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Design and Experiment of Ozone Sterilizer Device for Organic Matrix
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Abstract; Organic matrix cultivation is one of the main forms of soilless cultivation in facility agriculture.
In the process of repeated utilization of organic matrix, continuous cultivation obstacles need to be
disinfected , etc. Based on the analysis of the current disinfection technology and disinfection equipment,
the ozone disinfection technology was proposed to solve the problem. Combining with rotating barrel
research status, the rotary drum of ozone disinfection equipment parameters, the main structure and key
operation parameters for the theoretical analysis and preliminary specified were designed, due to the
dynamics and kinematics of organic matrix in the rotating barrel was complex, the EDEM software was
adopted for organic matrix particle modeling and SolidWorks for rotating barrel with lifting board and
screw conveyers cover, selecting Hertz — Mindlin contact model. The EDEM software was used with
organic substrate bending angle as the evaluation index, lifting board bending angle, rotating barrel
rotational speed and fill rates as test factors. Numerical simulation of three factors and five levels of
orthogonal rotation was carried out. By using the regression analysis method of the Design-Expert
software, a regression mathematical model of bending angle was established to optimize and verify the
parameters. The results showed that the lifting board angle and rotating barrel rotational speed had
significant influence on the bending angle, but the filling rate was not significant in the range of 10% ~
30% . The optimal structure parameters and working conditions of the organic matrix ozone disinfection
device were: lifting board bending angle was 124.23° and drum rotational speed was 6.29 r/min, the
organic substrate bending angle was 89.3°. According to theoretical analysis and simulation results, the
development of ozone disinfection equipment rotating barrel diameter was 1 000 mm, the length was

1 000 mm, and eight lifting boards were distributed in the rotating board radial uniformly, and its height
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was 170 mm, and bending angle was 124°. The screw conveyers outside diameter was 160 mm, the screw

conveyers inside diameter was 60 mm, the pitch was 160 mm, and screw conveyers opening angle was

60°. Validation results showed that, in the disinfection stage, an effective “material curtain” and second

collision with screw conveyers cover of the organic matrix was formed. In the unloading stage, the organic

matrix can fall back to the inside of the screw conveyers cover. After the ozone disinfection equipment

was sterilized for 60 minutes, the sterilization performance test showed that the number of bacteria was
31 CFU/mL, the number of fungi was 3 CFU/mL, the sterilization rate of bacteria was 88.9% , and the

sterilization rate of fungi was 97. 9% ,

which met the actual production needs.
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drawing for organic matrix
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Tab.1 Main technical parameters of ozone disinfection
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Fig.2 Mechanical analysis of organic matrix
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Fig.3 Schematic of rotating barrel and lifting board
LSRR Z 2 560 3. PRI
2.2 BREWER
4 i 2 2 A U 08 e AR S % A
SPGB AR SO 4 TR ] 7
BRI PRl A A2 AR 1) SR e ik 2 o IR 18 A 25 2
BEZASEM R AN EAR DO T N EAR 4 R IR R
pHEHE n SRR A AR A NI 4 BT .
SRR i 126 At F) 7 R (A ) 5 IR A K

A !

B4 SRR K S AR R

Fig.4 Schematic of screw conveyers



573

TresR 25« A ML R AL 0T 3 B B0 5 1K 141

WA EAR RN EAR IR R S Ak e ]
B | MR A 3 A 5 T A WL T R e i s
w B A oy

Q=§[<D—2A>2—dngopanxw*" (2)

A Q—— IRk g A AR (ki) L ke/s
A— 12 ek % A i S S ST B, — e
5~8 mm,Hl 5 mm
o— ik A B BT S8 R B —
0.3 ~0.4,%0.35
C—— IR 4 1% 4 (00 At i 1% 22 8, K P A
Ml

AR SEBR A 77 85 5K, 4 v A HLE B A = R, 25
B (RO AU BT T WF) rb 825 i 2% 4 i 7 A B4R
VEHUFE ,D EH 160 mm , M JEE s o 3 mm,

BEUHE 2% AR 4 B B A — O A R

d=(0.2~0.35)D (3)

PRI I, B i 0% 4 il A% d U 32 ~ 56 mm,
W i % g Bl R O B, ELh A AL,
T 10 B fR A AR GE RIS O 2 T Ol AR , d 1B I
60 mm , B2 JE i i A% Bl 2k ] 304 R BEAN A, BE R
17 mm,

HER AN S ke 8 R Y T A, o DR E W Rbis AT Y
RTINS AR 7/R S UE PSP U 3 R R/
Sy [19-201

p=K.D (4)
A K — IR AR S A B, B 0.8 ~ 1.0

PRt , MR % A I R BE Y 128 ~ 160 mm,
JE B A BILHE S5 S M At R B 2 0 A B TR
e R JE i % 4 ) 0% RE D, T LR e 2k A T R
F1 304 BN BRBE p O 160 mm

W R i 126 5 e TN e 1 R A AR R RS . — iR
KA, iR ik e A B ok B g (Ll TR
Jig i % 45 L B T 1 BT, 21 Al e i PR 5
Ji A P J5 2 7 MR e A % 4% T L Ak ) 7 A Bk
Sy D O B0 J ad R 18] Al R 0 PR
PRI 5 ) BB A % 4 e B n HEAT —E PR E . nI AR
A7 0L 0% e R e A AT LR

My =A/D (5)
A n,,, — B4 K & B K, 1/ min
A——A WU FZR 5 R AL R 5L, O 28

R, T 8SRAE n,,, 4 70 v/ min, RIVEE 5 12 6 %
EEORIYET$E T, 8808 e AN S VR B B B0 I S e
e,

n<n,,. (6)

BEA AT (2) ~ (6) FFEE AT 15, 920 i 14 282 7
0 5 0.29 ke/s ORI SLBRAE oK o
2.3 BEWEEES

L RV B R 2% 7 5 4 B
R AT AT LA I 35 7 0 4 B B B0 2
FLSEIF 11T A6 A7 LI TSR ¥4 7 b 5 4 B
TR WA e R L AT LR 4 5L
SR RBLS L 5 6 1 K A SR B B L B e
B2 TLFE T 1110 L A7 LI T o] 94 25 M8 0 2 7
55 A BB 40 05 7 52 L ERHIE o DRI B
2SI RIE 5 R R 2 U I I
) 25 4 S, B2 B B A L R %
4 35 BELE 5 4 55 0 5 2 AT L e
Sy S THCH B TF 1 BT 60°, 35 e 7 -F
A, B 0 5 4 SR I S R

HE AN e A
BrEe R 8w BB

s i ik A B ST A5 M s T

Fig.5 Schematic of screw conveyers cover
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Tab.3 Factors and codes of quadratic regression

orthogonal rotating experiment design
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Fig. 6  Simulation results of organic matrix

disinfection stage

BT A LI R B Bl B2

Fig.7 Simulation results of organic matrix unloading stage
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Tab.4 Experimental design and result of quadratic

regression orthogonal rotating test

K Fs X/ X/(remin™h) X3/ % Y/(°)
1 162 11.57 25.95 71.9
2 162 11.57 14. 05 76.8
3 162 4.43 25.95 75. 1
4 162 4.43 14. 05 53.3
5 108 11.57 25.95 123.2
6 108 11.57 14. 05 122. 1
7 108 4.43 25.95 102.0
8 108 4.43 14. 05 101.5
9 180 8.00 20. 00 48.2
10 90 8.00 20. 00 125.5
11 135 14. 00 20. 00 112.4
12 135 2.00 20. 00 73.4
13 135 8. 00 30. 00 94.6
14 135 8.00 10. 00 95.7
15 135 8. 00 20. 00 100. 3
16 135 8. 00 20. 00 99.7
17 135 8. 00 20. 00 96.3
18 135 8. 00 20. 00 97.4
19 135 8.00 20. 00 98.0
20 135 8. 00 20. 00 100. 9
21 135 8. 00 20. 00 103.2
22 135 8.00 20. 00 102. 0
23 135 8. 00 20. 00 96.9

x5 KBRERFESW

Tab.5 Variance analysis of material inclination angle

SRV FIIF AW ¥yor F P
Y 2.46 9 0.27 19.19  <0.000 1
X, 1.95 1 1.95 136.63  <0.000 1
X, 0. 40 1 0. 40 27.94  0.0001
X, 0.012 1 0.012 0.81  0.3856
XX,  9.112x107% 1 9.112x107° 0.64  0.4386
X, X, 0.017 1 0.017 1.20  0.2934
X, X, 0.015 1 0.015 1.07  0.3192
X3 0. 055 1 0. 055 3.86  0.0712
X3 7.52x10 73 1 7.52x107° 0.53 0.4808
X3 9.208 x10°* 1 9.208x10°* 0.065 0.8035
B 0.19 13 0.014

AL 0. 044 5 8.747x107% 0.49  0.7735
gl 2% 0.14 8 0.018

B 2.65 22
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Tab.6 Variance analysis results of optimization model

BRI FIA AW ¥o7 F p
LAY 2.36 2 1.17 77.85  <0.000 1
X, 1.95 1 1.95 129.27  <0.000 1
X, 0. 40 1 0. 40 26.43  <0.000 1
5k 22 0.30 20 0.015

5K AU 0.16 12 0.013 0.75 0.6837
4l i 2% 0.14 8 0.018

M 2.65 22
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Fig.8 Production test of ozone disinfection equipment

Fig.9  Ozone disinfection test of organic matrix
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Fig. 10 Organic matrix unloading test
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