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KHOA HOC VA CONG NGHE M0

MO HiINH BA LOP THUY LUC
cUA DONG VAN TAI HAI PHA RAN-LONG
TRONG DUOUNG ONG NGANG VA GAN NGANG

thwong gdp trong ky thuat. Cac ket qua

nghién ctru trng dung hién nay chu yéu tinh
toan véan tai trong tredng hop cac hat ran theo co
ché lo ItPng. Tuy nhién, d& dam bao lo Ikng cac hat
hoan toan can mot van téc dong chét léng 16n va
dac biét khi kich thwéc hat tang thi thyc hién diéu
d6 cang kho. Cac nghién ctru thire nghiém gan day
khang dinh rang tuy theo céac yeu t6 thuy lyc clha
dong chay va tinh chét vat ly caa hat ran ma co thé
hinh thanh ba I&p thay lwc trong dudng ong Vén
dé dat ra hién nay chua cé co s& ly thuyét dé tinh
toan sw phu thudc gitra cac yéu té thiy lwc va dac
tinh clia hat van chuyén dén sy hinh thanh I&p thay
lc trong dwong 6ng. Day 1a van dé& dat ra va quan
tam cla tac gia.

\/ an tai hat rén bang dong chat Iéng 1a bai toan

1. K&t qua thi nghiém vé mé hinh ba I&p thay lyc

Theo két qua nghién ctru thuc nghiém, mot so
tac gia [2], [3] khang dinh tly theo dac tinh hat van
chuyen dac tinh chét 16ng, van toc dong chay ma
c6 thé hinh thanh I&p hat trén canh ~day clia ong.
Trén H.1 dwdi day gidi thieu mét sé hinh anh su
tao |&p trong van chuyén.

T két qua nghién clru thuc nghiém, tly theo
van tdc dong chay ma ta ¢ thé mé ta cac dang van
chuyén hat ran (H.2).

Trong truong hop téng quét, ta coé thé mo ta
dong van tai dwéi dang mé hinh 3 1op thuy Ierc: mot
I&p hat tinh & dwéi, mot 16p hat di chuyén & trén n6
va mot 1&p lo Ittng hén hop & phia trén.

2. Phat trién céng thirc toan hoc

Qua trinh van tai hat rén trong dwdng 6ng, tuy
theo d&c tinh thdy lwc cla dong chay hinh thanh
nén co ché van chuyén khac nhau, gém co ché lo
lwng (cac hat rdn dwoc phan tan trong moi treong
chat 1dng), co ché nang va trot-lan (khi xoay roi

TS. PHAM BUC THIEN
Trwong Pai hoc Mé-Dja chat

clia dong chét 16ng khéng dl d& phan tan hat trong
moi trrong chat 18ng).

Dé thiét 1ap méi quan hé toan hoc cla mé hinh
thay lwc 3 16p, xét mé hinh dwoc phat trlen dira
trén treong hop ma dong chay hai pha ran-chat
I6ng tai mét lwu lwong ton tai 3 16p thay Iwc trong
dudng 6ng. D& cé co s& phat trién toan hoc, ta mé
ta va dat e 1én mo hinh thiy lwc ba I¢p nhu hinh
vé H.3. Ttr hinh H.3, cong thirc mémen téng hop
tac dong dbi voi diém A:

Folp +(F+Fe)Lle 2Fele . (1)
Trong do: Fp- Lwc can; Fg- Lwc ddy ndi; Fg- Trong
lwe; Lp- Khodng cach tac dung cda lwc can; Lg -
Khodng céach tac dung cua trong Iwe; L - Khoang
cach tac dung cuda lwe nang.

Hai dai lwong dau nhan dwoc sy truyén
mémen, dai lwong con lai la mémen nguoc. Khi
mémen thuan ma sinh ra lwc can do chét 16ng nhat
I&n hon so véi mémen nguoc (ma sinh ra do trong
lvong clia hat trén diém di chuyen A) hat bat dau
chuyen déng. Mot hat chuyén déng cung huwédng
véi chét long van tai khi lwc nang khéng da 1én,
day la co ché treot. Khi lwc nang da 16n dé nang
hat I&n, hat sé dwoc nang vao chét 16ng. Khi luc
nang bi gidm nhanh b&i sy giam van téc chét long
do giam dién tich I6p hat (mét s tang tiét dién dan
clia dong chay) né bat dau lang lai trén canh bng.

2.1. Cac cbng thiee lién tuc

Céng thirc lién tuc cho pha léng:

Aststsd b Ambcmbumb = AaCtUa (2)

Caéng thire lién tuc cho pha rén

Asd(l —Csd)usd " Amb(1 ”Cmb)Umb 5 Aa(l -CU, ©)
Trong d6: A, Amp - Cac tiét dién 16p lo Itng va lép
hat di chuyén; Csy, Cmb - Céc nong do thé tich hat
hat I¢p lo Ibng va I6p hat di chuyén; Usg, Ums - CaC
van toc I&p lo Iting va 16p hat di chuyén; C, - Tong
nong dd thé tich hat rén; A - Tiét dién dudng :";
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m KHOA HOC VA CONG NGHE M0

U - Véan tbc danh nghia cla dong chdy trong Véi Q - Lwu lvgng. ¢
duong Ong. - 2.2. Cac céng thire can bang Iwc
Van toc danh nghta trong dwdng ong: Hinh H.4 minh hoa Iwc va (rng suat tdc dong Ién =

U-Q/A, (4) méi I6p trong 6ng trén chiéu dai L.

= e b)

H.1. Hinh &nh tao I6p theo nghién ciru thuc nghiém cda V.C. Kelessidis [3]: a - Dung dich H;0 0,5 %
CMC & van téc 0,064 m/s; b - Dung dich H,0 0,7 % CMC & van toc 0,064 m/s; ¢ - Dung dich H»0 0,5 %
CMC & véan téc 0,084 m/s; d - Dung dich H:0 0,7 % CMC ¢ van toc 0,11 m/s; e - Hai I6p thay luc, f- Ba
IGp thay luc

a S x:!:‘:\‘. ’ b A li_ﬁ:t—: : : s

H.2. Cac dang vén chuyén cla dong chét Iong van tai: a - Phan tan lo limg;
b - Hinh thanh mét I6p hat di chuyén; ¢ - Hinh thanh mét I6p hat tinh va mét I6p di chuyén (ba I6p)
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e,

H.4. Bfeu db b;eu dfen ung suat trén mo hinh ba lop

L6p phén téan lo Iting phia trén. Lop phan tan lo
Itng phia trén la chét léng twong dbi sach hodc 1a
mot hén hop khong ddng nhét chay réi lo Ikng phu
thudc vao diéu kién dong chay. Dwoi dong chay 6n
dinh, tdng cac luc tac déng lén phan td dong chay
duwgc cho bai:

AP F,
Asd[ L )_ Tsdssd + Tsdmstdmb it SEG = (5)

Trong do: ts4 - Gia tri rng suét trrot trén thanh 16p
lo INg; Tsqms - Gid tri rng suét truot trén mat phan
gigi gitra 16p lo Irng va Iop hat di chuyén; S 1a -
Chu vi w6t 1&p lo Ing; Ssgmp - Chu vi wét trén mat
phan gidi gitra 16p lo Irng va lop di chuyén; Feue -
Trong lyc tac dong Ién I6p phan tan lo Iing,

FsdG o psdgAsd cos6L ] (6)
Tai day: psg- Khdi lwgng riéng hiéu dung cta I6p
phan tan lo Itng; © - Géc nghiéng éng.

Ung suét treot trén thanh 16p lo Iting va mat
phan gi¢i gitra 16p lo Iting va |6p di chuyén duoc
cho bdi cong thire:

1
Tsd =Epst§dfsd (7)

W (8)

Theo méi quan hé cla hé sé ma sét cia 16p
phan tan (fss) va be mat phan gioi gita mot 16p lo
Itrng va I&p di chuyén (fsams) dwoc xac dinh:

£,4=0,00454-0.645R&"" (Doron etal [1]) (9)

1
Tsdmb = 5 Pmb(U§d

dp ' ,
famb = hRePn? o (Martin et al [4])  (10)
sd

Trong do: h=0,966368; p=-1,07116; q=2,34539; t=-
2,34539; Dg¢y - Puwdng kinh thiy Iwc 1&p lo Itng,
Dsa=4Asa/(SsatSsamb)-

Sé Reynol (Re) cla Iép lo Ittng duoc st dung
cho ca hai fsg va fsgmo.

L&p hat di chuyén. Tie hinh H.4, téng tét ca cac
Iwc tac déng lén vang nay la:

CONG NGHIEP M0 S02- 2014 L))
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AP F
Asd[ L j ( S‘ij_.mbJ‘Tsdmbs‘sdmb il

(11)

F F
+ [—LESb ]+Tmbsb5mbsb . mfG

Trong d6: Fmps - Trong lwc tac dong lén lop di
chuyén; Fegmp - Libc ma séat trén mat gitra 16p lo
Irng va 16p di chuyén; Fips - Ly ma sat trén mat
gitra lop di chuyén va 1&p tinh; tmpsp - Gia tri (ing
suat trwot trén mat phan gidi gitra |&p di chuyén va
16p tinh; Smpsh - Chu vi wét trén mat phan gidi gitra
lop di chuyén va Iép tinh. Trong luc tac dong lén
I&p di chuyén:

Frioc =PmpTAms COSOL (12)
Tai day: pms - khéi lgng riéng hiéu dung ctia mét
|&p hat di chuyén.

(Png suét trvot trén mat phan gidi gita 16p di
chuyén va I&p tinh:

1
Tmbsb = B Pmb Ur?1'1b s (13)

Theo sw twong quan da phat trién b&i Doron et
al [1], hé s6 ma sat cia Iép hat di chuyén (frpsp):

frnpst = 0- 046Re ™% (14)
vGi s6 Reynol cla 16p di chuyén.

Khéi Ivgng riéng hiéu dung cua mai |&p tai mot
diém nao do trong dong chay dwoc coi la hang sb,
xac dinh béi:

Psd = pscsd ik pL(] i Csd); (15)

P = PsCrup + PL = Cr) - (16)

Trong do: ps, pL - Khéi lvong riéng hat rin va
chatléng .

¢4 Quan hé cac dai lwong gitra cac Iép thuy lue

Phéi hop cac cong thire lién tuc cho hat ran va
chét 1dng céng thire (2, 3), dwoc:

Astsd +AnpUmp = AaUa hay

Asausd = AaUa _AmbUmb (17)

Tir cong thirc (2) rat Cey va két hop cong thire
(17), ndng do thé tich hat rdn clia mét I6p phan tan
lo ItPng Csg nhén duwoc:

Cla= AaCtUa (& AmmebUmb

= AU —A

Toan bé cac dal lvong bén phai ctia cong thirc
(18) la ham sb cla cac dai lwong chwa biét Ymb
(chiéu day I6p mun di chuyén): yep(chiéu day I&p
mun tinh) va Uy la cac dai lvgng phu thuge vao
diéu kién hoat dong. Giai cac céng thire (5, 11, 15,
16) tim ra cac chu vi wét tir do tinh dwgc cac dai
lwong chua biét trén.

Tir cdng thiec (5), rat theo Gradient ap suét thay
vao cdng thirc (11), thu duwec cdng thire sau:

(18)

N cone NeHiEP MO S6 2 - 2014

Amb
Asd
F Fmbsb

b
= ﬁrlr_' ~TsdmbSsdmb +

+PmbIAmpCcose
Caéng thire (19) duoc sép xép lai:
TsdSsd + Tsdmb Ssdmb * Psd9A sq4C0S 6 _
Asd

:[ Fmb )+[Fmbdb ]+ Tmbsb Smbsb__ (90)
LA mb LA mb Amb
_ Tsdmb Ssdmb 4 Pmb gA mp COS 6
Amb Amb
Trén co s& cac thong sb thly lwc gidi cac cong
thire d6 dong thoi sé tim dwoc dac tinh 1&p thay
lwe trong qua trinh van tai.

5. Két luan

< Tl cac két qua nghién ctu thuc nghiém,
bang ly luan toéan hoc, tac gia da xay dwng duoc
cac biéu thire glal tich thé hién méi quan hé gilra
cac dai lwong cla mé hinh H.3 16p thiy lwc, day 1a
co s& virng chac khang dinh rang duwéng 6ng van
tai dong hai pha ran-1éng ton tai mé hinh 3 16p thiy
Iwe, mot Iorp phan tan lo Irng phia trén, mét I&p hat
di chuyen & gitta va mét lop hat ding yén dudi
canh thép clia dudng éng.

% Cac cong thire ly luan chieng minh duwoc &
trén la co sé& dé xay dwng mé hinh mé phéng dé
tinh toan sw van tai hat ran va téi wu hoéa thiy luc
trong van chuyén déng 2 pha rén-16ng.0
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< Tin hiéu dau ra cta cau khong ré rang, dac
biét khi nong dd khi métan cao hon 9 %, do Iwong
oxy can dé duy tri qua trinh dot chay métan glam
nén cudng do chay ctia khi métan trong bd cam
bién c6 xu hwéng glam ro rét va do la nguyen nhan
d&n dén tin hiéu ra cla cau bi glam H.6 md ta sw
anh hwdng cua tin hiéu do ddi voi sw thay ddi néng
do khi métan tlr 0100 %;

< DO tréi Ion: Do bd cam bién lam viéc trong
diéu kién méi treong thay doi (nhiét do, do am. o),
dac biét |a gia tri nhiét do trong budng dbt lién tuc
bi thay déi theo ty I& cta nong do khi metan, dan
dén dién ap ra ctia cau khac 0.

Do vay, dé cac dau do loai nay lam viéc chinh.

Xac, nguoi ta phal thwong xuyén hiéu chuan dau
do, theo nha san xuét tr 1+3 thang hiéu chuan 1
l&n. Tuy nhién, do didu kién lam viéc trong ham [0
Viét Nam rat khac nghiét nén thuong chi 2 tuan
phai hiéu chuéan 1 lan.

3.3. Nguyén ly truyen nhiét

Do dan nhiét A, ctia hén hop métan va khong
khi (v&i néng d6 Cr,) duwgrc tinh bdng céng thirc:

Am=Cm.Acha*(1-Crn) }‘p (3)
Trong d6: Acns - DO dan nhiét cta khi métan' A -
D6 dan nhiét clia khong khi.

Nguyén ly hoat dong: Dwa trén do dan nhiét
khac nhau gitra khi métan va khéng khi (40 dan
nhiét cua khi metan Ién hon khong khl) theo
nguyen ly cGa cadu Winson, cac phan ti cua cam
bién sé duoc @6t nong bang dién ap cung cap cho
mach cau Truong hop khéng cé khi métan di vao
mach cau, cau can béng va khi do dién ap ra bang
0, treong hop trong khéng khi cé khi métan, &
nhiét do lam viéc, khi métan tac dung lam gia tri
dién tré cla phan t&r nhay thay ddi (gia tri dién tr&
glarr. khi ndng do khi métan téng) gia tri dién tr&
nay phu thugc vao nong do cua khi métan, lam
mach cau mét can bang, khi do dién ap ra khac 0.
Dién ap ra trén cau ty & véi néng d6 khi métan.

Loai dau do hoat déng theo nguyén ly nay co wu
diém co ban la do nhay cao, déi do rong va gia
thanh ré, tuy nhién co nhiéu nhugc diém, do 1a bi
anh huéng béi hoi nwéde, khi CO, trong moi trong
do; tin hiéu ra nho, x ly tin hiéu phtrc tap; khong
c6 tinh chon loc; tiéu thu nang lvong 16n va do bén
thap. Ngoai ra cling nhw cac dau do hoat dong trén
nguyeén tic dbt xuc tac, d& dam bao dd chinh xac,
cac dau do ‘nay phai thuong xuyeén dwoc kiém tra
va hiéu chuan theo dinh ky.

4. Két luan

Mai loai dau do nong dd khi métan déu c6 nhirng
wu. nhuoc diém nhat dinh. Tim hiéu cac loai dau do
nay ngudi quan ly, van hanh co co s& trong viéc lwra
chon loai dau do, té chirc van hanh, bdo tri va slra
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chira chung mét cach phu hop, gop phan nang cao
hiéu qua lam viéc cla hé thdng, nang cao tudi tho cua
dau do, Khi chung phai lam viéc trong méi treong ham
16 néng, &m nhw & nwdce ta.0
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Nguwoi bién tap: Dao Pac Tao

SUMMARY

So far, 32 centralized automatic methane |
gas monitoring systems has been installed
and operated stably at the 27 underground

| coal mines and as planned, many new ones
| will come into use in the near future. The

 paper refers to the description of the

| structure as well as the operating principles
" of the methane gas probes. This has been
considered as the fundamental and
necessary knowledge for installing,

| operating and maintainance the gas
monitoring systems at the mines.

MO HINH BA LOP...
(Tiép theo trang 24)
Nguwdi bién tap: Vo Trong Hung

SUMMARY

This paper introduces mathematics
method to establish relationship between
hydraulic parameters and solids properties

 of three layer hydraulic model in transport

. pipeline. The equations were built are
basement ensure the three layer hydraulic
model (a stationary bed at the bottom, a
moving bed above, and a suspension layer
at the top) in transport pipeline with two
phases solid-liquid.




