9 6 Vol.9 No.6

2015 6 Chinese Journal of Environmental Engineering Jun.2015
PN I2. 5
*
( 201620)
PM, , 3
( high-efficiency particulate air HEPA) |
0 I.1m o
° 40 min ~ PM, o
0.20 ~0.54 m’ ; 0.29 m’
; 0.54
m’ : 40 min  PM, HEPA 70% HEPA.
PM, ;
X701 A 1673-9108( 2015) 062933-08

PM, . filtration performance of electret air filter in office buildings

Shui Tiantian Shen Henggen Yang Xuebin Ma Huan Nie Xueli Zhou Liuke Liu Lin
( School of Environmental Science and Engineering Donghua University Shanghai 201620 China)

Abstract Aiming at the PM, ; purification in office buildings this study field tested the filtration perform—
ance of three types of electret air filters with different filtration areas and compared them with high efficiency partic—
ulate air ( HEPA) filter primary efficiency filter layer and granular activated carbon filters. The office building
was located in Shanghai and the measured point was on the 1.1 meters just above the floor and in the occupant
breathing zone. Smoke of wax pure candles was employed as the indoor source to generate the airborne fine particu—
late matter. The attenuation value of PM, 5 mass concentration and the power of the air cleaner were measured in 40
minutes. Also both the filter air flow rate and the clean air delivery rate were calculated. The results show that the
filtration efficiency of electret air filters increases with filtration area if the filtration area is between 0.20 and 0. 54
m’. The electret air filter with 0.29 m’ exhibits the largest clean air delivery rate. Using the ratio of clean air delivery
rate divided by power as an evaluating indicator the filter combining a primarily efficient filter with the 0.54 m* elec—
tret filter presents the highest filtration performance. Meanwhile its attenuation value is close to 70% within 40 mi—
nutes and similar to the HEPA media. Its clean air delivery rate however seems greater than the HEPA media.
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Fig.1 Furniture layout in the office

( minimum effciency reporting value 8 MERVS)

MERV13/14 1.1
2 ~
4% PM, , 2.9~3.8 . Chan
: 3 - \ .
( HEPA/ )
o o 250 g/m’
N 45 mm 16 .10
<20 1. 2,
° 1 3
Table 1 Some parameters of three types of electret air filter
° L w h n d A
813 (mm)  (mm)  (mm) () (mm) (m?)
9 11 1* 420 290 45 6 70 0.20
2# 420 290 45 10 42 0.29
. 3 3# 420 290 45 20 21 0.54
PM, s
1.2
"HEPA o
HEPA . PM,
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Fig.2  Structure diagram of experimental setups

2

Table 2 Parameters and accuracy of test instruments

0.1 ~100 000 pg/m’

GRIMMI. 108 10,2320 ym
1AQ CALCT TSI 7545 €02 0~9 821 mg/m’ .3 013'0%
VelociCale TSI 9555 NN 0.25~30 m/s o 621 ‘n?(/)s/“
TECMAN ™9 + 0.3~2200 W + 1.0%
1.3 o
1) 1 A . PM, .
A 1.1m ; o 2
2) .
3) 2 20 min 2.1
2
PM, , .
2 min
4) 3 . .
40 3.
min N N 3 HEPA
PM, | , 88.01%
5) 54.89%:;
1h 0. 54
PM, o m’  PM,, 85.32% HE-
2 PA 3. 05%; HEPA
15.27%; 0.29 m’

459.13 m’/h
46.18% . Siamak °®
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Table 3 Cycle filtration parameters of the air filter with singledayer filter
HEPA 1 2* 3*
(m/s) 6.67 5.68 5.36 3.10 3.38 3.59 3.47
(m®/h) 853.03 726.42 685.49 384.98 432.27 459.13 443.78
(%) 1.26 1.31 2.85 88.01 66. 04 79.13 85.32
( /min) 0.11 0.09 0.09 0.05 0.05 0.06 0.06
45% ~80% 3 0
° PM, s
3.00% 4,
4
Table 4 Cycle filtration parameters of the air filter with some coupled elements
HEPA HEPA
HEPA 1 2# 3*
(m/s) 3 3.21 3.34 3.22 2.98 2.8
(m®/h) 383. 67 410.53 427.15 411. 81 381. 11 358.09
(%) 0.33 5.03 6. 96 7.2 1 6.98
(%) 88.63 68. 14 82.09 85.23 86.42 84.53
(%) 0.72 3.19 3.8 0.27 -1.8 -3.94
( /min) 0.05 0.05 0.05 0.05 0.05 0.05
3. 4 HEPA. 50
45
7. 20% 7 40
235
3.80%.  HEPA g o
o
: HEPA N i‘*ﬁ_ﬂ 25
HEPA 6.98% £
& 15
HEPA 3.94%; ®
5
° 02~03 04~06 08~1.0 2.0~3.0 4.0~5.0
03~04 06~08 10~20 3.0~4.0
BLETE (um)
° 3
N Fig.3 Particle size distribution of candle smoke
PM, 0
2.2
: 2
. 2 20 min;
20 min 2 min
20 °
min . 3 2.2.1
10 4 70 pg/m’ N
1.0 um HEPA PM, ,

20 min
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Fig. 6 PM, ( filtration performance of the filter combined

electret
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with the primary element

5,

188 ~265 m’ /h

( clean air delivery rate CADR)

P . CADR (1)
B . CADR/P
CADR=(A-k) V-0 (1) ’
: CADR (m’/h); A 5
PM, . 2k
PM2.5 (h_l) 0
0.05h™''"°:v (m’); Q PA.
(m’/h) o 0.228 m’

Molgaard ~ "* 5

100 ~ 300 m’/h

CADR  CADR/P
2.2
.54 m? HE-
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5 PM, .
Table 5 Performance index evaluation of the PM,

purification efficiency of air filter

CADR/P
CADR( m® /h) (m® /kWh)
18.09 401.53
2.17 48.80
HEPA 264.40 5961.73
1* 188.68 4 330.40
2# 201.41 4 582.68
3* 211.24 4 743.70
+ HEPA 261.51 5915.25
+ 1* 208.25 4 815.12
+ 2# 247.32 5674.99
+ 3# 264. 64 5980.62
HEPA + 215.45 4903.33
+ HEPA + 195.21 4449.79
3
HEPA
> PM, ;
(1) PM, o
; 0.198
~0.54 m’
; HEPA 88.01%;
0.54 m’
85.23% .
(2) . HEPA
: 0.29 m’
(3) PM, . HEPA
0.54 m’ 40
min  PM, HEPA
70% HEPA  6.96%
(4) CADR  CADR/P o
0.54 m’
HEPA. HEPA.
0.29 m’ °
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