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Measurement and analysis of the performance of air cleaner

YANG Xiufeng, XIA Limei, ZHOU Xuehan
(College of Electrical, Energy and Power Engineering, Yangzhou University, Jiangsu Yangzhou 225127, China)

Abstract: Particulate concentrations in the inlet and outlet of air cleaner and in the chamber with steady pollutant
source were measured for different airflow rates of air cleaner to analyze the single-pass removal efficiency of air
cleaner and the decay characteristic of indoor particulate concentration. The removal efficiencies of PM, - for small
or large airflow rate are 55.1% and 59.4% respectively, and the removal efficiencies of PM,, for small or large
airflow rate are 57. 2% and 61. 2% respectively. The single-pass removal efficiency of air cleaner for large airflow
rate was 4% higher than that for small airflow rate. The particulate removal efficiencies tested agree well with
those inferred from the fitting curves of indoor particulate concentration. The equations for particulate
concentration decay can be deduced from particulate emission rate and particulate removal efficiency, and can also
be obtained by fitting the indoor concentration. Both equations can accurately reflect the exponential decay of
particulate concentration during air cleaning. The effective room size depends not only on the performance of air

cleaner, but also on the initial concentration and the particle emission rate per unit area of the room.

Key words: air cleaner; steady pollutant source; removal efficiency; concentration decay characteristic; effective room size
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Fig. 3 Variation of particulate concentration in

test chamber for small air rate of air cleaner
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Tab. 1 Removal efficiency for small air rate of air cleaner
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760 [N S A S s PN

a2

FUR
S

¥ R(ARPEER) 51 %

HE A XU T Al ot L XU A B J5URE 1 7R
JERARRIE LR SR 2 PR, KR 51 4 bl
7 2 B0 U B0 I ) — IR AL R R AR R

R2 BHEHRNETHSRELRE

Tab. 2 Removal efficiency for large air rate of air cleaner

B ) PM..; Bk 2R/ 6 PM, b3/ %
/min. o pFHRE MK RHRE UK
5 66 56 69 54
7 61 61 61 60
9 65 58 66 59
11 61 56 61 55
13 53 56 57 60
15 52 68 63 69
P 59.7  FH59.2 Py 62.8 F59.5

FHHR 5, =594 FIGHE g = 61.2

XFER AR B I R SR W LU BL, R
X ) — KRR LG B 20 400, KB %
el g B UL A AL LB AU £, SOXU R

PR B GE, — OO IR . R R 2
A, AL a1 I I8 A0 i DR A Y
EACRCRHZEA KR, Wi G E %S,

HR A Ak 28 1 XU R i Ab 2 28 0T DL SR A5 )
2S5 CADR %y 449. 82 m® /h, SHARHRIE (538
m’/h) i 83.6%, KT EFr GB/T 18801-2015 #i
SE 1) 3k 1 25 50 SEINARL AS AR T AR FRAEL 90 26 1y 22
K. ZELERERANE THEED RN 75 W, &
fLRERLCH 5.998 m* /(W - h), E4k GB/T 18801-
2015 H & X H5URL Py 1) B AL BERL s = 5 m*/
(W« h) @Rk, WA E b8 I8 T B 3.

2.4 RERBFLE

(HEW, HCRERYEER M, Hia
TERXE Q. —KIFALE . FHER V HEN
BRI GG BT o), WTDUB B S kit B = N
ST A V) T L. AN SO 2 ) A 48 B 1)
Bk M ORI ZRE |t XU A S0 R R 15 )
BP0 g G b, S T e Ak i A v
BRI R 0 T FE, JF 5 IR T e P S2 iR B L
BEN )W FE (UL 3 Rl 4) BEFTRTEG, DL 3.

x3 BHRYKERBFE

Tab.3 Equations for particulate concentration decay

b 5 PM,. s ¥ JE 32 0 7 12 PM,, ¥ B 32 9 5 2

A (ORI ERe i (HRS I ERe g i

ARAY ¢ = 122. 2¢7m5 +87. 1 ¢ = 225.9¢m3 — 13.7 c=172. lems +113. 4 ¢ = 292. 271 — 9.5
= ¢ = 294. 3e7n + 22 ¢ = 301. 2¢7% +15. 1 ¢ = 400. Tersz + 28. 8 ¢ = 395. 3¢5z + 32. 8

HI 3 AT, PR 7 i A 20 6 SURE 1 7R 5 T Uk
T3 R B T8 U RO 5 B, X B A PR T I R
IIAESRE A Ve | R T (2 N S = 3 Ay = L
RO ZE R U H AR X o), R
T4 Ak & 07 )5 — BEI 6] 5 7 RE B 1k R R A,
M T E 5 B A R T e RS B ORI,
PIFR 7 v 4 30 00 2 06l 7 12 1) B 1F 0 S W e fb 0 2
Hh 5 PR R 0 R ) 3 Y FIE
2.5 REAWRETERE

HIER ) ugn, A= WAL & A M<<Que/
V., B A AR b S N ORL W R R R i A 5
Bz, S NBURE Wk BE AN BT, S R &
AR M SRR, F2Ep I M ER BT
DrieJ A A, K M/A 5 SCh oy 1) B AV TR B 35 G
YRR m (pg/(m® - s)). M) TELFHEN
SSURLY TR FE W W BRI L 0 B T IEFRIR B ¢.anana (150

pg/m’ ) P R I ) Ay
mA ~ mA

: :—%7111[((-&[3,,&“[ —Q—n)/(c’o CTWH (5)

5 BL e} =450 pg/m’, Qp =450 m’ /h Hfl,
o T AN TR G B4 T AR Y B i e R o T8) TH]
A BSHT, Mgk as 546 TAE 20 B0k 4 ik
P 2R bRik B R s a), B Y 54 m® A iZid Ak
bR FRA R HE A, B 5 R, m A K, BN
ORI B IR AR I T W B ) R . 3 SR R B A
) 5 53 % B2 3 A (8] ) SR AT T AR TS YL R i
m KM, WHEm B E, Zadmbs Ltk
RN E R BRI E. Bl i, H e
& BRAUIR D T b 68 Qp, B 591G H E
oo HANTTHANG W R E m AR, S5 Y b
B b g e H Y 25 5 % 8 Lk K 3.



55 BT, . ARG TERERY SEIN 5 4 761
160 e B0 [2] WESCHLER C J. Changes in indoor pollutants since
140 —e— i u) i 435 m” the 1950s [J]. Atmospheric Environment, 2009, 43
120 —A— ST 54 m® (1): 153-169.
5100 [3] SMITH K R. Fuel combustion, air pollution expo-
E‘ 80 sure, and health: the situation in developing countries
- 4612 [J]. Annual Review of Energy and the Environment,
7 1993, 18(1): 529-566.
0 e o7 o o3 o (4] XRuge, Ff, Pramdx, % . 2T HID FENREES
L T BT YRR i g - (m” -+ ) HAL BT [J]. MUBREEIT, 2016, 33(6): 126-128.
5 = NSRRIk AR BT E B R DENG Rong, WANG Meng, CHEN Jiaquan, et al. De-
Fig.5 Time needed for reducing the sign of household air purifier based on HID principle [J].
particulate concentration to the standard Journal of Machine Design, 2016, 33(6): 126-128.
(5] HRbrf b8 8 E x5 E: GB/T 18801-
3 £ig 2015 [S]. L0t b HiATRE 2015,
s R N . Standardization Administraion. Air Cleaner:GB/T 18801-
. AT ﬁtTﬁEEﬁ% N 75 B R A RE IR O 2015 [S]. Beijing: Standards Press of China, 2015.
TR BRI R, ST T [ i A e M
AN [E] XU T 1 AL 25 00 1 A0 R0 23 R =0 P O ) ik B2 (1], BRHE SR ZRE . 2009, 26(3): 260-262.
B DR T, W Oh S bR BT S e b 1) N Ak CHEN Fengna, YANG Xuedong. Performance assess-
FRPERE M R PEAY SR SE Bk A B e 2 . B ment and selection of indoor air cleaner [J]. Journal of
WA Environment and Health, 2009, 26(3): 260-262.

(1) SR AT LR M WOy . e (7] SRRINR. BRGUIE. Z%F. % . R4 AU LB A
ff) PM, ; Fl PM,, % 4 & 4% 5] by 0. 67 pg/s F1 0.9 TR EFREI RS [T]. B SR e, 2014, 31(7):
‘ug/S; 628-629.

(2) Hﬂ?%'ﬂﬁ%g"j& R A B R e R CTU() Linlj, CHIEN 'Jian.b(;, LI 1[l\/[;ilingl:1 T; al'. Dliscusf

. . o . - sion on the evaluation index of household air cleaner
1%§U%@{t§&$'—:j§ PR RURL 90 7 2 40L 5 i 2t S performance [J]. Journal of Environment and Health,
(R AR R W) B 2014, 31(7): 628-629.

(3) B RBIER BRI I T ) g e s % . % st i
PM, s i A6 R 53 5 by 55. 170l 59. 456, PM,, VG TS RRER BRI (1], %4 SWBR, 2012, 12
ALY 9K 57. 2% H1 61. 2%, RS R 6T I 1Y (5): 64-68.

— R G AR R P AR A XU R B B — IR e s R & HU Xiaowei, ZHANG Yufeng, XIE Chaoguo, et al.
4%, Experimental study of the evaluating indicators for the

(4) BB & A S LA ) b X R S Y room-conditioning air cleaners [J]. Journal of Safety
A e 5 7 R 5 P R A e B and Environment, 2012, 12(5) 64°65.

BB I T FEE 2 U 7 B 4 B v T R e v A i B b [9] skIk, XHEZN, 1'%57'(%, L SRR R BRBURL TS
PR 45 S5 TR MR L SR e
5): - .

(5) ?%‘,ﬂ:‘%%ﬁﬁﬁE$HZ<1REXH&:F@{£¢$§E & ZHANG Xin, LIU Junjie, HOU Yuefei, et al. Exper-
SOAIREE . AL I BTG R R R AT SR, imental study on the performance of the air purifier in
e s Ta) () i A 5 8 L2565 25 08 LR IA 32 removing the particulate pollutants [J]. Journal of
$ %k References Safety and Environment, 2016, 16(5): 303-307.

[10] CHENG Y S, BECHTOLD W E, YU C C, et al. In-
(1] ZEE, s, k. RSB RIRE L cense smoke: characterization and dynamics in indoor

J& [J]. BREZSE, 2000, 30(3): 36-40. environments [J]. Aerosol Science and Technology,

L1 Xianting, YANG Jianrong, WANG Xin. Status 1995, 23(3): 271-281.

and development of indoor air quality research [J1.  [11] k4 . %P 205 RIS GERFSE (1), BT

Heating Ventilating & Air Conditioning, 2000, 30
(3): 36-40.

Bl 2010, 26(6): 18-24.
ZHANG Jinping. Study on indoor airborne pollution



762 R EE R RN TS B51%
characteristics of smoke from incense burning []]. mental Engineering, 2016, 34(6): 90-94.
Building Science, 2010, 26(6): 18-24. [16] " EbRUEMIFTGE. BN ST EFrifE: GB/T 18883-

[12] SEE S W, BALASUBRAMANIAN R. Characterization 2002 [S]. dbxnt: v bRife Akt , 2002,
of fine particle emissions from incense burning [J]. Build- China National Inistitate of standardization Indoor air
ing and Environment, 2011, 46 1074-1080. quality standard: GB/T 18883-2002 [S]. Beijing:

[13] HSUEH H T, KO T H, CHOU W C, et al. Health Standards Press of China, 2002.
risk of acrosols and toxic metal from incense and joss  [17] ZHANG Y P, MO J H, LI Y G, et al. Can common-
paper burning [J]. Environmental Chemistry Letters, ly-used fan-driven air cleaning technologies improve in-
2012, 10(1): 79-87. door air quality? A literature review [J]. Atmospheric

[14] Tk, JUMEss . IR astERENT L (1], 5 Environment, 2011, 45(26): 4329-4343.

PREE XY, 2012, 31(6): 40-43. (18] #ffh, ¥, IWER, 5. AFTIEETHEN
YANG Xiufeng, KANG Yanming. Investigation of EEREA N [J]. Bl E, 2017, 47(2):
single-stage electrostatic cleaners’ performances [ ] ]. 54-59.

Building Energy &. Environment, 2012, 31 (6);: CUI Jingjing, YANG Xuebin, SHEN Henggen, et al.
40-43. Experimental study on indoor air cleaner based on dif-

[15] M, XIIH R, e . S5 RGh&E ferent types of air filter unit [J]. Heating Ventilating

PM. s PERE 520 SR IEM [J]. M5 A2, 2016, 34 &. Air Conditioning, 2017, 47(2): 54-59.

(6): 90-94.

YANG Hua, LIU Qingjun, QU Jingming. Perform- (R # Pk
ance assessment and removal effect of PM2.5 {rom

source of incense burning by air cleaners [J]. Environ-

(L% 723 1)

(9] /] E5F, B4 G . Vit RS sS85 GUANG Hongxin, ZHANG Qishen, LUO Zhengjie.
I ERAERFEFR(BKRBF M), 2010, 29 Total-thickness laboratory rut tests for asphalt surface
(4):555-558. course under temperature gradient []J]. China Civil
HE Changxuan, FAN Yinghua, ZHENG Xiaoguang. Engineering Journal,2011,44(6),143-147.

Test study on dynamic modulus of asphalt mixture [13] skie . 5& T sh 245 =00 U 5 1R A R 42 BT, A5 AU
[J]. Journal of Chong Qing Jiao Tong University (Nat- FE[D]. P42 V@ AR K2, 2014.
ural Science),2010,29(4):555-558. ZHANG Shanglong. Research of asphalt mixture rut-

[10] X&r, fLk i, & Z:4% . N BR16 4F 4 % 5 1R & 6L 3 ting prediction model based on dynamic modulus [D].
AR []]. A KA mEAHYE 2011, 28(8) :25-29. Xi'an: Xi'an Univ. of Arch. & Tech,2014.

LIU Hong, KONG Yongjian, CAO Dongwei. Influ- [14] F3aL, EEE, AN, % . ﬁﬂ‘buiﬁﬂu%ﬁﬁ%ﬂ’a?ﬁ%ﬁ%
ence of adding polyester fiber on dynamic modulus of RSB 5T (1], |5 K254k (3 R B2
asphalt mixture [J]. Journal of Highway and Trans- 2008, 36(4): 493-497.

portation Research and Development, 2011.28 (8): SU Kai, WANG Chunhui, ZHOU Gang, et al. Rut-
25-29. ting prediction model for asphalt concrete pavements

[11] kfE, gﬁﬁﬁ,$ﬁ11’J s S i EE A7 ) A 2 based on accelerated pavement test [J]. Journal of
PViHEHZE S ERERRI[]]. A K@ R, 2013, 30 Tongji University ( Natural Science), 2008, 36 (4):
(10):18-22. 493-497.

ZHANG Qian, ZHANG Shanglong, LI Yanwei, et al. [15]

[12]

Total-thickness rutting tests research of asphalt pave-
ment surface considering temperature field and load
changes [J]. Journal of Highway and Transportation
Research and Development, 2013,30(10):18-22.

FFAG AR, B . 7 pEGE R DX 18] ) 7 1% T W2
ZRAERRE ()] LR TR, 2011,44 (6),
143-147.

EANE WY L 0 R R A S
[M]. V5 % P4 42 A8 38 K 2% i hidt:, 2002.
WANG Xiaoping, CAO Liming. Genetic algorithm

ga; theory, application and software implementation

[M]. Xi'an: Xi'an Jiaotong University Press,2002.

(HE W PO





