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Tom tat

Trong linh vuc khai thac khi va condensate, viéc xt Iy dong luu chat phu thudc vao ap suat tling giéng va ap sudt tai dau vao hé thang
cong nghé xt ly. DE cd thé tiép tuc thu hoi khi va condensate tai cac giéng da suy giam ap sudt dong thoi vdi cac giéng khac van cho san
|wigng va ap sudt on dinh, thong thudng cac phuong phap st dung thiét bi bé mat dugc nghién cu danh gia tinh kha thi vé ky thudt ciing
nhu dam bao hiéu qua kinh té. Hai phuong n duing thiét bi bé mét thong thuong la may nén khi uét 3 pha va Ejector. So vdi viéc st dung
may nén khi uét thi phuang an stir dung Ejector mang lai nhiéu lgi ich nhu chi phi dau tu va vén hanh thap, day la mot thiét bi ¢6 cau tao
gon nhe, dd tin cdy cao va than thién moi trutng. Tuy nhién, dé dua dén quyét dinh dau tu thi cdn phai cé mdt mé hinh tin cy gitip phan
tich kha ndng lam viéc, hiéu suat hoat dong cing nhu tinh toan chinh xac ty 1é san pham thu héi dugc gia tang. Trong nghién ciu nay,
két qua cta mo hinh CFD st dung hon hgp khi ciing dugc so sanh vdi md hinh tuong dueng chi st dung methane. Su khac biét cia 2 mo
hinh dugc sir dung dé phan tich tinh chinh xac va hiéu qua cia viéc nghién citu ap dung Ejector khi tu nhién gia tang thu hoi cho giéng
suy giam ap suat. Dong chdy cla luu chat bén trong thiét bi Ejector dugc mo phong dua trén mo hinh r6i k-e Re-Normalization Group.
Chat luu 1a hon hgp khi tu nhién c6 thanh phan cau tl theo diéu kién mé Hai Thach. Phuong trinh khi thuc Peng-Robison tinh toan ty
trong hon hgp khi.

Tur khéa: Ejector, mé hinh CFD, néng cao thu hdi khi/condensate, md Hai Thach.

1. Gidi thiéu cb ap suat cao hodc dau ra ctia hé théng xt ly khi c6 ap
suat cao hon ca ap suat dusng 8ng van chuyén. Ngoai ra
trong nhiéu trudng hgp, thiét bi Ejector con sirdung ndng
lugng dan déng ti nguén sa cap la giéng ap suat cao dé
c6 thé tan dung t8i da ndng lugng tu nhién tir trong via va
hoan toan khong can thém ngudn nang lugng nao khac
hay san sinh thém chat thai ra ngoai moi trudng.

Viéc duy tri khai thac déng thoi nhiéu giéng khi con-
densate dat ra thach thic I6n trong diéu kién ap suat dau
vao hé théng xt ly khi la khéng thay déi (ty s6 nén 6 dinh
khi thiét ké hé théng). Khi dp suat bé mat giam xudng
duéi ap suat dau vao ctia hé théng xt ly, giéng sé khong
con kha nang khai thac khi dong chay tu nhién clia giéng
khéng duoc duy tri. Lic nay, luong khi clia cac giéng thap Trén thé gidi da c6 cac nghién ctiu vé tinh kha thi va
4p c6 thé phai bi @6t chay dudi dang khi thai hodc he  hiéu qua cta Ejector trong viéc gia tang thu héi cho céac
théng cong nghé phai I3p dat thém may nén khi 3 pha  9i€ng dau khi & cudi chu ky khai thac. Nhom tac gia da
trung gian dé ti€p tuc duy tri sén xust. Phuong an sirdung ~ Nghién ctu xéy dung mé hinh m6 phéng dong chay luu
may nén khi tu nhién 3 pha trung gian dé tao dong chay ~ chat bén trong thiét bi bé mat Ejector dé dua ra théng
vao hé théng xirly cho céc giéng nay doi hoi chiphidauty 6 hoat dong téi uu nhat, gilp gia tang kha nang thu héi
va van hanh cao, t&n kém thai gian trién khai. khi condensate. M6 phéng hén hop véi thanh phan cau
tU cdia khi ty nhién tuong ty nhu phuong an dang dugc
nghién ctru tai md Hai Thach. Ty trong hén hop khi dugc
tinh toadn theo phuang trinh khi thuc Peng Robison. Trong
s6 rat nhiéu cac mé hinh dong chay réi, nhém tac gia lua

Ngay nhdn bai: 23/4/2020. Ngay phan bién ddnh gid va siia chita: 23/4 - 8/5/2020. chon mo hinh k- Re-Normalization Grou p.
Ngay bai bdo dugc duyét ddng: 8/5/2020.

Trong khi d9, thiét bi Ejector c6 thé giai quyét bai toan
trén bang viéc st dung dong khi dan dong ti cac giéng
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2. Co s6 ly thuyét va phuong phap nghién cuu
2.1. Nguyén ly vén hanh caa thiét bj Ejector

Ejector da dugc ing dung trong cac linh vuc cong nghiép
khac nhau. Ejector la thiét bi hudng dong don gidn vdi 2 céng
luu chat dau vao (Primary/Secondary Flow - Cng luu chét so
cap/thir cap) va 1 c8ng phan tan (Diffuser). Nguyén ly ca ban
cUa thiét bi la tao ra ap suat am tai khu vuc buéng hut bang
cach cho dong chay luu chét 4p suat cao di qua khe hé hep dé
hut dong ap suat thap tai céng thi cap. Sau d6, 2 dong chay
luu chat dugc tron bén trong khoang dau vao (suction cham-
ber), 6ng trén (mixing tube/chamber) va phan tan 6 mot s6
ap sudt trung gian dugc xem la &p suat ngugc (back pressure,
P.) hay con goi la 4p suét ddu ra (discharge pressure). Ap suét
chan khéng tao ra luc hut luu chat tai c6ng tha cap, dugc
sinh ra bang cach tang toc dé ctia dong chay luu chat so cap
di qua voi phun hoi tu. VE& ca ban, Ejector c6 5 bd phan: voi
phun héi ty, buéng hut, buéng tron, boé phan phan tan nhu
Hinh 1 [1].

Trong linh vuc dau khi, Ejector dugc nghién ctu dé€ gia
tang thu héi cho cac giéng & cudi chu ky khai thac, thu hoi khi
bay hai (co6 nhiét tri cao) cla tau chira dau tai mé hodc Ung
dung vao viéc hat cac chat 1éng ngung tu can déy giéng. Cac
Ejector dugc st dung vaéi cac loai luu chat ma khéng can dén
chéat béi tran, chi gém céc chi tiét thu dong don gian, dang tin
cdy, chi phi thp va gan nhu khéng can bao tri. Tuy nhién, day
la thiét bi co hiéu suat thap va phu thudc vao rat nhiéu vao cac
yéu t6 thiét ké va van hanh [2].

2.2. Tinh kha thi ctia nghién ctu gia tdng thu héi cho mé déu
va khi/condensate bdng thiét bj Ejector

Trén thé gidi, thiét bi Ejector da dugc nghién ctu trién khai
va Uing dung réng réi trong nganh cong nghiép khai thac khi
tu nhién va tng dung gia tang thu hoi bat dau tir nhiing nam
1990 [3, 4]. Mét s6 nghién ctu dién hinh nhu: Green, Ashton va
cdng su nghién cuu Ejector trong phong thi nghiém va sau d6
trién khai thuc dia gitp gia tang khodng 25% va 41% san lugng
(tuong ng 25 triéu ft* chudn/ngay va 15 triéu ft3 chuan/ngay)
cho cac giéng suy gidm ap suat tai 2 gian tai md Hewwett, Bién
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Hinh 1. S d6 mau thiét bj Ejector va cdc chitiét bén trong [1]

Bac [3]. Marco Villa va céng su xay dung mo hinh tinh
toan két hgp thuc nghiém tai mé Villafortuna, Italy
da giup gia tang san lugng cong dén thém 100.000
thung dau va thu hoi vén dau tu trong vong vai tuan
[5]. PAndreussi va cOng su da gidi thiéu phuong phap
nghién ctu va két qua thuc dia cta Ejector da pha
trong Ung dung gia tang thu héi tai vinh Mexico [6].
Tuy nhién, Viét Nam van chua cé nghién ctiu hay bao
cdo ap dung nao vé Ejector trong Uing dung gia tang
thu hoi khi/condensate tu phia cac co s& nghién ctu
va dan vi s&n xudt. Cung véi viéc ddy manh khai thac
khi, Viét Nam sé cé nhu cau rat I6n vé iing dung tan
thu khai thac giéng khi/condensate sir dung Ejector
trong tuong lai.

2.3. Cdc théng sé gitp phdn tich va ddnh gid hiéu

sudt hoat déng cua thiét bj Ejector

Nham phan tich va danh gia hiéu suat cua thiét
bi Ejector, thong thuong cac nghién ciu st dung 2
thong s6 la ty s6 hat entrainment va ty s6 nén.

w=— (M

Trong do:

w: Ty s6 hat entrainment ratio;

m_: Khéi lugng dong chay luu chat thi cap;
m_: Khéi lugng dong chay luu chét so cap.

Ngoaira, mot théng sé dac trung la ty s6 nén gilra
ap suat dau ra véi 4p suat dau vao thu cap thudng
dugc coi la ty s6 nén dac trung cla thiét bi:

=152 2)
Pg

Trong do:

T: Ty s6 nén;

P.: Ap suat dau ra hay ap suét nguoc;

P Ap suat tai c6ng thu cap.
3. Nghién ctiu gia tang thu héi khi va condensate
cho cac giéng suy giam ap suat tai mé Hai Thach

3.1. Tinh cdp thiét ctia nghién ciu gia tang khd
ndng thu héi khi va condensate cho cdc giéng suy
giam dp sudt

Cac nghién ctiu gan day déu sir dung phuong
phap mé phéng CFD dé ¢ thé du doan chinh xac hiéu
suat thiét bi va chi tié€t dong chay, qua trinh tron lan
bén trong Ejector khi tu nhién tan thu giéng suy giam
ap suat. Dong thai, dé cling cd cac két qua mé phdng,
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céc tac gia con két hap kiém chiing tai thuc dia. Cac
nghién ctu nay da cung cap luan c khoa hoc hitu
ich cho viéc t6i uu thiét ké Ejector ciing nhu thuc day
san xuat khi tu nhién. Trong khi d6, tai moé Hai Thach,
cac giéng khi va condensate sé budc vao giai doan
suy giam ap suat trong thdi gian téi. C6 4 giéng (HT-
1X, 2X, 3X va 4X) nam trong tap via (UMA10) cé lap
va nhé hon cac tap via khac dang khai thac tai cung
mo Hai Thach. Cac giéng nay dang suy giam ap suat
rat nhanh sé ding khai thac trong thai gian téi khi
ap suat miéng giéng nhd hon ap suat dau vao hé
théng céng nghé. Ung dung cuta Ejector trong gia
tang thu hoi dau khi thudng st dung 2 phuong an
co ban la lay khi tir dau ra ctia may nén khi hoac tur
giéng cao ap lan can lam nguén luu chat dan déng:

- Phuong an 1 - Dung khi khé thuang mai cao
ap tai dau ra may nén dan dong vdi luu lugng 40
triéu ft* tiéu chudn/ngay va ap suat tai 140 bar.

- Phuong an 2 - Dung khi tir giéng c6 &p suat
cao va luu lugng I6n nhat dugc st dung la HT-5X (ap
suat la 180 bar va luu lugng dan déng la 10,5 triéu ft
tiéu chudn/ngay).

3.2. Mé hinh déng luc hoc chdt I6ng tinh todn cho 2
phuong dn st dung Ejector

Phuong phap CFD da dugc chiing minh kha nang
trong viéc phan tich va téi uu héa hoat ddng clia Ejec-
tor. Phuong phap mé phong déng luc hoc chat léng
tinh toan CFD cho phép nghién ctiu chi tiét vé dong
chdy bén trong Ejector, dua trén viéc gidi phuong
trinh Navier-Stokes (NS) va bién thé ctia phuong trinh
nay nhu phuong trinh Favre-Averaged Navier -Stokes
(FANS) hodc céc phuong trinh Reynolds - Averaged
Navier - Stokes nén dugc (RANS). Nham dam bao dé
chinh xac va cé thé dat dugc 1 nghiém héi tu va én
dinh cho mé hinh, can phai co kién thic vé cac khia
canh khac nhau ctia mé phong CFD (nhu mé hinh r6i
- turbulence model) va cach thic khoa hoc trong xay
dung mé hinh (cac budc thiét lap mé hinh va phuong
phap rdi rac héa).

Phuong trinh lién tuc (Continuity Equation):
";—ﬁ+17-(p17)=0 @3)
Phuong trinh d6ng lugng (Momentum Equation):
2 (pv) + V- (pv0) = ~Vp + VT @

Phuaong trinh nang lugng (Energy Equation):
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2 (pE) + V - (V(pE + p)) = V - (kVT + 70) (5)

M6 hinh dong luc hoc chét 1dng tinh toan cho 2 phuang
an st dung Ejector dugc xay dung cho dong luu chat chiu nén,
dong r6i va trang thai 8n dinh. Dong chay luu chat va phuong
trinh truyén nhiét dugc lya chon la déi xiing qua truc dua trén
cdu tao vat ly cta thiét bi, dong thaoi gitp giam thaoi gian tinh
todn cho moé hinh. Khu vuc can tuong dugc xd ly dudi dang
“standard wall function” vi da chiing minh dugc két qua chinh
xac cho céc tinh todn khu vuc cén tudng cho dong chay luu
chat cé Reynold cao [7, 8]. Mién tinh toan (boundary condition)
cho dong sa cap va thi cap theo diéu kién “pressure inlet” trong
khi dau ra cta Ejector cé mién tinh toan la“pressure outlet”. Cac
thong s6 thiét lap dua trén gia tri ap suat, nhiét dé va ty 1& hén
hap khi tu nhién cho dudng sc cap va tha cap cho 2 phuang
an st dung khi dan dong. Toan bé khu vuc tudng clia Ejector
dudc coi la ddng nhiét va khéng cd trao d6i nang lugng véi moi
trudng bén ngoai do thai gian dong luu chat chay trong cau
tao la rat nho. Trong s6 cdc moé hinh dong chay r6i, nhém tac
gia lua chon mo hinh k- Re-Normalization Group. Theo nghién
cuu cla Y.Bartosiewicz va cong su [9] va Yinhai Zhu va cong
su [10] khi danh gia 6 mé hinh dong chay réi khac nhau, moé
hinh k- Re-Normalization Group cho két qua t6t nhat va phu
hgp nhat khi dy doan hién tugng dong chay so véi két qua thi
nghiém. Thuat toan SIMPLE dugc dung dé xi ly méi quan hé
gita ap sudt va van t6c dong luu chat, trong khi dé tinh déi
Iuu (convective terms) dugc r&i rac héa dua trén phuong phap
“second order upwind” [11]. D6 héi tu dugc tinh todn cho tung
vong lap. Vong lap sé dung lai khi s6 du dugc xac dinh 1a nho
hon cho cac phuong trinh lién tuc, déng lugng va nang lugng.

RNG k - € transport equation:
a a a 2
- (pew) = 2| (ehe) 3| +Cuo £ (Gt Csun)= Coop 5~ RUO

Ngoai nhiing théng sé néu trén thi tinh mai va uu diém cta
mé hinh CFD dugc trinh bay trong nghién ctiu nay la st dung
thanh phan cdu t khi tu nhién va 4p dung phuang phap tinh
toan dé doc lap cau trdc mang lugi GCI.

3.2.1. Strdung thanh phdn cdu ta khi tu nhién

M6 hinh mé phéng CFD dugc xay dung c6 cac thanh phan
cau tur khi hydrocarbon tai mé Hai Thach ciing nhu phuong an
st dung khi dan dong lay tir may nén khi cao ap tai gian (thanh
phan ciu t& nhu Bang 1. Thanh phan ciu t trong luu chat dan
doéng va luu chat bi hat). Trong nghién ctu nay, mé hinh khi
chi bao gdbm cac thanh phan cau t& nhu methane, ethane, pro-
pane, nitrogen va carbon dioxide dé dam bao thdi gian tinh
toan moé phdéng dong chay luu chat (chiém t6i gan 98% trong
thanh phan khi). Hién tai, cdc nghién cttu Ejector dung khi thién
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nhién tan thu giéng suy giam ap suat khac st dung meth-
ane lam luu chat hoat dong [12 - 16]. Hoac st dung luu chat
2 pha bao gém methane va hat nudc c6 ty lé thé tich la nho
hon 3,1% [171.

Ty trong cta hén hgp khi tu nhién dugc tinh theo
phuaong trinh khi thuc Peng Robison, trong khi cac tinh chat
khéac nhu d6 nhdét, nhiét dung riéng hay dé dan nhiét cta
luu chat dugc 1y tur NIST (National Institute of Standards
and Technology) dugc goi la REFPROP (Reference Fluid
Thermodynamic and Transport Properties Database) [18].

RT aa

= - 7

p Vm=b  VZ+2bVy—b2 @)
2m2

a= 045724 %% )
pc

b= 0,0778 2£¢ 9)
pc

- (1o es-7)

k = 037464 + 1,54226 w - 0,26992 w*

T= o (12)
Trong dé:
P, T va R: Ap suét, nhiét d6 va hdng s6 quan hé;
T_va P Nhiét do va ap suat tdi han;
T :Nhiét d6 rat gon;
V_:Thé tich mol;
w: Thira s6 accentric clia cau tu.

0,01726268 + 0,00077648T - 1,54
x1075T% - 1,71 x 1077T3 + 1,15 x 107°T*

n=1{ v6i100 < T < 179,9K
- 0,1156432 + 0,002943T - 3,09 x 1075T% + 1,72
x1077T? - 533 x 1071°T* v6i 179,9 < T < 300K
- 658833,1 + 23960,32T - 346,62T?
.o ] +248T% - 0,0088T* v6i 100 < T < 205,2K
=

20900000 - 399555,3T + 3049,36T? - 11,62T3
+0,022T* v&i 205,2 < T < 300K

Koona = - 10,759 + 0,4545 - 0,00782T?
+726 x 1075T3 - 3,94 x 1077T*
véi 100 < T < 300K

V6i 1, Cp va K,ynq d6 nhét, nhiét dung riéng va do
dan nhiét.

3.2.2. Tinh d6c lgp cdu tric mang ludi (Mesh Indepen-
dence)

- Hé s6 cdu trac ludi hoéi tu (Grid Convergence
Index - GClI)

+ D06 min ludi mo phong

Chat lugng mang ludi 1a mét trong nhiing khia canh
quan trong phai dugc xem xét trong khi thuc hién mé
phong CFD, vi séng xung kich, dong chay tai I6p bién
- can bién va qua trinh trén 1an anh hudng chinh dén
hiéu suat hoat déng. Tuy nhién, viéc tao ra mé hinh cé
sO lugng 6 ludi day déc, sé doi hoi thai gian tinh toan rat
16N va khién n6 trd nén khé cé thé ap dung. Cac nghién
cliu gan day da nghién ctru su thay déi trong két qua mo
hinh so vai viéc thay d6i kich thudc mang lugi. Muc dich
Ia c6 thé lua chon dugc mé hinh c6 @& min nhat dinh,
dam bao dugc khd nang tinh toan trong thdi gian cho
phép va tai do két qua dugc xem nhu la doc lap véi kich
thudc va cau tric ciia mang ludi.

+ Doéclap cau trac luéi

GCl ¢6 thé gitp dinh lugng dugc dd héi tu clia két
quéa mé hinh mé phdng gom rat nhiéu mat lugi[19 - 21].
Phuong phap GCl du doan sai s6 clia viéc lam min [udi
mo phong tir ly thuyét ngoai suy ctia Richardson. Hé s6
GCl dai dién cho khodng cach ctia théng s6 can quan séat
trong mé phdng CFD so vdi gia tri tiém can ma né c6 thé
dat dugc khi gia tang do phuic tap ctia mo hinh.

(13)

_ Fs|£i,i+1|

GClijiy 4 = A

Véi: F_la hé s6 an toan, bang 1,25 trong trudng hop

50 sanh 3 cdu trac lugi khac nhau. Hé s6 ¢ 1a sai s6 tuong

déi dua theo thong s6 can quan sat, trong trudng hap

nay la ty 1& hut entrainment w. Con N, la s6 6 mét |uGi
trong tiing cau trac ludi khac nhau dugc so sanh.

_ Wit1— @i
Eiiv1 T~ (14)
0,5
N; 4
Tii+1 = (Ni+1) (15)

Bding 1. Thanh phdn cdu ti trong luu chdt dan dong va luu chdt bj hut

Thanh phan ciu ti

Methane (CHa) 88,2
Ethane (CaHe) 4,3
Propane (C3Hs) 35
Nitrogen (N>) 1

CO2 4

Luu chat dan déng (% mol)

Luu chat bi hit (% mol)
78,3
5,7
10
1,5
4,5
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Gia tri p dugc goi la bac rdi rac héa cia moé hinh CFD
(order of discretization) va dugc tinh toédn dua trén cong
thiic vong lap:

((r’f;l-l—l)eza)>

((rg;}_l-l)elz)

ln(
Pn = 0,5pp_1+ 0,5 n(ria)

VGi: Pn—1 la két qua clia vong lap truéce. Vong lap két
thac khi [p - p, ,| < 1 x 10°. Trong khi d6, p_ la gia tri dau
tién clia vong lap dugc tinh theo céng thuc:

(16)

(22
po = ! (612) ('I 7)

In(ryz
Trong do: e,, = w,-w,vae,,= w,-w,
Phuong phap GCl c6 thé dua ra cac két luan vé tinh

doc lap cau trac ludi moé phong dua trén viéc tinh toan cac
théng s6 sau:

_ T1pXGCla (18)
GClys
Wexqcr = W1 * 0:%2-_0)12 (19)
R=2 (20)
€23
YN 4 _ 4
ACell_avg :%L = TD (21)

Tu cac gia tri tinh toan dugc tu phuong phap GCl, cé
thé& thdy mo hinh Ejector s& dung thanh phan hén hop
khi can phai c6 mé hinh mét luéi phc tap han so véi cac
nghién ctu vé Ejector khi tu nhién trudc do. b€ dat dugc
su 6n dinh cla gia tri ty 1& hat entrainment, mo hinh phai
can dén 438.000 mat luédi so véi 21.000; 11.610; 32.140;
69.366; 336.387 va 294.360 lan lugt theo cac nghién cliu
truéc d6 [12-171.

Trong do6, Aj va A, .. lan luot la dién tich bé mat
mo phdng va dién tich trung binh tiing 6 mat lugi t giac
(quadrilateral) ca Ejector dugc chia nhé. C6 thé rit ra két
luan tir tinh toan doc lap cdu triac lugi mé phong nhu sau:

+ Gia tri can quan sat gan vai gia tri tiém canvia = 1.

+ Gia tri tiém can cla ty |é hat entrainment néu tiép
tuc lam min mé hinh la w___ = 38,56%. S6 6 mét luéi can
phai chia ctia mé phéng CFD dé dat dugc gia tri tiém can
tyléhatla N =438.417 6 mat luGi.

+ Hés6 R=0,12381 dai dién cho kha nang hoi tu don
diéu cua gia tri can quan sat theo phuong phap GCI (héitu
don diéu - monotonic convergence vi0 <R < 1).

+ Tinh d6c lap cuta gia tri can quan sat so vdi cau tric
lugi m6 phong co thé dugc xac dinh néu GCL, = 3,7526%
la nho hon GCL,, = 20,86%.

4. Két qua va thao luan
4.1. Két qua ctia mé phéng CFD thiét bi Ejector

4.1.1. So sdnh ty Ié hut entrainment cia mé hinh véi cdc
nghién ctu khdc

Cau trac Ejector dugc nghién ctu tai mo Hai Thach
dugc phét trién theo phuong phap xac dinh hinh dang téi
uu tU nghién ctu cia Amin Hassan Amin va céng sy [16]
va Weixiong Chen va cong su [17]. Trong nghién ciu clia
Amin Hassan Amin va cong su, thiét ké Ejector hoat déng
tai diéu kién 12 MPa ap suat so cap, 2 MPa ap suat thu
cap va 5,2 MPa ap suat dau ra. K&t qua ty 1& hat entrain-
ment t6i uu ma Amin Hassan Amin va cong su dat dugc la
19,45% thong qua moé phdéng CFD s dung methane lam
luu chat hoat dong.

Trong nghién cdu cta Weixiong Chen va céng su,
Ejector khi tu nhién dugc mé phéng CFD va kiém chiing
thuc dia vai diéu kién hoat dong 1a 11 - 13 MPa ap suét so
cap, 2 - 4 MPa ap suat thi cap va ti 5,1 - 5,6 MPa ap suat
dau ra. Két qua ty lé hut entrainment t6i uu ma tac gia dat
dugc so vdi &p suéat so cap dugc biéu dién nhu trong Hinh
4. Khi ap dung tai cung 1 diéu kién théng sé va cdu tao,
mé hinh CFD st dung hén hgp khi tu nhién cho két qua
tuong duong tai gia tri ap suat so cap thap (ty 1é hat thap).
Tuy nhién, tai gia tri 4p suat so cap tang lén sé tuang Ung
Vi ty 1& hat cao (tur 35 bar ap sudt cdng thi cap trd [én),
mé hinh hén hop khi cho két qua cao han so véi mé hinh

Bding 2. Két qud tinh ddc Idp cdu tric mang ludi Ejector

A, (mm) i N;
3651,7 1 416113
2 315763
3 227345
a
R
Wexact
Nexact

18  DAUKHIi - SO 5/2020

Aoy apg (mm?) ; GCl (%)
0,0088 38,55
0,0116 38,50 3,7526
0,0161 38,08 20,8634
0,989089
0,12381
38,56356
438417,7
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chi sir dung methane clia Weixiong
Chen va cong su [17].

Trong khi d6, Ejector duogc
nghién ciu dp dung tai mé Hai
Thach dat dugc ty I& hat entrain-
ment 13 37,69% tai diéu kién thiét
ké la 14 MPa so cap, 3,5 MPa thit cap
va 4,5 MPa dau ra. Bay la phuong
an dang dugc trién khai nghién ctiu
st dung khi dan déng lay tir dau ra
may nén khi ctia gian xtr ly trung tam
mé Hai Thach. Phuong én ap dung
tai mo Hai Thach da cho ty 1é hat
entrainment cao han 2 nghién cutu
vé Ejector khi tu nhién trudc d6 clia
Amin Hassan Amin va céng sy [16]
va Weixiong Chen va cong su [17].

(b)

4.1.2.So sdnh 2 mé hinh CFD su'dung Hinh 2. Cdu triic lu6i ctia mé hinh Ejector vdi kiéu phan chia mdt ludi ti gidc (quadrilateral) (a) v chi tiét
methane va hén hop khi tu nhién tai khu vic budng trdn (b)

Khiso sanh gira 2 mé hinh Ejec-
tor sttdung hén hgp khi tu nhién tai Line -
cung mot diéu kién, ta co do thity l& I 6,
hut entrainment so véi ap suat thu D_,
cap nhu Hinh 6. Ban dau khi ap suat
c6ng thi cdp dang cao thi mé hinh
st dung hon hgp khi ty nhién cho Hinh 3. Cdc kich thudic hinh hoc dnh huting dén ty ¢ hit entrainment theo nghién ciu cda Amin Hassan Amin
ty 1& huat cao han. Khi ap suat dong va cong su [16]

Bdng 3. Chi tiét md hinh CFD cho phuang dn st dung Ejector tai mo Hdi Thach
Théng sé Dién giai
Tinh phu thudc thoi gian Trang thai én dinh.
Phan chia mat lugi td giac;

Phuang phdp phan chia cau tric Xac dinh tinh doc 1ap cla ty |& hat entrainment va bién dang ap suat so véi s6 6 mat ludi.

Bo giai Thuat toan SIMPLE cho m&i quan hé gilta 4p suat va van téc dong luu chat.

Mo hinh r6i k-€ Re-Normalization Group.

Mién tinh toan Theo ap suat va nhiét d6 cho cac phuang an 1va 2.

Chit Iuu Ho6n hgp khi gém methane, ethane, propane, nitrogen va ca:bon dioxide nhu chi tiét trong
Bang 1 (phuong trinh khi thuc Peng Robison cho ty trong hon hop).

96 héi tu Vong l3p sé ding lai khi phan du dugc xac dinh nhd han 1076 cho cac phuong trinh lién tuc,

dong lugng va nang lugng.

- Ty & hat entrainment d3c trung cho kha ning c6 thé hat dugc mét khéi luong luu chat tha
Théng s6 quan sat cdp trén moét khéi luogng luu chat so cap tai diéu kién dau vao;

- D6 thi luu lugng dong thi cap so véi ap suat dong thi cap.

Bding 4. Kich thudc tdi uu theo nghién ciu ciia Amin Hassan Amin va cng su dat duoc théng qua 216 bg kich thudc khdc nhau [16]

Thoéng D, Opc 6,4 D, NXP 0, D,. 0 Lo L,
8 (mm) (o) (do) / D, ) (do) D. (d6) D. /b,
4,6 11,2071 7,0631 1,4069 1,9178 13,5 1,8045 5,5723 15,7391 0,6387
D, = 6,4717 NXP =8,822 D..= 8,3 L.=724 L,= 2938
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Hinh 4. D thi ty Ié huit entrainment so vdi dp sudt thir cdp tai diéu kién dp sudt so cdp P =12MPa

Hinh 5. D6 thi ty I hiit entrainment so vdi dp sudt thit cdp tai ciing diéu kién khi so sdnh vdi nghién ciu

20

50 - - - - -
—m — present result -
4 — previous result (Chong et al.) e
40 - // 4
///
e
30 o A
// -
= I'/ /
= 204 / A
3 y / -
.z“.-
10 ol
A
0
T T T
1 2 3 4 5
P _(MPa)

70
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40

Ty 18 hit (%)
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40

va dp sudt nguoc P = 5,2 MPa[17]

25

30 35
Ap suét thir cap (bar)

ctia Weixiong Chen va cong su'[17]

40

45

35
30
25
20
15
10

5

0

Ty 1é& hut entrainment (%)

35 31,5

Hinh 6. Ty I¢ hut entrainment gidia 2 md hinh st dung khi methane va hon hgp khi'tu' nhién

28 24,5 21
Ap suat tha cap (bar)

17,5

50 V01 dp sudt thir cdp tai diéu kién: P =140 bar, P,=45bar

40

14

30
25
20
15
10

Ty 1é hat enrtainment (%)

31,5 36

Hinh 7. Ty I¢ huit entrainment giiia 2 md hinh st dung khi methane va hon hop khi'tu nhién

40,5

45 49,5 54
Ap suat nguoc (bar)

58,5

63

0 Vdi dp sudt ngugc tai diéu kién P =140 bar, P,=45 bar
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\

67,5

tha cap gidm xuéng thi mé hinh s&r dung meth-
ane va hén hagp khi tu nhién cho két qua tuong
duong. Hinh 7 biéu dién ty & hat entrainment
5o vdi ap suat ngugc cho 2 mé hinh Ejector. M6
hinh st dung hén hgp khi cho ty & hut cao hon
tai ché d6 nghet déi, tuy nhién 2 moé hinh lai cho
két qua tuang duong trong ché dé nghet dan va
déo luu. Piéu nay co thé gidi thich do khéi lugng
phan t ctia cdc hon hgp khi tu nhién la 16n hon
va qua do tao ra nguén nang luong dan déng
I6n hon. Tuy nhién, bat dau tir ché dé nghet don
thi nguén néng lugng dan déng nay la khéng du
va khong vugt troi so véi ap suat nguagc. Vi vay, ty
|é hut khéng cé khac biét.

Thong qua mo phong CFD, c6 d6 thi so sanh
bién dang van téc, ap suat dong luu chét gitta 2
mo hinh chi dung methane va gém thanh phan
hén hgp khi tu nhién. K&t qua mé phdéng cho
2 md hinh nay dugc tinh toan cho diéu kién 12
MPa &p suat sa cap, 3 MPa ap suat tha cap va 4,1
MPa ap suat ngugc (Hinh 8 - 10). Trong Hinh 9,
cac vj tri séng xung kich tuong Ung véi cac vi tri
mau dé. Diém khac biét chli yéu xay ra trong khu
vuc thiét dién khéng déi va budng trén (Hinh 8,
10). Tai khu vyc thiét dién khong déi va buéng
tron, mé hinh hén hgp khi cé két qua van téc
dong luu chat 16n hon va khéng co su bién thién
van téc. V&i mo hinh chi cé methane, tai khu vuc
thiét dién khong déi va budng trén co nhiéu
séng xung kich hon (Hinh 9). Séng xung kich
dugc tao ra la do dong luu chét lién tuc tang va
giam van téc. Vi vay, cé su suy giam nang lugng
dong luu chat va tao ra khac biét vé ty 1é hut.

Ngoai ra, thdng qua mé phéng CFD hén hgp
khi tu nhién, cé bién dang ty |é khoi lugng dong
chdy céac thanh phan cau t& nhu Hinh 11 - 13,
Két qua cho thdy mé phéng CFD hén hgp khi tu
nhién rat can thiét cho cac ing dung doi héi do
chinh xac vé thanh phan cdu ti khi ty nhién.

4.2. Kha ndng dp dung két qua ctia mé hinh
CFD thiét bi Ejector trong nghién ciu gia tdng
thu héi cho mé khi, condensate

Viéc xay dung mé hinh chinh xac hoat déng
clUa thiét bi Ejector bang phuong phap mo
phong CFD hén hop khi tu nhién hé trg hiéu qua
trong cong tac nghién cdu trién khai gidi phap
gia tang thu hoi cho mo khi, condensate:
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- M6 phéng CFD cé thé phan tich dugc
anh hudng cla cac théng s6 van hanh, dac
diém cau trdc bén trong dén hiéu suat lam
viéc cla thiét bi. Mé hinh CFD st dung hén
hop khi ty nhién sé dung dé nghién clu toi
uu héa ciu trdc bén trong thiét bi Ejector cho
diéu kién ap dung tai moé Hai Thach - Moc
Tinh. Cac nghién cutu [16, 22] da chi ra nhugc
diém clia mo hinh la hiéu suat thiét bi Ejector
con thap, dac biét la trong trudng hop ap suat
dau ra cao hodc ap suat dong thi cap thap.

- Ky thuat CFD con giup phan tich va
nhan dinh cac phuong an ldy khi dan déng
khac nhau @é dua ra phuong an hiéu qua nhat
trong diéu kién tai mo Hai Thach - Moc Tinh.
Hién tai, trong Uing dung gia tang thu hoi khi
dung Ejector trén thé gidi, khong c6é phuong
an nao dugc coi la t6i uu trong moi trudng
hop. Ty 1é hat entrainment sé dugc tinh toan
theo suét qua trinh gia tang thu hoi clia giéng
suy gidm ap sudt. Téng thadi gian thu hoi cling
nhu sdn phdm gia tang dugc tinh toan theo
ting phuong an ap dung tai mé Hai Thach.

- Danh gia ky thuat, nhan dinh cac tinh
huéng van hanh c6 thé gap phai. Cac van dé
van hanh thiét bi da dugc du bao nhu: ty I&
Idng trong dong thir cap, ham lugng CO,, H,S
gdy an mon voi phun, dong chay chat long
khéng 6n dinh, hién tugng Joule - Thomson
va hinh thanh hydrate [23].

- Ngoai ra, viéc c6 thé giam sat va dam
bdo ché dé hoat dong t6i uu cla thiét bi
theo thai gian thuc trong qua trinh van hanh
Ejector rat can thiét [15]. K&t qua cia mé hinh
CFD cho phép tinh toan phuang &n van hanh
thiét bi bang cach so sanh hiéu suat cta thiét
bi theo thdi gian thuc (s dung céc thiét bi
do dac thuc dia) véi két qua mé phang CFD.
Trong khi van hanh Ejector, B.J.Huang va cong
su da nhan manh tdm quan trong cla biéu
dé ndi tiéng nhu Hinh 14 [24]. Trong dé, hiéu
suat Ejector dugc chia lam 3 ché do: ché do toi
han - nghet déi (critical mode), ché dé can téi
han - nghet don (subcritical) va ché d6 dao luu
(backflow mode).

Tai ché d6 can tai han, ty sé hat entrain-
ment la khéng déi so véi ap sudt ngugdc cho

)
Hinh 8. Bién dang dp sudt tinh bén trong két cdu - M6 hinh chi cé methane (a); md hinh hon hgp khi (b)

(b)
Hinh 10. DG thi dp sudt tinh doc chiéu dai tai truc chinh cda thiét bi - M6 hinh chi 6 methane (a);
md hinh hon hgp khi (b)

Hinh 11. Bién dang ty Ié khdi lugng dong chdy cda khi methane trong hdn hap
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Hinh 13. Bién dang ty I khdi lugng dong chdy cia khi propane trong hdn hop

(single—choking)

critical mode suboritical back—flow
3 {double—choking) mode mode
o @ =constant (malfunction)
= ° w<0
g
'E': critical point
o
g
£
@
|
-
=
]
1 ‘ > Pc
P. Peo

Hinh 14. D4 thi'ty s hit entrainment so véi dp sudt nguoc [24]

dén 1 gia tri nhat dinh (goi la 4p suat ngugc t6i han - Critical back
pressure) va ty sé hut entrainment bat dau giam khi ap suat ngugc
tang. Ty 1é hut entrainment sé bj gidm dét ngét do giam dong chdy
thé cap. Néu tiép tuc gia tang ap suat ngugc, thiét bi Ejector sé
khéng thé tao ra ty I& hat entrainment nifa. Sé c6 hién tugng dong
chay nguoc hay dao luu tai dau thua cap [25].

5. Két luan

Ung dung dé gia ting thu héi cho mé khi condensate Hai
Thach st dung thiét bi Ejector da dugc moé phong bang ky thuat
CFD. Két qua so sanh véi nghién clu trudc d6 ctia Amin Hassan
Amin va cac cong su [16] va Weixiong Chen va cac cong su [17]
cho thay mé hinh mé phong CFD st dung thanh phan khi hén hgp
vGi diéu kién mo Hai Thach cho két qua chinh xac. Tuy nhién, mo
hinh st dung hén hop khi doi hoi luéi mé phong dugce chia nhé
hon rat nhiéu so vai cac nghién clu trude d6 nham dat dugc do
doc lap két qua GCl. Tai cac diéu kién cé ty 1é hat entrainment cao
thi mé hinh st dung hén hop khi tu nhién cho két qua cao hon so
véi mo hinh st dung khi methane théng thudng. Vi tri ¢6 su khac
nhau la khu vuc buéng trén va vung thiét dién khéng ddi nai xay
ra cac song xung kich do thay déi van t6c dong luu chat. Mé hinh
CFD cua Ejector dang dugc nghién ctu dp dung tai mé Hai Thach
dat dugc ty lé hat 37,69% tai diéu kién thiét ké la 14 MPa sa cap, 3,5
MPa thi cap va 4,5 MPa dau ra. Day la phuong an st dung khi dan
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déng tur dau ra may nén khi tai gian xt ly trung
tdm mo Hai Thach. M6 hinh stir dung hén hop khi
tu nhién la budc ti€n mai gidp thiét ké va t6i uu
hoa thiét bi Ejector cling nhu gitip nang cao tinh
chinh xac, hiéu qua cho cac nghién ctu st dung
Ejector khi tu nhién trong tuong lai. Tu nghién
cltu xay dung mé hinh CFD nay, c6 thé ddy manh
trién khai &p dung Ejector khi tu nhién trong cac
linh vuc tiém nang khac tai Viét Nam va cu thé |a
mo Hai Thach - Moc Tinh nhu gia tang thu hi mé
khi, thu gom khi bay hoi (flashing) tir san phdm
condensate hay hut condensate ngung tu vung
can day giéng.

Cac phuong hudng nghién cuu tiép theo la
gia tang thu héi khi condensate bang thiét bi
Ejector tai mo Hai Thach gom viéc t6i uu hoa thiét
k&, trién khai I&p dat, van hanh va kiém chiing mé
hinh bang két qua thuc dia. Cac nghién ctu néi
bat nham dua ra giai phap t6i uu vé kich thusc va
hinh dang khac nhau clia Ejector khi ty nhién nhu
la phuang phéap t6i uu hoa da muc tiéu ctia bd
cau kién bén trong Ejector Set-Based Concurrent
Engineering [26], khéng thi nguyén héa cau tao
hinh hoc cua Ejector so véi ty Ié hut entrainment
[27], hay phuong phap t6i uu dua trén mau dai
dién (Surrogate based optimization technique)
két hgp mé phong CFD, phuang phap Kriging
va giai thuat di truyén [16], phuong phap CFD
két hgp giai thuat tién héa da muc tiéu (Multi-
Objectives Evolutionary Algorithm). Viéc gia tang
thu héi khi kéo dai c6 thé sé doi hoi nhiéu bo 16i
khac nhau dugc thiét ké va ché tao nham thu héi
dugc lugng san pham I6n nhat tai cum mo Hai
Thach - Méc Tinh.
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Summary

In the field of gas and condensate production, the processing of fluid flowing depends on the reservoir pressure and the inlet pressure
of the gas processing system. In order to recover gas and condensate from the depleting or pressure-reducing wells at the same time with
wells still maintaining stable flowrate 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
operating costs, and this is also a lightweight, reliable and environmental-friendly equipment. However, to support investment decision
making, a reliable fluid dynamic model is crucial 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 Fluid Dynamic (CFD) model using a gas mixture were also compared to those produced by
the equivalent model using only methane. The flowing of fluids inside the Ejector is modelled based on the k-¢ Re-Normalisation Group (k-¢
RNG) turbulent model. The gas compositions for working fluids 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: Ejector, CFD model, enhanced gas/condensate recovery, Hai Thach field.
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