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1. Pit van dé

Vén tai dong hai pha ran long, tiy theo d6 nghiéng ctia duong éng s& hinh thanh mo hinh 3
l6p thay luc gom l6p lo lung, 16p di chuyén va 16p tinh. Khi c6 sy hinh thanh l6p s€ lam cho bai
toan van chuyén phuc tap va néu 16p hat hinh thanh dén mot muic nao d6 co thé gay tic dong véan
chuyén. Vi vy viéc nghién ctru dic diém dong vén tai hai pha qua cac doan dng nghiéng 1a diéu rat
can thiét gop phan lam ting hiéu quéa cua dong van tai.
2. Pic diém dong vén tai qua cac doan duong 0 ong nghiéng

Dong vén tai hai pha vé mit tong quan ton tai mo hinh 3 16p thuy thyc, tuy nhién tuy theo
d6 nghiéng va van toc chat 1ong c6 thé ton tai 1 16p, hai 16p hoac 3 16p. Néu 6 ong nam ngang s& ton
tai 3 16p, nghiéng so voi phuong ngang tir 30 dén 60° ton tai 2 16p va duong ong dung chi ton tai 1
lop hon hop lo ling. Khi 6ng nghiéng dac diém van tai c6 sy thay ddi 1on do c6 sy truot cua 16p
pha rin va c6 thé dan dén tic duong 6ng. Trong qua trinh phan tich, nghién ctru nhén thiy dong
vén tai qua doan 6 ong nghiéng c6 hai truong hop hudng dong chay di 1€n va hudng dong chay di
Xuong, truong hop di xubng c6 su trugt 16p ran nhung két hop véi xody rdi, lyc trong truong dan
dén kho c6 thé xay ra ling dong tic duong 6ng. Vi vay, ¢ ddy chi nghién ctru dong chay qua doan
dng nghiéng dong chay di 1én va nghién ciru cho dong chay on dinh ton tai mé hinh 2 16p thiy luc
(mot 16p phan tan lo lrng va mot 16p hat).
3. Thiét 1ap cac md hinh toan hoc mé ta dic diém dong chay
3.1. Cac cong thuee lién tuc

Hinh 1: Lyc va tng suit tic dong 1én doan dong chay

Cong thure lién tuc cho pha long:
AyCuVu + ACV, = ACV (1)
Cong thuc lién tuc cho hat rin:
Ay1-Cy)Vy +AQ-C,)V, =A 1-C)V (2)
trong do:



Agi, A - 12 tiét dién 16p lo limg va 16p hat ;
Csd , Cb - 1a ndng do thé tich hat hat 16p lo limg va 16p hat;
Vsd, Vb - 1a van tdc l6p lo ltrng va 16p hat;
C - 1a ndng do thé tich hat (ndng do chung);
A - 14 tiét dién Ong;
V- 1a vén téc danh nghia dong hdn hop trong dng, V= Q/A;
Q- Luu luong chat 10ng.
Duéi diéu kién dong chay on dinh cong thirc 1, 2 thé hién bao toan khdi luong ciia hat va
pha chat 1ong. Sy lién hé giita cac tiét dién:
Ag+ A=A ( 3)
Néu 16p hat 13 tinh hodc chuyén dong tuong ddi cham, Vi c6 thé dugc bo qua boi gia thiét
rang 16p hinh thanh 14 tinh. Cong thirc 1,2 ¢6 thé dugce don gian thanh:
A CyVy = ACV 4)
Ay(1-Cy)Vy = AQ-C)V ®)

3.2. Cac cong thuc can bcir}g luc
Cong thire mo ta tong hop luc tac dong Ién 16p lo Iung la:
FsdG

dP
Ay (Ij =Ty Sg + TegpSsp + I ) (6)

VO : Tsd , 12 (g sudt truot trén thanh 16p lo ling, tsa 12 ing sudt trugt trén bé mit giao dién 16p lo
ling va 16p hat; Ssq, 1a chu vi w6t 16p lo limg, Ssab 1a chu vi wdt giao dién 16p lo ling va 16p hat;

dP . . x .
I la graddient ap suat; Fsge 1a trong lyc tac dong 1€n hon hop 16p chat 16ng phén tan lo ling, 1a

thanh phan chi chiu anh hudng boi do nghiéng cua éng va duge xac dinh:

Fye = P 9A, COSAIL, (7
Vi psd - Khoi luong riéng hiéu dung ciia 16p phén tan lo limg , xac dinh bai:
Psa = psCsd +pL(l_Csd) 8)

trong do: ps, pL-1a }(héi luong riéng hat hat khoan va chit 16ng khoan.
Cong thirc tong hop luc tac dong 1én 16p hat la:

Ab(d_Pj =TSy — TegpSeap + (ij + Fus 9)

dL dL) dL’
véi Fug 1a trong luc tac dong 1én 16p hat va dugc xac dinh:
F.c = p,0A cosadL (10)
Cong thic 6 co thé viét thanh:
dP 1
I = E [Tsd Sat F TsapSsan T Psg IAG 0059] (11)
d
Cong thuc 8 duoc viét thanh:
F, dp
E = =Ty Sy + TeapSeip — PpIA, COSO+ A I (12)

Két hop cong thirc 9 va 11 va rit F, dugc:
F, = {_ TpSy + TogpSegp — PpTA, COSO + E(Tsd Seg F TagpSstp T Py OA cosé’)}dL (13)
d
Tt trén, cho ‘ghéy luc Fp 1a lyc tac dong 1én 16p hat tao ra boi trong trudng, g suét chat
long va gradien ap suat. Ung suat truot trong ong xac dinh bai:

1
T = Epsdvsi 1:sd ( 14)
1
Ty = pr [Vb [Vb f, (15)



1 2
Tsap = Epsd (Vsd _Vb) foa (16)
trong d6: fua Va fsao 13 cac hé s6 ma sat, 1a ham cta sé Reynol. Theo Doron va Martin fig Va fsa duoc
tinh toan:

f, =0,00454 +0.645Re ™’ (Doron et al [4]) (17)

d t
fg, =hReP nq(D—p} (Martin et al [8]) (18)
sd

trong do: h = 0,966368; p = —’1,07116; g =2,34539, t = -2,34539, Dy 1;‘1 duong kinh thuy lyc 16p lo
ltmg , Ds¢=4Asd/(Ssa+Ssab). SO Reynol cta 16p lo g dugc sir dung dé tinh ca hai fsg va fsan, Resa =

PsdVsd Dsd/ HeL.
Hé€ s0 ma sat kho fy dugc tim ra tir quan hé thyc nghiém, dugc tinh toan dya trén duong
kinh thuy luc, cho béi [5]:
0.2
V. D
f, = 0,046[Mj , (19)
1ueL
trong do: Pb - Khéi luong riéng hiéu dung cua 16p hat , xac dinh boi:
Py = psC, +IOL(1_Cb) (20)

) LeL- d6 nhét dong luc hoc chit 16ng c6 thé 14y 1a d6 nhét cua nude, trong truong
hop chat long la phi Newton thi phai tinh toan theo d nhét twong duong Newton [1].

Dy-duong kinh thuy luc 16p hat, dugc xac dinh béi:

D, = A (21)
Sp + S

Gop cong thirc 1 va 2 sau d6 riit ra van toc trung binh ciia 16p phén tan lo limg, dugc:

Vi :(i)v _(i}/b (22)
Ay Ay

Khi 16p hat 1a tinh hodc truot twong d6i cham so vé6i 16p lo lung thi van tdc cua 16p hat co
thé 14 khong dang ké, diéu do néi 1én Vi ~ 0. Sau d6 cong thirc 1 va 2 duge don gian thanh:
A,CV,=ACYV (23)

Cong thue 22 cling dugce don gian thanh:

v ( A } 2
sd Asd

Tir cong thirc 23 va 24, cho thiy rang:
. Ca=C . L, (25)
Cong thuc 25 thoa man dudi di€u kién dong chay on dinh. Cong thirc 23 c¢6 thé bién doi

—VA 26
Asd_V_Sd (26)

Cong thirc 26 1a mot ham s6 ctia ysq chiéu cao 16p lo limg hodc yp chiéu cao 16p hat va van
tdc V. Chiéu cao cua 16p hat yp truc tiép anh huong boi van tde cuc bd cia 16p lo limg va ndng do
thé tich hat ciia n6. Mot sy thay dbi trong cac thong sb d6 1am thay dbi can bang luc va mémen.
Vian tdc can su ling cta hat (Vi) va hé s6 khuéch tan ciing 1a ham sb cua ndng do thé tich hat cua
16p hat phén tén lo limg (Csq). Vi vdy, chiéu cao 16p hat tinh c6 thé thu dugc bot tinh toan lap lai
clia toan bo cac cong thuc lién quan. Chiéu cao 16p hat thu duoc (yb), van tbe trung binh cua 16p hat
phan tan lo ling (Vsg) c6 thé nhan duoc tir dac diém hinh hoc mt cit ngang cua dng.

4. Hién twgng hat trugt xuong va Van téc chong trwgt nhé nhit

4.1. Hién twong hat truot xuong

Khi dong chat long hén hop chay qua doan éng ccos dg nghiéng di Ién, bang dp luc thiy dong
dong van tai tgo ra lam cad hat trong lop lo lung va hat trong [op hat chuyén dong lén tao sy van

thanh:
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tai cua dong chay. Tuy nhién, néu ap luc thiyy dong khong khong dat dén mét gia tri yéu cau can
thzet khong thang duogc luc tac dong len [6p lam [0p trieot xuong dan dén nguy co tac ong. Bé gidi
quyét van dé nay ta sé phan tich lyc tac dong 1én I6p hat dé tim ra diéu kién dam bdo 16p hat khong
tru"otxuong

Hinh 2

Luc thuy dong Fn tic dong 1am cho 16p hat xu huéng chuyén dong theo huéng dong van tai
dugc dua vao tinh toan thong qua luc ma sat thity dong Fur tic dong giita 16p hat va thanh 6ng (hai
luc nay co gia tri bing nhau nhung nguoc huéng). Luc ma sat nay dugc hop luc boi 2 thanh phan:
Luc ma sat kho Far ma duoc tao ra boi hat trén bé mit tiép xuc giita 16p hat va thanh dng va luc ma
sat ranh gidi Fy ngdn can 16p hat chuyén dong .

Fre = Far + for (27)

Luc ma sat khd duoc xac dinh bai tich hé sb ma sat kho va tong luc phap tuyén dua vao
16p hat, dugc chi ra theo cong thurc[6]:

Fa =n(p; — p, JgcoseC, AdL (28)

Luc ma sat ranh gidi Fyr 1a do su truyén Ung sudt tir bé mdt phan cach qua 16p hat. Bagnold
[2] cho thiy rang khi chat long chay trén su tich tu cua hat, co t6n tai mot (mg sudt phap tuyén trén
bé mit phan cach, ma duoc két hop voi tmg suit dua vao boi 16p chét 1ong [1]. Mbi quan hé do 1a:

T gy s dL | (29)
tg¢
trong do: 1 14 hé sb truot cho béi hat rin; ¢ 1a goc ma sat trong. Gid tri cua tgd 12 0,35 + 0,75 phu
thudc vao loai dong chay va tinh chat hat[3]. Gia tri cia 1 = 0,15 va tgd = 0,6 duoc d& xuit boi
Martin [7].
Tur do, ta co:

Fﬁ—n

o = |, - p Jgcosd, A 5 o )

Khi 16p hat trugt xudng trong doan dng nghiéng, su chuyen dong vé phia thip 1am ting su
lang dong trong ong. Thém nira, 16p hat s& dot ngdt trugt xudng khi chat long vén tai bi ngung tuan
hoan dan dén dong kin 6ng va tic ng. Nhu vy, ta phai can diéu kién chdng 16p hat trugt xudng.

4.2. Vin toc chdng truieot nho nhat (Vas)

Van toc chdng trugt nho nhit (Vas) 1a van tde ciia chat long 16p lo ling dé gilr 16p hat ¢
trang thai tinh. Ve c6 thé dap ung nhu 13 mot sw hudng dan dé ngan ngira sy truot xuong cua l6p
hat. Khi Fy, chinh bang d6 16n cta luc ma sat thiy dong Fre thi 16p hat 1a tinh. Van tdc chat 16ng lo
limg 13 van tc chdng truot nhé nhét (Vas) khi luc 1a bang nhau (Fp = Fir). Néu Fur >Fp 16p hat s&
trugt xudng. Lop hat truot 1én trong truong hop nguoc lai (Fp > Fr).

Khi 16p hat 1a tinh thi Fn = Fp, , dong thoi Iic d6 Vi = 0, Vg = Vas. Céc mg suat tré thanh:



1

Ty = Epsdvas fsd (31)

7, =0 (32)
1

Tsdp = Epsdvas fo (33)

T do, van tdc chong truot nho nhat (Vas) duge xac dinh boi can bang cong thirc 13 va 30
cung két hop cong thirc 31,32,33 , ta dugc:

_ |Aygcostlp, +n(p, —p)C,] (34)
as 1 Ab 77
- fo .S |1+————"—
2 Psd Tsdo sdb( Asd tg¢J

Dé dam bao 16p hat khong truot xubng, van tdc trung binh cta 16p 1o limg (Vmsd) phéi thoa
mén Vmsd 2 Vas .

5. Két luan

Tir dac diém nghién ctru trén cho thay khi van chuyen dong hai pha gdp doan duong ong
nghiéng c6 thé xay ra hién tuong trugt xuong ctia 16p hat, dan dén nguy co tic dng pha v& bai toan
van tai. Bang nghién ctru dac diém chuyén dong trong truong hop nay, di dua ra duoc diéu kién
chéng su trugt xudng ciia 16p hat dam bao an toan vén tai dong hai pha.
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