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Tom t^t 

Trong linh vt/c khai ihac khi va condensate, viec xifiy dong lou chat phu thuoc vao ap suat timg gieng va ap suat tai dau vao he thong 

cong nghe xir ly Oe co the tiep tuc thu hoi khi va condensate tai cac gieng da suy giam ap suat dong thdi vdi cac gieng khac van cho san 

li/cing va ap suat on dinh, thong thi/ong cac phucmg phap sii dung thiet bi be mat ditflc nghien ciJu danh gia ti'nh kha thi ve ky thuat cung 

nhi; dam bao hieu qua kinh te. Hai phuong an diing thiet bi be mat thong thucmg la may nen khi udt 3 pha va Ejector. So vdi viec sif dyng 

may nen khi trcrt thi phucmg an sir dung Ejector mang lai nhieu lcri ich nhu chi phi dau tiT va van hanh thap, day la mgt thiet bj co cau tao 

gon nhe, dp tin cay cao va than thien moi tnrdng. Tuy nhien, de dua den quyet dmh dau tu thi can phai co mot mo hinh tin cay giup phan 

tich kha nang lam viec, hieu suat hoat dgng cung nhu tinh toan chinh xac ty le san pham thu hoi dirge gia tang. Trong nghien cifu nay, 

ket qua ciia mo hinh CFD sir dung hon Uop khi cung difoc so sanh vdi mo hinh ti/ong di/ang chi sir dung methane. Sif khac biet cua 2 mo 

hinh duoc su dung de phan tich tinh chinh xac va hieu qua cua viec nghien cUu ap dung Ejector khi tu nhien gia tang thu hoi cho gieng 

suy giam ap suat. Ddng chay ciia luu chat ben trong thiet hi Ejector dugc mo phong dua tren mo hinh roi k-£ Re-NormallzatJon Group. 

Chat luu la hon hgp khi tu nhien co thanh phan cau tir theo dieu kien mo Hal Thach. Phuong trinh khi thuc Peng-Robison tmh toan ty 

trgng hon hop khi. 

Tir khoa: Ejector, mo hinh CFD, nang cao thu hoi khi/condensate, mo Hai Thach. 

I.Gicri thieu 

Viec duy tn khai thac ddng thdi nhieu gieng khi con

densate dat ra thach thUc Idn trong dieu kien ap suat dau 

vao he thdng xd ly khi la khdng thay ddi (ty sd nen cd dinh 

khi thiet ke he thdng). Khi ap suit be mat giam xudng 

dudi I p suit dau vao cua he thdng xd ly, gieng se l<no-g 

cdn khi nang khai thac khi ddng chay tu nhien cua gieng 

khdng dupe duy tri. Luc nay, lUpng khi cua cie gieng thap 

Ip cd the phi i bi ddt chay dudi dang khi thai hoac he 

thdng cdng nghe phai l ip dat them may nen khi 3 pha 

trung gian de tiep tuc duy tri sin xuat. Phuong an sddung 

may nen khi tU nhien 3 pha trung gian de tao ddng chly 

vao hethdngxuty cho cac gieng nay doi hdi chi phi d iu tu 

va van hanh cao, tdn kem thdi gian trien khai. 

Trong khi do, thiet hi Ejector cd the giai quyet b l i toan 

tren b ing viec su dyng dong khi dan ddng tu cic gieng 
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CD ap suat cao hoac dau ra eua he thong xCr ly khi co ap 

suat cao han ca ap suat dudng dng van chuyen. Ngoai ra 

trong nhieu trudng hpp, thiet hi Ejector edn sir dung nang 

iuong dan dong td ngudn so cap la gieng ap suat eao de 

cd the tan dung toi da nang lupng tu nhien td trong via va 

hoan toan khdng can them nguon nang luong nao khac 

hay san sinh them chat thi i ra ngoai mdi trudng. 

Tren the gidi da cd cac nghien cCtu ve tinh kha thi va 

hi?u qu i cua Ejector trong viec gia tang thu hoi cho cac 

gieng dau khi d cudi chu ky khai thac. Nhdm tac gia da 

r^ghien cuu xay dung md hmh md phdng dong ehay luu 

chat ben trong thiet bi be mat Ejecto. d^ dua ra thdng 

so hoat dpng to. uu nhat, giup gia tang khi nang thu hoi 

khi condensate. Md phdng hon bop vdi thanh phan cau 

tu cua kh. tunhi .n tuong tunhuphuong In dangdUO 
nghien cuu tai md Hai Thach, Ty trong hon hop khi duo 

tinh^toantheophuongtnnhkh.thucPengRobisonTronn 
so rat nhieu cac md hmh dong c h . ; ro,, nhom tac , Z l 
chon mo hinh k-t Re-Normal,?ation G r - . . 
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2. Ccf sit ly thuyet vh phamig phap nghien cihi 

2.1. Nguyen ly van hanh cUa thiet bi Ejector 

Ejector da duoc dng dung trong cac ITnh vuc cdng nghiep 

khac nhau. Ejector 11 thiet bi hUdng ddng don g i ln vdi 2 cong 

liiu chat d iu vao (Primary/Secondary Flow - Cong luu chat so 

cap/thdeap) va 1 cong phan tan (Diffuser}. Nguyen ly co b in 

cua thiet hi la tao ra I p suat am tai khu vuc budng hut bang 

each cho ddng chly lUu chat ap suat cao di qua khe hdhepde 

hiit ddng ap suit thap tai cdng thd cap. Sau do, 2 ddng chay 

luu chat dupe trdn ben trong khoang dau vao (suction cham

ber), dng trdn (mixing tube/chamber) va phan t i n d mdt sd 

Ip suat trung gian dupe xem la ap suat nguoe (back pressure, 

PJ hay cdn gpi la ap suat dau ra (discharge pressure), Ap suit 

chan khdng tao ra lUc hut luu chat tai cdng thd cap, duoc 

sinh ra bing each tang tde dp cua ddng chay luu chat sd cap 

di qua vdi phun hdi ty. Ve co b in . Ejector cd 5 bd phan: vdi 

phun hpi tu, budng hut, budng trdn, bp phan phan tan nhu 

Hlnh 1 [1]. 

Trong linh vUe dau khi. Ejector dUOc nghien edu de gia 

tang thu hdi cho cac gieng 6 cudi chu ky khai thac, thu hdi khi 

bay hoi (cd nhiet tri cao) ciia tau chda dau tai md hoac dng 

dung vao viec hut cac chat Idng ngUng tu can day gieng. Cie 

Ejector dupc sd dung vdi cae loai lUu chat ma khdng can den 

chat bdi tran, chi gdm cac chi tiet thu ddng don gian, d ing tin 

cay, chi phi thap va gan nhu khdng can bao tri. Tuy nhien, day 

la thiet bicd hieu suit thap va phu thudc vao rat nhieu vao cic 

yeu td thiet keva van hanh [2]. 

2.2, Tinh ft/id thi cua nghien citu gia tdng thu hoi cho mo ddu 

va khi/condensate bdng thiet bj Ejector 

Tren the gidi, thiet b| Ejector da dupe nghien edu trien khai 

va u'ng dyng rpng rai trong nganh cdng nghiep khai thac khi 

tUnhien v l dng dung gia tang thu hdi bat dau td nhdng nam 

1990 [3,4). Mdt sd nghien edu dien hinh nhu: Green, Ashton va 

cpng su nghien edu Ejector trong phong thf nghiem va sau do 

trien khai thuc dia giup gia tang khoing 25% va 41 % sin lUong 

(tuong Ung 25 trieu ft^ chuan/ngay va 15 trieu ft' ehuan/ngay) 

cho cac gieng suy giam ap suat tai 2 gian tai md Hewwett, Bien 

C6ngluu 

Hinh 1. Sadomau thiet bi Ejector va cdc chi tiet ben Irong I IJ 

Bac [31. Marco Villa va cpng suxay dung md hinh tinh 

toan ket hop thUe nghiem tai md Villafortuna, Italy 

da giup gia tang sin lupng cpng ddn them 100.000 

thung dau va thu hoi vdn dau tU trong vdng vai tuan 

[5]. RAndreussi va edng suda gidi thieu phuong ph ip 

nghien edu va ket qui thuc dia eua Ejector da pha 

trong Ung dung gia tang thu hdi tai vinh Mexico [6]. 

Tuy nhien, Viet Nam van chUa ed nghien edu hay b io 

cao I p dung nao ve Ejector trong dng dung gia tang 

thu hdi khi/condensate td phia ele eo sd nghien edu 

va don vi san xuat. Cung vdi viee day manh khai thic 

khi, Viet Nam se cd nhu cau rat Idn ve dng dung t i n 

thu khai thac gieng khi/condensate sddyng Ejector 

trong tuong lai. 

2.3. Cdc thong so giup phan tich vd ddnh gid hiiu 

suat hogt dgng ciia thiet bi Ejector 

Nham phan tich va dinh g i i hieu suat eua thiet 

bi Ejector, thdng thudng cic nghien edu sd dung 2 

thdng sd la ty sd hut entrainment va ty sd nen. 

6 J = ^ (1) 

Trong dd: 

(^•- Ty so hut entrainment ratio; 

m :̂ Khdi lUOng ddng ehay luu chat thd cap; 

m : Khdi lUOng ddng chly luu chat so cap. 

Ngoai ra, mot thdng so dac trUng la ty so nen gida 

ap suat dau ra vdi I p suat dau vao thd cap thudng 

Quae coi la ty sd nen die trUng cua thiet bj: 

T = i 5 (2) 
pj 

Trong dd: 

T:Ty sdnen; 

P̂ : Ap suat dau ra hay I p suat ngupc; 

P̂ : Ap suat tai cong thd cap. 

3. Nghien ct^u gia tang thu hoi khi va condensate 

cho cac gieng suy giam ap suat tai mo Hai Thach 

3.1. Tinh cap thiet cOa nghien c&u gia tang khd 

nang tbu hoi khi va condensate cho cac gieng suy 

giam dp suat 

Cac nghien edu gan day deu sd dyng phuong 

phap md phdng CFD de cd the dudoan chinh xic hieu 

suat thiet h\ va chi tiet ddng chly, qua trinh trdn lan 

ben trong Ejector khi tu nhien tan thu gieng suy giam 

ap suit. Ddng thdi, de cung eo cae ket qu i md phdng. 
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cac tac gia cdn ket hgp -. -̂m chdng tai thuc dra. Cac 

nghien edu nay da cung d p luan cU khoa hoc hdu 

ich cho viec tdi uu thiet ke Ejector cung nhu thuc day 

sin xult khi tu nhien.Trong khi dd, tai md Hai Thach, 

cac gieng khi va condensate se budc vao giai doan 

suy g i lm ap suat trong thdi gian tdi. Cd 4 gieng (HT-

IX, 2X, 3X v l 4X1 n im trong t ip via (UMAIO) ed l ip 

va nhd hon cac t i p via khac dang khai thac tai cung 

md Hai Thach. Cic gieng nay dang suy giam ap suit 

rat nhanh se ddng khai thic trong thdi gian tdi khi 

I p suit mieng gieng nhd hon Ip suit dau vao he 

thong edng nghe. Ung dung cua Ejector trong gia 

tang thu hdi dau khi thudng sd dung 2 phuong In 

CO b in II lay khi td d iu ra cua may nen khi hole td 

gieng eao ap lan can lam ngudn luu chit dan ddng: 

Phuong In 1 - Dung khi khd thuong mai cao 

ap tai dau ra may nen dan ddng vdi luu luong 40 

trieu ft^ tieu chuan/ngay va Ip suat tai 140 bar. 

Phuong an 2 - Dung khi td gieng cd ap suat 

cao va lUu lupng Idn nh l l duoc sudung la HT-5X (ap 

suat la 180 bar va luu luong dan ddng la 10,5 tneu ft' 

tieu chuan/ngay). 

3.2. Md hinh dpng li/c hoc chdt long tinh toan cho 2 

phifffng dn sijfdung Ejector 

Phuong phap CFD da duoc chdng mmh kha ning 

trong viec phan tich v l tdi Uu hoa hoat ddng cua Ejec

tor. Phuong phip md phdng ddng luc hpc chat Idng 

tinh toan CFD eho phep nghien cuu chi tiel ve ddng 

chly ben trong Ejector, dua tren viec grai phuong 

trinh Navier-Stokes (NS) va bien the cua phuong trinh 

nay nhu phuong trinh Favre-Averaged Navier -Stokes 

(FANS) hoac cac phuong trinh Reynolds - Averaged 

Navier - Stokes nen dUOe (PANS). Nh^m d im bio dd 

chinh xac va cd the dat duac 1 nghiem hdi tu va on 

dinh cho md hinh, cin phai cd kien thdc ve eac Ivlnia 

canh khac nhau cda md phdng CFD (nhu md hinh rdi 

- turbulence model) va each thdc khoa hpc trong xay 

dung md hinh (cae bUdc thiet l ip md hinh v l phuong 

phap rdi rac hda). 

Phuong trinh lien tuc (Continuity Equation): 

^ + P • (py) = 0 (3) 

Phuong tnnh ddng lUpng (Momentum Equation); 

-(pv) * V • (pvv) = -Vp* Vf (4) 

Phuong trinh nang lUpng (Energy Equation): 

j-JpE}-V.{v(pE-*p})= V-(fr*rv) 

Md hinh ddng luc hpc chat ldng tinh tc in cho 2 phdOng 

I n sd dung Ejector duoc x iy dung cho ddng luu chat chiu nen, 

ddng rdi va trang thai on dinh. Ddng chly luu chit v l phuorig 

trinh truyen nhiet dupc lua chpn la ddi xung qua true dda tren 

c lu tao vat ly cua thiet bi, ddng thdi gidp giam thdi gian tinh 

toan cho md hinh. Khu vUc can tudng ducc xd ly dddi dang 

'standard wall function" vi da chdng mmh duoc ket qua chinh 

xac eho cie tinh to in khu vUc can tUdng cho ddng chay lUu 

chit cd Reynold eao [7,8]. Mien tinh toan (boundary condition) 

cho ddng so cap va thd cap theo dieu kien "pressure inlet"trong 

khidauraCLiaEjectorcdmien tinh toan la "pressure outlet". Cac 

thdng so thiet lap dua tren gia tri ap suat, nhiet dd va ty le hon 

hop khi tu nhien cho dUdng so cap v l thd cap cho 2 phUdng 

an sddung khi dan dpng.Toan bp khu vuc tUdng cua Ejector 

dupe eoi la dang nhiet va khdng cd trao doi nang lupng vdi mdi 

tnidng ben ngoai do thdi gian ddng lUu chat chay trong eau 

tao la rat nhd. Trong so cie md hinh ddng chay roi, nhom tac 

gia lua chpn md hinh k-£ Re-Normalization Group. Theo nghien 

edu cua Y.Bartosiev îcz va cpng sU [9] va Yinhai Zhu va cdng 

su [101 khi danh gi i 6 md hinh ddng chly rdi khac nhau, md 

hmh k-£ Re-Normalization Group cho ket qua tot nhat va phii 

hop nhat khi du doan hien tupng ddng chay so vdi ket qua thi 

nghiem. Thuat toan Sif̂ flPLE dUOc dung de xd ly moi quan he 

gida Ip suit va van tdc dong luu chat, trong khi do tinh ddi 

luu (eonvective terms) dupc rdi rac hda dUa tren phUOng ph ip 

-second order upwind" [11 ] Dd hdi tu dUOc tinh toan eho tdng 

vdng lap. Vdng lap se ddng lai khi so du dupe xac djnh la nhd 

hon cho cac phuong trinh hen tuc, dpng lupng va nang lupng. 

RNG k - E transport equation: 

Ngoai nhCrng thong so neu tren thi tinh mdi va Ku diem CiJa 

mo h,nh CFD duac trlnh bay trong nghien cCfu nay la sft dung 
thanh phan cau t i j khi tu nhien v 

P dung phuong phap tfnh 
toan dp doc lap cau triJc mang luoi GCI 

3.2.1. Sidling thanh phan edu tirkhiwnhien 

Mo hlnh mo ph6ng CFD duoc xiy dunq CO earth ' ., h-
cau tc khi hydrocarbon ,a, mo Ha, Thach I n t T " 
su dung khi dan dong lay tu may nen khi cao L " , ° " ' ' " 

phancautCnhuBang,.Thanhphanc t " , r ? ' " 
dong va luu chat b, hut)^ Trong nghiencUun " 
chi bao gom cac thanh phin cau tu nhu methan^e T h ' " " ' ' ' ' ' ' ' 
pane, nitrogen va carbon dioxide de rj.^r, • • ' "'^"'^-Pf'O-
toan mo phong ddng chay luu chit ' . i - ^.,, (- , ° ' ^'^"^ '•'"^ 
thanh phan khi). Hien tai cac n r | r , r - , ' ' ' ' " ' 8 ° " trong 

" "• ' - ' " " " " g k h i t h i e n 



nhien t in thu gieng suy gi lm ap suat khac sd dung meth

ane lam luu chat hoat ddng [12- 16j. Hole sddung luu chat 

2 pha bao gom methane va hat nudc cd ty le the tich la nhd 

hon 3,1% [17]. 

Ty trpng cua hon hop khi tu nhien dope tinh theo 

phuong trinh khi thuc Peng Robison, trong khi ele tinh chat 

khac nhu do nhdt, nhiet dung rieng hay dp dan nhiet cua 

luu chat dupe lay td NIST (National Institute of Standards 

and Technology) dUdc goi la REFPROP (Reference Fluid 

ThermodynamicandTransport Properties Database) [18]. 

P = ; l'm+2bVni-6^ 

k= 0.37464 + 1.54226a. 

re 

(7) 

(8) 

(9) 

(11) 

(12) 

Trong dd: 

P,Tvl R:Apsuat, nhiet dp va hing so quan he; 

T. vaP^: Nhiet dp va ap suat tdi han; 

T : Nhiet dp rut gpn; 

V :Thetich moi; 

0): Thda sd accentric cua cau td. 

!

0.01726268 + 0,00077648 T - 1,54 
X 10-^T^ - 1.71 X 10-''T^ + 1,15 X 10-^T'^ 
v&ilOO < T < 179,9K 

-0.1156432 + 0,002943T- 3,09" IQ-^T^ + 1.72 
xio-7j^- 5^33 X l0-^°T'^v&il79,9< T< 300K 

(
-658833.1 * 23960,32T- 346.62T^ 

+ 2.48T^ - 0,0088T* v&i 100 < T < 205.2K 

20900000 - 399555.3T+ 3049.36T^ - 11,62T^ 

+ 0,022T^ v&i 205,2 < T < 300K 

Kcond = - 10,759 + 0,4545 - 0,00782T^ 
+ 7.26 X IQ-^T^ - 3.94 x IQ-'^T^ 
v&ilOO < T < 300K 

Vdi rf, Cp va ^conrf ^P nhdt. nhiet dung rieng v l dd 
dan nhiet. 

3.2.2. Tinh doc lap cau true mang ludi (Mesh Indepen

dence) 

He so cau true lUdi hpi tu (Grid Convergence 

Index-GCI) 

-i- Dp min ludi md phdng 

Chat luong mang ludi la mpt trong nhdng khia canh 

quan trpng phai duoc xem xet trong khi thuc hien md 

phdng CFD, vi sdng xung kich, ddng chly tai Idp bi^n 

- can bien va qua trinh trdn lan Inh hudng chinh den 

hieu suat hoat ddng. Tuy nhien, viec tao ra md hinh cd 

sd lupng d lUdi day die, se ddi hdi thdi gian tinh toan rat 

Idn va khien nd trd nen khd cd the ap dyng. Cac nghidn 

edu gan day da nghien edu sU thay doi trong ket qu i md 

hinh so vdi viec thay ddi kich thudc mang lUdi. Muc dich 

la ed the lua chpn duoc md hmh cd do min nhat dinh, 

dam bao duaz kha nang tinh to in trong thdi gian eho 

phep va tai dd ket qua dupe xem nhU la dpc lap vdi kich 

thudc va cau true cua mang ludi. 

+ Dpc lap cau true ludi 

GCI cd the giup dmh lUOng dUOc dp hdi ty cua ket 

qua md hinh md phdng gdm rat nhieu mi t lUdi [19-21]. 

Phuong phap GCI du doln sai so cCia viee lam min ludi 

md phdng td ly thuyet ngoai suy cua Richardson. He so 

GCI dai dien eho khoang each cua thong so can quan sat 

trong md phong CFD so vdi gia trj tiem can ma nd cd the 

dat dupe khi gia tang dp phdc tap ciia md hlnh. 

GCI, i (13) 

Vdi; F̂  la he sd an toan, bang 1,25 trong trudng hop 

so sanh 3 cau true lUdi khac nhau. He sd £ la sai sd tuong 

ddi dua theo thdng sd can quan sat, trong trudng hop 

nay la ty le hut entrainment w. Con N̂  la sd d mat ludi 

trong tdng cau true ludi khac nhau dUpc so sanh. 

£i,,+i = (14) 

Thinh phan cau tCr 
Methane (CH.) 
Ethane (CiHe) 

_ Propane (C^HB) 
Nitrogen {Ni) 

COj 

Bang 1. Ihanh phan cau tir Irong luu chat dan dong va iiiu chal hi but 

Luu chat dan dong (% moi) LUu chat bi hut (% moi) 
78.3 

1,5 
4,5 
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Gia tri p duoc goi la bac rdi rac hoa cua mo hinh CFD 

(order of discretization) va duoc tinh toan dua tren cong 

there vong lap; 

0.5p„_, t 0,5 

„/((-?.--)...)\ 

Sira" 
(16) 

Vdi: Pn-\ la ket qua cua vong lap truoc. Vong lap ket 

thijc khi Ip - p^J < 1 X lOMrong khi do, p la gia tri dau 

tien cua vong lap duoc tinh theo cong thdc: 

(17) 

Trong do: e = w^-oi^va e,,= ajj-cu, 

Phuong phip GCI cd the dua ra cac ket luin ve tinh 

dpc lap cau true ludi md phdng dua tren viec tinh toan cac 

thdng so sau: 

a= 'r."'-"^^ (18) 
CCiij 

"J«o« = w, + '^J^ (19) 

'^Cell_ai-g -
. I , \ , 

(20) 

(21) 

Td cic g i i trj tinh toan dUOc td phuong phap GCI, co 

the thay mo hinh Ejector sd dyng thanh phan hdn hop 

khi can phai cd md hlnh mi t Iddi phdc tap hon so vdi cac 

nghien edu ve Ejector khi tu nhien trudc do. De dat duoc 

sudn djnh cua g i i tri ty le hut entrainment, md hinh phai 

can den 438.000 mi t lUdi so vdi 21.000; 11.610; 32.140; 

69.366: 336.387 va 294.360 lan lUOt theo cac nghien edu 

trudc do [12-17]. 

Trong dd, A_, va A^^ lan luot la dien tich be mat 

md phdng va dien tich trung binh tdng d mat lucn td gilc 

(quadrilateral) cua Ejector dupc chia nhd. Cd the rut ra ket 

lu in td tinh to in ddc l ip cau triic lUdi md phdng nhu sau: 

-1- Gil tri c in quan sat gan vdi gia tri tiem can vi o = 1. 

Baiig2.yt3.:'-'ixldp\ 

Ao^tntn) I 

3651,7 1 

^ Gia tri tiem c in cua ty le hut entrainment n^u t. P 

tue lam min md hinh I I cu,^. = 38.56%. So d mit Idd. can 

phi i chia cua md phdng CFD de d^t dUdc g i i tn tiem ca 

ty lehut ia N_ , = 438.417omit lUdi. 

-f Hes6R = 0,12381daidienchQkhananghpituddn 

dieu cua g i i tri can quan sit theo phuong phap GCI (hoi tu 

don dieu - monotonic convergence vi 0 < R < 1 )• 

+ Tinh ddc lap eua g i i tr, can quan sit so vdi cau true 

ludi md phdng cd the duoc xac djnh neu GCL,, - 3,7526% 

la nhd hon GCL_,j = 20,86% 

4. K^t q u i v^ t h i o lu in 

4.1. W t qud cCia md phdng CfD thiit bj Ejector 

4.1.1. So sdnh ty le hut entro/nment ciJo mo hinh vdi cdc 

nghiin cifu khdc 

Clu true Ejector dupe nghien edu tai md Hai Thach 

duoc phi t trien theo phuong phap xac djnh hinh dang toi 

uu td nghien edu cua Amin Hassan Amin va cpng sU [16] 

v l Weixiong Chen va cdng su [17]. Trong nghien edu eua 

Amin Hassan Amin va cdng su, thiet ke Ejector hoat dpng 

tai dieu kien 12 MPa Ip suat so d p . 2 MPa ap suit thd 

cap v l 5,2 MPa Ip suit dau ra. Ket qui ty le hiit entrain

ment tdi Uu m l Amin Hassan Amin va cdng su dat dUpe la 

19,45% thdng qua md phdng CFD sddyng methane lam 

luu chat hoat ddng. 

Trong nghien edu ciia Weixiong Chen v l cpng sU, 

Ejector khi tU nhien dupe md phdng CFD va kiem chdng 

thuc dia vdi dieu kien hoat ddng la 11 -13 MPa ap suat so 

cap, 2 - 4 MPa ap suit thd cap va tu 5.1 - 5,6 MPa ap suat 

dau ra. Ket qu i ty le hut entrainment tdi uu ma tac g i i dat 

duoc so vdi I p suit so cap dupe bieu dien nhu trong Hinh 

4. Khi ap dung tai cung 1 dieu kien thdng so va eau tao, 

md hinh CFD sd dyng hon hop khi tu nhien cho ket qua 

tuong duong tai gia tri ap suit so cap thap (ty le hiit thap). 

Tuy nhien, tai g i i tr; ap suat so cap tang len se tuong dng 

vdi ty le hut cao (td 35 bar I p suit cong thd cap trd len), 

md hinh hon hop khi cho ket qui cao hon so vdi mo hinh 

cau tnic mang luth Ejecioi 

>', 
416113 

315763 

227345 

^CcHaufll"""^! 

0,0088 

0,0116 

0,0161 

CO, 

38,55 

38.50 

38,08 

0,989089 

0,12381 

38,56356 
438417,7 

GCI (%) 

20,8634 
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chi sd dung methane cua Weixiong 

Chen v l cpng su [17]. 

Trong khi do, Ejector dupc 

nghien edu Ip dyng tai md Hal 

Thach dat duoc ty le hut entrain

ment la 37,69% tai dieu kien thiet 

ke II14 MPa sO cap, 3,5 MPa thd cap 

vl 4,5 MPa dau ra. Day la phuong 

In dang dupe trien khai nghien edu 

sir dung khi dan ddng lay td dau ra 

miynenkhicua gian xdly trung tam 

md Hai Thach. Phuong an ap dyng 

tai md Hli Thach da cho ty le hut 

entrainment cao hOn 2 nghien edu 

ve Ejector khi tu nhien trudc dd eCia 

Amin Hassan Amin va cdng sU [16] 

vl Weixiong Chen va cpng sU [17]. 

4.1.2.5o sdnh 2 mo hinh CFD SLfdung 

mef/iane vd hon hcfp khi tu nhien 

Khi so sinh gida 2 md hinh Ejec

tor sddyng hon hpp khi tu nhien tai 

ciing mdt dieu kien, ta ed do thj ty le 

hilt entrainment so vdi ap suat thd 

capnhuHinhd. Ban dau khi ap suat 

cong thd cap dang cao thi md hinh 

sddyng hon hop khi tu nhien eho 

t^ le hut cao hon. Khi ap suat ddng 

Hinh 2. Cau true iaat cua mo hinh Ejettor wi heu phdn chia mdt ludi tii gidc (quadiilaleial) (a) va chi net 
lai khu nlc budng Iron (b 

Hinh 3. Cdc lu'ch thUdc hinh hgc dnh hiiang den ly le hut entrainment Ibeo nghien ciiu cua Amin Hassan Amm 
vacongsupSj 

Thong s6 

Tmh^phy thudc thdi gian 

Phuong ph ip phan chia cau triic 

Bg g\i\ 

M6 hbh roi 

Mien tinh toan 

Ch5t luu 

Thflngsoquanslt 

Bdng 3. Chi tiet md tiinh CfD cho phi/ong dn su'dung Ejector tai mo Hoi Thach 

Diln giai 

Trang thai on dinh. 
Phan chia mSt ludi tiJ giac; 
Xac dmh tinh doc lap ciia ty le hut entrainment v l bien dang ap suat so vdi so 6 mit ludi. 
Thuat toan SIMPLE cho moi quan he giifa ap suat va van toe dong luu chat. 
k-e Re-Normalization Group. 
Theo ap suat va nhiet do cho cac phuong an 1 va 2. 
Hon hop khi gom methane, ethane, propane, nitrogen va carbon dioxide nhuchi tiet trong 
Bang 1 (phuong trinh khi thuc Peng Robison cho ty trpng hdn hpp). 

Vong lapse ddng Iai khi phan difduoc xac djnh nhohon 10'^ cho c^cphuong trinh li&n tuc, 
dong lUOng va nanglUpng. 
- Ty le hut entrainment dac trung cho kha nang co the hut dupc mpt khoi lUong luu chat thd 
cap tren mpt khdi luong iUu chat so cap tai dieu kien dau vao, 
- Do thj iUu luong ddng thd cap so vdi ap suat ddng thd cap. 

Bdng4.Kichthifdctdii/utheonghiinci}ucua Amin Hassan Ammva<:dngsifdgtdiJOcthdngqaa216bdkichthudckhdcnhau (16! 

^0"g ; D, 9,, 9,, D,/ NXP/ S- £>„,/„ 9 i^j /., / 
_so_ ^ (mm) (do) (dp) / D - ' 0 , (do) '"• (do) '^' ^'^' 
___ r 4,6 11.2071 7,0631 1.4059 1,9178 13,5 1,8045 5,5723 15,7391 0.6387 

Dp = 6,4717 NXP = 8,822 D., = 8,3 L„, = 72,4 L, = 2,938 
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Pi (MPi) 

Hhib4.06tbitylihalentiianmtntfortidpsu6tttiiaptai<Seuk>en(^fuiisacipP^=VMPa 
vddpsiangiacP^=5JMPalU! 

_ 50 

.X 40 

Ap suit thi/ cip (tiar) 

HinhS-Ooihin W hiit entru^nmcnl io \t' c;' ludl tha cop u: !\jng d^ bfn kt- 'i: ixifi nr '^t<ier ciAi 

35 ilj 2S 24,5 21 173 14 
Ap sual thu cap (bar] 

Hmh 6. hHhiilir,:rjinmefitti'u'o2mdhmhsiidungkhimeihanevahdnt)apkhitisnhien 
sovoiapiudtlhi/aptmdi4uben-P^= 140bar. P^=4Sba 

, -W 

36 40 5 45 49.5 54 58.5 63 57.5 
Ap suit nguoc (bar) _ _ _ _ ^ „ 

..• intjomir't"'' Q.J: 2 mobmhsildungktiimetiionevahaihapiintilillubl 
so map sudt nguoc tai dieu kien P^- liObar, P^=4Sba 

iM ca'p giam xuong thi mo hinh sOl dung meth

ane va hon hop kh, tu nhi^n cho te't qua tuang 

duong. Hlnh 7 b i& diJn ty le hut entrainment 

so vdi ap suit nguoc cho 2 mo hlnh Ejector Mo 

hinh s i dung hon hop khi cho ty le hut cao hon 

tai che do nghet do,, tuy nhien 2 m6 hlnh la, cho 

ket qua tuong duong trong che dp nghet don va 

dao luu. Bieu nay co the giai thich do kho, luong 

phan tcr cua cac hon hop khi tiJ nhien la Ion hon 

va qua do tao ra nguon nang lucmg dan dpng 

Idn hon. Tuy nhien. bSt dau t i l che dp nghet don 

thi nguon nang luong dan dong nay la khong du 

va khong vupt trpi so vdi ap suat ngupc. Vi vay, ty 

le hut khdng CO khac biet. 

Thdng qua md phdng CFD, cd dd thi so sanh 

bign dang van toe, ap suat ddng luu chat giOa 2 

md hlnh chi dung methane va gdm thanh phan 

hon hop khi tu nhien. Ket qua md phdng cho 

2 md hlnh nay duoc tinh toan cho dieu kien 12 

MPa ap suat so cap, 3 MPa ap suat thijr cap va 4,1 

MPa ap suat nguoc (Hinh 8 - 10). Trong Hinh 9, 

cac vi tri sdng xung kich tuong dng vdi cac vi tr i 

m lu dd. Oiem khac biet chu yeu xiy ra trong khu 

vuc thiet dien khdng doi va budng trdn (Hinh 8, 

10). Tai khu vuc thiet dien khdng doi va budng 

trdn, md hinh hon hpp khi co ket qua van toe 

ddng iUu chat Idn hon va khdng cd su bien thien 

van tdc. Vdi md hinh chi co methane, tai khu vuc 

thiet dien khdng doi va budng trdn cd nhieu 

sdng xung kich han (Hlnh 9). Sdng xung kich 

duoc tao ra la do ddng luu chat lien tuc tang v l 

g i lm v in tdc. Vi vay, cd su suy giam ning lupng 

ddng luu chat va tao ra khac biet ve ty le hut. 

Ngoli ra, thdng qua md phong CFD hon hpp 

khi tu nhien, cd bien dang ty le khdi lupng ddng 

chiy cac thanh phan cau t i i nhu Hinh 11 - 13. 

Ke't qu i cho thay md phdng CFD hon hop khi tu 

nhien rat cin thiet cho cic iJng dung doi hoi dp 

chinh xic ve thanh phan cau tir khi t i / nhien. 

4.2. Kha ndng dp du„g kit qui cua md hlnh 

CFO (/l,et bi Ejector (rong nghien culj gia tang 

thu hoi cho mo khi, condemate 

Viec xiy dung md hmh chinh xic hoat ddnq 

Phong CFD hon hop kh,tu nhien ho tro hieu qua 
trong cong t ic nghien cCru then khai giai phap 

gia tang thu hdi cho md khi. condensate-



Mo phdng CFD cd the phan tich duoc 

Inh hudng cua cac thdng sd van hlnh, dac 

diem clu true ben trong den hieu suat lam 

viec cua thiet bj. Md hinh CFD sd dung hon 

h ^ khi tu nhien se dung de nghien edu tdi 

uu hda cau true ben trong thiet bi Ejector cho 

dieu kien I p dung tai md Hl i Thach - Mdc 

Tinh. Cac nghien edu [16, 22] da chi ra nhuqc 

diem cua md hinh 11 hieu suat thiet bi Ejector 

cdn thap, dac biet la trong trudng hop ap suat 

dau ra cao hoac ap suat ddng thd cap thap. 

Ky thuat CFD cdn giup phan tich v l 

nhan dinh cac phuong an lay khi dan ddng 

khac nhau de dua ra phuong an hieu qua nhat 

trong dieu kien tai md Hai Thach - Moc Tinh. 

Hien tai, trong dng dung gia tang thu hdi khi 

dOng Ejector tren the gidi, khdng cd phuong 

In nao duqc coi la toi Uu trong mgi trudng 

hgp. Ty le hut entrainment se duqc tinh toan 

theosudtquatrinhgia tang thu hdi cLia gieng 

suy gilm ap suit. Tong thdi gian thu hdi cung 

nhu san pham gia tang duqc tinh to in theo 

tifng phuong an ap dung tai md Hai Thach. 

- Canh gia ky thuat, nhan dinh cic tinh 

hudng van hanh cd the gap phi i . Cac van de 

van hanh thiet bj da duoc du bao nhu: ty le 

ldng trong ddng thd cap, ham luqng CO ,̂ Ĥ S 

giy an mon vdi phun, ddng chay chat Idng 

khdng dn djnh, hien tuqng Joule - Thomson 

va hinh thinh hydrate [23]. 

Ngoli ra, viec cd the giam sat v l dam 

bio che dp hoat ddng toi Uu cua thiet bj 

theo thdi gian thdc trong qua trinh van hanh 

Ejector rl't can thiet [15]. Ket qua cua md hinh 

CFD cho phep ti'nh toan phuong an van hanh 

thiet bi bing each so sinh hieu suit cua thiet 

bl theo thdi gian thuc (sd dyng cac thiet bj 

do dac thuc dja) vdi ket qua md phdng CFD. 

Trong khi van hanh Ejector, B.J.Huang v l cdng 

sudi nhan manh tam quan trong ciia bieu 

do noi tieng nhU Hinh 14 [24]. Trong dd, hieu 

suit Ejector duqc chia lam 3 che dp: che do tdi 

han - nghet ddi (critical mode), che do can tdi 

han - nghet don (subcritical) va che dp d io lUu 

(backflow mode). 

Tai che dp can tdi han, ty sd hut entrain-

fiient la khdng doi so vdi ap suit nguoc cho 

Hmh 10. Do UII nr -cat linh doc chieii dai tai true diinh cua Ihiet bi - Mo hmh chi (omethan? (a), 

him 

10 khi methane trong hdn hap 
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l U M N . I U I l l C l l i a 

ddng tit d i u ra miy nen khi ta, gian 
xis 1)/ trung 

P. R» 

Hinh14.{)6tiiitys6t^tntrainmentsoyaidpU)6t nguoc.2i', 

den 1 gia tri nhat dinh (gpi I I ap suat nguoc tdi han - Cntical back 

pressure) va ty so hut entrainment b i t dau gi lm khi ap suat nguqc 

tIng.Ty le hdt entrainment se bi gi lm dot ngdt do g i lm ddng chay 

thd cap. Neu tiep tuc gia tang ap suat nguoc thiet t)i Ejector se 

khdng the tao ra ty le hut entrainment nda. Se cd hien tuqng ddng 

chly nguqc hay dao lUu tai dau thd d p [25]. 

5. Ket luan 

l!fng dung de gia tang thu hdi cho md khi condensate Hli 

Thach sd dung thiet bi Ejector da duoc md phdng b ing ky thuat 

CFD. Ket qu i so sanh vdi nghien edu trudc do cua Amin Hassan 

Amin va cac cdng su [16] va Weixiong Chen va cac cong sU [17] 

cho thay mo hinh md phdng CFD sddung thanh phan khi hon hqp 

vdi dieu kien md Hai Thach cho ket qu i chinh xic. Tuy nhien, mo 

hinh sd dung hon hqp khi ddi hdi lucfi md phdng duqc chia nhd 

hon rat nhieu so vdi eac nghien cud trudc dd nhim dat duqc dd 

ddc lap ket qua GCI. Tai cac dieu kien cd ty le hdt entrainment cao 

thi md hinh sd dung hon hop khi tu nhien cho ket qua cao hon so 

vdi mo hinh sd dung khi methane thdng thudng. Vj tri cd su khac 

nhau la khu vuc budng trdn va vung thiet dien khdng doi noi xiy 

ra cac sdng xung kich do thay doi van toe ddng luu chat Md hinh 

CFD cua Ejector dang dUOc nghien edu Ip dyng tai mo H5i Thach 

dat duqc ty le hut 37.69% tai dieu kien thiet ke 111 4 MPa so cap, 3,5 

MPa thu cap va 4,5 MPa dau ra.Bay la phuong an sLfdung khi dan 

2 2 lUu o n . SO 5^2020 

tam md Hl i Tliach. Md hlnh sCr dung hdn hop 

tu nhien I I budc t,en md, giup thie't ke va to, i/u 

hda thiet bi Ejector cung nhu g,ilp nang cao hnh 

chinh xac hieu qui cho cic nghien cOfu sU dung 

Ejector khi tu nhien trong tuong lai. TU ngh,en 

ciJu xiy dung md hlnh CFD nay, cd the diy manh 

tnen kha, ap dung Ejector khi tu nhien trong c ic 

ITnh vuc tiem nang khac tai Viet Nam va ci, th^ la 

md Hli Tliach - Mdc Tinh nhugia t ing thu hdi md 

khi, thu gom khi bay ho, (flashing) tit sin pham 

condensate hay hut condensate ngung tu viing 

can dly gieng. 

Cic phuong hudng nghien cifu t,ep theo ia 

gia tang thu hoi khi condensate bing thiet bj 

Ejector tai md Hal Thach gdm viec tdi uu hda thiet 

ke, trien khai l ip dat, van hlnh va kiem chung md 

hlnh b ing ket qui thuc dia. Cac nghien cufu noi 

b i t nh im dua ra g,li phap tdi uu ve kich thudc va 

hlnh dang khic nhau cua Ejector khi tu nhien nhu 

II phuong phap tdi Uu hda da muc tieu cua bp 

clu kien ben trong Ejector Set-Based Concurrent 

Engineenng (26), khdng th^f nguyen hda cau tao 

hlnh hpc cua Ejector so vdi ty le hut entrainment 

[27], hay phuong phip tdi uu dUa tren mau dai 

dien (Surrogate based optimization technique) 

ket hop md phdng CFD, phuong phip Kriging 

va giai thuat di truyen [16], phuong phap CFD 

ket hop gil i thuat tien hda da muc tieu (Multi-

Objectives Evolutionary Algorithm). Viec gia tang 

thu hdi khi keo dai cd the se ddi hdi nhieu bd Idi 

khic nhau dupc thiet ke va che tao nhim thu hoi 

dupc lupng sin pham Idn nhit tai cum md Hai 

Thach- Mdc 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 Huu Hai\ Tran Vu Tung', Ly Van Dao' 
'Bien Dong Petroleum Operating Company 
-Hanoi University of Mining and Geology 
Email: tnjngtn@biendongpoLvn 

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-t 

RNG) turbulent model. Tfie 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. 


