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A Study on the Water Spray System for Coal Dust
Reduction Considering Internal Flow by Belt Operation

orAE*T

and Young-Chull Ahn™**

AMS* . |2
un

Seong-Ho Kang®, Hae-Eun Song*

(Received 10 December 2019, Revision received 20 May 2020, Accepted 26 May 2020)

Abstract : It is necessary to develop the technology to reduce the scattered dust in the case where the
scattered dust is generated in large quantities in the coal transferring process of the power plant.
Therefore, there is a need to solve various problems caused by fine dust scattering as well as
improvement of the working environment of the power plant. Recently, various studies have been
conducted for cooling or humidification utilizing the evaporation of fine water particles sprayed from a
nozzle, and studies on the analysis of the behavior of fine water particles have also been actively
conducted. There is also a number of studies on the behavior of particles in a flow space. In this
study, the distribution of fog according to the position and angle of the nozzle was analyzed when fine
fog was injected in the closed conveyor section. In the closed conveyor section, coal fine dust was
generated to deposit and deposit coal dust and spray fog together. The distribution of the fog injected
in the closed conveyor section had a great influence on the position of the nozzle, and the effect of the
jet sprayed on the nozzle was negligible. The flow generated by the belt motion prevented the fog from

concentrating in a specific space and caused the fog to have a more uniform distribution in the room.

Key Words : Fine fog, Conveyor belt, Coal dust, Water spray
1.M & o] mAHR wEEe oF 2337 B HEoln,
o] T HILHAE °F 47%°l FEolth) Mgty
YA Y A W2d, 20153 7)E = THRAM TAHE trjed=dE e

*t ¢}<d  (ORCID:https://orcid.org/0000-0001-6516-7934)
C e, B Eta A 535t

ycahn@pusan.ac.kr, Tel : 051-510-2492

*7}’d B (ORCID:https://orcid.org/0000-0001-7473-0995) :
st A, RAadidn AE53E

#53 %(ORCID'httpS'//orcid 0rg/0000-0002-3779-6618) :
st A, RS AEEE

E-mail :

14 SHANL2RSTYX| H243 3=, 2020 62

*t Young-Chull Ahn((ORCID:https://orcid.org/0000-001-6516-7934) :
Professor, Department of Architectural Engineering, Pusan
National University.

E-mail : ycahn@pusan.ac.kr, Tel : 051-510-2492

*Seong-Ho Kang(ORCID:https://orcid.org/0000-0001-7173-0995) :
Graduate studeant, Department of Architectural Engineering,
Pusan National University.

*Hae-Eun Song(ORCID:https://orcid.org/0000-0003-3779-6618) :
Graduate studeant, Department of Architectural Engineering,
Pusan National University.


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2020.24.3.014&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

o
o

ek

ro

HE| JtS0l 2t LR 7S

A HASE NOx 2 SOxet A ebatol A B 7}

AR
A=A e Hgo]l R did F
AREE AoE g3 gd dujet 3z dHlE
T I e RFHT AR AF B
e g A MY E3e gRE 37
o= conveyor, tripper,

G

L= | G
o

HAE A QA %

A7l AL AT B oj e FW FAE
QPAINE Fo AR AgaTh v shels)
= EEE daduiAE B4 1 PR
A s1e7), Mg ARl A g Tt
A AR} HlAE, o5 Ad F QRE U
S g Mulo|mg ko] o|&upgolA o
o) M Bxlo] wAlslEd, B8 o4, B 4
w24 5o FAoIAE WAoo el A
© Bxlo] WAt}

Mg Bl o] S WAHE H 59
Sufel A MAEE A9t e, W S
A Mg Bxlo] MAEE A4S, A2 Ao )
#7 ool FFe /XA Hx, wdiel S
oA WATE A%, AYBAY B2 AW F
QELH ASE obleT

Z1Ee AR mANA e F2 AL
BAstE 7| edEd st Aot
Y R s A Mg
Az geke AT e AL
on, ¥ AE Hd Ex19 LA
T AE 71E FRol| A8 S 7)Eola YTk

o]Fo] o] FolA = &
2 AABlE AL A, vl
Ago] oJg, W 1t
o] HAE7] Wil #&o] 7heet HIAF &
AA Aol AgAo|th WA Mg o]F FH
A FAAAMNE tFo R ngk EXlo] A= F
ZH(Conveyor, Tripper, Crusher A4 F)ell thajA =
A E23& Azste Z1enEe 294 we
31, o5 Faf wALe] AGEAH MAH o
g wAREA HoR Qg A4F FAE AL

dado] k. HIol| =EolA BARR v &

9
b
i
3
o
X
N
Ny o o

>
o fo
r e
lo ¢
™ 2
fru
=
2 x
>
2 o o

HI

T MY +22 AAH BE A7

PAe] S-S 8t W = TkFol ol&
e O A7t ol Fof

P2 AT sl A3 A =3 LS| o]
FoJA AL Qe =
&3] S sy

o3 frEol e
& BAT g A7t o]FoA ks &
AT At HAAR 7 BAYEE conveyor
T7bol u A3 E1(Fine Fog)S EAFSI] 4ghd
At #F 205 AR FF JAZA A D W,
=E9 fXe Ao wWE 2o BEXE £4
stz gtk TS conveyor®] o] FO. 2 WAL
Wi 5ol 119 B K
3t conveyorell ] %F
=} wjAle gk AFE st

2E xze
Aol AT WA FYHY

oY

2.1 U8 =S

Al #E WS 48

B9 AP, AFARES
Fodo A AZEoY YAHS
Standard k—e EA-& AFE3I AL, BH X
o ARRIE 30<y’ <1500t}
4R mdeAE fAle URFEE HHt)
Ash AL eEF PHAL AL BF
AE HEAdEoR EEstsd, £55 2714
AEoz vrol x¥shH 4 (1) 2o
u, = u; §))
ey gy ge sue gEE 5UW =
e AgA71E A @9 2ol vehd & sl
b=+ )

o] 2158 ALHA A3 navier-Stokes 2] ol
delstE 4 G) @l Feirk Ha, o] e
Reynolds Averaged Navier-Stokes(RANS) 7 4] o]
=

SHUAN2HZUYK] H243 H3=Z, 2020 68 15



0 0
f(pu,l.) +—

ot ox J
5] o) ou; ou, 92 ou
p + [M( l + ; 3 I

dz; oz, 3 Vox

(pu;u;) “

|

ox; 0Ox;

+ %(— pu,-uj)

A= Navier-Stokes WA Az &

(— puuyel F74HAT, F7H8 FE Reynolds
stress2l BT ZEHOE GRFITEFS
Hetl e £ 241939 ¢/ a71E
Aol2ALY F 7HA 547 %
golzE2-ggo] EA A o)
AEE Ae-gEy o] 1 $He A
£5o] SxFujo] HlE gt 73 Boussinesq
hypothesisE @8] AF2-3Ht} Boussinesq 717 ol A1
Reynolds stress@-2 2] (5)¢} 2ol Yebd 4 Ut

AR

SRS
soh Lelw

—pu U= —t
P (el :ut 3$7 )

A, S A WA GRS,
g Yeed, BRA
o] ohJg} el Aeel o)Es}]

OE
1>
lo
fu
1z
o
3
Y,
)
N
z o5 4

g

S8
% ;13 [l:g rr

o

ol
==

oy Mg 1P
o 2 o ox £
E TR T (S P A
oM o
g
o
£

2 A
&
of

T A7 gk 24 13}
EAEE] Qe AHgEE 2l F
% w@o] AMEEE 2d2 k- Model

ne)
=i
Jo
off
[o

2
)

1
1,

O of

e
Y
o
it
NI
3

2-equation model
SHlA A O F :rLo]_
A=A kZHE &4 .
ol g3te] 1AM OT EHYYol

B APAAE ol Bt

= JH
bt

>,

X

o

o

)

o

it
0
o
o
t
ae
u
Ho
d oo

W
g S
(o]

— ™

o

Borr oore |y
[l

=

o

X

2

1l
Jut
0
B

[ R a1}

16 SHALRSTYX| H243 3=, 2020'H 62

orgd
A9l standard k-e WF 2SS ALIET
Standard k- 229 GF ST A ko 4 W
e A (602 AR, 24E o] 5
A A (M7 Bedn
0 0
—(pk)+ —(pku;
o k) oz, (pku,;) 6)
0 e\ ok
= M+_t—+Gk+Gb pE
0 17}
E(pe)-ﬁ-a—%(peui) (7
_ 0 :ur, 0€ 62
- 6.T7 |: IL+ () 8x]:|+015k G;w CVQEp k‘
G AT g A ®) Feldnh
k2
= PCL? (8)
el @ WA Ag G

4 9= 4o,

ﬁau]-
G, =~ pUM ©)]
FHol o3 dRouA AP GE A (10)

o2 Hodt
He 8T
=095 1

Gb ﬂgy Prt oz, (10)
A71A, Cie = 144, Cye = 192, C, = 0.09,

L =10, 0, =13

2.2 Fog?9 HE
BT A 2" EAF A ASHE AH S
ZASE7] 931 lagrangian multiphase modelS A}
{3tk BAE = dAES] 5& sy 9
?—& S5H HEALS (11)F Zo] FoHAT



P dt S+Fb (11)
0= w7 YA &5, P Qa EHe] 28

s Qe & A AxEe) goln,

b
F.ot FE 22 4 (12), (13)3% e go=z

Fs' = El + lpp + E;m (12)

Fy=F,+ Fypp+ Fe (13)

&}
AAoltt, B FA A A= fog YAE
2 7Hdsta, v 22 A7 A Az
@ A77E FHolmE FHAFE Schiller-
g3tk Schiller-
Naumann Correlation< 4] (15)9} Zo] AeoHh

-
= ol

1
Fy= 5 CipAy|vg| v, (14)
714, Cpe Al H@ FHAGOIH, p
HE v AR ElEE, A dAe 59
Zx A g
§—l_

Naumann Correlation<

£(1+0.15Reg-687) Re, < 10°
C, =1 fte, (15)

0.44 Re, > 10°

7]4, Re,= Particle Reynolds Number= 2|
(16)3 #o] Aojdrt.

_ plv,| D,

Re,
7

(16)

HI
[pal
A
0y
0f
1
AT
40
=
[
o=
2
e
ro
re
o

D= 93 Aroln, p= SR AAZ T

AR wZeld BAHE AHe ERF AY
prE 20 dAEL AR FEAAY F59
G5 eddyol o7 1HI e WA HEA AgEAY
wels ), SR £ AR o e A
A BAEHE Hgsedol £ 54 o3 o
@ 4ol FraTh

T H
8 #3 ExE AA <
Rammler 7| & ARESI oM, o] 42 (17)3% 2

o] gejgint.

F(D)=1— exp[— (iﬂ a7

Dref
E E7A fAls £ FEE AU =
4y FHIE sty AA EEEHE v H3 34y
S AXH A Al olE BAR £ e =Y
o] Ha3itt. B AFAe Ui dRe 8ol
ngsts Fddths F4ol 7123 Huh Model S
Z g on, 4 (18)3% (192 Foldt}
2
k, = UL (12—[(6— 1) (18)
8 €d
KU (1 o1
€, = — K, 19

=g
TolME 0455 HE319TH

u]A3s Ak e sub @2 KHRT ZE-<
g3 o, Kelvin-Helmholtz ~ ©] &3}
Rayleigh-Taylor ©|2& 7]4to g azx 759 &
ddAde 34 AAE FEE AR 2
0% enHE Heol=th

ol&

4.51D,(1+0.4500)°)(1+0.47a)")
R (1+0.865 Wel67)00

(20)

SHUA2EZUDK| H24H H3Z, 2020 68 17



z4% - 3
~0.34+0.385 Tk, ” dro @
i (14 0On,)(1+1.47a’%) | 3m,
We,& 05WeZ Weber <ol 3ggch

,
Ohnesorge ¢} Taylor <+ 242t (22), (23)3% &
o] HeolEH, o] BFE Qxte] uAo) U3}

2
Oh, = 22
H Do (22)
Ta, = Oh, ) We, (23)

frE AWM E FPs] A A
Hlo]o] &9 Aot} HAstE 5 ARE 47
A A AR DGAR, §5F JTol ot
velocity inlet: 0 m/s, 7ol t3} pressure outlet
< AASA Belte] 7H5& BAREZ] 9 &9
o vector walle AAIZASZEZ A3t 200 m/m
2 S MA3A Y. Residuale] FE3] A
< o inlet®} outlet A FHLDFFA e
4 profiles =&39 0.
T A GAR, 9 Ao wet 2R3 profile
2 Al 7] inlet, outlet®] 4 HRZ A L3}
belt ©]& Al LAsH= Aulo]oF WHEY A4

B 45S 32T 4 9tk Table 12 W& #42
%27] ZAo|t}

Outlet
Belt

¥
Ly
Q™

= Belt vem\ &

< 200m/m

Inlet

Fig. 1 Configuration of the conveyor room

18 SYHAAHSTRIX] H243 3%, 2020'H 6¥

ro

. oty

Table 1 Operating and initial conditions

Operating Fluid Air

Operating pressure (atm) 1
Initial temperature of all parts (K) 300
Initial gage pressure of all parts (Pa) 0
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Fig. 2 End coordinates at the center of the flow
field

Table 2 Coordinates by nozzle position

Nozzle Nozzle location [mm]
type X y z
-3,850 | 2,250, 750, -750, -2,250 | 2,950
Type -50 2,250, 750, -750, -2,250 | 3,650
1 50 2,250, 750, -750, -2,250 | 3,650
3,850 | 2,250, 750, -750, -2,250 | 2,950
-3,108 | 2,250, 750, -750, -2,250 | 3,042
Type | -792 | 2,250, 750, -750, -2,250 | 3,458
2 3,108 | 2,250, 750, -750, -2,250 | 3,042
792 | 2,250, 750, -750, -2,250 | 3,458
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Velocity: Magnitude (m/s)
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Volume Fraction of Fog ~ Volume Fraction of Fog
0.021921 0.032851 0.043842 0.054502 1.9544¢-07 0.0025571 0.0047740 0.0071609 0.0095478 0011955

[ A
(a) Case 1 (e) Case 5

Volume Fraction of Fog 3 Volume Fraction of Fog
0.054250 0.081375 0.10850 0.13562 1.0641e-06 00045355 0.0096700 0.014505 0.019335 0.024173

(b) Case 2 (f) Case 6
Fig. 5 A fog distribution inside the rooms

(30 seconds after dust injection)

Volume Fraction of Fog
0.10136

(c) Case 3
Volume Fraction of Fog

Volume Fraction of Fog
0054250 0081375 0.10850 0.13562

6.44930-07 0027125

(d) Case 4

(b) Case 2
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Section 2 | Section3 | Section4 | Section5 |Section 6
-1.32~0 0~1.32

Fig. 7 Boundary for analysis of weight distribution

(c) Case 3 ratio of fog particles

Table 4 Fog weight portion in each sections

Cases Fog Weight Portion in | Fog Weight Portion in
Section 2 & 5 Section 1, 3,4 & 6
Case 1 0.46% 99.54%
Case 2 0.21% 99.79%
Case 3 73.66% 26.34%
ST T ——" Case 4 3.17% 96.83%
(d) Case 4 Case 5 2.74% 97.26%
Case 6 51.23% 48.77%
5.4 =

1) Fog® #AF 2= FUE7T ol & 49,
fog w30 A9 F&F& FA FFE& & F Ak
2) Auo|ojHET} JMEsE s Z2dAA LA}

Volume Fraction of Fog
1.93446-07 0.0023871 0.0047740 0.0071609 00095478 0011935

= WE 52 fog YAVE #LsHA X =S
(e) Case 5 Ari=4
3) 53], Zdulolo] ME Rl fog H|E0]
=75 5ol 93 foge] EE Wst= v A
Elaeiiin=s

4) ZjolojMES] 7Hg Hiol we} Zuolo]
HE FZ A9 foge] EEE 20% °©]d 2Fol7t
7] w2l fog YAHE ke Foll EEAI]]
Y= AvolojME o3 B F= §E&
e R o i 1T 2A7 Besioh

e |
(f) Case 6 5) Fog YAE 58 At B9 A4S 9s)A
A J_f]__ 1513 S= o o o]l }J_—__Z_,Q‘ O] =%
Fig. 6 A fog distribution in the middle section = B3o] BS99 AT =52 A
AAAG FEel WEe neld ®ast ok

(30 seconds after dust injection)
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