15 70 52.5 15 27.5 12.18 75.34 93.42
16 50 52.5 15 27.5 12.35 77.51 94.96
17 60 60 20 20 9.28 75.18 92.23
18 60 60 20 50 11.89 75.82 92.98
19 60 60 10 35 12.89 76.59 96.39
20 60 60 30 35 12.56 71.73 86.18
21 60 45 20 35 11.63 72.82 88.46
22 60 75 20 35 8.80 77.55 94.02
23 40 60 20 35 11.40 75.62 92.74
24 80 60 20 35 10.83 75.17 92.22
25 60 60 20 35 16.42 86.58 97.61
26 60 60 20 35 16.27 86.04 96.98
27 60 60 20 35 14.41 84.83 99.56
28 60 60 20 35 13.38 82.60 96.94
29 60 60 20 35 15.46 76.27 89.51
30 60 60 20 35 13.89 80.98 95.04
31 60 60 20 35 12.35 89.94 98.56
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Tab.3  Significance test of regression equation

R K% <100 pm *"“é‘fn?~200 Hifz >200 pum
FolBEN| OF | BEE| F | BEH
Z,  |4.908| H [10. 058/ i 2% 8. 537 [ B
Z, 6.126] % [3.805 | —fi#5.590|
Z, 2.519] — [2.403| — |5.373| §=
Z, 10.099| — ]0.205| — |0.001| —
Z7 8,937 [ 9. 347 R B 3. 847 |
7> 12,317 — 1172080 E %6604 |
Zy 10519055 29, 881 WS ip 2 6. 711 | %
72 16.896| HE [9.523 R 4. 076 5 B
Z\Zy, 11.199| — |1.839| — (0.458| —
Z\Zy 10.005| — |4.052 | —fpiEs5.231 B
Z,Z, 10.016] — 0.045| — ]0.095| —
Z,Zy 10.009| — |0.266| — [0.036| —
Z,Z, 10.026] — 0.865| — ]0.329| —
Z,Z, 10.016| — 0.201| — [0.000| —
T [2.663| B2 |3.889 2,991 |
e F,,(1,16) =3.05,F, s (1,16) =4.49,F,, (1,
16) =8.53,F, s (14,16) < F, ;s (12,16) =2.42,
Fyo (14,16) <F,,, (12,16) =3.55,
IR E R BE RS — BB («
=0.1) < B2 (a=0.05) <HNE%E(a=0.01),
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TG U T R
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Y= —119.105 22 +1.238 78X, +0.197 00X, +
2.522 47X, +1.148 89X, —0.019 38X} —
0.021 02X§ -0.009 57X§ (1)
1SS $if% :100 pm<d <200 pm
Y= -198.370 32 +0.432 26X, +4.622 24X, +

4.603 65X, +3.388 43X, —0.049 73X; -
0.125 30X; —0.051 113X; —0.028 24X; +
0.043 78X, X, (2)
1SS Kif% :d >200 pm
Y= —13.885 98 —0.675 58X, +1.949 97X, +
2.148 4X, +1.313 92X, —0.018 91X; —
0.055 75X; —0.024 98X —0.010 95X, +
0.029 48X, X, (3)
(1) R, 24 1SS kife <100 wm B, Y 5 X |
Xy X, B8 U” BISC R, RIBEE HRT .6 58 h #YH
K BRAPRCRISEIE KGN, MERRSOR S n R I1E
FHIRIC R, R A5 1 N BRADALCEEBE n 3G K3
Ko W& n 3RS W I R B XTI R 2 /E 1T
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LA NP
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A TTIRAR M A ) E R B
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. 13 .
Aj=8+5 38, +8;,j=12.34 (5)

j=1

1 7 R4 RETTHRR S R LR 4,
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Tab.4  Contribution rate of each factor in different particle

size ranges

B2/ h 0 n HRT
A4 A3 A2 Al
<100 0.467 0 1.2536 | 0.9199 | 0.6718
100 ~200 | 0.614 0 1.588 5 1.8727 | 2.8611
>200 0.098 3 1.673 7 1.3626 | 2.7480

d <100 pwm B, 5 P2 pTRRAE SR EAIG, 2
B ZHE A A A D 25 R A8 1) i o ORI 405
PEAERAf 5 B2 T B — i IR 25 A, 2
d=100 wm i, 1SS =R 250 R 2 59 3 05 H .
HRT >n=~6>h,

e 40> 5 2L 2R i ia SRR, AE B PR Bh
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2.2.3 FAMysAT R

FRAf F R [ A TG AN [ AR AR 3 2% 1SS Hef:
EERFRNACRAE(WIRS) o AFRARRR I A %
B X RO A F, S8 P SR B i i B 5 B
AAGFAARTR] , T 7K 345 B I TR] S0 PR SR oA 22 57
ANURL 1SS LB AL A, H4  HRT REAE /)Nl [6] 2R
TR L, AR I S0 1t R 2R AUAURE B o 800 5 [ fsf
AR WORURLIT R i 28 B A 109 3 8 B, I3 24 4 v 4
PR WIS, NS A, AL 45 F T d < 100
pm LR 16.57% AR AN BURLAS Al 6 G b it
NG SEEA I, BTG TS e TG V48w a 17 g
Feo DIICAETS /KT BEK 400K BEFRAE B B A 260 R
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Tab.5 Parameter optimization of removal rates of different

ISS particle size ranges

B2/ pm h/ 6/ n/ | HRT/| ISS Ej’fi
mm | (°) |(r-min"")| s EBER/ %
<100 60 60 30 35.0 16.57
100 ~200 | 60 60 20 27.5 84.26
>200 60 60 15 27.5 96.99

2.3 [EEREBGIES

WAER 5 h B RAR DR BT ST, 23 5
PEAT A5 R A B B A g0 Tk i g, 45 R a3k
6 ffrn.

Fz6  [EAFMANIEIER I 4 RGEITIRE
Tab.6 Relative errors between regression prediction results

and experimental results

Rt/ wm | AT/ % | Boikid3e/ % | AR/ %
<100 16.57 12.37 4.20
100 ~200 84.26 80. 15 4.11
>200 96.99 95.13 1.86
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pm (150K 25 BRI RE AT A ok A5 BR L 7 75 7K Ab P AT
R A TR AIURE X A AL B TT T U M 1 5 AN AT
EHR
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