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Design and Test of Countercurrent Hook-type Residual Film
Mixture Cleaning and Separation Device
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Abstract; In view of the problems that the existing wind selection residual film impurity separation device
separates the residual film with soil, while the water-washing residual film impurity separation device
consumes lots of energy and water, a countercurrent hook-type residual film mixture cleaning and
separation device was designed. Through the design and dynamic analysis of the main working
components, the operating conditions of the hook film tooth chain, the spiral conveyor speed range, the
impurity removal motor speed range, and the water pump model required for the water circulation system
were determined. A response surface test was conducted with the hook residual film tooth chain speed,
the average flow rate and the water outlet height as test factors, and the residual film separation rate and
the residual film cleaning rate as test indicators. A variance analysis was conducted on the test results,
and it was concluded that the influence of each test factor on the residual film separation rate from large to
small was the water outlet height, the average flow rate, the hook residual film tooth chain speed; the
influence on the residual film cleanliness rate from large to small was the average flow rate, the hook
residual film tooth chain speed, the water outlet height. The parameters of the test indicators were
optimized, and the optimal parameter combination was obtained ; the hook residual film tooth chain speed
was 0. 196 m/s, the average flow rate was 1. 51 m/s, and the water outlet height was 457. 0 mm. At this
time, the residual film separation rate and the residual film cleaning rate were 89.95% and 93.46% .
The optimization results were experimentally verified, and the residual film separation rate and residual
film cleanliness rate were obtained as 88. 72% and 92.35% , respectively.
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Structure diagram of water circulation system

Fig. 11
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Fig. 12 Prototype test
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Tab.1 Test factors and codes

- A PR B -2 i K
%/ (mes™h) xy/(mes™h) x3/mm
-1 0.15 1.2 410
0 0.21 1.4 450
1 0.27 1.6 490

3.3 RIEIERR

R AR T LR IR &, % LA 738 Y 1 4
bk L5, #ERER G W I A g m RF 29 2K
300 mm FIPIRE, BEALEC 3 £ 1 000 g YRR AR IR &
SN X S A5 AR ) S 2 I AR AT R
—153 1 000 g MYER IR G P 5 AA LB itk AT
WY, RIS ASE B AR OR A SCLLBR B 43 15
RPN FR B R A8 bR SO

M,

Yl ZMX1OO% (42)
M,

Y, =]l72 x 100% (43)

A M ——FR R G Y AR R P2 i kg
M, —— DA B A0 SR TR LN 22 )
7 R BRI AIR S Y it ke
My——M\ M, ke R BRI B i kg
Y, — R R %
Y,— SRR %
3.4 HBRE5HH
i i Design-Expert 12 B BT A Box —
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Behnken #EH AR B 04T = P 28 = /K - M o 1k
¥y 3epEAT 17 AR, HAIRE A 3 R ECEY
B, MR (42) | (43) THRFR S35 SR 5k I 5 14
R AR R SR 2 R, X, X, X, IR R S
1,

x2 HBAREHER
Tab.2 Test plan and result

R K% BRIy BRI ek

5= X, X, X, Y, /% Y,/ %
1 1 -1 0 91.51 91.04
2 0 0 87. 66 88.23
3 -1 -1 90. 85 91.91
4 -1 -1 0 86. 55 92.38
5 1 -1 85.23 88. 66
6 0 86.52 90. 24
7 0 88.79 89.75
8 -1 0 -1 83.71 88. 16
9 1 0 1 83.04 88.02
10 1 0 -1 90. 88 91.73
11 0 -1 1 85.37 94. 31
12 -1 1 0 85. 86 96. 08
13 0 0 0 85. 48 92.45
14 1 1 0 91.49 91.42
15 0 0 0 90. 11 90. 34
16 0 1 1 86.25 87. 86
17 -1 0 1 91.18 90. 95

3.4.1 iz

FIH] Design-Expert 12 #{F X 2 7R i 40 45
RIEATAE BN 3T, 45350 B 2 5 Bl M T v A Y
T 22BN 3 s o T 22 00 A il A, 453 )
FPFRME S B RN B s i R B S e 1 B B
T PR RN R M 4 8 3 ) 5 ) 32 O A < K H
R X CEY R X, B EA X 5 X Bk R
FR MUY Ay <~ X, R HE R X, |
K EEEE Xy MRAER 3 20 Hral SR Xy % o5 2y %
FRE VR AT 22 Ju N L A5 4% B 3 % ik
OYBEARY, KRR Y, R A 05 R

Y, =91. 18 +0. 53X, +0. 63X, +0. 76X, -

0.64X,X, +0.05X,X, -0.93X,X, —
1.74X; —4.54X; 1. 17X; (44)
Y, =91.41 -0.55X, +2.82X, +0. 41X, -
1.07X,X, +0. 65X, X, +0. 56X, X, —
0.57X; -0.47X; - 1. 20X; (45)

3.4.2 R A

Ry TS R 2R Y B8 LA T X BRI 43 1 3 LA
FBR I 3R B L, 0l 2 o 5 0 g 3R LA R ke
TR VA8 A i 7 TR ], B 13 B

®3 HARBEFESN

Tab.3 Regression model analysis of variance

t/br  HZRIE PR BRE B F P
Bl 128.29 9 14.25 49.35 <0.0001*
X, 2.28 1 2,28  7.89  0.0262*
X, 3.16 1 3.16  10.95 0.0130*
X, 4.62 1 4.62  16.00 0.0052*
XX, 1.65 1 1.65 5.72  0.0481*
R4 X, X3 0.0081 1 0.0081 0.0280 0.8717
BRY, XX, 3.46 1 3.46  11.98 0.0105*
X2 12.74 1 12.74  44.12  0.0003 *
X3 86.78 1 86.78 300.43 <0.0001*
X3 5.79 1 5.79  20.03 0.0029*
e 2.02 7 0.2888
il 162 3 0.5393 5.34  0.0696
W% 0.4039 4 0.1010
BA 130.31 16
R 8295 9 9.22  54.53 <0.0001*
X, 2.43 1 2,43 14.38 0.0068**
X, 63.39 1 63.39 375.06 <0.0001*
X, 1.32 1 .32 7.81 0.0267"*
XX,  4.56 1 4.56  26.97 0.0013*
BB XXy 1,69 1 1.69 10.00 0.0159*
HRY, X)X, 1.24 1 1.24  7.36  0.0301°*
X3 1.38 1 1.38  8.16 0.0244"
X3 0.9104 1 0.9104 5.39 0.0533
X3 6.04 1 6.04 35.72 0.0006*
R 1.18 7 0.1690
il 0.4822 3 0.1607 0.9171 0.508 6
WE  0.7010 4 0.1752

B 84.13 16

o TR 2 (0.01 <P <0.05); #x TRt
(P<0.01),

(1) 3 EHAE FHXTER IR 53 B 2 1 5

P 13a AT, 2 H K T X 5 78 ik
- 450 mm s 44 5 (A B S 5 RSP 25 300 19 3 BLAR
X5 B3 I 25 46 1 5 T A 6 B A i 348 S D A
Bl 83. 04% M Z 91. 51 % J5 KK 4 85. 48% 5 i
13D AT, XY 40 5 5 R 8 X 1 A v a0 2K
0.21 m/s A, X590 3 A 7K T g B B A8 B A X
BRI 15 SR I S ) Sl PR 26 B ST 3 5 s ) i 3,
83. 71% 41N ZE 91. 51% J5 AR K 85.37% , 4r#TH:
T R Ay o 2 RO P /N R PR W A
X FIEAPL K iz sh i) 52 2 BH 18/, 45 Pkt
Z AT TR AT B AR 3 2, R BUR A 2 tERS 45
PRS2 T I B AT 1, AR B 1 Bl B R
B, % 5 55 T A RO 7 B PRI i 3 4, P 5 LAt )
FHE A ; P 3258 R R A W iis sk A
TR A NS FRRETR G W ZE R AP 30 K U v T 32 B
TIBEN , FEERRE S E T2 il 1 BE T3 BB )
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of experimental factor interaction on indicators

FES T VAR RZ K, A S B BOR  (H
THREAR N s AR R s BIR A YR 2 Ak
TN PN X, T O R A
3.5 SHMUERIEKE

N R IR IR A i e B A
e TAEIRZ, FIH Design-Expert 12 Optimization
T X B I 3 5 3 R G JBE 5 e R AT SO0 Ak B
FARAE B pr o T3R5 5 b5 1 B R AE, D8 A A
US|

B
7

maxY,
maxY,
0. 15 m/s<sx,<0.27 m/s
1.2 m/s<x,<1.6 m/s
410 mm <x, <490 mm
R EP e = AWA L R E S 2 S e R SRR ) L
I EEEE 0. 196 m/s SFIIURE 1. 51 m/s K Hi5
JE 457. 0 mm , EIFFR A7) B A FIER MR G v 30 00531y
89.95% #193. 46% .
BRI A2 R B AT S, 2023 4F 8 A 25
H AT IR B0 E | AR S B ial 25 F , 150 5 4 J 0
LN 0.20 m/s CFIFER 1.5 m/s K
H457.0 mm, I 3 YT BCHAF- BIEAE R S bR
I AR BRI 45 R DL 30 uE i 45 R 3k 4
P, i3 4 AR, BT3B AR LR Bk B it v R
P H 5 X 5 (A XS 2R 22 /N T 5% , i Ak 25
LI

(46)
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Tab.4 Comparison of theoretical optimization and

verification test results

ZH RIS B3R Y, /% BRI R Y,/ %
LS 89.95 93.46
E 88.72 92.35
AR IR 22 1.39 1.20

4 %t

(1) Ay figp R B XL 32 R 2% e 0 2 0 2 L 119
SRR - sy , Kk e B A 70 0 2 B RE AR R
HADK R AF MR, B3t 7 — M oK i m #R4
2 HBATRREan v B HERBTK SR8 K BERY
WO SR TR & YT e B

(2) RSB PE AT 1 20 M7, 45 54 1 04 6 11 74

PRSP 2 o B D R B2 R T /K i D e 4 JEE 1 S T
RS B 5 7K 5 ) e £ Sl 60° 2R B A RS T
Tk HIBAR A3 n, =10. 3 v/min, BRI 2%
AN 21,4 r/min <n, <101.5 v/min, fF A HLHL
M5 3 TR T4 F 181 v/min, K E i & N
35. 1 m’/h<q,<52.3 m’/h,

(3) 38 Ak e 7 T A5 1 S 1 0 PR 20 B A 3
EEEERSEIA R B/ INA . K e B A
VR 51 R E 5 X SRR MBI ¥ 3 R 5 Ml /Ny - P4
T B G REEEE R OK D R, AR IR AE bR R T
TSHARAL, 3 B B A S B G - ) O i o
0. 196 m/s SFHIE 1,51 m/s  H/K I B 457.0 mm,
IS B B 3 g 24 T A B 3ik ¥ 232 43 il Ry 89. 95% N
93.46% o XPOUACAE R TIRGS 0 UE , AR A S) B 3 A
BRI SR R 88. 72% A1 92. 35% AALLE SR TR,
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