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Abstract; The main purpose was to study the efficiency and mechanism of haze mitigating by air—water spray.
First, artificial haze such as moderate pollution level, heavy pollution level and severe pollution level, as well as
urban haze caused by pollution sources such as motor vehicle emissions, marine aerosols, site dust and coal -
fired power plants, were artificially simulated. Then, based on the self—designed and built gas—water spray
defogging system, the haze sedimentation experiment was carried out for the above artificial environment. The
results show that air—water spray has significant sedimentation effect on artificial haze, and the efficiency of haze

mitigating for all pollution —level haze is about 65%. Moreover, as the concentration of haze increases, the
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sedimentation efficiency of the haze by the gas—water spray is higher. The efficiency of haze mitigating of air—
water spray is greatly affected by the wettability of the particulate matter. When the wettability of the particulate
matter is increased, the efficiency of haze mitigating of air—water spray is higher, so the greater the wettability,
the higher the efficiency of haze mitigating. The efficiency of haze mitigating of air—water spray is also affected by
the micro—morphology and density. The more irregular the microscopic morphology, the higher the density of the
particles, the higher the efficiency of removing the particles. A new means of governance is provided for the
future management of urban haze, and new ideas and methods are also provided for urban air purification.

Keywords: air—water spraying; haze mitigating technology ; simulated urban haze ; haze mitigating efficiency

BUNA S R BN T 2 — B N TR T8 B, B S A AN B A T 28 A iy 2 42
EL R A2 2 M0 e 3R ki 25 S R VR AR A, S PR 2 45 e VR I 10 S TR A, Y
TRA L A HER R SR IR T A 2 R 2 vt T 457 WLl 4 HE A 3 R TR E YD H I AR 52
A WRBET = A A DL B SR CO 2535 ey, LA ol TP 9 AR VAL TP AL T BB NO, 53
L 2 HE R TR LABR A IBURE BRI AT LSRR BT Ca IURL O 31 VP SR e 8RSk TR R 2 K
VLR — BN U A AL RS (>4 m/s) BOFRFITT , Sl K™ A YUK Y R 5 7 A T
WEER BT A LA TR LA K T S A T A A T AR HE B R ) B 4 Zn, Fe, Rb, Pb,
Cu, Cr, Ti, Mn, Ba, Ni, As &gz,

LR, [ P A2 T Sk 14 25 5 16 T T B S B0 Sy T RIS — 2R Ja W 2 B0 A 25 587 £ 1y U Sk AT
VAT, QR A P 2 R BT I R ) R AR 1 R A (R R — T TR IR AR 3 3 R
TR R AT — RE RN, % — 5 T AT R e, ARME T 26 W AR A P A SR 57— S L 45 o
B G A T S BT B 7 B B, 0 T A RO T L 2 s xR ) 5 5 4 I AR R 5 ) BB
AU AT T e AR AR B A TR TR A2 T 500 LA T A ) B 5 0 7K 2% 2 Ak B 30k v I 2R BB e P ML, 5 P9 52
B WFSE s AR AR T REAL K R TR S5 B AR H AR IR B T PM, o5 e i IS 78 S B M R T —Fb
X FhL B 5 I FH T b B 9 7 32 AL R T3 B2 AR B (KRR A R A | DL 7 B A 2 St
REEFEE A ™ R X 0 0k SR 2 45 .

KM 55 AR SR — o LA ) K R4 23 A o WU 1y (3 B AR A T B 1 s R S R B
SNk KR/ KR BESRAR RN 25 0 1 U0 A [ A S T K B8 B AR IR 98k 22 4 7 Ak T 45
S, AT AE S TR AR AR AT, S T IR B K M B I 2 R ) B A
(RIS 450 TR 1, A A2 A P DX 725 P 338 6 7 90 [ 8 T A SR R /NN TR RN B T
—ERUKME R T ARG, S HAE SRR 55 55 T MM SAR , O LA I R e 15 5.

1 ZBRAFRTF

1.1 LW ES

BHIHE R T AU ERE LR RS, WE 1R %R
St UK S 28 FEURITHE B4R, Jork, oK T R 4o Fi
BT R GO AT A FE IR, AR S 06 07 AT FE I, <
TKIEEZE ) S22 R ~F 24 % 300 mmXx300 mmx275 mm, 248 | [ 5
A4 16 A~ AT B 1 /K S 5k 3 S K L R AT
SRR TE 5~ 10 pum 17K 35 UK.

55 SRCILLR P P I 0705 PR 18 4 37 9 0 9 1 5% TR 92 30 2 1
ANTAWREEEZREERE ARG EER AN T EERNE RS DK% S5, @ JEHL: OH R ;
DL AR % Wt RO LA, Jorp A TR R A UKL O Ui
RG] A PSR I ELIRLIE 5 3 [ 4R S E 5~ 25 C A B AAREIRE SRR




106 IR B R 244 (A SRBHE R 2019 4E55 34 %

20% ~ 100% 2 P V15 1 55 5 , I AT K40 55 56 R 5% vh i JXUIRE L I B8 RO B R 78, 5 A i AR n & 2
B,

1.2 ZWHE

ST U A S A XU TR I R 55 gk . v, X VR A B T R A R
N TAMEE T RGERAT, F T R h 3 GRS (CCZ-20A, A 20 L - min™' ,HIL) AL &
BOERH AL (LD-5K, Jift 20 L - min™" db50) M52 B A RAERS A 0 SR MRS 5 R 32K 25 T4 Ok
ARSI PR AT PR 8T B R SN 2 0 A S 0 SR B 4 N k1 O 2 R WS 55 R I R I A
PM, o U EIK O R AR T 6, W0 S B E] A 1 miins FEMS 25 T IR 22 )5 SR T R REBC & A PM,, DR K (1 8
ANRAERIEATI G, DA A) R 5 min. Horf )3 SRy A SRAE SR 40 A0 B AE 5 7 g S 25 B B A A 1 3
AL 1 BEOEH AU AL IRE R G,
1.3 XWAR

SEIRAEH R R N AT R SORKAE A BT, 4 R E N AUE 0.3 MPa, 7K 0.25 MPa, BIS7K
FEo 1.625. R R A YR S AN S FRR T I 45 B R 52 ), i e — I M TR 28 °C, XU 0 m/s. (45 HoAth
SAFARTE] TR A k2 (T LG L A1 88 (B ) B3, NaCl, SiO, B Rk BE IR A SR 5400 55 5 1) JORE I , 43 S A4
PRI S 58 LN A HE R I RE IR DA S R AR R R ) AR S SR, BRI S ANk 1
Jit.

4151 UKL Rk fRAEFREE FEFEREE/ (g + min') UKL T g 7= 4[]/ min

3.0 15 5
1 TRA Sy B 5 5 4.0 20 5

5.0 25 5
2 Pag: S BBl Z AR 2.0 20 10
3 NaCl TR 2.0 20 10
4 Si0, RUSAO 1 ) € 7R N 2.0 20 10
5 TR SRR 2.0 20 10

WS RITI SE 32 AR A P v B 5 5 1 R I R AR P A A, AR S B e
(AR S0, JURL, A1 AR R I ITR Ak 2, TR 4 ¢ 3 ¢ 3, 7 i 43,4,5 ¢ - min”™',
PSS E] N 10 min. AR 45 (3R 5 25 S5 R 1 K (AQD) SR HLAE ) W HURE , 70 39 7= A e B O v L T e 2%
(300 pg - m™) FEEEIG YL (400 pg - m™ ) FIFZETTYYL (500 pg - m™) > PR T 55 3 %) HLvk E A5 1 3
Fri .



o441 PRI, A UK TE 2 RO %5 58 T 19 D S5 107

2 SE R R AAT

2.1 HIAEERMIEWER

P 3 AN TR JBE AR 55 Sk B [ AR DICRAE A v B8 i 8. L AP, 0~ 5 miin J2 77 588 7 BE, 733K BEIST [A] Py A
US55 A BE SR T Y5 7E 5~ 25 min RXBERF AN, i 45 1™ 5 H 5 W0 A G4 F— Bt Ta) )i, &0
A RIURL) BT R T o LA RN 25 Sk BE G248 1 5 7 25 ~ 60 min X BEA ] Y, SE58 DX S (1 JURE ) AT AA 55
Wb TP BIR AR B S5 S T AR AU IR 30 min 7247 AR R IR AL o o 175 Dl ot ol
(OM) Btk , e Bk 2R G677 L 1) 25 S R REAR AR 10 o Ze Ay (HHIEL 4) Gk 31 T 55 5 1 20K LB Y
LR AT LT ok i S B R (A .

B3 REFEEMNENFTERE ARG RE W

B4 REFREANENE E BB KA

22 AEAREREEENBRENE

5 RAESOKIE S5 VR, AR e B i A5 01 5%
SR AR Y R AR T, TR UK &, 3
ASRAE SIS SR AR S BEAR 1T, R B2 2
T RE BRI, SN T 55 9 AR B . 28 aet — B ] A 4
J& , FE U BETT 4 N B H A BIRR . B e T LAAS
ARSI T T 08 K M58 25 %o S [ e P 5 g 2 — 52
MR RICR . MU % R B E 300 pg - m ™ 4R FH A
16, UM 25 5 1) S0 A 62% 7oA, T 24 %5 46 Wk 7
400 g - m I, DU S5 58 1 ALR B IHE 71%, 1
AR A A5 A — s R DU T, B 25 00 Uk 25 4 I 2 1 4
Tt B SRR A TE I — 253 0. 33 s PR Ay 55 5 VR B 11 44 BS ARG PR IR AR
INAETH T 50K 55 7K 25 S50 A R J8E TL %6, DT B 25 5 7K 5 JOURE A |, 6 R K T O
2.3 AEAMEEEBRERER

Bl 6 K 55 X AN R P 2 ARAD 5 2 1 TR AR Hh BT 6 WT AN FERIRE I SE 30 4540 T, SUOKBE AN
4D 55 58 14 TR 200545 T 25 57, Xt NaCl 7= A PRI 25 5 R R I iy , 200 81% , FLAR P S 4 55 58
IBR R ROEAH 2L 10% /545




108 IR B R 244 (A SRBHE R 2019 4E5 34 %

B6 AKFFAREAEEMFTE GG F

P 7 JEAS SR UKL R BEA TR0 2 BT B OIE AR , 35 2 I LARRABURLA) 4 1 BV 0 L

BT RSk R Bk Y T AR

B2 KLk R Bk 60 4 B R x e )

N " . YU R AP

AR ferm BERE/ (g em™) 2N FETEH T TLERAM
YeE: B3l ZEHE K 2.250 ARHLI] % AR K c
NaCl TEHERIRIR 2.165 BTN St HAEIK Na, Cl
Sio, T bz 2.200 BRAk bich AR K Si, O
TR IRBER W 2.600 BTN bich LIE Si, Al, O

Gt 1R L A K IR OULTE 51 ST P R0 5 P TR AR 25 S0 17 4T I
WO A KW 3 9 R IR, TR OB 5 5 K S ORI 745 £ T 5
LRRA R NaCl VAL AR FL 5 ¥ T K, 7 BUB 5% 5 7k 5 OB 306 — 25 WEIRULRE IR S
ST AR BOUIE S0 K W LR 3 A — S O, 10, ORIV IR 72 10 2 % i, P
(R 2 o 5K ELR o TR SRy S0, DRI ORI 48 etk , 2 O B
TR, LR LT3 5 5 K B REOR M o 5 , L B0 AR 5 5 W R Lo
TSN, AT T 7 3. 0 R 3 L AR T SR, D 7 R e O 10 %
GES
24 BEHIESH

SEREXE SRS R ST, 5 T UKW VUM 00 3 IR (1) R SR ISR 44 47— B e
KRR 5 71 0B LI M, AL 900 0 1 1, 0 2 % A DA T 9 SO0 ol 28
I (2) LRI th T UKW HORLAITE S~ 10 pn {0, PR 5 26 4 MUK 6 UM TREACAE
DS BRI LU RR 1K A8 A AR BRI I 25 JE— 5 O B 3 TR, TR
ISR 0L FE ™. (3) 5 WUSCR. U7 L9332 S R, 596 0 90 2 9L S 5 e 29 B
I, 54K IS 1 5 7 1 -k 25 SORLA0 1 P G , 8 140 5 ORI 2 VK FE BB IE T T
HCE ORI (AL, S BRI TR



o441 PRI, A UK TE 2 RO %5 58 T 19 D S5 109

3 FEWHES N AT IE

AR AE AT E AT 1455 57 S IHE) T BT AT A5 — 5 TR T AN R (975 YAl O, A
T7 RIIA B BRERCR s 75— T AR RGE B 5 THE e, vl MR BUA 19 A SRS B AT o , 7 iR A
Uegpr A AT H T ASIR 5 YR 0, e BLAOK B 35 I RE /K 2 LU TR FEIBE 25 1 AE /K K R PRI,
W TR GRIR IR ER, It — AP ER TR A A A T 55 5, LA R Sk
LEAEF N FE R 5 M, P 8 R SE s ek iy 2R IR S TS UE T AR Sy
LR LR 5 IR AT RGN, D BA A e B 4 T A P A P A5

A8 AKWEFEAERR DTG

4  ZEi

1) KM 55 5 S LA 35 I TR AT T, X b 29 e S B B2 7 e SR ™ B e 40 55 4 (Y BR 58280
PILE 65% Ze At s B 25 Sk BEME A, UK 5536 55 50 ) DU R 00 % sy

2) RIS YR 8% 58 2 JURE ) 11 10 2 P 52 MR A, 25 J0AE 09 1 P 8 R g, L5 7K 55 J0RE 45 5 1Y
AR BAC , DRI AR o 8 A5 .

3) KM 55 1A B3k 5t 0030 2 Ao B R T TR R, T B AN B, 448 2 R Py R , 5 7K %%
FOURLA: AR P L3RR, DA T 3R S8 A0 46

S 30k

[1] Yao X, Chan C K. Air pollution in mega cities in China[ J].Atmospheric Environment, 2008, 42(1) :1-42.
(2] FrERG, Fif, ERE T R AU I AURE M ORI EHE R [ ] o PR35 0, 2011,27(2) :22-26.
(3] Thmit, sKmE. b 55 5075 YL i 25 R ROW S48 5F RETRES A 2R [ ] b [E Tl 2835 ,2014(4) :19-31.
(4] W8, A, 5280, A8 R IE R AUBORL YR U SRR AEZ BT [ 0] BRI 5 AT R 6 e, 2011,36(5) :15-19.
[5] Lei Y, Zhang Q, Nielsen C, et al. An inventory of primary air pollutants and CO, emissions from cement production in China,
1990-2020[ J ] . Atmospheric Environment, 2011, 45(1) : 147-154.
[6] HREZL, X 1L, ffel, 4. b vl UL bk P 1 BORLAR 20 AR R [T ] R [ BRSER# 2010 (12) £ 1585-1589.
(7] oM, 3K SCR s, 55 T PM o A PM, 5 HR K I PR B 5 AL~ R AR SR I A [0 ] 7P [ 3R 45 15 00, 2014, 30(2) -
145-150.
(8] SRR, 8 3L, 5K SCME , 55 AR AL B G HE PM, 5 1) BRI BY SRR [T ] b E B ATL AR 24k , 2016 ( 16) :4459-4465.
(9] Zeib  BRSrar , e s S I BB BORTE T R IO ORI AR IE RO RIS IR [T ] b BB 30k e ,2015,30(2)
226-236.
[10] SRERR , 45/, 1A, 55 P JMORE 08 I B i SR 5 B B T SO0 S A8 AR SRR AIE [T ] AL 0 R4l ( A S8Rk
1R) ,2017,53(6) : 1042-1052.
C11] RIS, 8 g SC, i, S5 PRIEHROAT I ABURLY) b o TG 3R A 70 AR [ ) ] 5741, 2016,41(3) :760-768.
(12] BXARSE BRI S, AR, S ORI vl T Jol 30 S0V I B TR 1) SOUR T 50 R AL 22 20 43 [ ] B B0R 5 T, 2016, 16(21) -
328-333.
[13] BRivg—, E AR o BT 25 500 PP 5 BOR B AR 90 : IR =AM Bl [ ] BT - B85 5 3045, 2018,28(10) -



110 WS RS K2R (EARBLERR) 2019 4E4f 34 3

71-80.
[ 147 B/NIC, R RBE T 25 56 BLIIEAE 5¢
[15] EJEFE, At , 227 7, 55 Y BOFAR Xz 2 5B 55 A 9 A6 g P [ ) ] 3058 A, 2015,33(12) :75-79.
[16] X5 B, X, 8 A2z AR L HE FL BR AR PM, s 1 S2Batii 52 [ )] 4L T 27412, 2014,65(9) :3609-3616.
[
[

PUSCHER A [ ] 228427 ,2016(2) - 123-132.

7] Al , XUJHESS , B8 B0 , 45 ALK 85 TR M55 BR AR BRI BIIR T PM, [T ] B ERER ™1, 2015(11) :24-27.
18] BT 2 X GRE FRBR NS 7 ——X OGAEm D Tl 35 G A HE b it v 2 e (] o [ B2 8 4%, 2014, 29 (4)

1-3.

[19] EMS &, RIZefe  HaT, 55 50 I T K55 b Reth SR R e Rt [ ) ] k2440, 2016,41(9) :2256-2262.

[20] #fhe, 01, BR2s o, 45 SOK O S5 AL RHIE 5 A OR BT ) ]I R Tl 22741, 2017(2) 1 151-157.

[21] A 2Rk TAE R AUKBES B R PR HOR B8 B 5T [ D ] bt s E o™k % (e st) ,2013.

[22] JEPA:, B0 e al, 45 N AU % 55 S AUy 2 M BT ] i R, 2017,43(3) :909-914.

(23] NGB, 6 TG , 255 2, 45 st e SR R vl DR UMD ) A~ i [l 20 W [0 ] R, 2011, 32(9) :2732-2740.

[24] B ER R bR R]. GB3095-2012 R4 S BT brifE[ S].2012.

[25] SZHCRBBEIRBOTE SR AL B BRI D ] < MR, 2004

[26] SR, 5 7 W55 B ML RO WFFE L ] B A% 27441 , 2005, 30( 3) :297-300.

[27] Lin J, Lin P, Chen H. Research on the transport and deposition of nanoparticles in a rotating curved pipe[ J]. Physics of
Fluids, 2009, 21(12) . 122001.

(28] Pruppacher H R, Klett J D. Microphysics of clouds and precipitation[ J].Nature, 1980, 284, 88.

[29] Steinfeld J I. Atmospheric chemistry and physics: From air pollution to climate change[ J]. Environment:; Science and Policy
for Sustainable Development, 1998, 40(7) . 26.

[30] Wang LLZ, Niu HT, Peng N N, et al. Research into haze removal method based on diffusion and relative motion[ J]. Aerosol
and Air Quality Research, 2016, 16(7); 1757-1763.

[31] Slinn W G N, Shen S F. Anisotropic brownian diffusion and precipitation scavenging of submicron particles[ J]. Journal of
Geophysical Research, 1970, 75(12) : 2267-2270.

[32] BRBHGET-, ZAR g pe, XAt , 4. — il oRE T 18 gl il R e i OB P AT It T R 25 5 26€ 1 . 201710970245.0[ P].2017-10-18.

[33] S IR PTAH AL WS 5 AL RF R A S B 05 S HE R 2R BT L D ]IV < VR R, 2018,

[34] Yu S. Water spray geoengineering to clean air pollution for mitigating haze in China’ s cities[ J]. Environmental Chemistry

Letters, 2014, 12(1) . 109-116.



