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Tom tét

Trong Tinh vuic khai thac khiva condensate, viéc xirly dong v chét phu thudc vao p sudt titng giéng va 4p sudt tai dsu vao hé thang
«ong nghé xi Iy Dé ¢6 thé tiép tuc thu hoi khi va condensate tai cac gigng da suy giam dp sudt ddng thin v céc giéng khac van cho sén
lugng va ap st 6n dinh, thong thudmg cac phusang phap sis dung thiét bi bé mat duoc nghién cu dénh gia tinh kha thi vé ky thuat cing
nhu ddm bao hiéy qua kinh 1¢. Hai phuang an diing thiét bi bé mat thong thubng 13 may nén khi udt 3 pha va Ejector. So véi vié sit dung
mdy nén khi uat thi phuang an sis dung Ejector mang lar nhiéu lgi ich nhu chi phi déu tu va van hanh thap, day la mot thiét bi ¢6 cau tao
gon nhe, d tin cdy (30 va than thign mdi trydng, Tuy nhién, dé dua dén quyét dinh dau tu thi cdn phai ¢6 mt md hinh tin cdy gilp phan
tich khd nang lam viéc, hieu suat hoat dang cing nhy tinh toan chinh xac ty 1 san pham thu héi duge gia tang. Trong nghién ciiu nay,
két qua cda ma hinh CFD st dung hon hap khi ing duac so sanh vai md hinh tuang duang chi st dung methane. Su khac biét cia 2 md
hinh duoc si dung dé phan tich tinh chinh xac va hiéu qué cda viec nghién ciiu ap dung Ejector khi ty nhién gia tang thu héi cho giéng
suy gidm ap sudt. Dong chay cua luu chdt bén trong thiét bi Ejector dugc md phéng dua trén mé hinh rGi k-¢ Re-Normalization Group.
Chat luu 13 hdn hap khi tu nhién ¢o thanh phan cau td theo diéu kidn mé Hai Thach. Phuang trinh khi thic Peng-Robison tinh toan ty
trong hon hop khi.

Tirkhoa: Ejector, mé hinh CFD, nang cao thu héi khi/condensate, mo Hai Thach.

1. Gigi thiéu €6 4p sudt cao hodic diu ra cua hé théng xur Iy khi ¢d ap

Viéc duy tn khai thac dong thai nhiéu giéng khi con-
densate dat ra thach thuc lon trong diéu kién ap suat dau
vao hé thong xy ly khi la khong thay doi (ty 56 nen ¢6 dinh
khi thiét ké hé thong). Khi ap suadt bé mat gidm xudng
dudi ap suat dau vao cua hé thang xu ly, giéng sé kno~g
<bn kha nang khai thac khi dong ¢hay tu nhién cua giéng
khong duoc duy tri. Lac nay, luong khi cis cac giéng thip
ap ¢6 thé phai bi dot chdy dudi dang khi thai hodc hé
théng cong nghé phai lip dat thém mdy nén khi 3 pha
trung gian dé tiép tuc duy tri san xuat. Phuong an s dung
may nén khi tu nhién 3 pha trung gian dé tao dong chay
v30 hé thong xtly cho cac giéng nay dorhoi chi phi déu tu
va van hanh cao, 16n kem thai gian trién khai.

Trong khi do. thiét bi Ejector c6 thé gidi quyét baitoan
trén bang viéc s dung dong khi dan déng tu cac giéng
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sudt cao hon ¢4 ap sujt dusng 6ng van chuyén. Ngoai ra
trong nhiéu truang hop, thiét bi Ejector con s dung nang
Iu.c!ng.dén dong t nquén sa cdp I3 giéng p sust cao dé
<6 thé tan dung téi da nang luong tu nhién titrong via va
ho'an‘(oan khong ¢an thém nguén nang luang nao khac
hay san sinh thém chat thai ra ngoai méi truang.

. Tvénl thé gior da ¢6 cac nghién cdu vé tinh kha thi va
h!E'U qua’ cua Ejector trong viéc gia tang thu héi cho cac
giéng ddu khi & cué chy ky khai thac. Nhom tac gia da
nghién ciu xay dung mé hinh mg

o phong do 3
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2.Co s& ly thuyét va phuong phap nghién ciu
2.1.Nguyén Iy van hanh cta thiét bi Ejector

Ejector d3 duoc Ung dung trong cac linh vyc cdng nghiép
¥hac nhau. Ejector la thiét bi hudng ddng dan gian véi 2 céng
Ity chat dau vao (Primary/Secondary Flow - C8ng luu chat so
cap/thu cap) va 1 cdng phén tan (Oiffuser). Nguyén ly co ban
c0a thiét bi 1a tao ra p sudt am tai khu vuc budng hut bing
cach cho dong chdy luu chat &p suét cao di qua khe hd hep dé
hot ddng ap suat thap tai cdng thu cap. Sau d6, 2 dong chay
luu chat dugc tron bén trong khoang déu vao (suction cham-
ber), 6ng tron (mixing tube/chamber) va phan tan ¢ mét s6
4p sudt trung gian dugc xem Ja ap sudt ngugc {back pressure,
P, hay cdn goi 3 4p sust déu ra (discharge pressure). Ap suat
chan khong 120 ra luc hat luu chat tai cdng thy cap, duoc
sinh ra bdng cach tang téc dé cta dong chay luu chat so cap
di qua voi phun hai tu. Vé co ban, Ejector <6 § bd phan: voi
phun héi tu, buéng hat, buéng trén, bd phan phan tan nhu
Hinh ¥ (1).

Trong linh vuc dau khi, Ejector duoc nghién cdu dé gia
tang thu héi cho cac giéng & cudi chu ky khai thac, thu héi khi
bay hai (c6 nhiét trj cao) cua tau chua déu tai moé hoac Ung
dung vao viéc hat cac chat 1dng ngung tu can day giéng. Cac
Ejector dugc sir dung véi cac loai luu chdt ma khong can dén
chat béi tran, chi gém cac chi tiét thu déng don gian, déng tin
cdy, chi phi thap va gan nhu khéng can bao tri. Tuy nhién, day
13 thiét b ¢6 hiéu suat thap va phu thuéc vao rat nhiéu vao cac
yéu té thiét ké va van hanh [2).

2.2. Tinh kha thi ciia nghién citu gia tdng thu héi cho mé diu
va khi/condensate bdng thiét bj Ejector

Teén thé gidi, thiét bi Ejector da dugc nghién cdu trién khai
va ing dung réng rai trong nganh cong nghiép khai thac khi
ty nhién v ung dung gia ting thu héi bat dau tU nhirng nam
1990 (3, 4). M6t s6 nghién cu dién hinh nhu: Green, Ashton va
c6ng su nghién cdu Ejector trong phong thi nghiém va sau 6
triénkhai thyc dia giup gia tang khodng 25% va 41% san luong
(tvong Ung 25 triéu ft* chuan/ngay va 15 triéu ft* chuan/ngay)
cho cac giéng suy giam ap suat tai 2 gian tai mo Hewwett, Bién
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Hinh 1. S d6 méu thiét bi Egector va coc che iét bén trong (1]

BAc [3]. Marco Villa va cong su xdy dung mé hinh tinh
toan két hap thuc nghiém tai mé Villafortuna, ltaly
da giup gia tang san lugng cong don thém 100.000
thing déu va thu héi von dau tu trong vong vai tudn
[5). PAndreussi va cong su da gidi thiéu phuong phap
nghién ctu va két qua thuc dia cua Ejector da pha
trong ung dyng gia tang thu hdi tai vinh Mexico [6).
Tuy nhién, Viet Nam van chua ¢6 nghién ciu hay bao
cd0 ap dung nao vé Ejector trong Ung dung gia tang
thu héi khi/condensate ti phia cac ¢o s& nghién cuu
va don vi san xuat. Cung vdi viéc ddy manh khai thac
khi, Viét Nam sé ¢6 nhu céu rat lon vé Ung dung tan
thu khai thac giéng khi/condensate su dung Ejector
trong tuong lai.
2.3. Cdc théng 56 gitip phan tich va ddnh gid hiéu
sudt hoat déng ca thiét b Ejector

Nh&m phan tich va danh gid hiéu suat cda thiét
bi Ejector, thong thuang cac nghién cu s dung 2
thong s6 la ty sé hut entrainment va ty sG nén.

me

m

ny
Trong dé:

w:Ty s6 hot entrainment ratio;

m,: Khéi lugng dong chay luu chat thi cap;
m,: Khéi luong dong chay luu chét s cp.

Ngoai ra, mot thong s6 dac trung la ty s6 nén gida
ap sudt dau ra vdi ap suat dau vao tha cdp thuong
duoc coi la ty s6 nén dac trung cua thiét br:

r=2 (2)

P

Trong d6:

1:Ty s6 nén;

P_: Ap suat ddu ra hay ap suét nguoc;

P: Ap suat 13i cong this cdp.
3. Nghién cru gia tang thu héi khi va condensate
cho cac gi&ng suy gidm ap suat tai mé Hai Thach
3.1. Tinh cdp thiét cia nghién ciu gia tang khd
nang thu hdi khi va condensate cho cdc giéng suy
giém dp suat

Céc nghién ciu gan day déu su dung phuong
phap mé phong CFD dé c6 thé dy doan chinh xac hieu
suat thiét br va chi tiet dong chdy, qua trinh tron 1an
bén trong Ejector khi tu nhién tan thu giéng suy giam
ap suat. Déng thai, dé cung 6 cdc két qua mo phong,
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€3¢ tac gia con két hgp « +m chung tar thyc dia. Cac
nghién cuu nay da cung cap ludn cu khoa hoc huu
ich cho viéc t6i wu thiét ké Ejector ciing nhu thuc ddy
san xuat kit nhién. Trong khi @0, tai mo Hai Thach,
céc giéng khi va condensate sé budc vao giai doan
suy giam ap suat trong thai gian 16i. €6 4 giéng (HT-
1X, 2X, 3X va 4X) ndm trong tap via (UMA10) ¢6 lap
va nho hon cac tap via khac dang khai thac tai cung
mé Hai Thach. Cac giéng nay dang suy giam ap suat
rdt nhanh sé ding khai thac trong thai gian tai khi
ap sust miéng giéng nho hon ap suat dau vao hé
théng céng nghé. Ung dung cua Ejector trong gia
tang thu héi déu khi thuang su dyng 2 phuong an
<o ban la 1dy khi tr ddu ra cua may nén khi hoac ti
giéng cao ap 13n can lam nguan luu chat dan dong:

Phuang an 1 - Dung khi kho thuong mai cao
ap tar ddu ra mdy nen dan déng véi luu luong 40

triéu ft* tiéu chuan/ngay va ap sudt tai 140 bar.

Phuong an 2 - Dung khi tu giéng c6 ap suat
a0 va luu lugng 1an nhat duac sy dung 1a HT-SX (ap
suat |3 180 bar va luuluong dan dong 13 10,5 treeu fr
téu chuan/ngay).

3.2. M6 hinh déng luc hoc chat 1éng tinh todn cho 2
phuong dn s dung Ejector

Phuang phap CFD da duac chung minh kha ndng
trong viec phan tich va tor uu hoa hoat dong cua Ejec-
tor. Phuong phap mod phdong dong fuc hoc chat long
tinh toan CFD cho phép nghién cuu chi uét vé dong
chdy bén trong Ejector. dua trén viéc gidi phuong
trinh Navier-Stokes {NS) va bién thé cua phuong trinh
nay nhu phuong trinh Favre-Averaged Navier -Stokes
(FANS) hodc cac phuong trinh Reynolds -
Navier - Stokes nén duoc (RANS). Nham dam bao do
chinh xac va c6 thé dat duac ) nghiém hoi tu va on
dinh cho mé hinh, can phai ¢6 kién thuc vé cac hhiz
canh khac nhau ciia moé phong CFO (nhu mé hinh rés
- turbulence model) va cach thuc khoa hoc trong xay
dung mé hinh {cac budc thiét 1dp mo hinh va phuong
phap roi rac hoa).

Averaged

Phuong trinh hén tuc (Continuity Equation):

ap

—+F(px)—0 (3)
Phuong trinh dong luong (Momentum Equation):
Z(pv) ¢ V- (pV0) = ~Pp s UF )

Phuong trinh nang luong (Energy Equation):
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. 1) (5)
cho 2 phuong
. chatchiu nén,
hat va phuong

ﬁ(ﬂE) + V- (3(pE + p)) =

M6 hinh déng Iyc hoc chat long tinh ¢
an si dung Ejector dugc xay dung cho dona
dong rdi va trang thai 6n dinh. Dong chay o
trinh truyén nhiét dugc lua chon la dér xung «
€3U 130 vat ly cla thiét bi, déng thai giup giam thoi gian tinh
toan cho ma hinh. Khu vitc can tuong due: xi ly dudi dang
“standard wall function”vi da ching minh duoc két qua chinh
xéc cho cac tinh toan khu vyc can tusng cho dong chay luu
chat c6 Reynold cao [7, 8). Mién tinh toan (boundary condition)
cho dong so ¢ap va thif cap theo didu kién “pressure inlet”trong
khi ddu ra cUa Ejector ¢6 mién tinh todn 13 “pressure outlet” Cac
1h6ng 56 thiét 1ap dya trén gid tri dp suat, nhiet ¢o va ty [& hdn
hop khi tu nhién cho duang so cap va thi cap cho 2 phuong
an su dung khi dan dong. Toan b khu vyc tudng cua Ejector
duoc coild ddng nhiét va khong ¢6 trao déi nang lugng véi moi
truong bén ngoai do thai gian dong luu chat chay trong cau
120 la rat nho. Trong s6 cac moé hinh dong chay r6i, nhém tac
gia Iua chon mo hinh k-g Re-Normalization Group. Theo nghién
cuu cua YBartosiewicz va cong sy [9) va Yinhai Zhu va cong
sy [10) khi dénh gid 6 mé hinh déng chay réi khac nhau, mé
hinh k-¢ Re-Normalization Group cho két qua tét nhat va phu
hop nhat khi du doan hién tugng dang chay so vai két qua thi
nghiém, Thuat toin SIMPLE Guoc dung @& xU ly méi quan hé
9133 3p suat va van t8c dong luu chat, trong khi d6 tinh déi
luu (convective terms) dugc rdi rac hoa dua trén phuong phép
“second order upwind”[11) B hai tu duac tinh toan cho tiing
vong 13p. Vong Iap sé ding Jai khi s6 du dugc xac dinh 15 nho
hon cho cac phuong trinh lian tuc, dong luang va nang lugng.

RNG k- transport equation:

2 = 2
3 (pen,)= br l{“”“')a_:‘ ‘fnef[Gn CaeGy)- CZepi ZRA6)

Ngoai nhiing thong s¢ néu trén thitinh mdi va uu diém cta
mo hinh CFD dugc tninh bay trong n

ghien cdu nay la st dun
thanh phan cau t khi tu nhien va 3 ¢ ol

P dung phuon
toan do doc lap cau tric mang lugi GC|| : 9 phap tioh
3.2.1.80dung thonh phén ey 1y khi Wnhién

MO hinh mo phdng CFD duoe y
cau tu khi hydrucarbog 131 mo IA?’T?-:J:ITQ £ecéc thanh phén
sUdung khi dan dong lay td may nén ki oap ;‘U Phuung. én
phan cauty nhu Bang 1. Thanh phin ¢ It lr’c;n allg@n (Ehar:h
dong va Iuu chat bi hut). Trong n cly nag U\fcha(dan
chi bao gém cac thanh phin cz Y+ Binhkhi
pane, nitrogen va carbon d

Nane, ethane, pro-

todn mé phong dong chay | ‘a Pt
thanh phan khi). Hién tay, cac r Sy e
W “rdung kb ihian
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nhién tan thu giéng suy gidm ap suat khac s dung meth-
ane fam luu chat hoat dong (12 - 16). Hodc st dung Juu chat
2 pha bao gém methane va hat nudc <6 ty 16 thé tich 13 nho
hon 3,1%[17).

Ty trong ¢ hon hgp khi tu nhién dugc tinh theo
phuang trinh khi thyc Peng Robison, trong khi cac tinh chat
khdc nhu do nhat, nhiét dung riéng hay dé dan nhiét cua
Juu chat dugc Iy t NIST (National Institute of Standards
and Technology) dugc goi 1a REFPROP (Reference Fluid
Thermodynamic and Transport Properties Database) (18).

RT ax

P s VZeznvgn? ”
a= 045724 %2 ®)
pc
b= 0,0778%¢ ©)
pc
n\?
a= z»k(J»T;) 10y
7
= 037464 + 1,54226w - 0,26992 w* an
T,=L (12)

Tc
Trong do:
P.Tva R: Ap suat, nhiét d6 va hdng sé quan hé;
T, va P Nhiét do va ap suat tdi han;
T,:Nhiét d6 Gt gon;
V_: Thé tich mol;

w: Thifa s6 accentric cda cdu t.

x1075T2 - 1,71 x 1077T3 + 1,15 x 107°T*

voi 100 < T < 179,9K

-0.1156432 + 0,002943T - 3,09 x 107°T2+ 1,72
x1077T3 - 5,33 x 107'°T* v6i 179,9 < T < 300K

- 658833,1 + 23960,32T - 346,62T*

+2,48T% - 0,0088T* v6i 100 < T < 2052K
20900000 - 399555,3T + 3049,36T% - 11,62T*
+0.022T* v61205,2 < T < 300K

Keong = = 10759 + 0,4545 - 0,00782T?
+7,26 x 10°5T3 - 3,94 % 107°T*
voi 100 < T < 300K

JD,DI 726268 + 0,00077648T - 1,54
n=

Vi 0, Cp va K.png 86 nhat, nhiét dung rieng va do
dan nhiét.

3.2.2. Tinh déc Igp cau teic mang 1udi (Mesh Indepen-
dence)

Hé $6 cau tric ludi hoi tu (Grid Convergence
Index - GCI)

+ D9 min lugi mé phong

Chat luong mang luGi la mét trong nhiing khia canh
quan trong phai dugc xem xét trong khi thuc hién mé
phong CFD, vi s6ng xung kich, déng chay tai 1op bién
- can bién va qua trinh trdn 1an dnh hudng chinh dén
hiéu suat hoat dong. Tuy nhién, viéc tao ra mé hinh ¢
6 luang 6 ludi day dac, s& doi hdi thdi gian tinh toan rat
1n va khién n6 trd nén khd co thé ap dung. Cac nghién
clu gan day da nghién cdu sy thay déi trong két qua mé
hinh so véi viec thay déi kich thuéc mang ludi. Muc dich
13 c6 thé lya chon duoc mo hinh cé do min nhat dinh,
d3m bao duoc kha nang tinh todn trong thai gian cho
phép va 1ai do két qua duac xem nhula @dc 13p vai kich
thudc va cau tric cua mang ludi.

+ Doc lap cdu tric luéi

GCl ¢6 thé giup dinh lugng duoc d6 hbi tu cia két
qua mé hinh mo phong gém rat nhiéu méat Iuéi[19 - 21].
Phuang phap GCI du dodn sai $6 cUa viéc 1am min Judi
mé phong tif ly thuyét ngoai suy cta Richardson. Hé s6
GCl dai dién cho khoang cach cua thong sé can quan sat
trong mo phong CFD 5o v6i gid tri tiém can ma né ¢d thé
dat dugc khi gia tang do phuc tap cua mé hinh.

CClypus = F:’I,f:gu\

Tigea ™t

(13)

Vi F 13 hé sG an toan, béng 1,25 trong truang hop
0 sanh 3 cdu trac lUGi khdc nhau. Hé s6 € 13 sai s6 tuong
déi dua theo thong s6 ¢an quan sat, trong truang hap
nay 12 ty lé hit entrainment . Con N, 13 56 & mét ludi
trong tung cu tric ludi khac nhau dugc so sanh.

o Yt

Eiger = (14)

Wiy

. _ ( N )015
w7 g

(15)

Bdng 1. Manh phdn cdu t¢ trong hvu chét ddn déng va s chdt bihit

Thanh phin cau t

| . Methane (CH.) 88,2
| i Ethane (C;He) . a3
‘ B Propane (C3Hs) 35
I Nitrogen (N)) 1
L co, l

Luu chit din déng (% mol)

Luu chét bi hit (% mol)
783
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Gia tri p duoc goi la bac rai rac hoa cia mé hinh CFD
(order of discretization) va ducc tinh toan dua trén cdng
thuc vong l3p:

o )

e

P = 0.5proy ¢ a_g%ﬂ (16)
il

Vi Pa-y 13 két qua cha vong lap truoc. Vong lap két
thuc khs [p - p_,| < 1 x 10°% Trong khi do. p, 1a gia tn ddu
tén cba vong lap duac tinh theo cdng thuc:

()

Do = (a7

infryg
Trongdo: & =w,-w,vae. =w w,
Phuong phap GCi o thé dua ra cac két luan vé tinh

doclap cau trac ludi mo phang duya trén viéc tinh toan cac
thong s6 sau:

fFoXGin,

= (18)
GClyy
Wexaar = (19)
R=2 (20}
Q3
o
Acott ovg * L._\,_ -4 2n

TU cac gia tri tinh toan duac td phuong phap GCl, ¢4
the thay mo hinh Ejector si dung thanh phan hon hop
khi can phéi co mé hinh mét Iudi phuc tap hon so vai cac
nghién cuu vé Ejector khi tu nhién trudc dé. DE dat duoc
sy 6n dinh cUa gia tri ty 1& hat entrainment, mo hinh phai
cdn dén 438.000 mét (Ui so vén 21.000; 11.610; 32.140;
69.366; 336.387 va 294.360 lan luot theo cac nghién cou
truoc do (12-17).

Trong do, A, va A, 1an luot 13 dién tich bé mat
mo phong va dién tich trung binh ting 6 mat lud tu giac
(quadrilateral) cua Ejector dugc chia nho. Co thé rut ra két
ludn tir tinh todn doéc lap cau truc lugi mé phong nhu sau:

+ Gia tri can quan sat gan véi gia tri tiém canwvia = 1.

Bdng 2.
Ag mm) ' N,
3651.7 1 416113
2 315763
3 227345
L -
R
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-

-

i tiém can cua ty 1é hut entrainment né%{ln?p
fuc lam min mo hinh 13 o= 38.56%. $6 6 mat luoican
phi chia cia m phang CFD dé dat duoc gid tr tiem can
=438.417 0 matluoi.

tylehatla N,

+ Hés6R=0,12381 dai dién cho khd nang hoi ty ﬁun
diéu cua gia tri cin quan sat theo phuong phap GCl{hditu
don diéu - monotomic convergence vi0 <R < 1).
an sat so vai cau tric

+ Tinh doc lap coa gid tn cn qu
=3,7526%

1u6i Mo phéng co thé duoc xac dinh néu GCL,,
13 nhé hon GCL,, = 20.66%

4.Két qua va thio luén

4.1, Két qud cia mé phong CFO thiét bj Ejector

4.1.1. So sdnh ty 1é hut entrainment caa m6 hinh voi cdc
nghién ctu khdc

Cu trac Ejector dugc nghién cdu tai mo Hai Thach
duoc phat trién theo phuang phap xac dinh hinh dang téi
Uu tU nghién cu ca Amin Hassan Amin va cong su (16]
va Weixiong Chen va cong sy [17). Trong nghién ciu cia
Amin Hassan Amin va cdng su, thiét ké Ejector hoat dong
1ai diéu kién 12 MPa ap suat so cap, 2 MPa 3p suét thu
cdp va 5,2 MPa 4p sudt dau ra. Két qua ty 1¢ hut entrain-
ment 131 uu ma Amin Hassan Amin va cong su dat dudc la
19,45% thong qua mé phéng CFD s dung methane 1am
Iuu chat hoat déng.

Trong nghién cuu cda Weixiong Chen va cong su,
Ejector khi ty nhién duoc moé phéng CFD va kiém ching
thuc dia véi diéu kién hoat dong la 11 - 13 MPa ap suat so
€3p, 2 - 4 MPa ap suat thur cap va ti 5.1 - 5,6 MPa ép sust
ddu ra. Két qua ty 1é hit entrainment 161 uu ma tic qgia dat
dugc so vai ap sudt sa cap dugc bidu dign nhy trong Hinh
4. Khi dp dung tai cing ) diéu kién thong s6 va ciu tao,
mé hinh CFD st dung hon hap khi tu nhién cho ket qua
tuong duong tai gia tri 4p sudt so cdp thap (ty Ié hit thap).
Tuy nhién, tai gia tn 4p sudt so cip 1ang lén sé tuong Ung
Vvai ty 1€ hat cao (tU 35 bar ap suat €6ng thir ¢3p tré 1én),
mé hinh hén hop khi cho két qué cao hon so véi ma hinh

27 =+ 3 Yt tnic mang lué: Ejector

Acetary (mm?)
0.0088 3855
00116 38,50
0.0161 38,08
0989089
0.12381
38,56356
43841727

il GCl (%)

37526
20,8634
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¢hi st dung methane cua Weixiong
Chenvacong sy (17).

Trong khi @6, Ejector duac
nghién cdu ap dung tai mo Hai
Thach dat duoc ty 1& hit entrain-
ment la 37.69% tai diéu kién thiét
%§13 14 MPa 50 cdp, 3,5 MPa thi cip
v3 4,5 MPa dau ra. Day 18 phuong
4n dang dugc trién khai nghién cdu
sif dung khi ddn dong I8y tir déu ra
may nén khi cla gian xUrly trung tam
mé Héi Thach. Phuong an dp dung
tai mo Hai Thach da cho ty lé hat
entrainment cao hon 2 nghién ciu
vé Ejector khf ty nhién trudc @6 cua
Amin Hassan Amin va cong sy [16]
vaWeixiong Chen va cong sy (17].

®
4.1.2.50sdnh 2 mé hinh CFD sirdung Hinh 2. (Gu tmic 1uGi cisg mé hinh Ejectar véa fofy phon chia mdt 1y td gde (guodmiatesal) (e) va ch tidt
methane v& hén hop khi tu nhién tar kb vure budng 18 ()

Khi so sdnh gilra 2 mé hinh Ejec-
tor st dung hon hgp khi ty nhién tai
cung mot diéu kién, ta c6 dé thity &
hat entrainment so vdi ap suat thur
¢dp nhu Hinh 6. Ban dau khi 4p suat
cbng thi cdp dang cao thi mé hinh

sirdung hon hgp khi tu nhién cho Hinh 3, (e kich thue hinh hoc dnh huing dén 1y 1 hit entrainment thea nghién cdu cia A Hossam Amnn
ty Jé hat cao hon. Khi ap suat dong v céng w/ [16]

Bding 3. (ki 11é1 mé hinh (£D tho phuong dn sif dung Ejector 101 me Hor Thoth
[T hengss o ' Dién gisi
| Tinh phy thuoc thei gian Trang thai 6n dinh.
Phan chia mat luén t gide;

Phuo 4 3 dutra PO . s P .
n ng phap phan chia cdu tric Xac dinh tinh doc 1ap cua ty 1é hut entrainment va bién dang ap sudt 5o vé1 53 6 mét Judi.

80 gidi Thust todn SIMPLE cho m&i quan hé giita 3p sudt v van téc dong luu chat.
Mo hinh ré1 o k-¢ Re-Normalization Group.
| Mién tioh taén C Theo ap suit va nhiét dg cho céc phuang an 1va 2.
Chitlvu ’ Hén hop khi gé}n mcthar\e, ethane, probar@. niuo.gen va ca'rbon dioxide nhu chi tiét trong
Bang 1 (phuang trinh khi thuc Peng Robisan cha ty trong hén hgp).
0% hb; w Véng (3p sé ding {ai khi phan du dudc xac dinh ahé han 107 cho cic phuong trinh lién tuc,

dong luong va nang lugng. o

~Ty Ié hut entrainment dic trung cho khé nang c6 thé hot duge mot khdi lugng tuu chat tha
Théng 56 quan st ¢ap trén mot khai luang luu chil so cap tai Giéu kién dau vao,
- D6 thi luu Iugng déng thir cap so véi dp suat dong thir cp,

Bdng 4. Kich thutdc t6i s theo nghién e (i Amin Hossan Amin va céng sy dat duac thing qua 216 b4 kich thudc khdc nhau {16]

L R A Nxpy o, D., 0 L L,
rsg (mm) @) (do) /D, D e /, (d6) /b, /n,
46 11,2071 7,0631 1,4069 1.5178 13,5 1,8045 55723 15,7391 06387

D; = 6,4717 NXP=8822 D..=83 La.=724 L ,=2938
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P (MF3)
Hinh 4. 06 thi ty I¢ huit entramment 5o vai dp sudt thil (dp to: diéu loén ap sudt sa cdp £, = 12 MPa

va dp sudt nguo P = 5.2 MPa[17]

20 5 30 35 40 45
Ap sudt thu cap (bar)

Hinh $. Do thi 1y 1€ Bt entranment sa

33 HH 28 245 bl 175 B
Ap suitthu cap (bar)

1 methane va hon hop ks 1 nhien

315 36 405 43 495 54 585 63 675
Ap suat nguoc (bar)

ing khi methan
tar &iéu iuén P = 140 bar, P, =45 bar

thy cap giam xudng thi mé hinh s(f‘d'f‘"? meth-
ane va hén hap khi tu nhién cho két aua. tuong
duoang. Hinh 7 bidu dién ty 1& hut en.rrammenf
50 vai 3p sudt ngugc cho 2 mo hinh EVJEEIOV. Mo
hinh s dung hon hop khi chotylé hlfl cao‘hun
tai ché a6 nghet ddu, tuy nhién 2 mé hinh lai ch?
két qua wiong duong trong ché do nghet don va
dao luu. Diéu nay ¢6 thé gii thich do khéi luong
phan ns cua cic hén hop Kkhi tu nhién la lon I?cn
va qua do 1ac ra nguén nang luong dan dong
16n hon. Tuy nhién, bat dau tf ché dé nghet don
thi nguén nang luong dan dong nay la khéng di
va khang vuot tréi so vér ap suat nguoc. Vivay, ty
1& hut khong 6 khac biét.

Théng qua mé phong CFD, <6 d6 thiso sanh
bien dang van 16, 3p sudt déng luu chat gida 2
mé hinh chi dung methane va gém thanh phan
hén hop khi td nhién. Két quéd mé phong cho
2 mé hinh nay duac tinh toan cho diéu kién 12
MPa 3p suat sa ¢ap, 3 MPa dp suat thu cap va 4,1
MPa ap sudt nguoc (Hinh 8 - 10}. Trong Hinh 9,
cAc vi tri s6ng xung kich tuong dng vdi cac vi tri
mau do. Diém khac biét chi yéu xay ra trong khu
vuyc thiét dién khong dai va budng trén (Hinh 8,
10). Tai khu vuc thiét dién khong déi va budng
tron, mé hinh hon hop khi co két qua van téc
dong luu chat 16n han va khéng ¢6 sy bién thien
van t¢. Véi mo hinh chi ¢6 methane, tar khu vic
thiét dién khong déi vé budng tron ¢6 nhiéu
song xung kich han (Hinh 9). Séng xung kich
dugc tao ra la do dong luu chat lién tuc ting va
gidm van t6c. Vi vy, ¢6 s suy gidm nang lugng
dong luu chat va tao ra khac biét vé ty 1 hat,

Ngoai ra, thong qua mé phong CFD han hop
khi tu nhién, <6 bién dang ty Ié khéi fugng dang
chdy cac thanh phin cau ty nhu Hinh 11 - 13.
K&t qud cho théy mo phang CFD hén hop khi wy
nhién rat cdn thidt cho cac Ung dung dsi hoi dL:)
chinh xac vé thanh phén cau W khity nhign, .

4.2. Khd néng dp dung két qud cia mé hinh
CFD thiét bi Ejector trong nghién ciu gia tang
thu héi cho m6 khi, condensate

Viec xay dung mé hinh chinh xac ho,
c02 thiét bi Ejector bang phuon,
phong CFD hédn hap ki tu nhicn ne, trohiéu qua
trong cong tac nghién ciu trign khai
gia tang thu héi cho mo kh

at dong
9 phap mo

9idi phap
“ondensate:



M6 phdng CFD ¢6 thé phan tich duac
anh hudng cba cic thong $8 van hanh, dac
diém cu tric bén trong dén hiéu suat lam
viéc cua thiét bi. M6 hinh CFD st dung han
hop khi ty nhién & ding dé nghién ciu t&i
wu hoa cau tric bén trong thiét bi Ejector cho
diéu kién ap dung tai moé Hai Thach - Moc
Tinh. Cac nghién ctiu (16, 22] da chi ra nhugc
aiém ca mo hinh I3 hiéu suat thiét bi Ejector
con thap, dac biét la trong trudng hap 4p suat
dau ra cao hodc 8p suat dong thu cap thap.

Ky thuat CFD <dn giup phan tich va
nhan dinh cdc phuong an 13y khi dan dong
khac nhauv @é 8ua ra phuong 4n hiéu qua nhat
trong diéu kién tai md Hai Thach - Moc Tinh,
Hién tai, trong Ung dung gia tang thu hdi khi
ding Ejector trén thé gigi, khong cé phuong
4n ndo duoc coi la t8i Uu trong moi truang
hgp. Ty |é hit entrainment sé duac tinh toan
theo sudt qué trinh gia tang thu héi cua giéng
suy gidm &p suat. Tong théi gian thu héi ciing
nhy san pham gia ting duoc tinh toan theo
ting phuong an &p dung tai md Hai Thach.

- Danh gia ky thuat, nhan dinh cac tinh
huéng vén hanh ¢é thé gap phai. Cac van dé
van hanh thiét bi d3 duoc dy bao nhu: ty |é
iong trong déng thit cép, ham luong CO, H S
9y &n mdn voi phun, dong chdy chét léng
khong 8n dinh, hién tugng Joule - Thomson
va hinh thanh hydrate (23).

Ngoai ra, viéc c6 thé gidm sat va dam
bio ché dé hoat ddng téi vu cua thiét b
theo thai gian thuc trong qua trinh van hanh
Ejector rat can thiét (15). K&t qua cba mo hinh
CFD cho phép tinh todn phuang an van hanh
thiét bi bing cach so sanh higu sudt cua thidt
br theo thai gian thyc (st dung cac thiét bi
do dac thyc dia) von két qua mo phong CFD.
Trong khi van hanh Ejector, BJ.Huang va cong
sy da nhan manh tdm quan trong cda bigu
d6 ndi tiéng nhu Hinh 14 [24]. Trong do, hiéu
sudt Ejector ugc chia lam 3 ché do: ché a6 téi
han - nghet déi (critical mode), ché @ can tdi
han - nghet don (subcnitical) va ché d6 dao luu
{backflow mode).

Tai ché 36 can téi han, ty s6 hut entrain-
ment la khong déi so vai &p sudt nguoc cho

Hinh8 - -

:

]
Hinh 9. 2 e ey ven bog ey chat ben trong ket (0 - M6 hunhy ch co methne (a), tho bk hon hap kb ()

caxx s s eme | wem e tmm
Postbon (m)

awm 0w b owa om0 s o
Posttion (m)
(b
Hinth 10, 043 thy s 5261 tinh doc chiéy dir ter truc chinh cig thét bt - Mo bunh chi co methane (a),
m hinh b hop khi (8)

Himh 10,527 20,

5. wa kbt methane trong hén hap

okunl-soszoza 21 T
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Hinh 13. B dang y 1 kh& fuang dong chdy o khi propane trong hin hp

(single—choking)

critical mode suberiical  p oy now
3 (doudle-choking) mode mode
o w=constant (malfunction)
3 <0
a
2
2 critical point
§
E
£
3
]
2
w

= P

Pe Peo
Hinh 14, D3 th 1y $6 huit entrassment so von dp st ngu 4,

dén 1 gia tn nhat dinh (goi la ap sudt nguac téi han - Critical back
pressure) va ty 4 hut entrainment bat du giam khi dp sudt nguoc
tang. Ty 1é hut entcainment sé bi gidm dot ngot do giam dong chay
thir ¢ap. Néu tiép tuc gia 1ang ap suat nguoc. thiét bi Ejector sé&
khéng thé tao ra ty Ié hut entrainment nda. Sé <6 hién tuong dong
chay nguoc hay dao luu tai ddu thu cap (25).

5.Két tuan

Ung dung dé gia 13ng thu héi cho mé khi condensate Hai
Thach sir dung thiét bi Ejector 43 duoc mo phong bang ky thuat
CFD. Két qua so sanh vai nghién cuu trudc d6 cia Amin Hassan
Amin va ¢3¢ cong sy [16) va Weixiong Chen va cdc cong sy [17}
cho thidy mé hinh mé phdng CFD s dung thanh phan khi hon hap
vGi didu kién moé Hai Thach cho két qua chinh xac. Tuy nhién, mé
hinh st dung hén hop khi dai hdr ludi mé phong duoc chia nhd
han rat nhiéu so vai cac nghién cdu trudc dé nhdm dat dugc do
doc 13p két qua GCL. Tai cac diéu kién co ty lé hut entrainment cao
thi mé hinh st dyng hon hop khi tu nhién cho két qua cao hon so
v&i md hinh s dung khi methane thong thuang. Vi tri c6 sy khac
nhau 13 khu vic budng trén va vung thiét dién khong déi nor xdy
ra cac song xung kich do thay dd1 van téc dong luu chat. M4 hinh
CFD <Ua Ejector dang duoc nghién cdu ap dung tai mo Hai Thach
dat duoc ty 1é hut 37.69% tai diéu kién thiét ké la 14 MPa so cdp, 3.5
MPa thu cép va 4.5 MPa dau ra. Day la phuong an su dung khi dan

DAV K . SO 52020

d6ng tir déu ra may nen khi tat gian x‘fl ly trung
t3m mé Hai Thach. Ma hinh su dung hon hop khi
W nhién [ bucc uén mar giip thiét hé v3 (mIUu
héa thiét bi Ejector cang nhu giup nang (‘.’o tinh
chinh xac, hiéu qua cho cac nghién cuu st dung
Ejector khi tu nhién trong tuong '3'-.“" nghién
cutu xay dung md hinh CFD nay, co thé day mgn'h
trén khai ap dung Ejector khi ty nhién trong c.ac
Jinh vuc tiém nang khac tai Viet Nam va cy thé 1
md H3i Thach - Méc Tinh nhu gia téng thu héi n:!é
khi, thu gom khi bay hat (flashing) tu san phém
condensate hay hat condensate ngung tu vung
can ddy giéng.

Cac phuong hudng nghién cdu tiép theo la
gia tang thu hdi khi condensate bang thiét bi
Ejector tai mé Hai Thach gém viéc t6i uu héa thiét
Ké, trién khai 14p dat, van hanh va kiém ching mo
hinh bang két qua thuc dia. Cac nghién ctu ndi
bat nhdm dua ra gidi phap téi vu vé kich thugc va
hinh dang khac nhau cia Ejector khi ty nhién nhu
1a phuong phap 16i uu héa da muc tiéu cua bd
cdu kién bén trong Ejector Set-Based Concurrent
Engineering (26), khong thi nguyén héa céu tao
hinh hoc cua Ejector so vén ty lé hat entrainment
127). hay phuong phép t3i uu dua trén mau dai
dién (Surrogate based optimization technique)
k€t hop mé phéng CFD, phuong phap Kriging
va gidi thuat di truyén (16), phuong phap CFD
k&t hap gidi thuat tién héa da muc tiéu (Multi-
Objectives Evolutionary Algorithm). Viéc gia ting
thu héi khi kéo dai c6 thé sé doi héi nhiéu b I56i
khac nhau dugc thiét ké va ché tao nhsm thu héi
dugc lugng sdn pham lon nhat tai cum mé Hai
Thach - Méc Tinh.
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ENHANCING PRODUCTION WITH NATURAL GAS EJECTOR
FOR HAI THACH GAS CONDENSATE FIELD - CFD MODEL DEVELOPMENT

Tran Ngoc Trung', Trieu Hung Truong®, Ngo Kuu Rai', Tran Vu Tung', Ly Van Dao'
*Bien Dong Petroleum Operaning Company

“Hanoi University of Mining and Geology

Emanl: trungtn@ biendongpocyn

Summary

In the field of gas and condensate production, the processing of fluid flowing depends on the reservoir pressure and the inet pressure
of the gas processing system. In order 1o recover gas and condensate from the depleting or pressure-reducing wells at the same time with
wells still maintaining stable fowrate and pressure, conventionally the methods of using surface equipment are often studied to evaluate
their technical feasibility as well as economic efficiency. Two conventional methods using surface equipment are Three-phase Natural Gas
Compressor and Ejector. Compared to the Gas Compressor, the method using Ejector offers many advantages such as low investment and
aperating costs, and this is also a lightweight, reliable and environmental-friendly equipment. However, to support investment decision
making, a reliable fluid dynamic model is crunial to analyse the workability and performance as well as to accurately calculate the increase of
enhanced recovery products.

In this study, the results of the Computational flud Dynamic ((FD) model using a gas mixture wrere also compared to those produced by
the equivalent model using only methane. The flowing of fluids inside the Ejector is madelled based on the k- Re-Normalisation Group (k-¢
RNG) turbulent model. The gas compositions for working fuids are those under the conditions of Hai Thach field. The Peng-Robison real gas
equation was also applied to calculate the gas density.

Key words: £jector, CFD model, eahanced gas/condensate recovery, Hai Thach field.
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