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Abstract

Air pollution is a major problem affecting public health in many areas. Therefore, the development of efficient and
sustainable air purifiers is an important approach to reduce such impacts. This research developed a solar-powered
air purifier that uses a wet cloth as a filter to capture small dust particles. The objective was to study the effects of
the filter motor speed and air suction fan speed on the dust reduction efficiency of the air purifier, using a factorial
experimental design to analyze the main factors and their interactions. The independent variables were the speeds
of the filter motor and the air suction fan, tested at 50%, 75%, and 100%, while the dependent variable was the
percentage of dust reduction. The experimental results showed that a higher fan speed increased the air flow rate,
causing more dust to be drawn into the system, while the filter motor speed helped reduce dust accumulation on the

filter. An optimal speed significantly reduced clogging and improved dust filtration efficiency. In addition, the analysis
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of the main factors and their interactions revealed that the relationship between the two factors significantly affected

the efficiency of the air purifier. The optimal settings from the experiment were a filter motor speed of 75% and an air

suction fan speed of 75%, which yielded the highest efficiency in reducing dust particles. This study can serve as a

guideline for designing and improving air filtration systems to be more efficient by holistically considering the factors

affecting the system.
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Figure 1 Solar-powered air purifier.
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Table 1 Equipment details.

Equipment Specification
Solar panel DC solar panel, Model: TYNB, 30W
Fuse Tongou, Model: RT18-32, 30A

DC circuit breaker TAXNELE, Model: TXBD1-63
PWM, Model: NEW, 10A12V/ 24V + 2

USB 5V

Solar charge controller
Air suction fan 8” square exhaust fan
Dust filter cloth 50x100cm, thickness 6mm, fine filter
23 U

Filter cloth rotating motor DC motor, Model: XD-3240, 12V 30W
XIAOMI, Model: GH-A13, PM2.5: +

15%, + 10 Jhg/m’

Particle Counter

Filter cloth rotating motor

Dust inlet

Inlet dust sensor

Air suction fan

Dust filter cloth
Water

Figure 2 Solar-powered air purifier diagram.
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Table 2 Factorial design of experiment.

Speed
Condition*®
Filter motor Air suction fan

1 50% (650 rpm) 50% (950 rpm)

2 50% (650 rpm) 75% (1,425 rpm)
3 50% (650 rpm) 100% (1,900 rpm)
4 75% (975 rpm) 50% (950 rpm)

5 75% (975 rpm) 75% (1,425 rpm)
6 75% (975 rpm) 100% (1,900 rpm)
7 100% (1,300 rpm) 50% (950 rpm)

8 100% (1,300 rpm) 75% (1,425 rpm)
9 100% (1,300 rpm) 100% (1,900 rpm)

*The experiment was repeated 3 times for each test condition.
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Figure 3 Amount of dust particles entering and exiting the solar air purifier in each experimental condition.
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Figure 4 Percentage of dust reduction in each experimental condition.
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Pareto Chart of the Standardized Effects
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Figure 5 The impact of independent variables on the percentage of dust reduction.
Table 3 Analysis of variance (ANOVA) for dust reduction efficiency.
Source DF Adj SS Adj MS F-value P-value
Fan speed (%Fan) 2 83.19 41.60 57.54 <0.001
Filter motor speed (%Motor) 2 566.36 283.18 391.71 <0.001
Fan x Motor 4 157.04 39.26 54.31 <0.001
Error 18 13.01 0.723 - -
Total 26 819.61 — — —
Optimal %Fan %Motor
’ High 1 1
D:09920 o 075 075
Low 0.5 0.5
————————— --—-——-——-—-—-"F-—— - ——————— =
®
%Dust re [ ]
Maximum
y = 289177
d = 0.99204
®
L 4

Figure 6 Optimum value for solar air purifier operation.
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