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Abstract: [Objective] A large amount of particulate matter, absorbed odor components and microorganisms
discharged from livestock and poultry houses will cause serious damage to the atmospheric environment and

health of surrounding person. Reducing the concentration of particulate matter in emissions is one of the core
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objectives of the emission purification technology at the end of livestock and poultry houses. [Method] This
paper focused on the particulate matter removal performance of the horizontal water spray purification
technology at the end of livestock and poultry houses. An orthogonal test scheme was designed and carried out
on a self-built horizontal water spray system particle purification efficiency test platform. The range analysis and
variance analysis methods were employed to analyze the influence of key control parameters such as ventilation
air speed, nozzle pressure, nozzle rated orifice diameter and nozzle atomization angle on the purification
efficiency of PM2.5 and PM10 particles, and the optimal control parameter combination for different particle
size was obtained using a parameter optimization model. [Result] The results showed that the order of the
control parameters affecting PM2.5 purification efficiency was nozzle pressure>ventilation air speed>nozzle
rated orifice diameter>nozzle atomization angle; And the order of the control parameters affecting PM10
purification efficiency was nozzle pressure>nozzle rated orifice diameter>nozzle atomization angle>ventilation
air speed. According to the optimized solution, the optimal control parameter combination was that the
ventilation speed was 1.5 m/s, the nozzle pressure was 60 kPa, the rated nozzle orifice diameter was 11.1 mm,
and the nozzle atomization angle was 120°. The results of validation test showed that the purification efficiencies
of PM10 and and PM2.5 of the optimal control parameter combination were 40.4% and 41.1% respectively.

[ Conclusion] The findings can provide a reference for the design and operation parameter regulation of

particulate matter purification equipment at the end of livestock and poultry houses.

Key words: Livestock and poultry houses; Emission purification, Water spray; Particulate matter; Purification
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Fig. 1 Purification mechanism of particulate matter
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Fig. 2 Diagram of test platform for particulate matter purification in livestock and poultry houses
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Table 1 Table of factor and level of orthogonal test

IKF BRAEP ) (m-s™) It I F(P)/kPa IS A 2 LA (D)/mm WEHE 5540 A FE(0)/(°)
Level Ventilation air speed Nozzle pressure Nozzle rated orifice diameter Nozzle atomization angle
1 1.0 30 9.5 90
2 1.5 45 11.1 120
3 2.0 60 12.7 150
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Table 2 Orthogonal test design and results

He FREY%

Group Vv P D g Purification efficiency

No. PM2.5 PM10
1 1.0 30 95 90 —4.8 -27.7
2 1.0 45 1.1 120 41.5 31.9
3 1.0 60 12.7 150 27.5 20.5
4 1.5 30 1.1 150 6.3 0.5
5 1.5 45 127 90 16.7 10.5
6 1.5 60 9.5 120 22.1 21.0
7 20 30 127 120 -145 -11.0
8 20 45 9.5 150 11.5 10.9
9 20 60 11.1 90 13.5 19.1

)V i@ KRk, m-s™'; P "% & 1, kPa; D: "% 27 € 3L12,
mm; 0: "°K FAL A, (°)

1)V: Ventilation air speed, m-s'; P: Nozzle pressure, kPa; D:
Nozzle rated orifice diameter, mm; 6: Nozzle atomization
angle, (°)
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Fig.3 Changes of PM2.5 concentration at different monitoring points in the chamber of test platform
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Table 3 Range analysis of orthogonal test

ik PM2.§¥%4JC.A§‘5($/%. PMl(.)Y%{JC.,%Zz/%.
Indicator PM2.5 purification efficiency PM10 purification efficiency
14 P D 0 14 P D 0
K, 64.20 —13.00 28.80 25.40 24.70 —38.18 4.16 1.93
K, 45.10 69.70 61.30 49.10 32.02 53.26 51.55 41.90
K; 10.50 63.10 29.70 45.30 18.99 60.63 20.00 31.88
ky 21.40 —4.33 9.60 8.47 8.23 -12.73 1.39 0.64
ky 15.03 23.23 20.43 16.37 10.67 17.75 17.18 13.97
ks 3.50 21.03 9.90 15.10 6.33 20.21 6.67 10.63
7 Range 17.90 27.57 10.83 7.90 434 30.48 15.80 13.32

Vs 8RRk 5 P: "8 TR 75 D v 40€ 3UAR; 0: "Ro% SAL A B
1) V: Ventilation air speed; P: Nozzle pressure; D: Nozzle rated orifice diameter; 6: Nozzle atomization angle
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Table 4 Variance analysis of PM2.5 purification factors

[XI & " Factor SS DF MS F P
14 992.001 2 496.001 1046.660 <0.001
P 2808.968 2 1404.484 2963.741 <0.001
D 461.721 2 230.861 487.162 <0.001
0 218.088 2 109.044 230.104 <0.001
% 7% Error 4.265 9 0.474

1) Ve i WAk ; P W8 R 715 D: PR 40 2 3L12; 0: vk SAL A B

1)V: Ventilation air speed; P: Nozzle pressure; D: Nozzle rated orifice diameter; 8: Nozzle atomization angle
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x5 SFEFRX PM2.5 F#{LFMA) Duncan’s ZE LI

Table 5 Duncan’s multiple comparison of the influence of different factors on PM2.5 purification n=6
T it KX (V) W [ 1(P) WM EUE FLAR(D) I 25 LA (6)

Ventilation air speed Nozzle pressure Nozzle rated orifice diameter Nozzle atomization angle
Level =) 2 3 1 2 3 1 2 1 2 3
1 21.40 —4.28 9.63 8.47
3 3.48 21.07 9.88 15.17
2 15.13 23.23 20.50 16.38
Sig. 1.00 1.00 1.00 1.00  1.00 1.00 0.55 1.00 1.00 1.00 1.00

*=6 PMI0 FLERFENR"
Table 6 Variance analysis of PM10 purification factors
FES
Factor SS DF MS F P

Vv 59.830 2 29.915 24.644 <0.001
P 4031.723 2 2015.862 1 660.664 <0.001
D 775.963 2 387.982 319.619 <0.001
0 582.903 2 291.452 240.097 <0.001
%7 Error 10.925 9 1214

1) Ve 38 RRG

P: 578 B 1 D: iR U LA 0: R S AL A L

1) V: Ventilation air speed; P: Nozzle pressure; D: Nozzle rated orifice diameter; 0: Nozzle atomization angle

Fx7 BEZRX PM10 FLENTH) Duncan’s ZELLER

Table 7 Duncan’s multiple comparison of the influence of different factors on PM10 purification

KT B RRE ) W I 1 (P) WA E fLAE(D) W 55 b F15E(0)

Iieje:l Ventilation air speed Nozzle pressure Nozzle rated orifice diameter Nozzle atomization angle
1 2 3 1 2 3 1 2 3 1 2 3

1 8.23 -12.67 1.45 0.63

2 10.78 17.77 17.23 14.02

3 6.33 20.25 6.67 10.70
Sig. 100 1.00 100 100 1.00 100  1.00 1.00 1.00 1.00 1.00 1.00
0f, W I B KV 3 B b, WEBEAIUE FLAE KT 50¢
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SRR 2. B4 FUAGE S 1.5 mis. W 779 23] 319 E
60 kPa. WA E FLAEA 11.1 mm, WEVEZ 46 A 1 S 2 5] E
%y 12000, PM10 # (LR B, TZA & REE & 225
B 2 o, BRI Rl
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Fig. 4 Comparison of the experimental results of different

parameter combinations
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