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NGHIEN CU'U - TRAO PO

PHAN BO NONG DO TRONG DUONG ONG VAN TAI VAT LIEU
CHEN LO BANG THUY LY'C & MO THAN HAM LO
VUNG QUANG NINH

DISTRIBUTION OF CONCENTRATION IN PIPELINE TRANSPORT
BACKFILL MATERIALS IN UNDERGROUND MINES IN QUANG NINH

ThS. Nguyén Duy Chinh, ThS. Bui Minh Hoang
Truong Pai hoc M6 - Dia chét

TOM TAT

Trong phwong phdp van tdi bang thiy hec, quy ludt phan bé néng do trong duong ong phu
thudc nhiéu vao ddc tinh vat liéu van tai va mo hinh dong chay cua hén hop. Quy ludt phan bé nay
la co-sé khoa hoc cho viéc tinh todn van téc téi han va sirc can chuyén déng, gop phan ndng cao
hiéu qud vdn tdi. Dya trén ddc tinh vat liéu chén lo da dwoc xdc dinh va sy tro giup cua phén mém

Ansys. Bai bdo tdp trung nghién ciru quy ludt phan bé nong do trong duong ong van tdi nam ngang

phuc vu cong tdc tinh todn van tdi vt liéu chén 1o ¢ mo than ham 16 ving Qudng Ninh.
Tir khéa: Vin tai bang thiy luc; Chén lo béng thity luc; Vit liéu chén 10; Phan b6 nong do.
ABSTRACT

The concentration distribution rule in the pipeline depends on the transport material
characteristics and the flow model. This distribution rule is a scientific basis for calculating
critical velocity and pressure drop, contributing to improved transport efficiency. Based on the
material characteristics and the assistance of the ANSYS software, the paper focuses on the rule
of concentration distribution in the horizontal transport pipeline for the calculation of backfill

material transport in underground mines in Quang Ninh.

Keywords: Hydraulic transport, hydraulic backfill, backfill material, concentration

distribution.
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NGHIEN CUU - TRAO PO

1. PAT VAN PE

Cheén 10 bang thuy luc 1a _phuong phép
su dung nang luong dong chat long trong
duong 6ng dé van chuyén hon hop vat liéu dén
vi tri chén 14p. Pay la phuong phap dang duoc
nghién ctru, 4p dung cho cdc mé than ham 1o
ving Quang Ninh, nhim tin dung tai nguyén,
béo vé& cic cong trinh trén bé mit mo. Trong
phuong phép nay, V1ec tinh todn cac thong so
vén tai, nhu: Van tdc t6i han va stre can chuyen
dong ctia dong hén hop vat liéu chén 10 1a rat
khé khin, phu thudc vao nhiéu yéu t6. Nghién
ctru sy phan bd ndng d6 trong dudng 6ng 1a
mot trong nhiing budc quan trong trong viéc
xé4c dinh cic théng sb van tai néu trén, gop
phan nang cao hiéu qua van tai, tao co s6 khoa
hoc cho nhitng nghién ctru tiép theo.

2.HONHQPTHUY LUC VAT LIEU CHEN LO

Trong dinh huéng phét trién, Quang
Ninh s& 14 mét trung tAm nhiét dién 16n ctia ca
nuéc. Theo quy hoach dén nim 2030, trén dia
ban tinh s€ c6 14 nha may nhiét dién tip trung
tai cac khu vire Udng Bi, Pong Triéu, Ha Long,
Cém Pha, ... [1]. Do do, luong xi than do cac
nha may nhn_at dién la rét 16n, can duoc xtr ly
thich hop dé dem lai hiéu qua kinh té.

Bdng 1. Lwong xi than tai mét s6 nha mdy nhiét
dién trén dia ban Qudng Ninh [2]:

C(’il’lg
suat
MW)
630
440

Xi than thai
(Tan/nam)

Tén nha may
nhiét dién

860.000
600.000

Ubng Bi 1,2
Mao Khé
Quéng Ninh
152
Cam Pha
Mong Duong

1200 1.640.000

680
1080

930.000
930.000
5.500.000

Téng

Theo két qua thi nghiém dénh gi4 tinh
chit ctia tro xi nha may nhiét dién va nghién
ctru kha nang st dung n6 lam vét liéu chén 16
bang phwong phép thiy luc cho thdy, tro xi cua
nha m4y nhiét dién c6 hé s6 dong déu 1om, ¢
hat nho, khong chira cac thanh phan sét va chét
chay, do thdm thiu tt, thoat nuwdc nhanh va
c6 hé s6 lén chit 16, rat pho hop v6i phuong
phap thi cong khbi chén bang thiy lyc [3]. Bén
canh d6, bao cdo cua Vii Thanh L4m va nhéom
nghién ctru [4] ciing khang dinh tro xi nha may
nhiét dién bao gom, tro day (TD) va tro bay
(TB) dép ting duoc cac yéu cau ddi voi vat liéu
cheén lo.

Bdng 2. Thanh phan héa hoc cia xi than [5]:

% Thanh phan hoa hoc cia xi than

Nha may nhiét dién
may nhiét dié S0

2

ALO,

Fe,O,

CaO | MgO | Nao | KO | so,

Ubng Bi 58,5 28,1 6,1

0.8 i 0,1 2,6 0,3

Pha Lai 58,4 26,1 72

0,7 12 0,4 43 0,3

Theo [6], sau khi phan tich, thi nghiém
d6i vdi tro day va tro bay ctia nha may Nhiét
dién Mao Khé va Méng Duong 1 cho thay,
khéi luong riéng loai vat lidu nay dao dong
tir 1,919 + 2,457 g/em?, khdi luong thé tich tir
0,517 + 1,335 kg/cm®. Két qua nghién ciru cling
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chira réng, khé c6 thé su dung riéng ré cac vt
liéu sdn c6 1am vat lidu chén 16 thay lwc ma cn
phdi hop chiing v&i nhau, cu thé 14 pha trén tro
d4y va tro bay nha may nhiét dién theo ty 1& phu
hop. Ty 1 hdn hop téi vu phy thude rat 16n vao
d6 4m ciia tro xi, dic biét 1a tro bay.
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NGHIEN CUU - TRAO BOI

Bdng 3. Khoi lwong riéng, khoi heong thé tich va thanh phan cé hat ciia vét liéu [6]-

% Thanh phin c& hat (mm)

MAu
vat ligu | 0,000 01 | 025 05 | 1,0

0,005 02505 1,0 2,0

10,09 38,23 1.23,85

2,408

2,404

Hon hop thuy luc vét lidu
chén 16 dugc hinh thanh bing sy
pha tron gitta vat liéu chén - Nudc
theo ty 1& nhat dinh. Dua trén ty 18
pha tron gifta cac thanh phén tro
bay - tro d4y va ndng do thé tich s&
xac dinh duoc khdi luong riéng ctia
hén hop thiy lc:

Pn =Py (]‘_CV)+ps'CV (1)

Thianh phan i hat tro 5 nhiet difn Mano khe

O higl. nam

Véi p, p.p, 1a khéi lugng
riéng cua nudc, hon hop va hat van
Hinh 1. Thanh phan ¢ hat tro xi nha mady nhiét dién Mao Khé. tai, kg/m?; CV la n(‘A)ng do thé tich, %. &

rymin | ®Trodiaythi | s Trobay |
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NGHIEN CUU - TRAO BOI

Bdng 4. Khoi heong riéng ciia hon hop thity lec vt liéu chén 1o & nhiét do thuong: : 3
Ty phén thé tich
Nl(‘,}g)d‘-’ 0.1 0.15 0.20 0.25 0.30 0.35 0.40
Khéi lwong riéng ciia hon hep thiy lwe vat liéu chén 16 (kg/m?)
25 1123.30 1186.45 1249.60 131275 1375.90 1439.05 1502.20
N
Kinbi hrgng riéng ol b hop & 25 °C, kg’ ndng d6 hat lai phan bd déu hon nhung dicu 3.
‘ - nay 1am ting ton thit, giam hiéu qua vén tai.
Khi phéan tich dong chay hdn hop hat hi
£ coo | thiy tinh min (&n 125pm) c6 ndng do cao Di
Z 20000 (50%) trong dudng dng ndm ngang dudng kinh M
e o o005 o1 0 ( 33 04 04 54,9mm dl_Ia trén mo hinh CFD, D.R. Kaushal Lz
va nhém nghién ctru [8] ciing chi ra rang, véi Ph
Hinh 2. Khéi hrong riéng cia hon hop thiy lwc vt van téc dong 3my/s, ving déy 6ng s& c6 ndng do L?
li¢u cheén lo cao hon cé; trong khi voi van tdc Sm/s, viing o
ndng dd cao nim cich day dng mot khoang (R]
3.UNG DUNG ANSYS FLUENTKHAO SAT  nht dinh. oy
SU PHAN BO NONG PO TRONG PUONG e
ONG VAN TAI VAT LIEU CHEN LO Liangyong Chen et al [9], d4 nghién ctru
dong chay hon hop than - nuée véi ¢& hat trung
Hién nay, dé giam bt kinh phi thyc binh 14 0.23 mm trén dudng 6ng nim ngang
nghiém, cc cong cu md phong dwoc st dung  (dudng kinh 6ng 25, 32, 40, 50 mm) & cic ndng
phé bién va c6 kha ning cung cép nhitng du d6 (41.7%, 49.5%, va 53.8%) bﬁng mo hinh thi
doan tot nhat vé dong hai pha. Mot trong nhitng  nghiém két hop v6i md phong CFD. Két qua
cong cu dugce sir dung rong rdi hon cd 1d Ansys  cho thdy, ndng do phan bd hat vat liéu 16n hon s
Fluent. Tamer Nabil va nhém nghién ctu [7] & nira dudi phan day dng van tai, & phéan trén N
da st dung m6 hinh CFD dé khao sat dong ndng d6 nhoé hon; cac hat co kich thudc 16n co
hén hop hai pha nu6c - cat (c& hat tir 0,2 dén  xu huéng léng khi vén tdc nho dan; Gradient .
1,4mm, vén tdc dong ti 0,5 dén 5,0 m/s, ndng  van téc & 16p phia dudi ting lén lam trye dong Z’lg
dgf) the tich tr 5% dén 30%) trén’du(‘mg ong }}QC cao hon so véi truc hinh hoc ctia dudong kh(
n\ém ngang dubpg ‘kinh 26,8mm, két qué, chira ong. to]
rélng, su p}nﬁn bo ndng do va c& l}at pt}a ra“}n trén lié
tiet dién ong phu thudc vao nhiéu yeu to khac Trong bai bao nay, tic gid Ung dung
nhau. Khi van téc dong nhé, cic hat kich thuéc phén mém Ansys Fluent véi mo hinh rdi k-& dé 33
16n ¢6 xu huéng ling xubng dudi ddy dng lam  md phong dong chay hén hop vat liéu chén 16
ndng do khu vuc nay tang 1én. Nguoc lai, khi dé khao sat quy luat phan bb ndéng do va c& hat
vén téc 16n, dong chay & ché do chay rbi thi trong duong 6ng ndm ngang. 4b
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NGHIEN CUU - TRAO POI

3.1. Dir li¢u tinh toan

DPudng kinh 6ng: D = 57 mm;

Chiéu dai éng: L= 4000 mm;

Van toc dong: v=1.0;3.0 va 5 m/s;

C& hat vat liéu: ds =0 + 5 mm;

Khdi lwong riéng hat: ps = 2260 kg/m?.
Nong db thé tich: C,=10%.

3.2. M6 hinh va phwong phap tinh to4n

Mo phéng dong nhiéu pha duge thuc
hién theo mé hinh m6é hinh DDPM (Dense
Discrete Phase Model) cho dong nhiéu pha.
M6 hinh DDPM 1a dang md hinh Euler-
Lagrange céi tién tir m6é hinh DPM (Discrete
Phase Model). M6 hinh DPM 14 dang mé hinh
Lagrange cho dong nhiéu pha duoc xay dung
v6i gia thiét ty phan thé tich ciia pha phan tén
(pha rdn) 14 du thdp dé bo qua khi 6 hop véi
cac phuong trinh cta pha lién tuc (pha 1dng).
Dang téng quat clia cac phuong trinh:

Phuong trinh lién tuc:

a L
a_f +V.(pv)= Spey t+ Sother 2)

Phuong trinh bao toan dong lwgng:

dpv

e +V.(0W) =—Vp+V.s+p.g+Fopw + Forr (3)

Trong do: p 1a mat do; U 1a véc to van

toc; S, 1a khoi lwong dugc thém vao pha lién

tuc tir pha phan tan S yiher 12 kh01 luong thém vao

khéc; p 14 4p suit; 1 la lrng suat cing; 9 13 véc

to Iyc trong trudng; Fppy 12 Iuc tic dung 1én pha
lién tuc tlr pha phan tan; F,, ., 1a luc khac.

3.3. Qua trinh mo phéng

Qua trinh md phong duoc tién hanh qua
4 budc: Xay dung md hinh; Chia luéi; Thiét 1ap

TAP CHI CG KHI VIET NAM, S6 10 nam 2018

bd gidi; Giai toan; Xir Iy két qua.

i
1| Xy dyng hinh kb E> Chia lréd
' (Geometry) (Meshing)
: - <

Hinh 3. Cac buéc mé phong trong Fluent

Xay dung hinh khéi (Geometry), dong
chay hdn hop chén 10 duge mé hinh héa bang
khéi tru c6 duong kinh 57 mm, dai 4000 mm
vO1 mdt ctra vao (inlet) va mot cira ra (outlet).

Hinh 4. Khoi tru mé ta dong chay trong duong ong.

Khéi tru dugc chia ludi bang tir dién
co di€u khién 16p bién vi 1181718 phan tir va
403204 nut.

Hinh 5. M6 hinh ludi.
3.4. Két qua md phéng

Két qua mo phéng cho thay, & cac ndng
do khao sat khac nhau déu c6 chung mot xu
hu(mg phan b6 Ve nong d6. O véan tde thép,
nong do phan day o ong thudng tap trung va cao
hon nhiéu so véi phan nira trén. Khi van téc
ting 1én, sy phan bd ndng do trd 1én déu hon

trén toan tién dién Ong.
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Hinh 8. Phén bé nong dé ¢ vén toc Sm/s.
4. KET QUA VA THAO LUAN

Két qua md phong cho thdy su phan bb
Vé ndng d6 hat vat liéu chén 16 trong dudng bng
nim ngang tuong ddng véi cac nghién ciru ly
thuyét. Tuy nhién, m6 hinh hén hop hai pha ran
- 16ng 1a m6 hinh phuc tap, qua ! trmh mo phong
chua thé hién dugc het nhitng yéu t6 anh hudng
dén dong chay va can phai c6 nghién ctru thuc
nghiém dé dénh gia thém. <
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