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Abstract; Taking the air-side dust deposition behavior of mining air cooler under hot and humid environment of
deep wells as the research object, the simulation experiment platform of air-side dust deposition of mining air cooler
under hot and humid environment is established. Then, the deposition behavior of different sizes of dust particles
on the air-side wall of air cooler under hot and humid environment is studied by experimental method. Results show
that the dust particles are more easily deposited in the foreground under hot and humid environment, and with the
increase of the average particle size, the fouling layer on the wall surface is thicker and the deposition pattern is mud-
like. The dust deposition quality on the air-side is positively proportional to the size of the average initial particle size
of the inlet air containing dust and inversely proportional to the relative humidity, and the particles with particle size
less than 40 pm are more easily deposited. This study has theoretical guidance for the mechanism of fouling generation

on the air-side of air cooler under the hot and humid environment of deep wells and the adoption of reasonable anti-
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scaling and descaling measures to ensure the good mine cooling effect and safe production.

Keywords: dust deposition; condensation; hot and humid environment; mining air cooler

R TR 2 5 L R 2 D Yo A U A 5 T LA TSR TR AN T8 K, W2 T o
R T B AL Rk 2019 4F FR BT 1 000 m EIIH IR E A 49 4k, R ERET R
[ 2 — TRER S PR EEE B I I AR R A, AU IR SRR OR , T L T
A BRI AE i 2 s Jl ™ TSR TN I A VA AR U AR 2 A e R R A 3 i) B T B, 7 [ P A
B L A3 TSR .

WL 2R G I A S8 A —— B I 23 v i, 3 TR St R R B T e o v o 2
FOBREE SR 5 BRITG , A3 T 2 v 8 K i M B 1 e, ) I 2R e R s P 32 B i R, BT P
BT 25 3 AR R TRV o 5 SR T L Kb R B R e A T 7 X

PN SR X s S ORISR HEA T T RS R (TR B — I B8 5 R B i (f%
BB) M RN AL 5 AW B Vs R AR R B S R AN TR R R R R E R B
SR BT R I O T S B AR YE ' ABD-ELHADY 457 %t T8 R V5HR 2 IR I TR, 45
RN A TR 1 SE BT E R A b, H RSO R SR 2 19 25 K 28 56 T TONG 261 il
T LBXGETE 5 m/s F,3,5,10 wm BORZERIAS 1 iUTRL 5 2214, 45 22 B« 70 A I) 1 S5 ek e Jos AL 11 el g
T T A SRR R e/ IR B T 05 A T R R K5 L 45 BRSO [ /N e AL AR TR
AR, FFE 2 X T/ NBORE (1~3 ), URH 3B S S AT A, 36 T 0RE (7~ 10 ), T3 0 i
FERIE IR, 20 o B RUREIC R AR A 5 R 5 U AT B, /NSO 75 J38 o6 S5 AR 2 5 DR, DR A e ¢
A 0 R g, 9 L/ 7 B BRI, O B ZE M A P T Bk A B 5 FU 2500 5 3 B B F S b
FREETE 1~ 10 wm B 0RC7E R4S o1 BUTRR , WFST 4% SR e ] - OR35S WO R A5 T8 A T30 , 17/ o )
75 5 BRI A TR LEASE ORI R 30 s MU 252 Fg TR 5t 286 I 32 15 ol 20 9 R JB0BE (20 ) 4617 T
PUREAS T B KU , AR 25 0 RRAE 15 XU, T /1N JB0RE (8.0~ 0.2 pm ) A B 39 47 M L BUE 45 1 I PEREZ
4220 510.70,3.62,18.70 wm (1 WURLZE IR A5 51 AT BEA TR ST, % B/ INBURE(0.70 ~3.62 wm) (1432 2
W5 ZFIR R, i T e AT LUK I AR T45 TR I, (A5 AT R MR TR A B 1 15
IR, e Ah , JOBORE (18.7 pm ) BB AR S AE 5 BE [T RIEfRE , {EL2 FL 286 BT RS B AIR, B SRR A2 1 L 7E 0.015 ~
15.000 wm FF0REHEATRCER ) 45 B 0% A EAR/NT 4w 5 0RL(L - 40 5 AR R 9450
B AT IE ST 0 2 B A A R ZL S M T B ] 5 HAN 25024 g2 3] 5 E42 0 1 wm A5 m A9 B0REA]
o, B 10 wm BY0R LT A S TTREE A _F s WANG 452 B, 4 KUk Ry 5 m/s 6, B4R M 5 pm
BN 100 wm B, B3R TUARECRE A T 98% LA E, % TR T 100 wm (1 550Kz , FURUECRE JLT- A8 748 ; ZHAN
241200 kBl A2 905 B ) IOREEA T8, R I 1 m B 50 o, JTRFREREIN T 4 4%, L 50 wm F/100 pm,
VBRI T 62.8%. 53 - R 16 Jist DR 2 Ok 2 DR AP K, 2 L 22 1 B0 £ 51 B v [+
SRR (G R EA SR ) Bl RE , AT 38 I AL S 3N B I I BL4s , S 3T IR R 1406k 20 s HOSSEINT
i 2T GOk 2 o) B s RS P T AR A IR L R BUREAZ 250 ~1 000 pm (K ISURL T LA O3S I 245 -1 %
ANBURLR UL S, th T E T, B 1 000 wm BRI TR I SEIRAR /DN,

25 FRTR , [ AN E FX Tl GA B BER S BE [ ORI OB U T R IR 64T T KR IRTSY ,
T T F B B T OB URU T R IR ST, % T8 100 R IBFFe e SR , 268380 3 ISR s 5
RV PRV BERG BV B Y e R R THT AT VA R B I, SO0 5 B TR A AR A S T T 25 Sk, R
TR I T U HRIREE T 0 FI 25 % 28 SO AR UTRAT R BT . BRI, A% SCHBL A 37 6 A A B A6
PUSEI R 58, DI PR IR T 2878 38 MR A TR T M.

1T BEHxh¥e#r

1.1 LT EAEK
SR V-5 F B 3 E A (1) PRI ;5 (2) 258 i iy 5 (3) Bk S B A S0 00 R G0 I B



9534 IS 7, A PURIREE T T 2508 SR A DU R A S 3

whor R E S A 1 PR,

B RBREAHSEE R

111 #ORAE AR

AR TE E AR 5 550 390 mmXx560 mm, A5 1H = TH (I THIBR A ) A0 o 48 T B2 A% i h 2s 92 )22,
Pt N A S 2s 92 )2 N BERIE 2 )2 IR 40 mm , T FREL S BRpn™ s i i BE 1, an &l 2 firos . ini
AR EALTE 1 S8 BB AR F 2R, SRR o8 9 ke/h XUEE R 50 RUBILAE i, B KR AT 3k
2300 m*/h. By g 1 BHEE AGA20 AL R A2 A2 SRR HLALR , 12285 8 T LA7E R4 i
Kbt S SR MLE L BRI A b, ISR SR8 77, FUkE DA g st 14
1.1.2 AR

23R AR DL U BT PY 3 -1 000 m [l TAR 2S5 24 (DLIE 3) . 25 ¥ 2 B 6 7 X5 51 2540
SR, A THE BN EE 450 R 33.0 F138.1 mm, 45 4ME 16 mm, BEJEL 0.8 mm. ¥ 7R 7K H VA 55 B4t B K
T2 BB~ 1 000 m Y3 FEIR T AR, iR 10 C.

N

B2 BREHR Rsdgme PR A3 RS G E-1000 m RIKE 6 E A B
1.1.3 #|EREXE
B R & UK 4 Frs, TR B oA 00 0 B PN R TR, B DR B T I PR E 5 TR B
TOASURH T 1 P s AR IR AR s R XU BC SO I e s A LA e 5%



4 LR RN (GRS 2]

2023 445 38 %

o WML s AR AE_ BRI AR224CN KAF-FREE 5 2R I 56 1E Meckman Coulter 23 7]

A ) LS13320 SOLRTHRPARLEE 734 SO DR

PEATRAR AT, AR L, 085 BRI RAE (8] B L3 1.

(a) A A4 (b) IRMRIE F19EG (o) KGR R4 (d) AR224CN HLF-RKF-5 (o) LS 13320 BOLATHRLE 2 #7 X

A 4

A1 BFEREZREMXSH

F e R A

i & ] i3
R B8 -20~80 C 0.1<C
-40~100 C +02C
2SR B gAY
0~100% +0.1%
2 S B Y 0.05~30.00 m/s 0.01 m/s
RS2 0~220 g 0.0001 ¢
12 SEWTHR
- gy N . s &
DRFRIER™ TANAS I PR 5 i [ >30 °C, AR A2 RIAA
WHE N 90 % ~100 %, DAt 76 92 Bt Bt e, 26 e Hf
S S N N K o/ (m/s 2.0
WIS 4 £ 42 30~ 33 ¢ MR g e VT ) -
R T S Y AHXTIREE RH/ % 56.4~63.7( X M) ,92.5~95.6 (=R LAL)
B % o R 3 =)
92.5 %~95.6 % HEIRIE Y 33 R s
40 g/min" L [E] BF O TXF BG4 H R B R R REIREE T, /°C 30+1
M), A SCAHL AT 1 X HRSE 5 HEAK R T, /°C 101
ARSI SR 2 PR Lk i, i RRR ¢/ (¢/min) 40
] ¢ /min 40~ 80

117 SR BRI ELR S, WK S B, KB
B B A 2 25 45 2007 25 min Z Ay EEAR
BPIREAE , 4 T BRI DR SER A5 R B MER 1, R

A FRIAR A IPC

IPC-1(16.19 pm) ,IPC-2(28.31 pm),
IPC-3(35.92 um) ,IPC-4(52.83 pum)

30 min J5 ¢ Ak EIRAE. I, 7E MBI R RS, T R 2R, 1 3 SE R R

A BN 2L

BT RLA 1] 3A B8 T A At AR



2, 5 PRI T A R 4

BIHFTH H=ARAMBLITARATH
AN

PR LU0 4 RS R RERY 75 23 v A4 U T 35 DURR 20 A R Ak UL ] 6,4 bt 40t ki A 73 A DL ] 8.
TERG IR O, oy 1 AR 2 T BE M, ELRE 5 F PR A2 4 K, *ﬁ‘i‘?ﬂaﬁ%’i@aﬁ—.%}\lﬁm FPﬂ'JTLHH
Y R BRI ISR T R 5 g bl AR BRICOCE (IR 7) 87 8 BE S 3 2 AU R BOR R 2

HAFAE.

IPC-2, iR 100

H 43 H/%

<10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200}
Rif2/ e m A%/ pm Pif%/ pm

IPC-1, XHHE T 3 IPC-1, HEiE .00

<10 10~20 20~40 40~60 60~80 80~100 100~200 >200 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200f
A2/ o m BiAE/ o m A%/ e m

IPC-3, X8 T

<10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200}
K%/ e m Fife/ p m iR/ m

Cd, B T
IPC-4, XM T i AR

<10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200 <10 10~20 20~40 40~60 60~80 80~100 100~200 >200

PR/ wm K%/ p m K%/ pm

A6 %A IPC-1,IPC-2,IPC-3,IPC-4 if, R LA T RBHTEE




6 e T = AL ) 2023 445 38 %

B 7 %4 h IPC-1,IPC-2,IPC-3,IPC-4 8, st T F By A

AT T R PRIRET T 25 Ve s UM B AR TR T o, X2 v A MO RRUBURE A A S Jo e ik
(ERE iy

PHRIREE R, Ry IPC-1 i R BE i BURL DR R i W R A AR T BTG, R BAE R T 60 pm 1)
OB A7 FCRA R 3G I0, /NTF 10 pm B0REL 7 FEBA R 0800 /N T 40 pum BORELS U TR 51, 1M 40~ 100 pm (1550
KL 23 U T RIS, KT 100 pum FURE 5 TURR T4 — 31 S 585 =51 24 B2 o TPC=2 I, P X I dh KA 1 K
I, /N T 100 wm FOKLAGTURRTE IS 4 FIBERAZE AR, KT 40 wm 0K 5 T UURESE — 5. 482y
IPC-3,IPC—4 i}, A AR /T 100 wm BORLAE SV TORR (5 LB 230, 3 Fxt B 00, KT 60 pwm kL
o FOTEA S B /b, U8 V8 e KO 2 TCARUAS 20 AR F) e il VE FH DR T HERHIURL A 8 04 1. 25 Ik, 24
MRFREE T, by A ORLAE U BE AT CRRA T S0 A% 4 DR AR 5%, /NBIDRE B 7 2 BRI it i 3l , B3k s
HEEE DU, M0 AORIN H 7 A VE T I UL, 25 5 DURBEE RTHERE [T AP 8 7T AL , 4 AT U 76 K%
ETPCRYE , /NT 10 wm BRI b, Wi TF 100 wm B0 848 22 X 5 RH - —J5 i, /N T 10 pum F0RE
P oy BRI Bl , — R0 B IR BE T TORR , AR AR o 28 s R AR B 1 ) R 59 — 5 T, | T 28 SR A
JER , MBS B BV BE e AR VR B, BEAS /KON T B TURBUBURE L Rl BE T ORI AT BE A . 5 G [ e, e B
TEFIRINE T /T 40 um A RIURE 575 5 URRAE 25 % 2 I B T

A8 FHiB AR IATINRYABZIENE L6 $ 425 H

T A TR AR IR T O A5 R AR T
ATy, W A8 BESIMIN 0B 19 8 5o LA B A% AT 4% 81 T 3R
RRPEAT T AN 9 PR, R O, A RE A A2 T
BUsti 5P B ki A2 i /N IR 25 A 10 KB, B
PIRAR RO, B — B 1 T IR o o P R O T AR
JE PIB 2 1015 Y JoCRE o R e 2 3 ) 1 W DR R B
A oy W A A DU AR A AT HEBE 7. 55 0 5] i, 38 B i e
D50 B T D0 S 3, D B X 38 88 o A9y 24 TR R A 5 T 4K
R, BARFI  — I R e KU Bt OB 22 26 15 1, 25 % i M
T UURUBCE 5 AR B 5 S L s — % i R PR 05 e 1545 971 45
TR UUR S A 2.

B9 AndsitsH IPC-1,IPC-2,IPC-3,IPC-4
i, HB BRI ATHARHEREM



9534 IS 7, A PURIREE T T 2508 SR A DU R A S 7

(a) BT

B 10 #1484 IPC-1,IPC-2,IPC-3,IPC—4 i}, 52 S B LA T &5 9 iimh 5

3 it

D) FGRIREE T, T2 A U BEK 17 24, 15 5 1 Je R0 A T4 BESMI , HLBEH 1 B R i ok,
BETH 535 )2 5

2) RABIAEE N B AR AE DB AR R B T AR AR BLG s To T h /T 10 m ORUREBA 2 i
KT 100 wm ORI B34 22, HoRAR/N T 40 wm B FURL B2 5 DURR.

3) FARIREE T By R ORI R XU A2 - B SR AR Y /N 522 T B 5 AR R 0 ) 24 T AR 5 52 Wi
R BRI AR R 2 3 BN IR

Sk

[ L] fr sy PR 2050, 2 AR IT G R 220 5E [ 1] a4 7155 TR %41k, 2005,24(16) :2803-2813.
[2] YANG X J, HAN Q Y, PANG J] W, et al. Progress of heat-hazard treatment in deep mines[ J]. Mining Science and
Technology ( China) , 2011, 21(2) ; 295-299.
[3] HAN Q , ZHANG Y , LI K, et al. Computational evaluation of cooling system under deep hot and humid coal mine in China:
A thermal comfort study[ J]. Tunnelling and Underground Space Technology, 2019, 90: 394-403.
[4] GUO P, HE M, ZHENG L, et al. A geothermal recycling system for cooling and heating in deep mines[ J]. Applied Thermal
Engineering, 2017, 116; 833-839.
[S] #2 mEA  AREA RI i R G A B 25 R ROWLE T ] AL 2741, 2016,67(9) :3936-3945.
[6] BSCH, MR 2, sk TR , 2. TR0 A I m IR T DA I e 5 TR T L) ] B4R ,2020,39(3) :88-91.
[7] DONOGHUE A M. Occupational health hazards in mining; an overview [ J]. Occupational Medicine ( Oxford, England)
2004, 54(5) . 283-289.
[ 8] Pule T. Mining activities and occupational health and safety at work[ J]. Afr Newslett on Occup Health and Safety, 2011, 21,
4-17.
[9] SIEGEL J A, NAZAROFF W W. Predicting particle deposition on HVAC heat exchangers[J]. Atmospheric Environment,
2003, 37(39/40) . 5587-5596.
[10] BECKMANN A M, MANCINI M, WEBER R, et al. Measurements and CFD modeling of a pulverized coal flame with
emphasis on ash deposition[ J]. Fuel, 2016, 167 168—179.
[11] BORELLO D, VENTURINI P, RISPOLI F, et al. Prediction of multiphase combustion and ash deposition within a biomass
furnace[ J |. Applied Energy, 2013, 101; 413-422.
[12] KLEINHANS U, WIELAND C, BABAT S, et al. Ash particle sticking and rebound behavior; A mechanistic explanation and
modeling approach[ J]. Proceedings of the Combustion Institute, 2017, 36(2) : 2341-2350.



8 e T = AL ) 2023 445 38 %

[13] XUGEHE, FEH, WU B s 15 Ja s dh e [ T ] AL Li#E)RE ,2011,30(11) :2364-2368.

[14] SR ARAEH , IR 9 T R P 0 O Sl A M ) 45 305 5 S S0 S i ) S S 5 [0 ] TR ) 27 41, 2009, 30 ( 1)
144-146.

[15] #RaEM], R, ORISR MLRIBT [T ]. TR, 1998, 19(5) :611-615.

[16] #fe 5 , AR3BUI, ik A 5K CaCO, 454515 S R BE 00T 58I WFFE [ ] AL L2, 1994(2) :199-205.

[17] ABD-ELHADY M S, RINDT C C M, WIJERS J G, et al. Minimum gas speed in heat exchangers to avoid particulate fouling[ J].
International Journal of Heat and Mass Transfer, 2004, 47(17/18) : 3943-3955.

[18] TONGZ X, LIM J, HE Y L, et al. Simulation of real time particle deposition and removal processes on tubes by coupled
numerical method[ J]. Applied Energy, 2017, 185; 2181-2193.

[19] LIJ, DU W, CHENG L. Numerical simulation and experiment of gas-solid two phase flow and ash deposition on a novel heat
transfer surface[ J]. Applied Thermal Engineering, 2017, 113: 1033-1046.

[20] FU L, LIU P, LI G. Numerical investigation on ash fouling characteristics of flue gas heat exchanger[ J]. Applied Thermal
Engineering, 2017, 123; 891-900.

[21] MU L, ZHAO L, YIN H. Modelling and measurements of the characteristics of ash deposition and distribution in a HRSG of
wastewater incineration plant[ J]. Applied Thermal Engineering, 2012, 44, 57-68.

[22] PEREZ M G, VAKKILAINEN E, HYPPANEN T. Unsteady CFD analysis of kraft recovery boiler fly-ash trajectories, sticking
efficiencies and deposition rates with a mechanistic particle rebound-stick model[ J]. Fuel, 2016, 181 408-420.

[23] PEREZ M G, VAKKILAINEN E, HYPPANEN T. The contribution of differently-sized ash particles to the fouling trends of a
pilot-scale coal-fired combustor with an ash deposition CFD model[ J]. Fuel, 2017, 189 120-130.

[24] HAN H, HE Y L, TAO W Q, et al. A parameter study of tube bundle heat exchangers for fouling rate reduction[J].
International Journal of Heat and Mass Transfer, 2014, 72. 210-221.

[25] WANG Y C, TANG G H. Numerical investigation on the coupling of ash deposition and acid vapor condensation on the H-type
fin tube bank[ J]. Applied Thermal Engineering, 2018, 139 524-534.

[26] ZHAN F, DING G, ZHUANG D. Numerical model of particle deposition on wet fin surfaces of heat exchanger under
dehumidifying conditions[ J . International Journal of Heat and Mass Transfer, 2020, 149. 119258.

[27] HOSSEINI S B, KHOSHKHOO R H, MALABAD S M J. Experimental and numerical investigation on particle deposition in a
compact heat exchanger[ J]. Applied Thermal Engineering, 2017, 115. 406-417.

[28] WANG P, LI Y, LIU R, et al. Effects of forced-to-exhaust ratio of air volume on dust control of wall-attached swirling

ventilation for mechanized excavation face[ J]. Tunnelling and Underground Space Technology, 2019, 90. 194-207.



