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DAu nhiéu parafin

Lang dong parafin

Van chuyén diu nhiéu
parafin

Khd ndng vdn chuyén phu thudc vao cdc tinh chdt Iy hda, tinh chdt lwu bién
ctia lwu chdt va cdc ddc tinh dwong éng ding dé van chuyén. Ddu khai thdc
tai cdc mé & Vietsovpetro co ham Iu'(_)'ng parafin, nhiét dé dong ddc va do
nhét cao. Nhiét djg moi tru'o'ng nu'o'c bién Iuén thdp hon nhiét do déng ddc
clia ddu tir 5 -10°C. Hé théng dwong 6ng phdn Ién khong dwoc boc cdch nhiét
va khéng cé hé thong phdng thoi lam sach dwo'ng 6ng. Téc do Iang dong
parafin trong dwomng 6 éng dien ra rdt manh mé, gay nguy co lam tdc nghen
duong 0 ong vdn chuyén. Bai viét nay trinh bay két qua nhu’ng nghién ctru ly
thuyet va thuc nghlem nhu'ng qud trinh thuy dong lwc c6 trao doi nhiét nang
ttr dé cho phep xay dwng voi do chinh xdc khd cao mé hinh tinh todn mé
phdng ché do lam viéc 6n dinh va khéng on dinh cta dwong 6 ong bom vdn
chuyen cdc chdt Iong c6 tinh I bién phu'c tap trong nhitng diéu kién lam
viéc khdc nhau, vé hoat dong ctia dwdong éng vdn chuyen dau nhiéu paraﬁn
ciing nhw tinh trang ldng dong parafin trong dwong 6ng vdn chuyén dau &
Vietsovpetro.

© 2017 Trwdong Pai hoc Mo - Pia chit. T4t ca cac quyén dwgc bao dam.

1. M¢& dau

can phai tién hanh nghién ctu truéc cong nghé
bom van chuyén dau thd nhiéu parafin bang

Qua trinh van chuyén chat lwu cé dic tinh lwu
bién phi Niu-ton bang dwdong 6ng ngdm 1a nhirng
qua trinh phic tap va ton kém, dic biét trong
nhitng diéu kién phirc tap nhw: cong suit bom
nho, lwu lwong van chuyén nho, lwong nhiét ton
hao 1én, nhiét do clla moi truong xung quanh
dwong dng thap ...Trong nhitng diéu kién nhw vay,
dé van chuyén diu nhiéu parafin dwoc an toan,

*Tdc gid lién hé
E-mail: vunh.pt@vietsov.com.vn

duwong 6ng.

2. Nghién ctru sy hoat dong cia dwong dng
van chuyén diu nhiéu parafin

D€ c6 thé lwa chon cong nghé hodc ché do
nang lwong hiéu qua cho bom vin chuyén diu
nhiéu parafin nhit thiét phai c¢6 nhitng dw bao
chinh xac cic thong s6 lam viéc clia dwong dng
trong nhirng diéu kién vin chuyén khac nhau.
Trong thuc t€, khi bom vin chuyén chat 16ng phi
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Niu-ton qua cac dwong ong & ché do lam viéc 6n
dinh va khong 6n dinh, nhitng phwong phap tinh
toan dw bao cac thong s6 cong nghé ctia cac doan
dwong 6ng & nhitng ché d lam viéc khac nhau
dwa vao cac gia tri trung binh ctia nhiét do va van
téc bom trén thiét dién dwong 6ng thudong cho két
qua v&i sai s6 dang ké.

Nhirng nghién ctru ly thuyét va thue nghiém
nhitng qua trinh thiy dong lwc cé trao d6i nhiét
nang da cho phép xay dung v&i do chinh xac kha
cao md hinh tinh todn mé phéng ché do lam viéc
on dinh va khong 6n dinh cia dwong 6ng bom van
chuyén cac chit 16ng c6 tinh lwu bién phic tap
trong nhirng diéu kién lam viéc khac nhau (vé diéu
kién trao doi nhiét véi moi tredng xung quanh)
(Gumerov A.G va nnk.,, 2001). M6 hinh nay dwoc
xdy dung dwa vao 101 giai theo phwong phap hé
phwong trinh vi phdn phi tuyén tinh khéng 6n
dinh c6 dao ham riéng, ranh gi¢i xac dinh qua
nghiém cta phwong trinh chuyén déng & ché do
chdy ting (Shutov A.A, 1994; Shutov A.A, 1997;
Shutov A.A, 1999) va mdt s6 cong thirc ban thuc
nghiém mé ta ché do chay rdi cia chit lwu c6 tinh
lwru bién phikc tap.
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Khi nghién ciru dwong 6ng lam viéc & moi
trwong c6 nhiét do thay doi trong diéu kién phirc
tap nhw céng sudt bom nhé cung véi sw ton hao
nhiét nang ra bén ngoai lém, phai tinh dén sw co
hep cua thiét dién chay trong dwong 6ng do sw ¢
mat ca mot ving dau dirng yén va dong thoi cling
can xem xét kha nang xuit hién ché d6 dong chay
“nhiét ddong hoc” (hiéu trng chat lwu tw néng 1én tir
tir trong vung cin bén trong thanh éng) (Gonor
AL, Trulkov A.A, 1991).

Phan tich hinh anh vat ly cia dong chay nhw
trwdng nhiét do va van téc cia chit lwu trong
dwong 6ng (Hinh 1, 2) da ly giai cho sw khac biét
cta két qua thu dugc theo hé s6 can thuy lwc cia
doan dwong 6ng. Cu thé: Khi nhiét do cua dong
chat lwu gidm xudng, ta thay c6 sw xuat hién cia
cac vung chatlwu dirng yén - viing “yén lang” (xem
Hinh 1), dic biét & ving cin thanh dwong 6ng, dé
cling 1a mot trong nhirng dic diém cta tinh lvu
bién & dau nhiéu parafin - xuat hién cac lang dong
& nhiét do thap.

Vung “yén ldng” lam giam thiét dién lam viéc
dwong 6ng va chat Iwu cé tinh chit lwu bién phirc
tap sé chdy qua dwong 6ng véi 2 kha nang:

- Trwong hop thir nhit, gia tri dong nang va
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Hinh 1. Phén bé vén téc chdt lwu trong mdt cdt tai viing duomg 6ng duoc lam néng, lwu lwong vdn chuyén
qua dwong éng nhd; I- Vung chdt lwu ¢é dong chdy; II- Viing yén Idng (W=0).
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Hinh 2. Phén bé nhiét do chdt lwu trong mdt cdt tai viing duong 6ng duwoc lam néng va lam viéc trong ché
do Iwu lwong vdn chuyén qua dudng 6ng nhd.
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nhiét nang cta dong chay khong du, vung “yén
lang” gidm thiét dién lam viéc cia dwong Ong, gid
tri can thdy luc ting nhanh, doan dwong ong sé
dong ctrng lai va khi d6 phu hop véi ly thuyét kinh
dién.

- Trwong hop thi hai, may bom cung cip du
dong nang va nhiét nang cho dong chay cua chat
lwu dé c6 thé dam bao cho hé théng hoat déng
twong thich. Khi d6 sw giam di cta thiét dién chay
lam cho van téc cda chat lwu tang l1én, twong rng
gia ting gradient van téc & khu vure cin ving “yén
lang”. Hién twong nay lam cho chat1ong & ving dé
tw néng 1én va hinh thanh ché d6 chay “pha v
nhiét dong” va tao ra kich thwéc moét vung “yén
lang” 6n dinh. Nhw vay, bai toan van chuyén diu
bing may bom qua hé théng dwdng ng c6 dwong
kinh 1ém, Iwu lwong nhd, tén hao nhiét ning nhiéu
tré thanh twong tw bai todn van chuyén dau véi
van téc twong doi cao, dwong 6ng c6 dwong kinh
nho va duoc boc cach nhiét (hé s6 din nhiét cla
diu trong “vung yén ling” vao khoang 0,134
W/m.oC). Sy cach nhiét va vin t6c bom ting
twong rng véi thoi gian chitlwu néng & trong moi
trwong lanh xung quanh it di, mot phan chat 16ng
khong bi lanh, hé s6 can thiy lwc ctia doan dwong
ong dwoc On dinh véi gia tri twong d6i nho hon.
V&i dong chay ctia chit Ivu ¢é tinh lwu bién phirc
tap, cac quan hé tiéu chuin cho ché do “pha vo
nhiét dong” c6 dang tuyén tinh nhw trwomg hop
chat1éng Niu-ton trong diéu kién ly twdng (Gonor
AL va nnk, 1991), xay dwng theo phwong phap
toan hoc rat kho khin. Cac thong s6 cong nghé cta
dong chay véi s On dinh cta viung “yén lang”
nhin dwoc cho tirng dwong 6ng cu thé, tirng loai
dAu parafin khac nhau chi ¢ thé nhin dwoc thong
qua nhitng md hinh tinh toan.

Nhén xét tiép theo la viing “yén lang” thuwong
tao ra khi nhiét d6 moi trwedng thap hon nhiét do
déng dac ctia diu vi thé chatlong duwdong nhw duoc
“mdc 40” vao mua dong va khi nhiét 6 moi trweomng
tang 1én né dan dworc cdi ra.

Cac két qua tinh toan ly thuyét thu dworc kha
pht hop véi s6 liéu ghi nhan thuc té cia cac dwong
ong van chuyén dau parafin lam viéc theo cac ché
do6 khac nhau vi nhirng hoan canh bat budc phai
lam viéc véi gia tri lvu lwong nho.

3. Lang dong parafin trong dwong 6ng van
chuyén diu & Vietsovpetro

D&u khai thac & cAc mé thudc Vietsovpetro la
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Hinh 3. Ham lwong phdn bé parafin vdi cdc ddi
carbon trong ldng dong.

loai diu nhiéu parafin, c6 6 nhét va nhiét dé dong
dac cao. Trong khi d6, nhiét d6 méi truedng nwéc
bién xung quanh dwong dng & mirc rat thap (T
Thanh Nghia va nnk, 2015). Cac tinh toan md
phong (Nguyén Hoai Vil va nnk.,, 2016). cho thdy,
sau khi di vao hé théng duong 6ng ngam khong
boc cach nhiét thi chi khoang 2-3 km, nhiét do cta
dau trong duwdong 6ng sé gidm xudng bang nhiét do
cta nwée bién & viing cin day, tirc dao dong & mirc
23-280C, thap hon nhiét d6 dong dac cia dau dén
khoang 10°C va nhiét dd bat ddu xuit hién tinh thé
pararfin trong dau khodng 35°C. Trong trwong
hop van chuyén diu parafin bang dwong 6ng boc
cach nhiét khoang cach xa tai mot s6 mo cia
Vietsovpetro van phai thuc hién van chuyén &
trang thai chat 16ng phi-Newton, dwdi nhiét do
xudt hién tinh thé parafin va nguy co lang dong
parafin 16n dan dén dwong dng bi bé hep, giy tic
nghén. Trong nhiéu trwong hop cé thé phai dirng
khai thac mo, gay hau qua nghiém trong.

Déi véi dau khai thac & mo Bach HS, Rong va
cac mo két n6i khiac cta Vietsovpetro, c6 nhiét do
bat dau xuit hién cac tinh thé pararfin trong dau
la 58-600C, véi ham lwong phan bo cua cac hop
chat hydrocarbon c6 trong parafin thi phan 16n la
cac hydrocarbon cé s6 nguyén tix carbon tir 30
dén 40 (Phung Binh Thyc va nnk., 2003) (Hinh 3).

Két qua nghién ctru ldng dong parafin d6i voi
mau dau khai thic tai mé GAu Trang cuda
Vietsovpetro theo nhiét do thuc hién trén mo hinh
ngon tay lanh (Tran Van Vinh va nnk, 2015) (Hinh
4) cho thay:

- O nhiét do van chuyén dau trén 65°C: ling
dong parfin khong dang ké;

- DPén 35°C, lang dong parafin la: 1,0
kg/m2/ngd;
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- DPén 30°C, lang dong parafin la: 3,5
kg/m2/ngd;

- DPén 25°C, lang dong parafin la: 10
kg/m?2/ngd.

Bén canh nhitng két qua nghién ctiu thi
nghiém néu & trén, mdé phéng diéu kién vin
chuyén & nhiét d6 va lwu lwong thip trong dwong
ong cho thiy, dau chuyén dong trong dwong 6ng
c6 tinh chat lwu bién cta chit 16ng moé hinh
Bingham, bén trong duwdng 6ng dan dau sé xuat
hién cac ving & dong parafin “mém” hodc vung
“yénling” (dau dong). O doan dau ctia dwong Ong,
khi nhiét d6 trung binh cta diu con cao va con
mang tinh chit ctia chit 16ng Newton. Tuy thudc
vao lwu lwgng van chuyén dong chay cta diu &
day c6 thé & ché do chay roi, nghia la dau chuyén
dich theo toan bd tiét dién cia 6ng. Khi nhiét do
trén thanh dwong 6ng thip hon nhiét d6 bat dau
két tinh parafin, thi bén trong dwong 6ng cé thé da
bit dAu xuit hién vung ling dong parafin “mém”.

12 -

Tuy nhién, van t6c lang dong parafin khong dang
ké, nén bé day cta l¢p lang dong parafin dwoc ghi
nhan 12 nhd, nghia 13, vin dé lang dong parafin
chwa dang lo ngai. Trweong hop dwong 6ng co kich
thuwée 16m, van toc dong chdy thap, diu sé nhanh
chéng bi ngudi di. Khi dat dén nhiét d6 téi han,
dong chay sé chuyén sang ché d6 chay ting va
nhiét d6 du tai thanh éng c6 thé nho hon nhiét do
trung binh cia dong chit 16ng dén 8-10¢C.

Nhuw da trinh bay & trén, tinh chatIwu bién cia
dAu van chuyén phu thudc rit 1én vao nhiét do. O
nhiét d6 thip, dau cac mo cua Vietsovpetro biéu
hién tinh chit cta chit long phi Newton va cin
phai tic dung vao dau mot rng suit nhat dinh dé
dau c6 thé dich chuyén goi la &ng suit treot dong.
U'ng sudt truot dong ndy phu thudc vao su thay
d6i nhiét do theo tiét dién 6ng. Hinh 6 mo ta sw
phén b6 (rng suit theo tiét dién ngang ctia dong
chay.
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Hinh 4. Ldng dong parafin theo nhiét o ctia ddu khai thdc chuwa xir ly trén mé hinh nghién ciru
“Ngén tay lanh”.

Phan bé vin t6c dong chay

('ng sudt truot

’
4
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Hinh 5. Sw phdn bé itng sudt truot ddng hoc ctia dong hén hop theo tiét dién 6ng.
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U'ng sudt trwot dong t tao bai dong chat 1éng
phu thuéc vao mic do6 chénh léch ap suit va
khoang cach dén tAm dwong dng, cang cach xa tim
dwong 6ng, gia tri rng suit trweot déng ctia chit
l6ng cang lén (Hinh 5). Lép chit 16ng sé chuyén
dich twong ng néu nhw gia tri &ng suit trwot
dong 1 tao do may bom tac dong 1én dong dau 16mn
hon rng suit treot dong ciia nd. Ngwoc lai, 16p
diu dé sé khong dich chuyén va & dong trong
dwong 6ng. Theo thoi gian, ciu tric khong gian
cta vung & dong nay dan tré nén bén virng va rat
khé c6 thé bi ddy ra khéi dwong dng. O ché do
dong chdy tidng cua chit long Bingham trong
dwong 6ng khong boc cach nhiét véi leu lwong
thip thi sy xuat hién viing & dong 1a khong tranh
khoi. Bé day ving &t dong chat1dng sé dan tang1én,
dan dén tiét dién 6ng bi thu hep, két qua 1a van toc
dong chdy trong phan lwu chuyén con lai cta
dwong 6ng sé tang.

Thuc té van hanh dwong 6ng khong dwoc bao
on nhiét & cac moé dau cua Vietsovpetro cho thiy,
khong cin doi thoi gian dai ma chi sau khi dwong
ong dwoc dwa vao van hanh da xuat hién tinh
trang néu trén. Sw phan bd cic ving & dong va
kich thwéc cia ching c6 thé thay doi khi ta thay
d6i cac thong s6 bom dau. Khic phuc tinh trang
nay bang cach ting lvu lwgng dong chay hoic ting
nhiét d6 dau vin chuyén trong éng sao cho rng
suit truwgt dong tao nén du dé thang do bén cua
c4u tric cac chat lang dong.

Nhuw vay, nguyén nhan ctia nhitng phirc tap
trong van chuyén diu nhiéu parafin bang dudomg
ong khong boc cach nhiét hay dwong dng boc cach
nhiét nhwng c6 chiéu dai lém va c6 lwu lwong thap
12 sw hinh thanh 16p 1dng dong parafin va xuit hién
cac vung « dong dau dong v&i nhirng do day va
chiéu dai khac nhau. Khi viing & dong hinh thanh
trong 6ng va day lIén theo thoi gian sé lam cho kha
nang lwu théng cta dng bi giam di dang ké.

Nhw vy, khi vin chuyén dau nhiéu parafin
trong diéu kién nhiét do thip, hay lwu lwong qua
nho theo dwong dng ngdm dwédi day bién khong
hodc c6 boc cach nhiét thi nguy co hinh thanh cac
r dong bén trong 6ng la rat cao. Khéng nhirng thé,
qua trinh ldng dong parafin tham chi c6 thé xay ra
tram trong ngay trén thanh éng khai thac cta cac
giéng. Trén co s& md hinh héa va két qua thuec té,
bén trong duwdng dng dan dau khong boc cach
nhiét ludn ton tai mot 1op lang dong parafin day
khoang 20 - 30 mm. Khéi lwgng va thanh phan cta

16p lang dong phu thudc vao thoi gian van hanh
dwong 6ng, nhiét d6 va thanh phan ctia dau. Hinh
6 1a hinh anh thuc t€ lang dong parafin trong
dwong 6ng van chuyén dau tir RP-1 mé Rong dén
FSO-3 & mé Rong (mAu dwong dng duoc 14y trong
thoi gian stra chira cum van phin dong ngam
(PLEM) va thay thé 6ng mém FSO-3 & mo Rong).
Bang 1 la két qua mé phong tinh toan thuy lwc
duong dng véi nhivng do day cac 1op lang dong gia
dinh khac nhau trong dwong RP-1—FSO-3.

Tém lai, trong diéu kién van chuyén dau
nhiéu parafin bang dwong 6ng ngdm ngoai khoi &
cac mo cda Vietsovpetro c6 thé xay ra nhiéu khé
khan phttc tap sau:

- Cac ddc tinh lwu bién cia diu trong dwong
ong x4u di do van chuyén dau dwdi nhiét d6 két
tinh parafin, gy ra sy hinh thanh cic ciu trac
mang parafin va lang dong trong dudng ong, két
qua 1a lam gia ting ton hao ap suit van chuyén
dau, dau c6 thé bi “ddng dic” giy tic nghén dudng
ong va phai dirng hoat dong, gy dinh tré cong tac
khai thac van chuyén dau va khi.
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Hinh 6. Ldng dong parafin RP-1 — PLEM (FSO-3)

Bdng 1. Ldng dong parafin trong éng khéng
boc cdch nhiét RP-1 — PLEM (FSO-3).

Chiéu day| Ténhao | Thétich | Thétich
lang dong,| 4p suit, |l&p parafin/dng con lai,
mm at m3 m3

0 4.7 0 3529
10 5.2 190 3339
20 6.4 374 3155
30 9.0 554 2975
40 12.0 728 2801
50 17.1 896 2633
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- Gidm tiét dién dong chay ctia dwong dng do
sw tich tu 1dng dong keo-nhwa-parafin trén thanh
dwong 6ng va sw hinh thanh ving dau & dong,
giam kha nang lwu chuyén ctia dwong ong.

Nam 1986 thuc té van chuyén ddu & mo Bach
H6 bang dwong dng khong boc cach nhiét tir gian
c6 dinh MSP-1 dén Kho ndi chita xuit dau FSO
Crum cho thay, do nhiét d6 trong dwong dng gidam
qua nhanh, mic du dwong ong chi dai 1,6 km
nhung van bi tic nghén do dau bi déng trong
dwong 6ng va qua trinh van chuyén dau da phai
tam dirng.

Nam 1996, dau khai thic tai khu vuc Dong
Nam mé Rong dwoc vin chuyén vé gian cd dinh
RP-1. Khi dén RP-1 diu c6 nhiét dd bang nhiét do
moi treong nuwde bién, dwoc hoa tron véi dau RP-
1 va vén chuyén vé gian cong nghé trung tim CPP-
2 mo6 Bach Ho theo dwong 6ng RP-1 - RC-1 - BT7
— CPP-2. buong 6ng nay khong dwoc boc cach
nhiét, c6 chiéu dai 34 km va c6 cac dwong kinh
khac nhau. Sau khi dwong 6ng dwa vao van hanh
dwoc 6 thang da phai dirng khan cip, ma nguyén
nhan do 1a viing & dong/lang dong parafin “mém”
lam tiét dién thuc cia dwong 6ng bi bo hep, kha
nang lwu chuyén bi han ché. M6 Roéng da phai
dirng khai thac.

4. Kétluan

Trong thuc t€, rat kho khan dé c6 thé dwara
cac két luan chung vé sy khac nhau cta thong s6
cong nghé van chuyén dau nhiéu parafin do méi
dwong 6ng va ddu ma né van chuyén lam viéc
trong nhirng diéu kién khac biét.

Khi két hgp md hinh Iy thuyét véi s6 liéu thue
nghiém thu dwoc cé thé xac dinh nhitng ché do
dong chay véi tdc dd hinh thanh cac chit ling
dong la chdm nhat tir d6 tim ra gidi phap cong
nghé t6i wu theo hwéng lam giam di lwong chit
ling dong bam vao bén trong thanh cta dwong
dng bang cach thay déi luu lwong van chuyén va
tinh chat cta chéit lvu.

Nhitng thach thirc va phirc tap trong van
chuyén dau bang dwong ngdm & Vietsovpetro bat
nguon tir tinh chat dic treng cia dau (ham lwong
parafin, d6 nhét va nhiét do dong dac cao), dac
tinh hé théng duwong 6ng hién hitu (khdng dwoc
boc cach nhiét), dau van chuyén trong diéu kién
moi treong nhiét do nwdc bién thap,... da gy ra
hién twong ling dong parafin trong qua trinh vin
chuyén.
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ABSTRACT

The study of the operation of transportation pipeline with high-
Pareffin-content oil in the specific operating condition of
Vietsovpetro Join Venture

Vu Hoai Nguyen 1, Tuan Duc Phan 1, Tan Ngoc Tran 1, Trung Van Nguyen 1, Son Trung Pham
1, Nam Van Le 2

1 Vietsovpetro join venture, Vietnam
2 Faculty of Oil and Gas, Hanoi University of Mining and Geology, Vietnam

The study shows transporting capacity of the pipeline depends on the physical and chemical
properties, rheological properties of the fluid being transported and the construction characteristics of
the pipeline. Oil produced in Vietsovpetro's fields has high content of paraffin with high freezing
temperature as well as viscosity. Seawater temperature is always lower than the freezing temperature of
the oil from 5-10 degree C. The pipeline system is almost non-insulated terminal and has no shuttle
system to clear pipeline. Rapidly deposition of paraffin in oil causes high potential risk of pipeline jam.
This article shows the theoretical and empirical studies of hydrodynamic processes have heat exchange,
that allow for the construction of highly accurate modeling simulation for steady and unstable flow of
transportation pipeline the liquid with complex rheological properties in the orther of operating
conditions, the current operation of transportation pipeline with high-content-paraffin oil and also the
deposition of paraffin in Vietsovpetro pipeline.





