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THONG TIN BAI BAO TOM TAT

glﬁq trl;nhll 8/2019 Phdn mém dwa trén mé hinh ly thuyet Taitel and Dukler (1 976) chidp dung
anbai11/8/ cho dong chdy 6n dinh, chdt lwu la cdc chdt Iéng Newton trong dng ngang va
Chap nhan 06/9/2019 nghiéng bé so vdi phirong ngang (¢10°). M6 hinh bat ddu bang cdch xét su
bang online 31/10/2019 cdn bdng ctia dong chay phan tan”g (stratlf ied flow). Gid st ' rdng stratlf jed
Tir khéa: ﬂow dang xdy ra trong ong, cdc bién sé ctia dong chdy bao gom cd chiéu cao
Ché dé dong chay, cia pha I6ng tir ddy 6ng, dwoc xdc dinh. Phan tich sy cdn bdng ctia cdc pha
Hai pha ’ dé xdc dinh liéu dong chdy 6n dinh. Néu dong chdy 6 on dinh thi stratified flow
th’ ’ xdy ra thdt. Ngwoc lai, dong chdy khong én dinh thi dong chdy khdc ngoai
aLlong, stratified flow sé xdy ra. Do d6, ché do thdt ctia dong chdy sé dworc tiép tuc
Dong chay, xdc dinh. Tdc gid st dung Visual Basic for Applications (VBA) dé ldp trinh,
Phan tang. viét phdn mém va dung phwong phdp sé dé gidi cdc phwong trinh bdo toan
dong lugng, cdc phuong trinh diéu kién dong chdy, tiét kiém thoi gian, cho

két quad gan gid tri thdt hon so véi phwong phdp tra bdng hay do thi.
© 2019 Trwong Pai hoc Mo - bia chat. T4t ca cic quyén dwoc bao dam.
1. Mé& dau chay khac nhau nhw 1a van tdc hay dién tich chiém

chd chit1ong (liquid holdup).
(Shoham, 1982) dé xuit mét tip hop dinh
nghia vé dinh dang dong chay. Cac dinh nghia dwa

Sw khac biét co ban gitta dong chay mot pha
va dong chay hai pha khildngla sy ton tai ciia hinh

dang dong chay hay ché d6 dong chay trong dong
hai pha. Ché d6 dong chay dé chi hinh dang hinh
hoc ctia pha khi va pha 16ng trong 6ng. Khi pha khi
va pha 16ng dong thoi chay trong 6ng, hai pha nay
c6 thé phan bd theo nhiéu dinh dang khac nhau
tuy theo ché d6 dong chay. Pinh dang dong chay
khac nhau tuy theo sw phan bé trong khong gian
clia giao dién gitta hai pha, dan dén dic trung dong

“Tdc gid lién hé
E - mail: nguyennhuhung@humg.edu.vn

trén cac dir liéu thi nghiém thu thap dwoc trén
toan bd cac dai goc nghiéng bao gbm dong chay
ngang, dong chay 1én, chay xudng va dong chay
thang dirnglén va xudng. Hinh 1 cho thiy cac dinh
dang dong chay trong 6ng ngang va gan ngang.
Pinh nghia cac dinh dang dong chay dwoc néu rd
trong (Shoham, 2006).

Dong chdy phdn tdng (Stratified flow)

Ché @6 dong chay xay ra khi lwu lwong ctia ca
pha khi va pha 16ng twong doi thap. Hai pha bi
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a. Dong chay phan ting binh lang

e. Dong chay hinh khuyén
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g. Dong chay bong béng phin tan

Hwéng dong chay ;

Hinh 1. Cdc ché do dong chdy trong éng ngang hodic géc nghiéng nhé so véi phwong ngang (Shoham, 2006).

phan tach béi trong lwgng trong dé pha ldng chay
& phia dwdi, sat véi day 6ng, pha khi chay bén trén
phalong, st véi dinh 6ng. Dong chdy phan tang lai
dwoc phan nho ra lam 2 loai: phan ting muot
(stratified smooth) va phan ting song (stratified
wavy).

Dong chady gidn doan (Intermittent flow)

Dong chay gian doan dwoc chia ra lam 2 la
dong chay 6c sén hay nit (slug flow hay plug flow)
va dong chay bong bong thon dai (elongated flow).
Vé co ban hai dong trén c6 biéu hién twong doi
giong nhau vé hinh dang dong chdy. Dong chay
bong bong thon dai trwedng hop dac biét cia dong
chay ntut khi ma khéi chat16ng dang nit hay 6¢ sén
(slug) khong c6 cac bong bong nhé (khong ton tai
entrained bubble). Dong chay nay xay ra & & diéu
kién lwu lwong khi twong doi thap hon so véi dong
chay nat. Khi lwu lwgng chat khi tang 1én, khai chat
l6ng phia trwérc cia nat hoat dong nhw cudn xody
(gay ra bdi viéc chénh léch téc do gitra nit va khéi
chit I6ng nam phia dwéi khéi khi, chit 16ng bén
duwdi bi cudn, kéo 1én). Khi do ta goi la dong chay
0c sén hodc dong chay nat.

Dong chdy hinh khuyén (Annular flow)

Dong chay hinh khuyén xay ra dwéi diéu kién
lwu lwgng khi rat 16n. Pha khi chay trong 16i (gas

core) vGi van toc 16m va khi c6 thé cuén theo cac
hat chat 1ong bé (entrained droplet). Chit 16ng
chay doc theo thanh 6ng nhw dai phim mong, bao
quanh 16i khi. Diéu kién thuc té€ dong chay c6 thé
tim thay & (Nguyen, 2014, 2017; Mantilla, 2008;
Kouba, 2003).

Dong chdy bong béng phdan tan (Dispersed
bubble flow)

O diéu kién lwu lwong 16m ciia chat 16ng, pha
16ng 1a lién tuc va pha khi bi phan tan thanh cac
bong béng nhd, tach roi.

Taitel and Dukler (1976) dé xuat mo6 hinh dw
doan ché do dong chay hai pha khi 16ng trong 6ng
ngang va nghiéng bé va dwoc st dung rong rai
trong gido trinh vé linh vwc nay trén thé gidi
(Shoham, 2006). Vi cac phwong trinh tinh toan
trong moé hinh ly thuyét la phi tuyén, lai khéng
twong minh nén khi giai cac bai toan lién quan dén
xac dinh mo6 hinh dong chay, cac nghiém rut ra
thwong dya trén cic bang biéu, do thi da dwgc tinh
toan trwdc & diéu kién nhit dinh. Quy trinh nay
dwgc mo ta ro trong (Shoham, 2006). Do do, cac
nghiém thwong 1a gan diung véi gia tri thuc, chi
chwa phai la nghiém thyc. Bai bao nay sé gi¢i thiéu
mot phdn mém dé tinh toan ché do dong chay, cho
nghiém ding hon do ap dung phwong phap s6 dé
xac dinh cac théng s6 bai todn chir khéng phai tra
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béang, hay do thi.

2. M6 hinh ly thuyét Taitel and Dukler (1976)

Mo hinh nay 4p dung cho dong chdy 6n dinh,
chit lwu la cac chiat 16ng Newton trong 6ng ngang
vanghiéng bé so v&i phwrong ngang (£100). Sy qua
d6 (dong chdy chwa 6n dinh), hiéu &ng ctra vao
hay ctra ra déu c6 thé gy sai léch so véi sw dw
doan clia mo hinh. M6 hinh da dwoc kiém tra, so
sanh véi dir liéu thi nghiém dwoc thu thip cho dng
dwong kinh nhd, ap suit thip. Kiém tra, so sanh
v&i dirliéu thi nghiém cho 8nglén, 4p suit cao van
can dwoc nghién ctru thém. Chu y rang goc cho
dong chay di xuéng mang diu 4m ( - ) trong khi
dong chdy di 1én gbc sé mang diau dwong (+). M6
hinh bat d4u bang cach xét su cin bang clia dong
chay phan ting. Gia st rang dong chdy phan ting
dang xay ra trong 6ng, cic bién sé clia dong chay
bao gdbm ca chiéu cao cua pha 16ng tir day 6ng,
dworc xac dinh. Phan tich sw 6n dinh dé€ xac dinh

liéu dong chay 6n dinh. Néu dong chay 6n dinh thi
dong chdy phan ting xdy ra that. Ngwoc lai, dong
chay khong 6n dinh thi dong chay khac ngoai dong
chdy phan ting sé xay ra. Do dd, ché d6 that cta
dong chay sé dworc tiép tuc xac dinh.

2.1. Sw cdn bang trong dong chdy phdn ting
(Equilibirum Stratified Flow)

Sw can bang dwoc thé hién trong Hinh 2.
Trong d6: Ong nghiéng so véi phwong ngang goc
6 van toc trung binh ctia pha khi va 16ng 1an lwot
12 v va vi; mat cat ngang dng ciing dwoc thé hién
rd v&i sw chi€ém chd ctia pha khi Ag va pha 16ng A;;
dwong kinh dng d; chiéu cao ctia pha 16ng tir day
ong hy; chiéu dai vi phan 6ng AL; chiéu dai tiép xtc
cta pha khi v&i thanh 6ng Sg; chiéu dai tiép xuic cia
pha long véi thanh 6ng Si; chiéu dai tiép xtc gitra
hai phala S;.

Hinh 3 la sy mé& rong cta hinh 2 véi viéc hai
pha sé& dworc tach riéng tir thé tich xét va dit tit ca

Hinh 2. Sy can bang trong dong chdy phdn tdng, (Shoham, 2006).
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Hinh 3. Can bdng dong lwong ctia pha khi va pha I6ng, (Shoham, 2006).
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cac lyc 1én phén t6 thé tich. Trong dé: p 1a ap suat
trén mat cit ngang 6ng; Ap 1a chénh léch ap suit
gitra hai mat cit ngang dng; ps, o Ian lwot 1a khéi
lwong riéng ctia chit khi va chat 10ng; we va ww
Ian lwot 13 lwc ma sat trén mot don vi dién tich
gilra thanh Ong v&i chit 16ng va chat khi; 7 1a lwc
ma sat trén mot don vi dién tich gitra 2 pha khi va
16ng; g 1a gia t6c trong tredng. Déi véi dong chay
on dinh, b6 qua toc do thay ddi cia dong lwong
(rate of change of momentum) trén thé tich xét,
can bang dong lwgng tré thanh cin bang luec.

Sw cAn bang dong lwong hay luc cho pha 16ng
va khi duoc viét:

dP (1)
_AL _) - TWLSL + T]SI - pLALg Sln9 =0

L),

dp (2)

_AG —) — TWGSG + TISI — .DGAGQ sin@ =0

dL/¢

Trong do:

Tl 2 phwong trinh (1), (2), ta ¢ sw thay doi
ap suit trén mot don vi dai (pressure gradient)
cta chat khi va 16ng (v€ trai ctia 2 phwong trinh

(1) va(2))

—d—P) =1 S—L—Ti+ ﬂ sin9(1')
dL), WLAL IAL PLALQ
dP S S A (2
——) = Ty — T+ pg—— g sinf
L) WGAG IAG PGAGQ

Su thay déi 4p suit trén mét don vi dai cta
chat khi va 16ng 1a nhw nhau. Do d6, cho phwong
trinh (1) bang (2"), ta c6 (3)

S¢ SL+ S(l N 1)
Twe——TwL—+T —+—
WGAG WLAL I1°1 AL ‘_46 (3)

—(pL — pg)g sind =0

T4t ca cac bién c6 thé viét dudi dang khong
tht nguyén bang cach chon bién s6 d6 1on. d dwoc
st dung cho bién s6 d6 dai, d? cho dién tich va v,
vse 1an lwot cho van téc chit 16ng va chat khi. Cac
bién s6 khong thir nguyén dwoc ky hiéu véi dau
nga & trén dé phan biét véi bién twong ing c6 thir
nguyén.

(4)
S‘—SLE—hL/T—AL~ v, Vg
L_d'L_d,L_dzle_vSL’vG_vSG

Viét lai phwong trinh (3), thay thé cac bién
khong thir nguyén & (4) vao, dan dén phwong
trinh déng lwong két hop cta ca hai pha dwéi dang
khong thi nguyén.

P - S
x2|(5,d,) "ot = (5)
AL
o - Se S
—|(Beds) "V (= + =
Ag AL
S
+—=])|+4r =0
Ag

Hai nhém bién khong thir nguyén xuit hién
trong cong thic (5). X la tham s6 Lockhart
Martinelli; Y'1a tham goc nghiéng.

4C, (vaSLd>_n pLVE _ d_P) (6)
SL

XZ _ d 1258 2 _ dL
4Cg (pevsgd\ ™™ pGUS%G _d_P)
d U 2 dL/sg
(7)
__ (p—pc)gsin®  _ (pL—pclg sind
4Cq (Pcvscd)_m vang _d_P)
d U 2 dL/sg

Trong do6: ueva gy lan vt 1a d6 nhét ca chit
khi va chat 16ng; vs; va vs, 1a van tdc cta chit long
va chit ran néu chi c6 mot pha trong 6ng.

Tat ca cac bién trong cong thikc (5) la nhirng
ham ddc nhat cda do cao cia pha l6ng khong thi
nguyén h; nhu sau:

A, =0.25 [n —cos™Y(2h, - 1) (8)

+ (2h, - 1)J1 — (2h, - 1)2]

Az =0.25 [cos-l(zsz -1) 9)
~ (2R, 1)1 (2, - 1)2]
S, = —cos™*(2h, — 1) (10)
S¢ = cos™(2h, — 1) (11)
$ = |1-(2h, —1)° (12)
A Ap 3
V), === ,Vg ==

L . G A, (13)

Y P 44,
s - g _ 14
d=3t o= (09
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Do d6, da chirng minh dwogrc rang:
h, = h,(X,Y) (15)

Hinh 4 la d6 thi mang tinh tong quat cta
h,nhw 13 ham s6 ctia X va Y (dwa trén nghiém ctia
phuong trinh (5). Puong nét lién biéu dién cac
trwong hop ca hai pha khi 16ng déu & trang thai
dong chdy roi (turbulent flow, Ci=C4=0,046 va
m=n=0,2). Pwong nét dit la truedng hop pha ldng
& trang thai chay réi (C,=0,046, n=0,2) con pha khi
chay tang (laminar flow, Cs=16, m=1). Hai tip hop
cac dwong cong nay gan nhw nhau déi véi ong
ngang va thang ding di 1én, va trung khép 1én
nhau khi dong chay di xu6ng.

2.2. Pworng ranh gici dich chuyén giira dong
chdy phdn ting va khéng phdn tdng
(Stratified to Non - Stratified, Pwong A)

Cong thirc (16) vao (17) cho tiéu chuin dan
dén dong chay khéng phan ting néu dwoc thda
man.

ho\ (oL — pg)g cosBAg 0o
>|11—-——
Ve ( d ) [ 06S1 (16)
1 2S
P2 [—ZG—’ =1 (a7
(1—h,)" 4c
Trong dé

_ Pg Vsg (18)
(oL — Pc) \Jdgcoso

T4t ca cac tham s khong thir nguyén trong
(17) 1a ham cta h;. Do d6, dwong qua do phu
thudc vao 2 nhém bién khong thir nguyén h; va F.

Trén hinh 5 dwong qua do tir dong chay phan
ting sang khong phan ting dwoc datla dwong qua
dd A, trong d6 h,va F1a hai bién s6 thudc 2 truc.
Hinh nay la ban do6 ché d6 dong chay khong thi
nguyén da dwoc khai quat hoda, 4p dung cho ong
ngang, nghiéng v&i géc nghiéng bé.

h, 1a ham cta X va Y. B&i véi dong chdy ong
ngang, Y=0va h; chilaham cta X. Do d6, c6 thé két
luan rang ddi véi dong chay 8ng ngang, tiéu chuin
danh gia qua do tir dong chay phan ting sang
khong phén ting la ham cda X va F. Ban do ché do
dong chay khai quat héa cho 6ng ngang dwoc cho
trén Hinh 6, trong d6 dwong qua doé 1a A.

F
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x
Hinh 4. Chiéu cao c6t nwéc khéng thir nguyén
trong dong chdy phdn tdng, (Shoham, 2006).

10 v v .
Hinh I Bong bong phén
khuyén(a) B tén (DB)
10° D ﬁ
[ Gian doan (I) ]
5 10" N {10°
w Phan tang gon song (SW) E|
A K
107 10’
C
Phan tang binh ldng (55)
10° 10
0 0.2 0.4 0.6 0.8 1.0

h,/d
Hinh 5. Bdn d6 ché do dong chdy cho 6ng ngang
va nghiéng véi goc nghiéng bé (h_Lvs K, F, T),
(Taitel and Dukler, 1976).
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T T I Y T T T
Hinh khuyé&n {A) B Bong bdng phan tan (DB)

5 14’

\ F

Gidn doan (1) ] 10" or

X E  Phan ting gon séng (SW)
o A
1 [ 2
10 10
E /C 3
100 I . Phéan ting binh lang (55) N N 10-3
3 2 E 0 1 2 3 4
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Hinh 6, Bdn d6 ché dj dong chdy cho 6ng ngang
(Xvs K, E, T), (Taitel and Dukler, 1976).

2.3. DPworng ranh gici dich chuyén giira dong
gian doan hodc bong béng phdn tan véi dong
chady hinh khuyén (Intermitten or Dispersed
bubble to Annular, dwong B)

Barnea et al, (1980) dé xuit cong thirc tiéu
chuén dé danh gia sw dich chuyén qua do nay la

- h;,
h;, = 7 =0.35 (19)

Do d6 néu cu tric dong phan ting khong 6n
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dinh va h;, < 0,35, qua trinh chuyén déi ché do
dong chay sé xay ra. Nguoc lai, h; > 0,35, dong
chdy sé la dong chay nut hodc dong chay bong
béng phan tan. Pwong nay 1a dwong B thang dirng
trong ca hai Hinh 5, 6. Trong Hinh 5, dwong thing
dimg B tai h, = 0,35 trong khi & Hinh 6 tai
X=0,65.

2.4. Pwong ranh giéi dich chuyén giiva dong
chdy phadn tding binh Idng va dong chdy phdn
ting song (Stratified Smooth to Stratified
Wavy, dwong C)

Tiéu chuin d€ xac dinh qua trinh qua do tir
dong chay phén ting binh 1dng sang phan ting gon
séng nhu sau.

4 — cosf 05
ve = uL(pL — pe)g (20)

VLPLPGS

Twong tw nhw trwdc day, tiéu chuln trén co
thé duwoc viét dwdi dang khong thir nguyén

2
K>—— 21
Voo s .
Chu y rang: s=0,01. K 1a nhém khoéng thi
nguyén cho béi

Kz = FZRQSL (22)

Trong d6: Rela sd Reynolds 13y v&i van t6c vs.

Do d6, tiéu chudn qua d6 nay 1a ham ctia h; va
K nhu Hinh 5. & diéu kién 6ng ngang, sw qua do
nay la ham ctia X va K nhw Hinh 6. Pwong qua dé
nay goi la C, dwgc ap dung cho diéu kién dong
chay, trong d6 song bi giy ra bdi luc ct, xé trén bé
mat giao dién gitta hai pha.

2.5. Pworng ranh gici dich chuyén giira dong
chdy gian doan sang dong chdy bong béng
phdn tan (Intermitten to Dispersed Bubble,
dwong D)

DPudng dich chuyén nay dién ra & diéu kién
lwu lwgng chit 16ng 16m, chiéu cao chat 16ng trén
mit cat ngang lom va tién gan dén dinh dng. Pha
khi dwéi dang cac tdi khi méng & dinh 6ng do hiéu
trng cta lwe ndi. V&i van toc da 1on cha chit 16ng,
tai khi nay bi xé nho thanh cac bong béng phan tan
nho, tron 1an vao chit16ng. Do do, sw quéa do sang
dong chay bong bong phan tan xay ra khi sw giao
dong ctia dong chay réi trong pha ldong dt manh dé

vuot qua lye ndi, lwc nay c6 xu hwéng gitr khi dwdi
dang tti 16n & dinh 6ng.

Sw qua do dich chuyén sang dong chay bong
béng phan tan sé xay ra khi cong thirc (23) hoac
(24) dwoc théa man.

44 0 0.5
v, = [—Gg cos (1 —”—G)] (23)
S fL PL

Trong do: f;, 1a hé s6 ma sat cuia chit16ng
Tiéu chuin qua d6 nay ciing dwoc biéu dién
dudi dang khéng thir nguyén.

T? > L‘
= 52 (24)
Trong do:
_dpy o8
T dL/s. (25)

| (oL, = pg)g cosb

Do dé, tiéu chuin qua do sang ché d6 dong
chay bong bong phan tan 1a ham cta Ay va T trong
trwedng hop tong quat va ham ctia X va T cho dong
chay 6ng ngang. Ta c6 thé thay, dwong D trén Hinh
5 va 6 thé hién dwong ranh gi¢i qua do nay.

3. Lap trinh tinh toan

3.1. Cdac bwdérc gidi bai todn xdc dinh ché dj
dong chdy trong éng

Bworc 1

Xac dinh h;, tir cdng thirc (4). Cong thirc (4)
chtta mot 4n khéng twdng minh A;.

Bworc 2

Xac dinh dong chdy 1a phan ting hay khong
phéan ting

Néu bat dang thirc & cong thirc (16) hoic (17)
1a dung thi dong chay 1a khéng phén ting, mit 6n
dinh.

Bworc 3

Néu bat dang thirc & buwdc 2 khong dung, c6
nghia 1a dong chay trong 6ng la phén tang. Do do,
can xac dinh dong chdy la phan ting binh lang hay
phéan ting gon song.

Né&u bat dang thirc (20) hodc (21) 1a ding thi
dong chay la phan ting gon song. Nguoc lai, dong
chay 1a phan tAng binh lang.
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Bworc 4

Xac dinh dong chay la gian doan hodc bong
bong phan tan hay dong chay hinh khuyén.

Néu bat dang thirc & budc 2 ding, dong chay
1a khong 6n dinh, cong véi h;, < 0.35 dong chay la
hinh khuyén. Ngwoc lai, dong chay la gian doan
hodc bong béng phan tan.

Buéc 5

Khi h;>0,35 va dong chdy la mat 6n dinh.
Kiém tra dong chdy la gian doan hay bong bong
phan tan (23) hay (24), néu bat dang thirc ding,
dong chay la bong bong phan tan, ngwoc lai la
dong chay hinh nut hay 6c sén.

3.2. Sor do khéi thudt todn xdc dinh ché dé
dong chay

DEé xac dinh ché do dong chay ta c6 so do
thuit toan xac dinh nhw Hinh 7.

3.3. Lap trinh Visual Basic for Applications

Phin mém dwoc viét trén nén tang Visual
Basic for Applications trén co s& thuat toan da
dwoc trinh bay & muc 3.2. S6 liéu d4u vao 1a dwong
kinh 6ng (d), mat do chat lwu (p), o nhét (1), lwu
lwong chat lvu (vsg vs,) va géc nghiéng ciia 6ng
(). Két qua sé 1a ché do dong chay trong 6ng. Chi
tiét giao dién va cac s6 liéu dwoc trinh bay trén
mat cit giao dién & muc tiép theo.

4. Két qua
Bai todn 1

Cho dng ngang c6 dwong kinh d=0,05 m, dong
2 pha khi 1éng c6 dac tinh vat ly pe= 1,14 kg/m?,
=993 kg/m3, 146=1,9.10 -5 kg/m.s, 14=6,8.10 - *
kg/m.s. Lwu lwong 2 pha vse=3 m/s, vs1=0,1 m/s.

Xac dinh ché do dong chay trong 6ng.
Phin mém tinh toan cho két qua nhw Hinh 8

1. biéu kién van hanh: P, Q, W, vsg, vs,

2. Bién s6 hinh hoc: d, 9
3. Pac tinh vatly cta pha: p, 1

v

Cong thtrc (5)

Cong thirc (16)
hoac (17)

Cong thirc
(20) hoac (21)

Cong thirc (23)

! Phan ting
binh lang

Phan ting
gon sdng

hodc (24)

Bong bong
phan tan

Hinh 7. So d6 khéi thudt todn xdc dinh ché dd dong chdy.
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sau khi nhip cac s6 liéu dau vao. Ché d6 dong chay
la dong chdy phan ting gon song. Két qua nay
hoan toan trung khép véi bai toan dwa ra trong
(Shoham, 2006) nhung véi thoi gian ngan chi
dudi 3s.

Bai todn 2

Cho 6ng ngang c6 dwong kinh d=0,05 m, dong
2 pha khi 16ng c6 dac tinh vat ly o= 3 kg/ms2,
=850 kg/m3, 1=2.10 - * kg/m.s, =6.10 -3
kg/m.s.

Luwu lwong 2 pha vse=4 m/s, vs;=0,6 m/s. Xac
dinh ché d6 dong chay trong dng.

Twong tw nhw bai toan mot, khoang thoi gian
tinh todn ciing chi dwdi 3s, két qua dwa ra la dong
chay 6c sén hay nit, cling trung véi két qua trong
(Shoham, 2006).

5.Kétluian

Phin mém tinh todn dong chay hai pha khi
16ng trong 6ng thang, dd nghiéng <100 c6 thé xac
dinh dong chay trong 6ng ngang 1a mot trong cac
ché d6: dong chay phan tang binh ling, dong chay
phén ting gon soéng, dong chdy nut, dong chay
hinh khuyén va dong chay bong bong phan tan.

Phian mém c6 kha ning tinh todn chinh xac
cac bai todn xac dinh ché d6 dong chay trong ong
thing c6 d6 nghiéng bé (<100) véi khoang thoi
gian rat ngan néu so véi cach tinh toan thu cong,
str dung do thi va bang biéu.

Phin mém c6 thé dwoc str dung cho cong tac
giang day cho sinh vién hodc cho cac can bd ky
thuét trong thuec té tinh toan.

A B C D E F G H 1 K L M N a
Input Output Flow Pattern
Pipe Diameter d 0.05] Superficial Gas Re ‘ Rese ‘ 9000 Stratified to Non Stratified- Transition A
Pipe Cross Area A 0.001963 Superficial Liquid Re ‘ Reg ‘ 7301471 Stratified-Smooth or Wawy Transition C

Gas Viscosity ‘

5
=1
z
2

Gas Density Pe 114 Gas Velocity Ve | 5004847

Liquid Density PL 993 Liquid Velocity V. | 0249637 Transition B
Gas friction Factor fo | 0.007246) [
Liquid Friction Factor . | 0007764

1 Interface Friction Factor i 0.007446)

Intermittent or Dispersed bubble to Annular

Slug to dispersed bubble- Transition D

10 |Liquid Viscosity \ b | 0.00068
Dimensionless Variables
12 superficial Gas Velocity ‘ Vee | 3. Gas Wened Perimetsr ~ 5o~
13 |superficial Liquid VEID(iM Vs, | 01 |Liqu|d Level ~ ‘ e ‘ 0421594- Liquid Wetted Perimeter ~ =
N |Liauid Level | n | ooos Interface Perimeter ~ 5
15 Inclination Angle ‘ o | o- Gas Area~ A
16 [Hiquid Holdup [ H \0400581- Liquid Area ~ A
17 Optiens | Gas Hydraulic Radii ~ de~
18 |Shear3{re§s atwall ‘ T ‘ Liquid HydraulicRadii~ [
19| | Not Constant Friction Constant Friction |Shear5(ress atInterface ‘ il ‘ Gas Velocity~ %
20 Liquid Velocity~ v
21 - Lockhart Martinellie X
22 Inclination Angle Y
= -

Horizontal | Vertical ‘ [©)

Hinh 8. Théng sé ddu vao va két qud bai todn 1.
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Hinh 9. Théng sé ddu vao va két qud bai todn 2.
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ABSTRACT

Coding development for flow pattern detemination of two phase gas -
liquid flows in straight pipes with inclination angles less than 10°
Hung Nhu Nguyen 1, Trang Thu Thi Vo 2

1 Faculty of Mining, Hanoi University of Mining and Geology, Vietnam
2 Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam

The software has been written based on Taitel and Dukler Model (1976), only applicable for
Newtonian fluids and steady two phase gas - liquid flows which occur in horizontal pipes or the
inclination angle less than 100. The model starts with the equilibrium stratified flow and assumes it is the
case in the pipe and therefore variables of the flow are determined, including hL. Then, an analysis is
performed to identify if the flow is stable. If it is, the stratified flow occurs. Otherwise, a flow which is
different from stratified should exist and another analysis to determine the flow regime is the next step.
The author uses Visual Basic for Applications (VBA) to program and numerical methods to solve non -
linear and implicit equations which results in better results compared to conventional solutions gained

by scanning graphs and tables.



