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Numerical Study on Effects of Airflow Parameters
on the Air Temperature the at Mechanized Longwall
of Mongduong Coal Mine
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Vo increasing dpih of iectrantion anal e dlgrres of mesfuoriza Bow i i B risk of weribm wonking in poor mecediinaie conditions
Mm@hwﬁmuﬂm&ﬂhmhmlmn Momgzhumy mal ming, i sread

thal th lomy b 2h bl [ 30, e e bnmukdity b aboaat 85 [0 Thae
r:-:rjrlh-h:nr:fﬂ-bnmh hﬂﬁhhpﬂrﬂhmﬂﬂﬁwkhﬂwdkﬂiﬂ
Fuigk srmperoiier. Ta iy the Surmai ontreemmd in e meckenined iopwell see, Vidnam'y coal mino open o ventilefion,
B e effecioncy i i g Thernglore, e paier ivahuaied e igfluenor of airfles o Lk Serpuratore of i oogwall, 7 meeleh widh
differen! air flow redacibo anal 1 modds wilh ik adr lonporsiure o bo coale in ICM-CHD amal révslaies! by A (F X afterare.
dhinribrution of the roceny f iur wehuole revact e o i e, i i floee reader Encres inading i
hwml-khﬂ“hﬁ-ﬂ#thﬂhﬂmfﬂtpmﬁnw
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1. Estreduction

Cezal merwen e incwperuesh ke emergy sourx for the devel-
opmiesi ol domesiic czonomicy, providing fud for poses pheis
wnd variowm imdwiios. Howeves, this visd roource & being
rapidiy deplcicd st shallow kevels, prabing mizing opersSomiin
expioii decper v Such decy-lond mising posos poiesiial
risky bz babeor mfcty amd can sigmificanily bmpmct the mlomeds-
muic i pederprrund coal misen. In recend yess, several ool

Coal Mine'y L7 lorngwall, have endergone decp mizing ope-
tirea amd sdopied mechanined iechnigquo, ronking In dioi-

o ir iempoien withis ihe minkeg o The soaring or
bemperatarey in S L7 longwall segion, for insimnce, bave boen
nheevad fo cooned the ssdard (VN 013 1FBCT [Mink-
try of Indudry mnd Trads, 1011 |, murpasing 3AC. Prolooged
cxpomst of worken in mch high-lenpesher ovioemesi
pomen potential beaith risks iz minen, compromising mining
cificiency [Hie s oo 00; Yang ot al. 2041, and increming
the oy of nccidients wtile d g lahor producsivity.
Amony e primary cuwss of sidng mine sir empersiu e
e heat emétied Eom aurrousding rocks and deciricl equiz-
mint, along with the oxidation of mal (He & ol 200 5 e
al. 1009}, Provioes stadies, much = Some conducicd by [Dao
Van Chi et i, 1019| sd [Chan Troong Tien o i, 2019, have
explorad the Bcion isflumcing Sonpersfan Incind-

o e ety ot i, Mool e

2B In thin siudy, wre aim i analyre e min hof suoo
i ik LT lorggwall mirisyg arca of Mong Duong coal mise s=d
wxizblish x nemnerical mode i cxplore e rdsbionshiz betwan
vxvicem parencicy s=d ihe fenperstare disibution =
Impwll wo Specifally, we aeide wind velodily prame-
¥ = LS mfu, | me, 15 mis 2omin, 2.5 mfs, 3 min, 3.5 mi, 4
e} amad vriatioorm i it wind tempemivee (T = 2800 26°C
A0}, By irvestigsng, ihese farioey, oo resarch exdervon i
provide valmble tnsiphiv inio the ot dyromic of deg-lovd
woal miring arcan, offering 2 ondeSos for cfective sirsogio
= muarng g and mitipaSng coomive sir iemperaiun, Shereky
emhancing worker sty arel overall mining produciivig

1. Heak soarces sfecting mize wir iomperature
1.1 Radiafies beai from mrrounding rock
The difference beiwees the inliial fenperiure of Ser-
rounding reck amd e girflew In ke skad delermines the
bt cxchange driving foeze. A poaiive o nogative Sempera-
fre difference goverm ihe o of heat i 1
fhe marrousding sock and ihe sir. D o éhe signiicant icm-
perahr gradieni in e ground, the isitlal mck emperaiee
i typeally Bigher thas tie lemperatuee of e aiedow in the
fannel, making the nerowsding reek o crucial hexl searee for
the ==l walle b deep mines, the bt fax value can be
denahle, nifes nepaming the intal ket Suz from other

ing snil, rock, and coal ienpeyiee, Additiorndly, the sty of
mitre stsflew irelioten thal the primuey smarcs of beal 1 the
nroundisg mk, particubely e rock nefsco nor e work

face (Fhang ot ol N7, Muarys o ol M15), md de iempen-
ture of e ir flow b closdy Mnked io ihe aiflos puih, which i

infacread by the vesiilaSion systen (5o o ol 307 Him cial

soreey, du bn ihe isflucce of the sl rod Senpomiure
The enmvectve hest sanafer between the nerounding sk
=l ther wirflow 1y 2= urmishic hest sunsfer prosce. Thie iem-
perahr of b sarroanding sk i e well in higher doe iz
ihe impact of growsd bt flow, lesdisg io an unssbk Sans-
bl of bt e, Cher Hime, thee rediun of ihe nerrounding
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Fig, | Dagram of Lhe cplindrical sarfae =l iefrficreal chiect

Fig- 2. Mol ol ihe langwll v waing K2EM - CFIF

rock’s dhermal sdjuiment sone Incroases, and the bt flow
tinn and theonctical analyals, # becomes evidest that omcr the
tunred ve=iilalic= resdac 8 certain dursfon, S comecive
hieat tranafier between the sarmusding reck ssd ghe aatal ak-
floe wiabilizex, allowing ta heal cxcharge Between Biem io
be comddered aa stable [Bopones g, 10s1]

(0= K, LLL{E 4] EW n

(}, - Radistor from surrsunding mck, bW

K, - Unstable heat tramafer cocficient from nerounding rode
U - Fosd drosmienmnce, m

L - Homed Tl

b, - Initial demperatare ok depth z, "0

b~ The average bempersure of the sirflew, 5T

In order in caloubsie the heat Eansfer bobween the me-
wammenly crgiopes

The reck tenperaiure i uniform ind cqual io e Iniil
The het brandier condifinea seraén conssiend, and the air
Inside e romdsay mainiziza s corotan benporsiun., AT b
from il sermundisg rock b e i the sl
Frllzering venilation of the radway, 3 heat axchosge pro-
u_hhmﬂqlﬁdhﬂhﬂl
bk Eom e murrosreding mc girreed o the mirforw, losd
ing iz cocling of @i srrmusding reck ind slwegues choeg-
&1 In b fempersiure fadd over Eme. Comequenly, the Semal
conduction of the neroending md bacomo an weatshis o
eonduction procem i the Caricsian coondissic sprien., Sl

T=Tixgl i

Acconding io the fwo baake liwa of bead transfes, samedy
tae brw of coesereation of bet w=d Fowrier's lae of fhermal
cmduction, the badc equation of Bree-dimensioral bt
creduction an ke oiskbabed. ﬂtlg.nﬂm,mnl fan-
disiribubics i fheve-dimession] syirme [Li Sk, ok ol
1954

ar Fr | Mr aTr
E_E[Fl. d—?,+ m':l W

where a i the empersiure cocficient of e mrroosding
ek, m'fn

i

wei i

Wher

© - I thr apeciic et capmiity of the reck, kx - "0k
- i the demmity of reck, kg fm";

& - it the thermal conducitwity of the md, EWim *C

[t | wpaizm, (e iz In the
merounding me o b comcrpiuliaed g bes-dmermioe-
al urmizhic hest condustios procem. To simglify the salyi,
we amnwerd Bie Cariesizs conndimc spien isin a cylindsizl

ks ard fheethy tramaform the bec-dmermine-
al Bl comduction equatios for e nemcunding reck o a
muer sunageabic one-dimessions] bt conduciion equation

1
Teall+ 2] @
Sul up Sonporature o Tir, o), = (7" 4 "
w_ T i@ i
I"’{:-.-""ra.-""ﬂ.sw:' )

Bince T i imdependent of 8, tenpeniun distribuson T,

ot L

=t 1 g
[tz mean:

a

H+}%+%§=nﬂimcrﬂmsﬂ i8]

The initia] conditic=x

r-ir{r-,l-ﬂ.ﬂ:;.ﬂj-h-tr-al.l m

The boendary comdition b when kit 5 0, r = When the
mrrousding mo sd cosveciion ol disipation paih bl the
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Tak. |. Faremdon in e modd

Faremelary of the PFarmmebem of the Hedel
Hedd perareters
T | borgell
Dmin; LS i 2l 3 i Tampraium ¥ Jixl, 152~
ks Irein; 1,5 myji; dmfy '3 HLLLSE
wrki suikek reaphman lem
Teroaare e gl Tagrmal condecieity
o 1501, ISR, L, o fok 1% Himk
Initiad wir of Taarrael cond
- M 15 s B | e
Temoeabre of ook | 308 15w 308 15

nusroundisg reck and Se comveeitve head tranaier coadffictien of
L wind o, it e dry balb lempeatuer of e wind

P51 g i)

Whe= v 24 ~, The sursunding rdk tenpeiure b equal
b e criginal rock H.'qn'.-.r-:,.m:-:'.l'l:—\,l]-l.r-:n'ni.

1.1, Heai daripaion af deciremichesice! cquipmim!

A the mechasizsSion lovel improves smd mining capacity
Increme b= usderpreund ol mina, the misudimais cond-
tirma of the: méng e sl affeciod. Generally, the dectrical e
ergy nepplied o dleciromechisial device o the charging line
can ke divided Inio tro pari: waful work s=d Bermal cegy.
During the cperagion of dedromechieial equipmerd, kincti:
energy b relatively small, and the primary wsfal work imvolve
Itfting muterish is e murface, incressing the polential energy
of e matcrial or liguid, Howover, sy cooom decisical energy
not uiilivad for weful wierk & comvesicd iin ihermal megy,
nearty all of which s dimipaicd i the tunned airdme Inves
tigating ik thermal recase of dedromechsiol squpment
muizly imechye crsminieg Eusated power indmechasial off-
clereey (1}, By ubilising he spproprisic alohiios wobd o,
L hest demipmiiee provided by the exgine 1o e sielow an be
calculaiod an s in [Wa Zhongl, 19839],

{3, ~380n N, KTtk i)

[z ke

Tl i the power of 1k W which la equivalet b the beat of
ek Lh;

I i the prewer of S meies, bW

1.3 Heat dissipation during cval transparizton

The beai dxdpaion of coal daring raraport ls, & b,
anether manEoiatios of the heat disdpaition from the sur-
rounding rock. This agect holds sigmificant imporiase in
unzerstmding the rarafer of hest and moisiure i= modern
mire. Ao a rowk, the lemperatars of the nerourding irflow
incremey, | Fan Bongls o o J004)

- m £ AL b iy

Whee: {, - i heal Saeipution of coal trasaporiation, Kw
m, - b the smount of el Eanpesiatios, kgl

G - b e average specific bead of ool Sanspectation.,
Ell'l-._;.'.:

&1, - i ihx femperabere & which coal b enoled in the rosd
seciies umder comsideration during tresporistion, (.

Simmalar iz o, ik bemperaiuey of coal b increase with
the depeh of explotation ard cxceds Uhe lemperatare of the
enderpround air during the initisl period Consquesily, the
Beal iremader procen betwees ool mnd air dising Fanemis-
fion brooenes woritical Scior fio consder.

3. Modd
1.1, Madd Canrtruciton

The meoade] i baned on the chancioriatio of e LY mech-
amized lorgrwall 2 ke Mong Duong coul mine, whidh i -
ploticd ot 2 depeh of -25N-1e meiey and has @ pesly o
paciiy of 30 Sowsed lone The mising procos inve o the
MG 15030 mmchine ende in comisiratios with npport Som
£he ZFH0VESH code. The turaporiaSion in bl aied by ik
S LIOEW Comweyoe smd the S0G2-THEW Tracior, while the
ol & eruhed aing the FLME0 KW Crasher. The mizing
opemation operata in bes ki, with n slineal prepaeation
ahifk The dimeraions of the longeall arc o follews 0 kngth of
130 mrciera, wwish of & moiems, s=d o Beight of 11 meien. The
thicknem of fc oal xam in 5.5 moen, md ke oom-ecton-
ol arca of e rondeeny b U3, exiesding ove o bl of 350
meien. Tenperstare sarvey remlis indicse the Se reuge
enpeture along e bmwroper? sam of the rosdeny rangea
Eren MILEK o M55, while e reerape iemperaiure of the
Il rampen from 3041 5K i 306, 05EL In thi dudy, 2 mod-

ol indrwdoped in sy e infhanee of wind vencity pamm-

| champea s ket wisd o on {he lempeaie
distribution. The wind velocily parsncien axsiderad In ik
mode] are v = 05 miy, | mdy, 15 mh, Imiy, 15 miy, 3 miy,
15 miy, and § mis AddSosally, vartsSioss in ihe ikl wisd
fenpemaivre are examined, specificaliy s Tn = BPC, 2570 amd
U By wilizing S mexdd, we aim o gein valaabic maighis
iz the hesi diviriuSos within the loegwall mising erey, ad
enderatand hew change in wind welecity s=d inlet wind 1o
peratars can impact e overall fenpeier condiSonn during
the minisg procon

1.2 Numertzal Modd

tioral Fluid Dymamicy (CFL) through sumerical simubioe,
The dcding wmd mohing of S mede] arc con-
ductied wing ICEM-CF soflwrere, mesiainisg the mme goo-
muiric dimensoes o mestioned arker. The ml comstsiy of
spproimuicly bl io 1zl dementa. Th beeandary cadi-
Siern are axieporiacd in bee cse. The neneral émalation
i performed in TFY, wilicng the Ko tutadocr modd. Thia
midel bn chrmen for 1 abibsy io previde secarste prediction of
farbu king bic: for amalyaing the disflow paiicrm
el hiest iraroder withis ihe longwall minisg s
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g A Skt betwere wind speed md st iovpertun of kagvadl

33, Mathetical moded

The hext cxchange betwren the mck and atr b alocated
ung the conmrvation equtions for maw, momestum, md
mergy. To emulaic thae phesomera related 1o e flow of
liguid 3=d g, baat tranfer, and mam, Computatimal Faid
Dyramtcs ((F1) te employed tn thix study. CFD b x power-
fal sumertcal method wed to smalyzs wnd predict vastous fla-
1d-relaled proconex. In dats paper, CFD trstiltzad 1o trvartigee
tae puct of paremctors uch o duct poodtion x=d inlet ten-
penature on fe lenpenature dtriotion in e wirk ara. The
miodel comdsons 2 turbalert flow of vescour incompecathie g,
and the matheratical equations from fuid mechartcs form the

foundatus foe sobving peoblons sooctated with g tanpert.

1. The comttwutty aguation
o S, dom) dpe)
& &y &

Where wvw dnaction veocty (mfs); p ety (ks & tme )

e

1 The mamentum equation

%rp-;.r,(w]- “TpETT a4 r

Where: p ta static pravure (pu) T - stocer sceace (pa), pravits-
thermad body force (m/v"), F extermd body farce (N);

3. The energy equation

%m) S ATTRATIEL [ (P S

Whee: E: encrgy (7), T temperatre (K); k , effective thermal
comdustivity; § soarce lerm.

3.4, Boundary conditions
The boundary conditions and compuatona] modd st
timyp for St study are peesented b= babic |

4. Revalts and discomnion

4.). Effect of eirflow rate

The stmulyson sowults are sows in Figee 3.6 Ry 3de-
plays e atrfow lemperature ficld in the working arcs ander
diffoert ventilation ratex. The Semperstare dwribution skng
the Bortzonsd section of the soadway sppears o be watform
However, in the longwall, the somperstare didriusion ciib-
it dgetficent vartston. Notably, 3 bigh- samperstare region
encrpa nar the cener al the bottom of the logwall, and o
the inket wind speed tncromey, this bigh- somperatare wa grad-
wally cxpende. The wflunes of edy currents plays 3 2ol In
Imcrantsy ée hee exchangs time and heat diodpation of the
catier when § openatox @ the botiom of the lomgwall, rouk-
ing In 3 more untfoem diwibulicn in that rggoe.
Comveradly, foe wind sperds cacoeding v > 1 m/y, moee oddy
carren ane geseratad at the top and botiom of éie ongwall,
leading 1o 3 more Suctaating lempersture dist=fburion at the
top mnd creating 3 high-semperatare rgion. The smudation
rouls cnable the etablishment of » reltimship betwoes 15¢
mine air temperatare along the mezing avex, deptctod throagh
3 neol=car regremion funcsion of ceder 3. This relstiorabip
provida x bota for forcouting the semperstare of (he mising
aoea a the wind spad varke, Thise fmdinga are cructal foe un-
dentanding the hat dissibution sd strfow dyraemic with-
= the kmgwall mirtng arca. Morcoves, they fctliane scourste
prodictions of lomperatare chasges with varying wind spoads,
exhancing mfety and diciency in mising operatona

Iretymeeta Macrada - Lipter - Gradzm 2029 jaly - Deeeber - jourasd of She Mok Mincal tupnertng Saciety
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Py, 5. Treadhy i iy irmperaiar suritiorn alony e méning arey with oot inpul i peiues

ﬂ.ﬁ.u-" 1.1 |

Pig. 3 lummirasicx the velocity Fcld ai the minisg arex. The
figure rovesls that the wisd velockty Sdd o= the horizonal
sechion alenyg the readwy remaina relaiedy siahle Hosceer,
signiicani Buciuticns in vel ooy s chaerved ok the boifom
and iz ol the lomgwnll, creating disfsct voriex paticrrawhen
thi wingd speed iscresscs.

Az the Inlet wind apeed increases, the area of e v
bebween e wind Now and the kigh- empenture regioea.
Hotably, ot S bottom s=d o of the lomgwal, the wind
wpeed {owardy (e wall i bigher, roulting = 1 wider ara
ol influesce. Converscly, on B lower sidr, the wind speed
In lerwer, lexding in Iocalised {emperaiure incroue. These
observatinm provide vakable Insghe isie e sidlw dy-
namiz within the leegwall minsg weo The promee of
vortices and their hehavior with varyisg wind speeds play
significant rele in the converiive Bt treafer procen. Un-
denatazding thor phozomena is cruchl for opEmizing ven-
télabion sraicgio w=d exhancing ihe overall heat diasization

(O -+ | M+ JLND
3
am ._d---
T
T
m om R m
d ruipud iemperatare bn the lzepsldl

Fig. 4 preseniz ghe sehsoeabip bewoen wind specd a=d
sir lempenature ol the longall. The airfow mie pla o oo
cal roi i indusscing e microdimaic awdition withis the
miréng arca. VarivSon i airflow rie can s griScandy impac
e heal disxibution and lempersiurs lovchiis the workisg =
vironmenl. Theough numen cal smubines nd fidd meaare-
maria, the sady investigaiey the offect of diferesd sirflow i
on the emperstare datribation aloey the longenll The roults
reveal dhal ax e airflow rair imcremes, here i 3 comapend-
ing decroase i e ai lempersiure withis e losgwall .
The relabicrahiz hetween wiros rite and longenl] ienpeter
& found in be nonliscar, and 1 ix difectivey reproeied by 2
#hird-arde nolisoar regromion fonction. The feding high-
light S imporieser of cerdully contmlling e sisflow ric in
muinizin an oplimsl working evirorment. By undersianding
g irpact ol wirdow ruie o e e mate conditions, mis-
ing operations can implement effocsve venglation stregion in
anware e mddy, comirt, and producEvity of worken & the
miring wo. Moo, the rewla provide wluabic &b for

cificicncy within ihe minkg = By |

k g omprrsizre dungo md cpliniziy weilsbion

the velocly Hdd,nhmmﬂuppuﬂ.dmhm-“
claird with kecaliaed kmperature varistions, mmsing mler
and more produciive misisg oponiion.

apsic in modem miso

4.3 Effects of inlet air hrnpursture
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Py, 7. Mo wed dnsision eak

From ik model aborve, champe: the inpul fenparaiare pa-
ramater Te FT.05 E ; JL1SK ; HLIGE, with v =15 mi ac-

crding o mise p T larm iz Fig. 5.
Feezem: thi rendis in Fignre 5, 8 can be choerved i chng
o b e bl o iy o=t the

alony the mining area. The lemperstan: gracindly e akeng
the kongwall hibi 8 cable nonknar Eod. For e modd wih
TuI1EK, the air tompersture within the mine rermim bdow
N EX. Howeves, For the mzsdeis with Te 2L S and T=3] 115K,
the ir iemperater within S mising aray eoordy S stardard
apeeizd in GV DI BT, which o bmpuect lnboer pre-
ducitvity and S health of the worbers, Additionally, Figure £ 8-
| fa el ip the inpai air rmpersure Eom
the starting prind of ihe irneporistion mdsy and the ot
temperstare of the longwall 2l S stwrting poist of (e kgl
Thia rebiiombip b rep by egromion Fanc-

Hin. Thi g lemmperaiu: hax o sabwisiia] bnpact on the lem-

ad

Figure T presents the remerical smubsion reslia of the
modd with o wind velscity of v = 1 mi & comparison with
the Acd | alight di
ke beros wetn o datn, bt Shene differenicen do nok sigrSicanily
Empact e sccumacy of the numericl smuliion. He, the
romults obiséimed from the ramer cl #mulatinm remain rek-

ke z=d Bl aubstanitel referenc: valuz.
5. Conclasion

=i comchuion, the wervey rovlis sd mesde] baikding baed
eon S achal por of the LT meect d lomgwall in

Mong Darmy coal mine bave bighlighicd the sypsifom il
=tz nfgesthemal beal and heal peneribes] from miring equip-
e, nawell un b it air Semperaiore of the coal mise Under
fhe xame minky condibions, the Inpu? iempertte and ke
wind xpeed ke o soslinar sehdomabip with e omper-
fare b the longwall. The #mulstion rowlls denosséric
charges i wind speed follow an iscreming iresd, leading i a

pentere i e lospenll wve. i cruschal b impl

by ez S kermperaiure in S fongrwll e, crourisg e aafiy
and wellbeing of S worker, Ovenll, theve fndisgs cmphasize
th imp of g wmd o g ]
cxmcktiorn within the longwll minisg ares i e o miv a=d
bty wocking ervinmemen for the worken,

T

A4, Chack dhe & of the medel

The memerd ohieri are i sir prramecien in e anaof the
LT mechanizad longerall, Mregsducng cal mincmesareneni
of abr veociby ared ooy crow-stion] e, r g,
Mommricy, reinurmenis : [PLA-005; Pyt
Aprnaza. Mesurements e baben of mesuring pin along the
along roackery the imapord with a didess Som the inld poing
peneral roponas | =5m, @ik, | 20m, H0m, 34 0m, Xn, 2.
along lerperall sith 2 divtance from g tele pointa b= Sm, [m,
Tm, 4lkm, &0m, Wi, |15mThe mesering poisis skong weiih-
Hon roadwy s | =5m, 80m, | Mm, Flm, 240, 30m, 30m

;| t= the wir ¢ in ike mizing arce. However,
i choerved that thas lempersture difference ieds i decro
iz n coviin valos wn ke wired sperd icremen furdher, Al thal
i, the wind will no lenger ke cfeciee in redusisg ihe lom-
peratars of e longrendl, Thercfore, o high- Semperatare mine
wra, it n ackvinab] ; 3
k d speccd and g L il wlr ey In ermer
muee freorkle wirking condiioes for e worken. Mosaro
should be ixken o regalic the fenperstane of the isid wisd
during decp méining operatines, and S wse of wr condiceery
i the ming i recomenended in muintin microckmic comd-
ior in seoredherr with ngpalabiorn and croie o comforisble
exwtrarmend for the worken, By inplementing thos memeres,
minisy speralions ca eawre the mcly, helth, and widl-bxing
of e worken and promeic more cficient and productive min-
fng aciiviticn. The optimizsiion of venslabion and lempersio
conizol strirgion b crodal for S seceemful sed sestineble
cpamtion of the mis.
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