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DISTRIBUTIONOFCONCENTRATIONINPIPE'LINE'TRANSPORT

BACKFILL MATERIALS IN UNDERGROLIND MINES IN QUANG NINH

ThS. Nguy6n Duy Chinh, ThS' Bni Mlnn Hoirng

Tructng Dai hqc Mo - Dia chdt

rovr rAr

Trong phaons phdp vqn tdi bdng thily lryc, quy tuqt phdn b6 n6ng da trong drdng ong pha

thuQc nhiiu vdo ddc tinh vgt li€u vqn tdi vd m6 hinh ddng chdy ctla hdn hW' Quy luQt phdn b6 ndy

rd co.s6 khoa hoc cho viac ilnh todn v6n t6c toi han vd sac cdn chuy,n d,ng, gop phdn ndng cao

hiQu qudv1n tdi. Drya ffan ddc tinh vqt tiQu chdn td ai a,oc xdc dinh:u 
:* 

tr,q giup ":?,!a" ::
Ansys. Bdi bdo tdp trung nghi1n ctru quy tuQt phdn bi5 n6ng d9 trong dadng 6ng v6n tdi nam ngang

phrlc vu c6ng tdc t{nh toan v6n tdi vqt IiQu chdn ld 6 m6 thqn hdm ld vilng Qudng Ninh'

Tirkh6a: VQntaibdngthilylvc; chdnldbiingthilylwc; v6tli€uchdnld; Ph6nb6n6ngda'

ABSTRACT

The concentration distribution rule in the pipeline depends on the transport material

characteristics and the fow model. This distribution rure is a scientific basis for calculating

critical velocity and pressure drop, contributing to improved transp-ort efficiency' Based on the

material characteristics and the assistance of the ANSYS software, the p:aper focuses on the rule

of concentration distribution i, the horizontal transport pipeline for the calculation of bacffill

material transport in ttnderground nines in Quang Ninh'

Keywords z Hydraulic fi.a|$port, ln,draulic bacffill, bacffill material, concentration

distribution 
€
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1. DAT VAN DE

Chdn ld bing thtry lpc ld-phucrng phrlp
su firng ning luqng ddng chdt long trong
tludng 6ng d6 vQn chuy6n h6n hqp vat hQu d6n
vi tri chdn l6p. Ddy ld phuong ph6p dang dugc
nghiOn ciru, 6p dgng cho c5c m6 than hAm ld
ving Qu6ng Ninh, nhdm tan .dgng tdi nguy6n,
b6o v0 c6c cdng trinh tr6n b6 mpt mo. Trong
phuong ph5p ndy, viQc tinh todn chc th6ng s6
vQnthi, nhu: Vfn t6c t6i h4n vd sric cin chuy6n
dQng cria ddng h6n hqp vQt li€u chdn ld ld r5t
kh6 khdn, php lhuQc vdo nhi6u ytiu t6. \ghi6n
criu sg phdn b6 n6ng tlQ trong dudng 6ng ld
mQt trong nhirng bu6c quan trong trong vi6c
x6c dinh c6c th6ng s6 vfln tdi ndu tr6n, g6p
phdn nAng cao hi6u qu6 vQn thi, tqo co sd khoa
hoc cho nhirng nghiCn cuu ti6p theo.

2. HON Hqp rn0vrtl. c vAr rm. u cnsu rc

. Trong <lfnh hu6ng ph6t tri6n, Qudng
Ninh sd ld mQt trung tdm-nhiQt di6n l6n cira ci
nudc. Theo quy hoach tl6n ndm 2030, tr6n dia
bdn tinh sE c6 14 nhd m6y nhiQt diqn tdp trung
t4i citc khu vuc U6ng Bi, D6ng Tri6u, Ha Long,
Cim Ph6, ... ill.Do d6, luqng xi than do c6c
nhd m6y nhiQt diQn ld rdt l6n, cdn duoc xir lf
thich hgp dii tlem lai hieu qui kinh tt5.

Bdng t. Lrong xi than tgi m\t s6 nhd mdy nhiQt
diQn tr4n dia bdn Qudng Ninh [2]:

TT TOn nhi m{y
nhiQt iliQn

COng
suAt

(Mw)

Xi than thii
GAn/nnm)

I Udng Bi 1,2 630 860.000

2 Mao KhC 440 600.000

aJ Qu6ng Ninh
1,2

t200 1.640.000

4 Cdm Phd 680 930.000

5 Mdng Duong 1080 930.000

Tdng 5.500.000

. Theo k6t qu6 thi nghiQm dSnh gi| tinh
chdt cira tro xi nhd m6y nhiqt diQn vd nghiOn
cr?u khi ndng sri dung n6 ldm vQt liQu chdn ld
bing phucrng phdp thtry h,rc cho th6y, tro xi cira
nhd m5y nhiQt di6n co hQ s6 eiing ddu 16n, cd
hat nh6, kh6ng chua c6c thdnh phdn s6t vd ch6t
ch6y, dQ thdm th6u t6t, tho6t nu6c nhanh vd
c6 h€ s6 ldn ch{t l6n, r6t phr: hqp v6i phuong
phdp thi c6ng kh6i chdn bing thriy lgc [3]. BOn
c4nh d6, b6o c6o cira Vt Thenh Ldm vd nh6m
nghiOn cuu [a] cfing khing dinh tro xi nhd m6y
nhiQt diQn bao gdm, to df,y (TD) vd tro bay
(TB) d6p img dugc c6c yOu cdu ilOi v6i vft liQu
chdn ld.

Bdng 2. Thdnh phdn h6a hqc cfia xt than [5]:

Nhh mfy nhiQt itiQn
%o Thinh phAn h6a hgc cfia xi than

sio" Al,o. Fe.O. CaO Mgo Na,o KO so-
U6ng Bi 58,5 28,1 6,7 0,8 1.1 0,1 2,6 0,3

Phd L4i 58,4 26,1 7,2 0,7 1,2 0,4 4,3 0,3

Theo [6], sau khi phdn tich, thi nghiQm
OOi vOi tro ddy vd tro bay cira nhd m5y NhiQt
diQn Mao KhO vd M6ng Ducrng 1 cho th6y,
khOi luqng ri6ng loai vQt liQu ndy dao d6ng
tu 1,919 + 2,457 glcm', khOi luqng th6 tich tu
0,517 -: 1,335 kg/cm3. KtSt qu6 nghidn cuu ctng

chi ra rdng, kh6 c6 thO su dung ri6ng rE c\c vQt
liQu sin c6ldm vat liQu chdn ld thiry lgc md cdn

1 

^. 
'ph6i hqp chring v6i nhau, cU th6 ld pha tr6n tro

d6y vd tro bay nhd m6y nhiQt diQn theo ty lQ phn
hqp.Ty l0 h6n trqp t6i uu phu thuQc r6t 16n vdo
a^A
tIQ 6m cua ffo xi, d{c biet h tro bay.
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Bdng 3. Khiit taqng ri€ng, khdi laqng thii tich vd thdnh phin cd hat cio va tie.u [5j:

TT MAu
v{t liQu

ohThdnh phAr cdh4t (mm)
Ift6i

0,000

0,005

0,005
_

0,01

0,01
_

0,05

0,05
.-

0,1

0,1
.-

0,25

o?5
+

0,5

0,5
_

1,0

1,0
--
)(r

2,0
+

5,0

\ tl
+

10,0

10,0

20,0
20,0

tu.ong
ri0ng

(9cm')

Tro d6y
min 1

10,09 0,00 ??5 7,71 1R ?? t? R{ l7 ?5 nt( 0,16 0,00 0,00 0,00 2,431

2
Tro d6y
mrn2 10,16 0,00 4,94 4,07 37,56 25,28 17,82 0,18 0,06 0,00 0,00 0,00 2,454

J
Tro bay

I I 1,38 0,01 66,84 21,36 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ) )\?

4
Tro bay

z
ll,5l 0,17 66,25 21,84 0,13 0,10 0,00 0,00 0,00 0,00 0,00 0,00 ) )1q

5
Tro d6y
th6 I 7,87 0,00 0,95 0,47 26,37 35,28 16,81 4,16 6,2 t,t8 0,19 0,00 2,408

6
Tro d6y

th6 2
7,66 0,00 0,93 451 )< a? 40,63 l7 <o 4,48 6,48 1,28 0,14 0,00 2,404

T&i.& pi** r* bil ir$ ri lrlri* l*i{il ni6* &i&i

--L

'ol t''

{'* l$1, $$*:

. t l rrr d*. nriu I r f ;f *&, {!* | sa'f}:} br?: .l

Hinh 1. Thdnh phdn cd hqt tro xi nhd may nhi€t di€n Mqo Kh€.

Hdn hqp thriy llrc vpt liQu

chdn ld dugc hinh thdnh bing sp
pha trQn gifta vQt liQu chdn - Nu6c
theo ty lC nh6t dinh. DUa tr6n fj. lQ

pha tr6n gltra cdc thdnh phAn tro
bay - tro t16y vd n6ng dQ th6 tich sE

x5c dinh duqc kh6i luqng riOng cria
h6n hqp thiry lgc:

Pn = Po (1-C,r)+p..Cu (1)

Voi pn, p6,p. ld kh6i luqtng

riOng cua nu6c, h6n hqp vd hpt vQn

thi,kghtf ;CV ld n6ng dQ th6 tich, oA. @

F*
. !
&3

ai 5e

x*&}
*i*

:*
*X,W

;i *\.i' .\:

l- .* $\
tt- +

,ll i il ' .

f-i"ut*,'tt "i' * *f *,$"y*
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NGHrEr.t cuu - rnno oOt

Nhiet d0
(oc )

Tf phAn th6 tfch

0.1 0.15 0.20 0.25 0.30 0.35 0.40

ftr6i tuqng ri6ng cfra h6n hqp thriy lgc vflt liQu chin ld (kg/m3)

25 1123.30 1186.45 1249.60 t3r2.75 t375.90 1439.05 t502.20

Bdng 4. Kh6i lao. ng ri6ng cila h6n hqp thrty hsc vqt li€u chdn ld d nhi€t dQ thadng:

itl *-a

Hinh 2. Khiit taqng rieng cia hon hqp thiy tqrc vQt

liQu chin ld

3. u'NG DITNGANSYS FLUENT rnAO SAr
sU PHAN Bo NONG De rRoNG EU0NG
oNG VAN rAr VAr LrEU CHDN rO

HiQn nay, dd giam bort kinh phi thgc

nghi6m, c5c c6ng cg m6 phong dugc sir dgng
r ; r.,a \ , | | 4

ph6 bien vd co khd ndng cung cAp nhfrng dg
dorin t5t ntrAt vO ddng hai pha. MQt trong nhirng

c6ng cu dugc sir dgng rQng rdi hcrn ci ld Ansys

Fluent. Tamer Nabil vd nh6m nghiOn cuu [7]
dd sir dtmg m6 hinh CFD C6 t<nao s6t ddng
rihon hqp hai pha nu6c - c6t (cd hpt tu 0,2 d.6n

I,4mm, vdn t6c dong tu 0,5 d6n 5,0 m/s, n6ng

d9 the tich tu 5% d€n 30o/o) tr€n ducrng 6ng
Jr.r

ndm ngang ducrng kinh 26,8mm, k€t qu6 chi ra
ring, sg phdn b6 n6ng dQ vd cd h4t pha r6n tr6n
..a. ..^ Ati€t diQn 6ng phu thu6c vdo nhi€u y€u tO kh6c

nhau. Khi vfln tdc ddng nh6, c5c h4t kich thu6c
, TJ

lcyn co xu hudng ling xudng du6i d6y 6ng ldm
n6ng dQ khu v.uc ndy tdng l€n. Ngugc lpi, khi

^ .Avdn t6c lcrn, dong chdy o ch6 d0 chiy rdi thi

n6ng dQ hat lai phdn b6 d6u hcrn nhrmg di6u
.i ., t

niry ldm tdng ton that, giam hiQu qud vdntili.

Khi phdn tich ddng ch6y h5n hqp hat. ,-^thiry tinh min (ddn 125pm) c6 n6ng dQ cao

(S}%)trong dudng 6ng nim ngang duong kinh
54,9mm dga tr0n mO hinh CFD, D.R. Kaushal

vd nh6m nghiCn cuu [8] cfing chi ra ring, v6i
^ ,^ 

^ 
tvin t6c ddng 3mls, vung tl6y 6ng sE c6 n6ng d6

cao hcrn cA; trong khi voi vdn toc 5m/s, vtng
I r^ J '

n6ng dQ cao ndm cbch diry 6ng mdt khoing
nhAt dinh.

Liangyong Chen et al [9], ddnghiCn cuu

ddng chAy h6n hqp than - nu6c v6i cO h4t trung
binh ld 0.23 mm tr6n ducrng Ong nim ngang

,,, 
^ 

, I
(ducrng kinh ong 25,32,40, 50 mm) o c6c n6ng

dO (41.7o/o,49.Syo,vd 53.8%) bing mo hinh thi
, A. ,

nghiQm kdt hqp v6i m6 phong CFD. K6t qui
cho thdy, n6ng dQ ph6n b6 hpt vft liQu lcrn hon

,to nua duoi phan d6y 6ng vlnthr, o phdn tr6n

n6ng dQ nho hcrn; cfrchat c6 kich thu6c 16n c6
,axu hucrng ling khi vfln t6c nho dAn; Gradient

vdn t6c o lcrp phia du6i tdng l6n ldm tryc dQng

hoc cao h<rn so v6i tryc hinh hoc cria dudng
ong.

Trong bdi b6o niry, thc gii img ftrng
phAn mAmAnsys Fluent v6i m6 hinh r6i k-e dC

mO phong ddng chiy h6n hqp vflt liqu chdn ld
eC nrao s6t quy luflt ph6n b6 n6ng d0 vd cd h4t

.i)
ffong ouong ong nam ngang.

hi,

Di
\I
La
Ph

La
ro
(pl

c6r

Da

ep

CI

tOc

tuc

khz

tol
1i6r

3.3

+D
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3.1. Dir liQu tinh tofn

Duong kinh 6ng: D:57 mm;
Chi6u ddi 6ng: L:4000 mm;
Vpn tdc ddng: v: 1.0; 3.0 vd 5 m/s;
Cd h4t vdt liQu: ds : 0 + 5 mm;

. fnOi luqng ri6ng hat: ps:2260kg1m3.
N6ng d0 thC tich: C" : l0%o.

3.2. MA hinh vi phuong phip tfnh to6n

M6 phong ddng nhi6u pha duoc thuc
hiOn theo m6 hinh md hinh DDPM (Dense
Discrete Phase Model) cho dong nhi6u pha.
M6 hinh DDPM ld d4ng m6 hinh Euler-
Lagrange cii ti6n tu m6 hinh DPM (Discrete
Phase Model). M6 hinh.DPM ld d4ng md hinh
Lagrange cho ddng nhi€u pha duoc xAy dpg
v6i gi6 thi6t ry phdn th6 tich cria pha phdn t6n
, 1 j 

' r. -, .r i(pha ran) ld du thAp dC b6 qua khi t6 hqp v6i
c6c phucrng trinh cria pha li6n tqc (pha long).
Dpng t6ng quSt cria c5c phucrng trinh:

Phucmg trinh li6n tuc:

/-J n

!+V.(pv) = So* t So,h", Q)
At

Phucrng trinh b6o todn d6ng luong:

6nl:L- +V .( pw\ = -Yp +Y.r + p.g * F nru * F other (3)
ot

Trong d6: p ld mar d9; r? le v6c ro vfln
t5c; So.nn ld kh6i lugng duoc th€m vdo pha li6n
t.uc tu pha phdn t6n; So,o..ld ktrOi tuqng th6rn vdo
kh6c; p ld 6p su6t; . la rmg su6t cSttg; d h v6c
to lgc trong trucrngi For,rr ld lqc t6c dtrng l6n pha
1i6n tuc tu pha phinffn; Forner ld llrc kh6c.

3.3. Qui trinh mO ph6ng

Qu6 trinh m6 phong duoc ti6n hdnh qua
4 bu6c: Xdy d1mg m6 hinh; Chia 1u6i; Thi6t lAp

f.--..**;l A | .r"m l,--1f*EE_l ^ f-=;;-l
lrra*urr lryl ,v^r.s lYl s., lvl *, I

'.11pi*. .gA*::|+ i .*-- .b;s
. ..ra:::, @M!q ffiE tu

'yN,{' .---b -t-.+. Gblqr b. ES'\J,4. . DlSh
; .. 1. 

-*; :..t.a,
i :.:...:... . 

--*

*:ll' :'-'

Hinh 3. Cdc budc mo phong trong Fluent

Xdy fimg hinh kh6i (Geometry). dong
1. richiiy hon hqp chdn ld dugc m6 hinh h6a bdng

khdi tfu c6 dudng kinh 57 mm, ddi 4000 mm
vdi m6t ctra vdo (inlet) vd m6t cria ra (outlet).

t.l':
Hinh 4. Khijt ru m6 td ddng chdy trong dadng i5ng.

fhOi t4r dugc chia tuoi bing tu diOn
c6 di6u khi6n lcrp bi6n v6i I 181718 phin tu vd
403204 nttt.
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Hinh 5. M6 hinh ladi.

3.4.rc|:tqui m6 ph6ng

trl, 1 . t ,r i .\rlet qua mo pnong cllo thay, o cac nong
dQ khio s6t kh6c nhau ddu c6 chung m6t xu
r- -!. | ^ | i X I ;+ ^ .Ahuong phiin bd v€ nong d0. O vdn t6c thdp,
n6ng d6 phAn d6y 6ng thucrng tflp trung vd cao
hcrn nhieu so v6i phAn nria trdn. Khi vAn t6c
tdng l6n, su phdn b6 n6ng dQ tro l€n dAu hcrn

..: i
tr€n todn ti€n dien ong.
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l,n :rr

w&&#*
Hinh 6. Phdn bij n6n7 d0 6 cac vQn 6c 1m/s.

&&ek&
Ifinh 7. Phdn b6 ning d9 rt cac vgn 6c 3m/s.

Hinh B. Phdn b6 n6ng dQ 6 vQn #c 5m/s.

4. KET QUA VA THAO LUAN

Ktit qui m6 phong cho th6Y sU Phin bo

vA n6ng dO h?t vQt liQu chdn ld trong dulng 6ttg

nim ngang tucrng d6ng v6i c6c nghiOn cuu ]Y
ttruy6t. fuy nhi6;, m6 hinh h6n hqp hai pha r6n

- long ld mO hinh phric t1p, quhtrinh m6 ph6ng

chua thO hiQn dugc htit nhirng y6u t6 inh hucrng

d6n ddng chdy vd cAn phii c6 nghiOn criu thgc

nghiQm eO Cann gi5 th6m.*
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