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Air quality in open - pit mines is the big concern relating to the occupational
safety and healthy, as well as the surrounding environment. In the past
years, management of the air quality in open - pit mines is challenge due to
the limit of science and technology in the assessment of the effects of
meteorological conditions and toxics in open - pit mines. Therefore, this
study assessed the effects of meteorological conditions on the air quality in
deep open - pit mines. The air velocity distribution and the dispersal
mechanism of the air quality were evaluated at the Coc Sau open - pit coal
mine (Vietnam) based on the measured and simulated datasets. Two fixed
stations were set up in the ground to monitor the wind direction, wind speed
and the temperature to evaluate the stable of the actual ozone layer based
on the Pasquill ozone layer. The datasets were also used to analysis and 3D
simulate to understand the air pollution mechanism in the Coc Sau open -
pit coal mine. On the other hand, the change of the temperature in vertical
was measured to determine the to determine the existence of a temperature
inversion layer. It is considered as the main reason for the air quality
reduction and the natural air circulation in deep open - pit mines. The
findings indicated the existence of the temperature inversion layer and they
are useful for proposing the artificial ventilation in deep open - pit mine,
aiming to improve the air quality in open - pit mines. The 3D simulations
also revealed that the high dust and gas concentrations in open - pit mines
are due to the stable of the ozone layer.
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Anh hwéng ctia diéu kién khi twong téi chit lwong khong khi tai
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M6 16 thién sau,

Mo phéng.

Chdt luong khéng khi trong khai thdc mé la mét méi quan tdm ddc biét, ¢ lién
quan nhiéu dén strc khée nghé nghiép va cong dong. Viéc quadn ly chdt lwon
khéng khi & cdc khu vwee khai thac dang gdp nhiéu khé khdn do cdc han ché'vé
co's¢ khoa hoc va cdc gidi phdp khoa hoc - cong nghé trong viéc ddanh gid dnh
hwéng cua diéu kién khi twong ciing nhw dd loai b6 co ché vit Iy cdc chdt gdy
0 nhiem khong khi trong cdc ma 1§ thién. Do do, nghién ctru nay da ddnh gid
dnh hu'é'ng cua diéu ki_én khi twong téi chdt lwong khéng khi tai cdc mo 16
thién sdu. Sw phan b6 van toc khong khi va co ché phan tan khi da duwoc ddnh
gza &mé than 16 thién sdu nhdt Viét Nam (mé than Coc Sdu - Qudng th] dva
trén s liéu quan trdc va mé phéng. Hai tram quan trdc c6 dinh dwoc Iap dt
& mqt ddt dé do toc dé gzo huréng gid va nhiét (0 nhdm ddnh gid do 6n dinh
cua Io'p khi quyén dwa trén [6p 6n dinh khi quyen Pasqulll Cdc dir liéu glam
sdt ndy ciing dworc str dung dé phan tich 3D md phdng vé co ché phan tan khi
6 nhiém. Mt khdc, su thay doi nhiét do theo phwong thang d‘zmg trong mé
duworc do déxdc dinh sw ton tai ctia I6p nghich ddo nhiét do. Két qud cua nghzen
ctru nay cho thay sw ton tai ctia Io'p nghzch ddo nhiét do bang két qud thi
nghiém la co s& dé xem xét va dé xudt cdc gidi phap thong gi6 co hoc (nhdn
tao) nhdm ndng cao chdt Iu'o'ng khéng khi tai cdc mé 16 thlen sdu. M6 phong
sw phdt tdn khong khi theo mé hinh 3D thuc t& ctiia mé ve sw phdn b6 vdn toc
khong khi va co ché phan tdn khi CO da chi ra rang néng dé bui va khi cao
trong mé mét phan la do sw 6n dinh ctia khi quyén.

© 2021 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

*Tdc gid lién hé

1. Mé dau
Khai thac mé la mot trong nhirng nganh cong
nghiép quan trong,gdp phan khéng nho trong sw

E - mail: buixuannam@humg.edu.vn nghiép cong nghiép hoa - hién dai héa dat nuwoc.
DOI: 10.46326/JMES.2021.62(4).01 Tuy nhién, do nhu cdu ngay cang cao vé tiéu thu
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than trong va ngoai nwéc, cac moé 16 thién Viét
Nam da phai ning cong sudt, khai thac xudng su.
Mot céch truc tiép hodc gidn tiép, cac hoat dong
khai thac tai cac mo6 nay da va dang gép phan gy
ra cac van dé 6 nhiém khong khi va tiém an nhiéu
méi nguy hiém lién quan dén sirc khée nghé
nghiép (Zunaira Asif, Zhi Chen, 2016). Sy tap
trung phat trién vao cac hoat dong khai thac 1o
thién trong nhitng ndm gin day nham dat duoc
cac muc tiéu san xult ngay cang tang da lam trim
trong thém van dé 6 nhiém khong khi (Partha
Sarathi Panda, Rajat Sahu, 2013). Hoat dong khai
thac than 1a nguyén nhan tao ra 6 nhiém khong khi
va sw phan tan la méi quan tAm hang dau doi véi
chit lwong khéng khi xung quanh trong cac hé sau
nhu mé 16 thién. Co ché phan tan khong khi bao
gom qua trinh khuéch tan va déi lwu. Cac chuyén
déng trong khi quyén van chuyén va khuéch tan
cac chat 6 nhiém thai ra tlr cAc ngudn trong cac
khau cong nghé chinh cta khai thac 16 thién nhu:
khoan - nd min, xtc boc, van tai,.. Nhiéu nghién
ctru da dwoc thwe hién dé tim hi€u cac co ché van
chuyén va khuéch tan ctia khéng khi trong mo 16
thién. Phwong phap theo doéi khi dwgc Richardson
str dung dé khao sat cac dic tinh phan tin (Lewis
Fry Richardson, 1926). Cac quy mé chuyén dong
theo thoi gian va khéng gian gitp phan tan cac
chat 6 nhiém trong khi quyén bang cach tron lan
va do d6 1am gidm noéng do chit 6 nhiém xung
quanh (D. Bruce Turner, 2020). Torben
Mikkelsen, Morten Nielsen (2003) va S.R. Hanna,
G.A. Briggs va nnk. (1982) da thao luin vé cac khia
canh khac nhau cta sy phan tan va cac thong s6
lién quan bi anh hwéng chi yéu bdi ngudn 6
nhiém, do go ghé va dia hinh xung quanh, do 6n
dinh ctia khi quyén va sw chénh 1éch nhiét d6. Cac
chat gdy 6 nhiém khong khi tiém &n trong hoat
dong khai thac mé 1a cac chat 6 nhiém dang hat,
bao gébm cac hat c6 dwong kinh khi déng hoc
twong dwong nho hon 10 um (PM10) va khi thai
(CO, €O, SO2, NOy). Nhirng ngudn gy 6 nhiém nay
tao thanh nhitng méi quan tim chinh vé moi
tredrng. Pang chu y, cdc hoat dong khai thac tao ra
cac ngudn 6 nhiém nay 1 tir hoat dong cta cac
khiu céng nghé khoan - n6é min, xic bdc, van
chuyén va d6 thai. Cac ngudn 6 nhiém lam gidm
chit lwong khong khi va dnh hwdng xau dén hé
dong thuc vat cling nhuw strc khde con nguoi. Cac
khi va bui nay c6 thé dwoc gié vin chuyén trén
mot quang dwong dai va sau d6 1ang dong trén dat

lién hodc nwéc va giy ra tac hai vé moi treong doi
véi cac hé sinh thai khac (L. Morawska va nnk,,
2004).

Nghién ctru ndy nham muc dich mé ta toan
dién cac co ché phan tan trong cac mo than 10
thién sau cé xét dén cac yéu t6 dia hinh, nhiét va
khi twong dwa trén dit liéu quan tric va phan tich
mo phong 3D. Sw 6n dinh ctia 16p khi quyén va lép
nghich ddo nhiét d6 dwoc thao luin dé hiéu co ché
phéan tan. Bén canh do, dé gitp hiéu roé hon vé co
ché phan tan khi, mot mé hinh quy mé day da 3D
cliamd 19 thién dwoc md phéng bang cong cu CFD.
CFD la phwong phap dong lwc hoc chat 16ng hodc
khi. Phwong phap nay cho phép phan tich cac
trang thai di chuyén cac dong chit long hodc khi
trong khong gian. Két qua nghién ciru nay vé dé 6n
dinh ctia 16p khi quyén, 1ép nghich dao nhiét do va
phan tich CFD dworc ky vong sé cung cip thong tin
quan trong cho co ché phan tan chit 6 nhiém
trong cac mo than 16 thién siu. Két qua nay cé thé
dwoc st dung nhw mot phén thong tin hiru ich dé
dwa ra canh bao nang cao vé cac van dé phat thai
tiém an va cung cap co s& cho viéc 1ap ké hoach
trong twong lai trong viéc khai thac sau 16 thién
(Sumanth Chinthala, Mukesh Khare, 2011).

2. Khu vwc nghién ciru va phwong phap thwc
nghiém

Trong nghién ctru nay, mo than Coc Sau (Cam
Pha - Quang Ninh) 1a mét trong nhirng mo than 10
thién sau nhat Viét Nam dwoc lwa chon d€ danh
gia diéu kién khi twong tai khu virc ddy mo va mat
mo. Vi tri dia ly, dia hinh cling nhw hién trang cta
mo dwoc minh hoa trong Hinh 1. M6 than Coc Sau
nam & phia dong bac thanh phd CAm Pha, phia ty
bic gidp mo than Cao Son, phia tAy gidp moé than
béo Nai, phia dong giap khu Quang Loi va phia
nam cach Quéc 16 18A khoang 2 km. M6 Coc Sau
nam trong khu vuc c6 dia hinh nguyén thuy kha
cao v&i day nii Quang Loi & phia dong c6 dinh cao
trén 350 m. Phia tay la day nui kéo dai tir Peo Nai
sang v&i do cao trén 150 m. Phia bic va phia nam
dia hinh thip hon, d6 cao dia hinh & day cao tir
70+100 m. Hién nay, do qud trinh khai thac 16
thién, 1am cho dia hinh nguyén thuy bi bién doi
dang khai thac xudng siu téi d6 siu -250 m tai
moong Thang Loi tai thoi diém thuc hién nghién
ctru ndy hoan toan. Pia hinh mé dwogc thay thé
bang cac moong, cac tAng dat da va cac bai thai,...
day mo.
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Hinh 1. Vi tri mé than Coc Sdu va khodng cdch téi khu vwe ddn cw 1dn cdn.

D€ thu thap dit liéu khi twgng tai cac khu vure
day mo va mat mo, phwong phap thwc nghiém do
dac, 14y mau khong khi da dwoc thuc hién. Theo
dé, cac tram do c6 dinh va cac tram do di dong da
dwoc thiét 1ap dé thu thap diéu kién khi twong tai
cac khu virc ddy mo va mat mo. Trong do, 3 tram
c6 dinh dworc dit tai ddy moong & mikc - 250 m va
mat mé & mirc +195 m va mirc +105 m. Thoi gian
thi nghiém tr 18/5/2018 dén hét ngay
21/5/2018. Thoi gian do tai cac tram do ¢ dinh
1224/7.D6i vdi tram di dong, cac thiét bi quan tric
khi twong nhw KANOMAX (Nhat Ban), nhiét ké,
4m ké da dwoc gan trén 6 to va di chuyén tir day
mo lén mat mo va lap lai chu trinh tr mat moé
xubng day mo. Qua trinh thu thip dir liéu tir cic
tram c6 dinh dwoc minh hoa trong Hinh 2.

Dé thu thap dit liéu, ba tram quan trac cd dinh
da dwoc lap dit. Cu thé, hai tram quan tric c6 dinh
dwoc lap diat & mat dat dé do téc do gio, hwong gio
va nhiét do dé danh gia do on dinh cta 16p khi
quyén dwa trén 16p 6n dinh Pasquill. Ngoai ra, tai
day hé da lap dit tram quan trac c6 dinh thir ba dé

dondng d6 khi PM10 va CO nham danh gia sw phat
tan ctia khong khi 6 nhiém trong hé. C6 thé thiy
trong Hinh 2 (a) va 2 (b), tram quan tric c6 dinh
dau tién dwoc 1ap ddt & vi tri +105 m va tram quan
trac cd dinh thir hai & +195 m. V& cdm bién giam
sat, may do gid siéu am Young 81000 (Yakunin A.
G, 2017) dwoc str dung dé thu thap dir liéu. Cam
bién 1a mo6 hinh 3 truc, khéng c6 bo phan chuyén
dong véi cam bién. N6 hoan toan phu hop dé do
toc d6 gi6 yéu cau phan hoi nhanh, d6 phan giai
cao va do gi6 ba chiéu. Thiét bi Young 81000 c6
thé do van t6c gi6 ba chiéu va téc d6 Am thanh dua
trén thoi gian truyén cla tin hiéu 4m thanh siéu
am. Nhiét do 4m c6 nguon goc tir toc dé6 Am thanh,
dwoc hiéu chinh cho cac hiéu trng gi6 chéo. Chi tiét
vé théng s6 ki thuit ciia mé hinh Young 81000 c6
thé dwgc tim thiy trong Bang 1.

Nhw d3 dé cip & trén, dé€ danh gia sw phan tan
khong khi bi 6 nhiém (vi du, PM10 va CO) trong
mo, tram quan tric cd dinh thir ba da dwoc 13p dit
& day mé (-250 m).
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Hinh 2. Cdc tram c¢6 dinh thu thdp diéu kién khi twong cho mé than Coc Sdu tai mikc -250 m va +195 m.
(a) Tram do c6 dinh tai mé than Coc Sdu; (b) Mt cdt 3 tram do cé dinh tai mé than Coc Sdu.

Bdng 1. Bdc tinh ctia cdm bién do téc dé gio va
nhiét dé tai cdc tram do ¢é dinh.

< Khoang | Mcdo | Mircdod
Déctinh do chinh xac |thap nhit
Toc do gié
; 0+40 [+0,05m/s| 0,01 m/s
(m/s) / /
Huwéng gi6 (d6)| 0+360 | +2+5d6 | 0,1do
T6c do Am . 0
thanh (m/s) 300360 *0,1% |0,01 m/s
Nhiétdd (°C) | -50+50 | £20C | 0,010C

Qua trinh thu thap dit liéu, cling nhw dir liéu
khi twong cda nghién ctru nay, dwoc minh hoa
trong Hinh 3 va ditliéu thu thap trong 4 ngay dworc
tom tat trong Bang 2. Trong Hinh 3 t6c dd gié khac
nhau dwoc thé hién bang cdc mau khac nhau.
Trong d6, toc do gi6 thap nhit dwoc mo ta la mau

xanh dam. Téc d6 gi6 16m nhitla mau dé. Dya trén
két qua do c6 thé thay téc d6 gié trung binh la mau
xanh 14 ciy. Trong khi d6 hwéng gié dugce hién thi
theo d6 cia vong tron 360 do.

3.Lép 6n dinh khi quyén va hién twong nghich
dao nhiét do

3.1. L6p 6n dinh khi quyén

Hinh 3 cho thay biéu d6 gi6 cta hai tram c6
dinh trén mat dit trong 4 ngay thir nghiém. C6 thé
thay, tai tram c6 dinh dau tién & mic (+105 m),
gi6 cht dao thdéi tir bic vao nam trong sudt 4 ngay
thitr nghiém. T6c d6 gi6 0,16+3,34 m/s da dwoc do
tai tram nay, nhu trong cac Hinh 3 (a), (c), (e) va
(g). Tuy nhién, t6c dd gi6 chi yéu nam trong
khoang 0,5+1,0 m/s d6i véi tram quan tric cd
dinh dau tién, nhw trong Hinh 3.
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Hinh 3. Biéu do tdc dé gié va hwdng gié trong 4 ngay thi nghiém tai hai tram do c6 dinh
trén mdt khu virc mé Coc Sdu.
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Bdng 2. Téng hop két qud thi nghiém tai hai tram do c6 dinh trén mdt mé.

Tram do Thoi gian thi| Toc dd gi(’) theo phwong U (m/s) Nhiét do (°C)
' nghiém | Lén nhit | Trung binh | Nhé nhit | Lén nhat | Trungbinh | Nhé nhat

Ngay 1 1,20 0,30 -3,12 40,29 32,50 29,85
Tram dosd 1) Ngay 2 1,08 0,30 -3,27 40,65 31,97 29,61
(+105m) Ngay 3 1,21 0,16 -3,01 39,39 31,87 27,45
Ngay 4 1,48 0,35 -3,34 39,31 32,50 29,95
Ngay 1 1,21 -1,45 -4,50 33,01 30,01 28,83
Tram dos6 2| Ngay 2 1,68 -1,26 -5,41 34,89 30,36 28,61
(+195m) Ngay 3 1,61 -1,06 -4,67 36,17 30,57 26,99
Ngay 4 2,28 -1,45 -5,85 35,23 30,29 29,05

O tram c6 dinh tht hai & d cao +195 m, téc
d0 gi6 cao hon, dao dong tir 1,06+5,85 m/s. Ngoai
ra, gi6 théi tir ddng bic sang tdy nam tai tram c8
dinh thir hai (+195 m). T4t ca dir liéu do thu thip
tai tram c6 dinh dau tién dwoc st dung cho phin
tich s6 va dwoc thdo luin trong cic phén sau.

Tinh 6n dinh cta khi quyén dwoc dinh nghia
1a mot luong khéng khi ¢é thé di chuyén 1én hoac
xudng sau khi né da bi dich chuyén theo phwong
thang ding mot lwong nhé (John L. Woodward,
2010). Néu luong khéng khi c6 xu hwéng quay tré
lai vi tri ban dau sau khi tic dong thi khi quyén
dworc coi la 6n dinh, trong khi néu ludng khong khi
ting theo phwong thing va ludn bién dong thi
dwoc biét 1a diéu kién khong 6n dinh. Diéu kién
trung lap 1a khi luéng khi quyén c6 xu hwéng gitr
nguyén vi tri sau khi di chuyén véi mot bién do
nao dé. Cac cip do 6n dinh phu thudc vao nhiéu
loan nhiét, 6n dinh tinh va nhiéu co hoc. Réi loan
tinh lién quan dén su thay doi nhiét do véi su thay
d6i dd cao, nhiéu loan co hoc phu thudc vao anh
hwong cla toc do gié va do nham bé mat cta dia
hinh. T6c d6 thay déi c6 thé dwoc dinh nghia la toc
d6 ma nhiét do khi quyén gidm hoic ting khi do
cao thay ddi, giup xac dinh sy 6n dinh cta khi
quyén. Diéu kién trung tinh c6 thé dwoc xac dinh
khi ty 1é léch doan nhiét va moi trwong la nhw
nhau. Nam 1961, Pasquill va Gifford da phat trién
mdt phwong phap phan loai lwgng nhiéu dong c6
trong khi quyén va dwoc coi la phwong phap dwoc
st dung phé bién nhat (Jitesh Kumar Mittal,
2015). Cac 16p 6n dinh cua ting may 1a dé phan
loai d@6 6n dinh ctia mét vung khi quyén theo téc
do gi6 ngang, lwong birc xa mat trdi va do che phu
phidn doan cia miy. Cudi cung, Passquill va
Gifford di phan loai cAc nhiéu dong khi quyén
thanh 6 16p 6n dinh, dwoc dit tén nhw trong Bang
3 va cac diéu kién khi twong cia ching dwoc liét

ké trong Bang 4. Trong s6 d6, 16p A dworc coila lép
hén loan hodc khéng 6n dinh nhit va F - class la
l6p On dinh nhit hodc it xdo trén nhat. N6 dnh
huéng dén chuyén dong thang dirng ctia khong
Kkhi.

Bdng 3. Lop 6n dinh khi quyén theo tdc gid
Pasquill (Ngoc - Tuoc Do va nnk,, 2020).

Lop on dinh | . .| Lép 6n dinh | DPinh
lghpi quyén Pinh nghia klll)i quyén | nghia
A Rat khong D Trung
on dinh tinh
B Khong 6n B On dinh
dinh nhe
Khéng 6n KL
C dinh ihe F On dinh

Bdng 4. biéu kién khi hdu dwoc dinh nghia theo
[6p 6n dinh ctia tdc gid Pasquill (Ngoc - Tuoc Do

va nnk.,, 2020).
Téc do Thoi gian ngay birc| Thoi gian dém
gi6 b it xa mat trod (may bao pht)
(m/s) |Manh Tbri‘:}‘lg Nhe | >50% | <50%
<2 A |A-B| B E F
2+3 A-B B C E F
3+5 B B-C | C D E
5+6 C C-D| D D D
>6 C D D D D

Dua trén s6 liéu thu thip dwoc trong 4 ngay
thir nghiém & md, nhu trong Hinh 3 va Bang 2, c6
thé thdy rang hwdng gi6é khong thay ddi & ca hai
tram quan trac c6 dinh trén mat dit. Nhw da dé
cap & trén, tdc do gi6 nam trong khoang 0,16+3,34
m/s tai tram quan trac c¢6 dinh dau tién; 1,06+5,85
m/s tai tram c8 dinh th{ hai. Dwa trén cac 16p 6n
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dinh Passquill trong Bang 4, 16p C la 16p 6n dinh
khi quyén trong bai kiém tra 4 ngay vao ban ngay,
trong khilép E hodc Flalép 6n dinh khi quyén vao
ban dém. Sy 6n dinh anh hwdng dén dong chay
khong khi trong mé bang cich dnh hwdng dén
chuyén dong thang ding. Sumanth Chinthala,
Mukesh Khare (2011) quan sat thdy rang mot bau
khi quyén 6n dinh ngin chdn chuyén dong thang
dimg ctia cac 6 nhiém, dan dén ldng dong cac chat
6 nhiém. Két qua do tai mé 16 thién Coc Sau cho
thdy cac 16p 6n dinh khi quyén la trung tinh vao
ban ngay va 6n dinh vao ban dém. Quan sat nay chi
ra rang cac chit 6 nhiém dwoc tao ra nhu PM10
hodc khi doc hdu nhw khong bi phan tan dwdi tac
dong cta cac 16p 6n dinh khi quyén trung tinh va
on dinh.

3.2. Hién twong nghich ddo nhiét do tai cac mo
16 thién sdu

Dwa trén cac két qua do dac dwoc trong 4
ngay thir nghiém tai moé than 16 thién Coc Sau, cho
thiy cap do 6n dinh cta khi quyén 1a C vao ban
ngay, con cap E hoac F vao ban dém. Lép C vao ban
ngay c6 nghia l1a c6 thé tic ddng dén sw ling dong
clia cac hat 6 nhiém va 16p E hoic F vao ban dém
cho biét rang c6 thé tic dong dén sw 1ang dong clia
cac hat 6 nhiém va chit lwong khong khi 1am han
ché suw phan tan trén khong cda bau khi quyén.
Nhitng két qua c6 nghia 1a cic chit 6 nhiém duwoc
tao ra nhw PM10 va khi doc hdu nhw khong bi
phén tan dwdi cac loai tac dong cta lép 6n dinh khi
quyénEvaF.

Clive Grainger, Robert N. Meroney (1993)
quan sat thdy rang hiéu ing 16p dao ngwoc chu
yéu & cac mo 10 thién va dia hinh thung liing xuat

hién thuwdmg xuyén hon 1a trén dia hinh bang
phang. Hon nita, sy ddo ngwoc cua nhiét do
thwong xay ra vé dém (Craig B. Clements va nnk.,
2003; Mark F. Hibberd, 2003). Hién twgng nghich
dao nhiét d6 c6 thé hiéu don gian la theo nguyén
tac vat ly khi cang 1én cao thi nhiét do cang giam.
Tuy nhién, tai cac dia hinh d6i nui va thung liing
nhw cac mo 10 thién siu do sw hinh thanh cda cac
16p khi quyén 6n dinh tao thanh cac ddm may bao
phtl 1én cac dang dia hinh nay. Nhiét do tai day sé
cao hon nhiét do phia dwdi. Sw nghich dao nhiét
do6 khong khi anh hwdng dén méi treong mo bé
mat dwéi dang tich tu cac chat 6 nhiém c6 ndng do
cao hon (khi va bui) (Sumanth Chinthala, Mukesh
Khare, 2011). Tuy nhién, hdu nhw khong c6 dirliéu
vé khi twong vé dém & cdc mo 16 thién siu. Trong
nghién cru nay, cic sw thay déi nhiét do theo
chiéu thing dirng dugc do d€ xac dinh sy bién
thién nhiét d6 va xac dinh d 6n dinh cta luéng
khong khi cling nhw 16p ddo nhiét d6 bang thiét bi
may bay khong nguoi lai (UAV). D€ khao sat do
bién thién nhiét do tai mé than Coc Sau theo
phuong thing dirng, cdm bién nhiét d6 da dwoc
gan vao UAV. Chiéc UAV nay dwoc diéu khién bay
thang ding tir ddy moong (-250 m) 1én cao phia
trén mat mé nhu trong Hinh 4. Thi nghiém dworc
thuc hién hai lan mot ngay, trueée khi mét troi moc
va sau khi mat troi 13n. Sw bién thién nhiét do theo
phwong thang dirng dwoc thé hién trong Hinh 5.
C6 thé quan sat thdy ring hiéu tng nghich dao
nhiét do da xay ra trong hai lan th nghiém. Lép
nghich ddo nhiét do c6 thé dwoc nhin thiy trong
Hinh 5 (a) & dd cao thang dirng 20 m va 150 m.
Mot md hinh twong tw ¢ thé dwgc quan sat trong
Hinh 5 (b) & d9 cao thang dirmg 100 m.

Huéng Tay e Hudéng Pong
o +240
UAV bay xuong l:
+120 Ui
i IUAV bay lén
0 o 0
LI} /
N, o Y i
N o V4
b W 4
240 i -240
Day mo 2700

Hinh 4. Pwong bay ctia UAV dé do nhiét dé theo phwong thdng dikng.
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Hinh 5. Sw thay doi nhiét dé theo phwong dirng. (a) Thi nghiém 1; (b) Thi nghiém 2.

Hon nita, Pasquill da phan loai cac1¢p 6n dinh
khi quyén dwa trén su bién thién nhiét do thing
ddéng, nhw thé hién trong Bang 5.

Bdng 5. Cdc I6p én dinh khi quyén ctia Pasquill
theo do bién thién nhiét do.

Lép 6n Sw bién thién nhiét do
: .| theo phwong thing . -
d;rlllh é’{:l dimg, AT/AZ (Do Pinh nghia
quy C/100m)
Rat khong
A 1,9 6n dinh
B -1,9+-1,7 Khong 6n dinh
) Hoi khong
C -1,7+-1,5 &n dinh
D -1,5+-0,5 Trung tinh
E -0,5+1,5 Hoi 0n dinh
F 1,5+4,0 On dinh
G >4,0 R4t 6n dinh

Vé vin dé nay, sy bién thién nhiét d6 dworc
quan sat trong 3 ngay. Két qua cho thay, s bién
thién nhiét d6 trong khoang 0,64+1,53 °C /100 m.
Dwa trén phéan loai trong Bang 5, d6 6n dinh cia
bAu khong khi c¢é thé dwgc phan loai thanh cac cip
EvaF cho cic phép do tai dia diém nghién ctru. Két
qua nay twong tw nhw phén loai & trén dwa vao téc
d6 gi6. Do cac 16p On dinh khi quyén 13 "hoi khéng
on dinh" va "6n dinh". Sw phan tan cta cic chit 6
nhiém sinh ra trong mé hiu nhw khong dwoc phan
tan ra ngoai. Dw kién s& dan dén nong do khi CO va
bui PM10 cao trong mé. Pay la nhitng quan sat thu
dworc trong qua trinh nghién ctru, nhw trong Hinh
6 cho thdy nong do cao cia khi CO va PM10 sau khi

mat troi 13n. Co thé thiy rang do 16p 6n dinh khi
quyén "hoi khéng 6n dinh" va "6n dinh" va sy ton
tai ctia 16p nghich ddo nhiét do trong Hinh 5 (b) da
go6p phan lam cho néng d6 khi CO va PM10 cao.
Nong d6 CO tiép tuc ting khi thoi gian trdi qua,
trong khi néng d6 PM10 gin nhuw khéng doi.
Nhitng két qua ndy chi ra ring cac chit 6 nhiém
tao ra trong ho khong dwoc phan tan hiéu qua ra
khoi ho sdu do hé théng thong gié clia hé kém
(Bang 6).

Bdng 6. Sw bién thién nhiét do theo phwong
thang dirng tai mé Coc Sdu.

Truwdc khi mat troi| Sau khi mat troi
Ngay thi moc lan
nghiém | UAV | UAVbay| UAV | UAV bay
baylén| xudng |baylén| xudng
Ngay1l | 1,17 1,53 0,64 0,68
Ngay2 | 0,68 0,84 1,53 1,28
Ngay3 | 1,21 1,12 1,13 1,23

4. M6 phong sw phat tan khong Kkhi tai mé 10
thién sau

Nhiéu nghién ciru dang st dung céng cu CFD
trong mo6 phong moi trweong. ANSYS - FLUENT la
phan mém CFD ndi tiéng hién nay trén thé gidi.
Trong nghién ctru nay, phan tich CFD duoc thyc
hién bang cach st dung ANSYS - FLUENT, thwong
dwoc nhiéu nha nghién cttu st dung dé€ nghién
clru cac van dé khac nhau vé dong chay khong khi
va truyén nhiét trong méi treomg mo (Vanduc
Nguyen va nnk., 2018). Dwya trén quy mo thuwc cia
dia di€ém thir nghiém trong Hinh 2 (b), bd cuc hinh
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hoc 3D dé phéan tich CFD dwoc minh hoa trong
Hinh 7. DBiéu kién ban dau ctia mé phdéng CFD c6
thé dworc trinh bay trong Bang 7. D& danh gia co
ché phéan tan khi dudi tdc dung cta cdp d6 6n dinh
khi quyén, nhw da dé cap & trén, 09 ngudn khéng
khi 6 nhiém dwoc xac dinh dwa trén vi tri ciia may
xuc va xe tai tai dia diém 1am viéc thuc té trén mo
trong thoi gian thi nghiém.

Trén thuc té, trong cac mé 16 thién con c6 cac
khi khac nhu: métan (CH4), cacbon monoxit (CO),
lwu huynh dioxit (SO2) va nito dioxit (NO2). Tuy
nhién, co' ché phin tan khi trong 16p 6n dinh khi
quyén la twong tw nhau. Do d6, trong nghién ctru
nay, chi c6 khi CO dwoc st dung nhw moét chit 6
nhiém dang khi doc d€ danh gia hanh vi phat tan.
Veé dir liéu dau vao cia téc do gié dé phan tich CFD
cac phép do van toc gi6 tai tram c6 dinh dau tién

8.0 1
7.5
7.0
6.5
6.0

554

Nong do khi CO (ppm)

5.0 4

4.5 4

4.0 T T T T T d
18:00:00 19:00:00 20:00:00 21:00:00 22:00:00

Thoi gian do (s)

23:00:00

(+105 m) trong Hinh 3 (c) da dworc str dung nhuw 1a
thong s6 dau vao cta van toc gié trén mat mo.

Bdng 7. Piéu kién ddu vao cho mé phéng.

A M6 hinh m6 phéng
Thong s6 CFD
Bién gidi dau vao Van toc gid
Bién gi¢i twong Ma sat
Strc can gi6 (k) 0,014 kg/m3
Nhiét do bién 37°C
Phwong phép chia lwéi Phan tir tir dién
AT 1 ae 1 M6 hinh
M6 hinh giai phap nhidu loan (k - £)
Chirc nang kich thwéc Khoang gan va
ludi dd cong
S6 lwong phan ti lwédi 3.000.000
Diéu kién mo phong Thay doi
ug/m
0.35 1
0.30 4
0.25 A
2 0.20 -
E 0.15 A
.(%D 0.10
Z
0.05
0.00 4
18:(')0:00 19:(;0:00 20:00:00 21 :(')0:()0 22:('}0:0()
Thai gian do (s)

Hinh 6. Két qud do néng dé 6 nhiém tai tram do c6 dinh ddy mé mukc -250 m.
(a) Nong d6 CO (ppm); (b) Sw tdp trung ctia bui min PM;o(ppm).

Hinh 7. M6 hinh 3D cho mé phdng va ngudn phdt tdn 6 nhiém tai mé than Coc Sdu.
(a) Mé hinh 3D ctia mé Coc Sdu cho mé phdng; (b) Cdc vi tri mdy xtic va 6 té nhw la ngudn phdt tdn
6 nhiém tai mé.
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Hinh 8 cho thiy sw phan b theo thoi gian cia
van t6c khong khi bang phan tich CFD. C6 thé quan
sat thiy t6c d6 thap 0+0,1 m/s cht yéu & day mo.
Trong Hinh 8, tit ca cac phén b thoi gian tir 2+24
gior 1a twong tw nhau. K&t qua nay cho thiy do vin

Velocityu

Comowr 2
13105
1205
(104
(10)0.4
o3
Eo3
moz2
oz
a1
(G
@Eao
2r0.1

k01
[LER]

t6c phan bd & ddy mo thap nén khong khi 6 nhiém
sinh ra hau nhw khéng bi phén tan ra khéi hé su
cia mo va ton dong trong thoi gian dai. Hién
twong nay thé hién ré rang trong Hinh 9, noi khi
CO ndng do6 cao van & gan day h6 di sau mot ngay.

(a) Sau 2 tiéng.

Velacity u

Comtpar 2
13jns
nz1os
imyo4

(10104

(b) Sau 4 tiéng.

Velocity u
Cortow 2

(13)05
(1208
(11104
(10) 0.4
03
®03
mo2
©02
(5101
@ot
00
@01
(101
msr)

(c) Sau 8 tiéng.
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Velocay u
Contow 2

(1305
(1205
(1mos

(10)0.4

(d) Sau 16 tiéng.

Veiockty u
Comow 2

13105
nazoes
()04

10} 04

(e) Sau 24 tiéng.
Hinh 8. Phén bé vdn téc khéng khi theo thoi gian bdng phdn tich CFD.

Hinh 9. Sw tdp trung khi CO bdng két qud mé phdng sau 24 gio.
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T Hinh 10, c6 thé thiy rang van tdc thip &
day ho dwoc cho la nguyén nhan 1am cho nong dé
CO cao. Néng do CO tiép tuc tang va xu hwéng nay
kha giong vi dit liéu thi nghiém, nhw trong Hinh
6 (a). Cac két qua nay chi ra ring cac chit 6 nhiém
sinh ra trong hé hadu nhw khong bi phan tan ra
khoi hd sau néu tinh hinh khi hiu gan hé van nhw
cli. Dua trén nghién ctru nay, khong khi 6 nhiém
trong ho khong thé dwoc phan tan hiéu qua néu
chi thong gi6 tw nhién & ting sau hon. Chinh viéc
quy hoach khai thac moé than 16 thién Coc Sau
trong twong lai c6 chiéu sdu hon, bui va khi c6 thé
anh hwdng khéng nhé dén ngudi lao dong. Do do,
céc tac gid hy vong rang cac két qua thu dwoc
trong nghién ctru nay sé hitu ich cho cac giai phap
tiém nang trong viéc kiém soat chat lwgng khong
khi & cac mo than 10 thién sau.

5. Kétluian

Nghién ctru nay nham danh gia tac dong ctia
cac diéu kién khi quyén dén chit lwong khong khi
trong mo 10 thién siu. D6 6n dinh cta ting khi
quyén tai mé Coc Sau, mo than 16 thién sau nhat
Viét Nam, dwoc khdo sat vé toc do/hwdng gid, sw
bién thién nhiét do theo phwong thang ding. Véi
két qua khi twgng thi nghiém, phén tich 3D CFD da
dwoc thuce hién d€ tim hiéu co ché loai bo chat 6
nhiém & dang khi. K&t qua c6 thé dwa ra canh bao
ning cao vé cic van dé phat thai tiém 4n va tao co

s& cho viéc lap ké hoach trong twong lai. Mot s6
két qua dang ké c6 thé dwgc tom tat nhw sau:

1. Lép 6n dinh khi quyén trong thi nghiém 4
ngay tai mo Coc Sau la 16p C vao ban ngay va E
hodc F vao ban dém. K&t qua nay ngu y rang cac
16p 6n dinh cda khi quyén la trung tinh vao ban
ngay va on dinh nhe hodc 6n dinh vao ban dém.
Nhitng quan sat nay cho thdy rang cac chat 6
nhiém sinh ra nhw PM10 hodc khi doc hau nhu
khong bi phan tan trong diéu kién khi quyén kém.

2. Phwong phap do do bién thién nhiét do
thang dimg cho thiy sw ton tai ctia 16p nghich dao
nhiét do. Cac 16p 6n dinh khi quyén dwoc phan loai
1a E va F dwa trén cic phép do do bién thién nhiét
do theo phwong thang dimg va két qua nay twong
tw nhw phén loai dwa trén toc do gio.

3. Vén toc khong khi thap 0+0,1 m/s va nobng
dd cao cua khi CO dwoc phan tich & day hd bang
phan tich CFD. Két qua nay kha twong déng véi két
qua thi nghiém. Piéu nay 1a mot théng tin hiru ich
cho cac md 16 thién sau khi cé ké hoach xu6ng siu
can phai c6 cac giai phap dé kiém soat chit lwong
khong khi mot cach hiéu qua.

4. Vi chit lwong khong khi tai cac mo 16 thién
siu c6 kha nang tré nén téi té hon khi cac mé dao
sdu hon, nghién ctru nay sé cung cap kién thirc co
ban dé hiéu vé co ché phan tan chit 6 nhiém va
phat trién viéc kiém soat chit lwong khéng khi
hiéu qua cling nhw c6 nhirng giai phap kip thoi khi
cac mo tiép tuc xudng sau.
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Hinh 10. Sw tdp trung khi CO tai ddy md bang két qud mé phdng sau 12 gio.
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