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TOM TAT

Nghién ciru nay tdp trung vdao van dé quan trong vé é nhiém bui trong méi trwong lam viéc
trong mo than, ddc biét la vé bui hé hdp gdy hai cho sitc khée ciia nguweoi lao dong. Bui mé thiong
phat sinh trong qud trinh thi cong, chong gitk va van tdi trong gwong 1o dao, ddc biét la trong qud
trinh né min, khéng chi danh hwéng dén tién do cong viéc ma con de doa sirc khde ciia nguoi lao
déng. Nham giam thiéu tac ddng cia bui doi véi sivc khée va méi truong lam viée, nghién ciru nay
st dung mé hinh s6 CED (Computational Fluid Dynamics) két hop voi dit liéu khdo sat thuc dia dé
nghién curu qud trinh phat tan bui trong khong gian va thoi gian tqi guong lo dao mo than Dwong
Huy. Két qua nghién civu cho thay moi quan hé giita heu lwong gié va nong do bui trong khéng
gian dwong 10 theo thoi gian ti 1é nghich véi nhau. Piéu nay c6 y nghia quan trong trong viéc hiéu
va qudn 1y tot hon vé phat tan bui trong méi trieong lam viéc ciia mé than, nham bdo vé sirc khoe
ciia ngudi lao ddng va toi wu héa quy trinh khai thac. Khi tang heu lwong gié tir 150 dén 500 m? thi
leong bui giam dang ké, con tir 500 dén 700 m? thi lirong bui giam on dinh.

Tw khéa: Bui; M6 phong CFD; Luu luong gio; Lo dao.

ABSTRACT

This study focuses on the significant issue of dust pollution in the working environment of
coal mines, particularly concerning respirable dust that poses health hazards to the labor force.
Dust in mines often arises during construction, support, and transportation processes within the
heading face, especially during blasting. This not only impacts the progress of work but also poses
a threat to the health of workers. In order to minimize the impact of dust on health and the working
environment, this study employs Computational Fluid Dynamics (CFD) models in conjunction with
on-site survey data to investigate the dispersion of dust in space and time at the heading face of
the Duwong Huy coal mine. The research results indicate a reciprocal relationship between air flow
rates and dust concentrations in the heading face over time. This has significant implications for
better understanding and managing dust dispersion in the coal mine working environment, aiming
to protect the health of workers and optimize the extraction process. When increasing the air flow
rate from 150 to 500 m’, a considerable reduction in dust is observed, and a stable decrease in dust
is maintained between 500 and 700 m’.

Keywords: Dust; CFD simulation,; Airflow rate; Heading face.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1. PAT VAN PE

Theo Quy hoach diéu chinh phat trién
nganh than Viét Nam dén nim 2020, c6 xét
trién vong dén nam 2030 dugc Thi tuéng Chinh
phi1 phé duyét tai Quyét dinh s6 403/QD-TTg,
ngay 14 thang 03 ndm 2016, san lugng than san
Xuét toan nganh s€ dat 51-54 tri¢u tAn vao nam
2025 va 55-57 tridu tAn vao ndm 2030 [4]. Diéu
nay dong nghia véi viéc cac mo than s& phai
tang san luong khai thac, xay dung thém nhiéu
duong 160 dao méi dé phuc vu qué trinh khai
thac than. Mo than Duong Huy d3 1én ké hoach
tién hanh xay dung 10 duong 16 dio mdi véi
cac tiét dién va quy mé khac nhau. Tuy nhién,
viéc dao cac duong 10 mai s€ tao ra mot luong
bui dang ké, anh hudng dén tién do thi cong va
dac biét 1a stc khoe cua nguoi lao dong. Vi vay,
da c6 nhiéu nghién ciru trong nude da dé xuat
giai phap giam nong do bui trong moi truong
lam viéc trong mo than ham 10, nhu st dung
giai phap phun swong két hop véi thong gié [2,
3]. Mot s6 nghién ciru trén thé gisi nhu: Ky
thuat khir bui trong guong 10 dao chi yéu bao
gdém phun suong [8], phuong phéap thong gio
[6, 10], phun ép nudc vao via than [5]. Toém
lai, cac nghién curu trude day da dua ra nhirng
phuong phap khic nhau dé giam noéng do bui
trong mdi truong dao 16, nhung phan 16n trong
nhitng nghién ctru nay da tap trung vao viéc thi
cong duong 16 bang co gidi héa. Vi vay can
phai tién hanh nghién ctru dua trén dic diém k§
thuat ctia timg moé than va tinh cht than ting
khu vure, boi vi chung c6 thé khac nhau. Trong
nghién ciru nay, chiing t6i da phat trién mot mo
hinh 3D duya trén dic diém duong 10 doc via van
tai muc -90 V14 va tién hanh phén tich ndng do
bui tai cac vi tri Im, 2m, 4m, 6m cach guong
10 dao sau khi n6 min. Nghién ciru ndy st dung
md hinh CFD d& mo phong va phan tich su
tuong tac gitta luu lugng gid va phat tan bui,
voi1 muc ti€u cai thi€n qué trinh khai thac than

va bao v¢ stic khoe cia nguoi lao dong. Nghién
ctru da tién hanh voi sy thay doi cua luu lugng
gi6 khac nhau véi Q = 150, 300, 400, 500, 600,
700, 800 m*/phut dé danh gia mdi quan hé giira
lwu lwong gid va nong do bui trong khong gian
duong 10 theo thoi gian.

2. XAY DUNG MO HINH VAT LY

Hinh 1. M6 hinh duong lo doc via van tai muc -90 V14

Dé xay dung mé hinh vat Iy véiti1é 1:1
so véi thuc té, chung t61 chon kich thudc phu
hop véi hinh 1, bao gdm chiéu dai 60 m, chiéu
rong 4 m va chiéu cao 3,5 m. Néng do bui duoc
xac dinh 1a 0,0018 kg/s va thoi gian moé phong
la 900 gidy. Chung t6i xem xét cdc mo hinh
voi cac luu luong khi (Q) khac nhau: 150, 300,
400, 500, 600, 700, 800 m*/phut. Trong mo
hinh, ching t6i s& tip trung vao su lan truyén
cua bui trong khong khi dya trén luu lugng khi
va cic thong s vat 1y ctia md hinh. Qua do,
chung t61 s€ phan tich anh hudng cta cac mirc
luu lwong khi khac nhau ddi véi sy lan truyén
cua bui trong khong gian da dugc xay dung.
Qua qua trinh mo6 phdéng, ching t6i ky vong co
c4i nhin rd hon vé cach ma luu luong gié anh
huéng dén sy phén tan va tich luy ciia bui trong
mo hinh vat 1y da xay dung. Diéu nay c6 thé
cung cap thong tin quan trong dé dé xuat cac
bién phap kiém soat 6 nhiém khong khi hiéu
qua va cai thién chat lugng khong khi trong
moi trudng thuc té.

3.MO HINH TOAN HOC CUA DONG KHi
VA DONG BUI

Phuong trinh lién tuc cé thé duoc biéu
thi dudi dang [7, 9]:
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(1) Pha khi phuong trinh lién tuc trong
dong chay hai pha ran-khi la:

3 P g+_(pg J) (1)

Trong d6: t dai dién cho thoi gian; P,
la khdi luong riéng cta khi; u biéu thi van
toe trung binh theo thoi gian; 1, j dai dién cho
hudng trong hé toa do tu do.

(2) Phuong trinh bao toan dong luong

la:
%(pgui)-'_aim(p ) ax (alej) + Ffs+pgg (2)
(3) Phuong trinh K:
d(pk) E{PIW-]
ot T om [u+ ]+Gk pE(3)
(4) Phuong trinh &:
olpz) | dlpzwy) _ B
et ax [”+ ]+ ClEka C2€P k (4)
Trong do:
du; , 8u;| oy . k?
Gk:Ht B_}cj—'_ﬂxr El'x t_pcl-la

O day: X, va x; 1a toa do theo cac huong
X,YvaZ;u vau lavan tc theo phuong X, Y
vaZ (m/s); pla mat d¢ khi duong bo (kg/m’); p
la ap suat rdi hiéu qua (pa); pu 1a hé so nhot dong
rdi; G, la téc do tao nang luong rdi gay ra boi
gradlent Van tc trung binh theo thoi gian (%);
K 13 hé s6 nh6t dong chay r01 k 1a nang lugng
roi (J); & 1a toc do tleu tan r6i (%); C.C,.C,
o, vaoc,_lacac hang s6 thuc nghi¢m.
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4. KET QUA VA THAO LUAN

4.1. Anh huwéng ciia luu lwong gié dén khuéch
tan bui trén toan by khong gian duong 10 va
vi tri cach nén dwong 10 1,Sm

Sau khi tién hanh n6 min tai duong 10,
mot luong 16n bui véi kich thudce cac hat khac
nhau tir bé mat guong 10 phat ra vao khu vuc
duong 10. Lugng bui phat tdn bi anh hudng
tir quéa trinh nd min va sau d6 di chuyén trong
khong gian dudng 10 theo hudng gi6 di chuyén
trong duong 10. Trén hinh 2, 3,4, 5, 6, 7 thé hién
két qua phat tan bui trong khong gian duong 10
va vi tri cach nén 10 1,5m (vi tri hit tho cua cong
nhan). Két qua cho thiy rang qué trinh phat tan
bui theo khong gian va thoi gian la mdt ham bac
2. Vi 7 md hinh luu luong cho thiy qué trinh
phat tan bui trong toan bg khong gian va vi tri hit
thd cta cong nhan cu thé nhu sau.

Vi luu lugng g = 150 m*/phtt: Sau thoi
gian 300s thi lwong bui phat ra toan by duong
10, con tai vi tri hit thd thi 500s s€ phat ra hét
60m duong 10, hinh 2.

a. Trong khong gian dwong lo

b. Tai vi tri cich nén 1,5m
Hinh 2. Phat tan bui theo thoi gian va khong gian

duong lo voi Q = 150 m?/phut
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Véi luu lugng q = 300 m*/phut: Lugng
bui phat sinh trong khong gian duong 10 mat
150s, tai vi tri hit tho mét 250s dé bui phat sinh
hét 60m duong 16, hinh 3.

Vi luu lugng q = 500 m*/phat: Lugng
bui phat sinh trong khong gian duong 1o mat
100s, tai vi tri hit thd mat 150s dé bui phat sinh
hét 60m dudng 10, hinh 5.

a. Trong khong gian dwong lo

a. Trong khong gian dwong lo

b. Tai vi tri cdch nén 1,5m
Hinh 3. Phat tan bui theo thoi gian va khong gian
duwong lo voi Q = 300 m*/phut

Vi luu lugng q = 400 m*/phut: Lugng
bui phat sinh trong khong gian dudng 16 mat
150s, tai vi tri hit tho mat 150s dé bui phat sinh
hét 60m dudng 10, hinh 4.

b. Tai vi tri cich nén 1,5m
Hinh 5. Phat tan bui theo thoi gian va khong gian
duong lo voi Q = 500 m*/phut

Vi luu lugng q = 600 m*/phat: Luong
bui phat sinh trong khong gian dudng 10 mat
100s, tai vi tri hit thé mat 150s dé bui phat sinh
hét 60m duong 16, hinh 6.

a. Trong khong gian dwong lo

b. Tai vi tri cach nén 1,5m
Hinh 4. Phat tan bui theo thoi gian va khong gian

dwong lo voi Q = 400 m’/phut

a. Trong khong gian dwong lo

odng chch phat 14

b. Tai vi tri cach nén 1,5m
Hinh 6. Phat tan bui theo thoi gian va khong gian
duong lo voi Q = 600 m?/phut
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Véi luu lugng q = 700 m*/phut: Lugng
bui phat sinh trong khong gian duong 10 mat
100s, tai vi tri hit thd mat 150s dé bui phat sinh
hét 60m dudng 16, hinh 7.

a. Trong khong gian dwong lo

b. Tai vi tri cdch nén 1,5m
Hinh 7. Phat tan bui theo thoi gian va khong gian
duwong lo voi Q = 700 m*/phuit

4.2. Anh hwéng ciia lwu lwong gié dén ndng
do bui tai khu vuc l1am viéc trudc guwong 10

Nang d4 bl (kgfm3)
-

a. Tai vi tri cach guwong Im

Hiang 89 bilkg/m3)

7

sax e
Thirl glan(s)

b. Tai vi tri cach guong 2m
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g
2
E
I
ot glan (o)
c. Tai vi tri cach guong 4m
|
F,
2
i

Theirl glain{s)

d. Tai vi tri cach guwong 6m
Hinh 8. Nong do bui tai cac vi tri cach guong Im,
2m, 4m, 6m

Dé danh gia hidu qua giam ndng bui tai
khu vuc lam viéc cua cong nhan tai guong 10
dao. Bai bao lya chon cac vi tri cach guong 1m,
2m, 4m, 6m vé&i cac luu lugng gié khéc nhau
dé danh gia nong do bui theo thoi gian. Két qua
danh gia tai thoi diém 100s-900s.

Tai vi tri Im trudc guong dao: Véi q
= 150 m’/phat ndéng d6 bui 16n nhat 1a 230
mg/m’, q = 300 m?/phut 1a 54,75 mg/m?, q =
400 m*/phut 1a 69,5 mg/m?, q = 500 m*/phat la
23,17 mg/m?, ¢ = 600 m*/phut 1a 46,13 mg/m°,
q =700 m*/phat 1a 8,07 mg/m°.

Tai vi tri 2m trudc guong dao: Voi q =
150 m3/phut ndng d6 bui 16n nhét 1a 70 mg/m?,
q =300 m*/phut 1a 18,2 mg/m?, g = 400 m*/phut
la 70,4 mg/m?, q = 500 m*/phut 1a 12,5 mg/m’, q
= 600 m*/phuit 1a 8,63 mg/m?, q = 700 m*/phut la

2,63 mg/m’.
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Tai vi tri 4m trude guong dao: Voi q =
150 m3/phut nong d6 bui 16n nhat 1a 280 mg/
m?®, g =300 m*/phut 1a 24,6 mg/m?, g =400 m?/
phut 1a 16,9 mg/m3, q = 500 m*/phut la 4,88
mg/m?, g = 600 m*/phut 1a 4,16 mg/m?, g =700
m?®/phut 1a 4,17 mg/m?.

Tai vi tri 6m trude guong dao: Voi q =
150 m*/phiit ndng do bui 16n nhét 1 407 mg/m’,
q =300 m*/phut 1a 46,5 mg/m?, q = 400 m*/phut
la 24,2 mg/m?, ¢ = 500 m*/phut la 8,23 mg/m?, q
= 600 m*/phut la 6,45mg/m?, q = 700 m*/phut la
8,76 mg/m’.

Két qua cho thay ring, trong cac mo
hinh luu lugng gid voi q = 150-400 m*/phut thi
ndng d6 bui trong khoang thoi gian danh gia
100-900s van con khé cao, hiéu qua giam bui
thip; v6i q = 500-700m’/phut duoc cai thién
nhiéu so v6i cac luu lugng gio trén.

5. KET LUAN

Quy luat phat tan bui trong duong 16 bi
anh huong boi luu lugng gié cung cip cho guong
10, qué trinh phat tan bui trong duong 10 theo
khong gian va thoi gian la ham bac 2 c6 dang y
= ax’? + bx + ¢. Véi luu lugng q = 150-400 m?/
phat thi hiéu qua giam bui thap, = 500-700 m?/
phtt ham lugng giam bui hi¢u qua dam cac tiéu
chuan theo quy pham, khi tang luu lugng gio6 tir
150-500 m*/phut thi ham lugng bui giam dang
ké con tir 500-700 m*/phiit ham lugng giam on
dinh. Két qua q = 700 m*/phut hiéu qua giam bui
t6t nhét tai cac vi tri trudc guong nong do bui
<10mg/m?. Vay, viéc thay doi luu luong gi6 co
anh huong rat 16n dén hiéu qua giam bui tai khu
vuc lam viéc trudc guong 10 dao khi khong st
dung céc bién phép giam bui khac.

Loi cam on:

Nghién ctiu n,a‘ly‘duqc tai tro boi Bo Giao
duc va Dao tao, ma so dé tai: B2022-MDA-11.+

Ngay nhan bai: 28/9/2023
Ngay phan bién: 26/10/2023

Tai liéu tham khao:

[].

[5].

Pao Vin Chi, Lé Tién Ding, B3 Vian Linh (2022);
Nghién ciru cong nghé ldp dat va danh gid hiéu qua
chéng bui cia thiét bi hit bui dang wot trong qud trinh
dao lo ¢ mo than Vang Danh. Tap chi Cong nghiép Mo,
s6 2, tr 47-52.

Dinh Thi Thanh Nhan, Nguyén Vin Thinh, Lé Manh
Cudng (2021); Nghién ciru gidi phdp giam nong do bui
tai lo cho co gioi hoa VM-L(7)-1 mo than Mong Duong.
Tap chi Khoa hoc K thuat M6 — Dia chat, Tap 62, ky 5a,
tr 54-61.

Nguyén Vin Quang, Nguyén Vin Thinh (2019); Nghién
cleu cae gidi phdp giam thiéu nong dg bui va cdi thién
diéu kién vi khi hdu tai cac guong lo dao cua mo than
Niii Béo, Tap chi Cong nghiép Mo, s6 2, tr 60-64.

Thi tuéng Chinh phi (2016); Quyét dinh sé 403/QD-
TTg, ngay 14 thang 03 ndm 2016 vé viéc Diéu chinh quy
hoach phat trién nganh than Viét Nam dén nam 2020, c6
xét trién vong dén nam 2030, Ha Noi.

Cheng, W.-m., Nie, W., Zhou, G., Yu, Y., Ma, Y., and
Xue, J. (2012). Research and Practice on Fluctuation
Water Injection Technology at Low Permeability
Coal Seam. Saf. Sci. 50 (4), 851-856. doi:10.1016/j.
$s¢i.2011.08.021.

Guo, L., Nie, W.,Yin, S., Liu, Q., Hua, Y., Cheng, L., et al.
(2020). The Dust Diffusion Modeling and Determination
of Optimal Airflow Rate for Removing the Dust
Generated during Mine Tunneling. Building Environ.
178, 106846. doi:10.1016/j.buildenv.2020.106846.

N.A. Patankar, D.D. Joseph, Modeling and numerical
simulation of particulate flows by the Eulerian-
Lagrangian approach, Int. J. Multiph. Flow 27 (10)
(2001) 1659-1684.

Nie, W., Liu, Y., Wang, H., Wei, W., Peng, H., Cai, P,
et al. (2017). The Development and Testing of a Novel
External-Spraying Injection Dedusting Device for the
Heading Machine in a Fully-Mechanized Excavation
Face. Process Saf. Environ. Prot. 109, 716-731.
doi:10.1016/ j.psep.2017.06.002.

T.Ren, Z. Wang, G. Cooper, CFD modelling of ventilation
and dust flow behavior above an underground bin and
the design of an innovative dust mitigation system, Tunn.
Undergr. Space Technol. 41 (2014) 241-254.

. Torano, J., Torno, S., Menéndez, M., and Gent, M.

(2011). Auxiliary Ventilation in Mining Roadways Driven
with Roadheaders: Validated CFD Modelling of Dust
Behaviour. Tunnelling Underground Space Technol. 26
(1),201-210. doi: 10. 1016/j.tust.2010.07.005.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



