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Tom tat

Tau ché khi héa I16ng (LNGC) cdp man véi bé chira khi héa Iéng néi (FLNG) la phuong dn neo phé bién va hiéu qua
nhdt dé€ qudang dudng xudt khi LNG la ngdn nhdt, dam bdo c6ng nghé lam lanh khi héa Iéng & nhiét dé khodng -160°C.
Tuy nhién, hinh thirc khai thdc nay cé6 thé anh huédng bat loi dén bé chira néi va tau. Bai bdo gidi thiéu cdc nghién ciru
ly thuyét va thuc nghiém cua hién tuong tuong tdc giita cdc luc thiy déng cia séng véi hai vét thé néi cé kich thuéc
16n trong qud trinh khai thdc kiéu cdp man.

Két qua nghién ciru da duoc iing dung cho diéu kién mé Bach Hé, véi cdc tinh todn c6 sir dung phdn mém chuyén
dung HydroStar ctia Ddng kiém Phdp, dé€ so sdnh véi trudng hop chi c6 bé chira néi dé ddnh gid mic dé gia tdang ctia
bé mdit séng bién tai khodng hé giita FLNG va LNGC khi dang tiép nhdn khi héa I6ng & trang thdi cdp man . Tir do, tdc
gid rut ra két lud@n vé su tuong tdc ctia séng dén FLNG - LNGC khi neo kiéu cdp man va ddnh gid anh huéng dén su an
toan ctia cong trinh khai thdc.

Tir khéa: Tuong tdc thiy déng hoc, luc séng, bé chira khi héa 16ng néi, tau ché khi héa 16ng, LNG, khai thdc kiéu cdp man,

tuong tdc nhiéu vat thé.
1. Giéi thiéu

Nghién cdu luc thay dong cla séng tuong tac lén
FLNG va LNGC trong khi dang khai thac cap man la nhiing
nghién cdu méi & Viét Nam, c6 tinh Ung dung cao trong
viéc phat trién cac du an nghién cru khoa hoc va phuc vu
cho c6ng tac dao tao chuyén nganh ky thuat xay dung
c6ng trinh bién. Nghién ciu nay con 6 thé ap dung cho
tinh toan tuong tac luc thily déng cia song [én hé théng
céc tau b, phuong tién néi neo gil kiu cap man khac.

Tac gia da gidi thiéu téng quan vé FLNG va céc trang
thai xuat cac san phdm dau khi; co s& ly thuyét tinh toan
tac déng cua luc thiy dong clia séng nhiéu xa buic xa 1én
mot vat thé kich thudc 16n va tuong tac clia song vdi hai
vat thé cap man. Trén ca s& téng hop cac nghién ciu trén

thé gidi qua két qua mo hinh héa va thuc nghiém, tac gia
da rat ra hé s6 can sirdung cho vling nudc tuong tac gilra
2 vat thé. Phan ap dung s6 thuc hién tai md Bach H8, nai
€6 d6 sau nudc ndng (50m nudc) so véi cac nghién ciu da
thuc hién trén thé giGi dé xem xét tac dong clia séng dén
FLNG va LNGC, sy anh hudng dén cao do bé mat song,
céac dich chuyén va luc séng tai khoang hé gitia 2 vat thé...
Tu d6, tac gia dua ra khuyén cao véi cac chu ky séng gay
cong hudng, nhay cdm véi hoat déng khai thac cta 2 tau
cap man.

Phuong phéap nghién ciu:

- Nghién ctu ly thuyét phan tich thay déng luc hoc
tac dong 1én bé chira khi hda 16ng néi trong 2 trudng haop:
chi 6 FLNG va FLNG - LNGC dang khai thac kiéu cap man.
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Hinh 1. BE chifa khi ha lng ndi (FLNG)
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TU bai todn ham thé& nhiéu xa buc xa bac 1 va bac 2 cla
song tac dong quanh vat thé kich thudc 16n dé xac dinh
luc thQy dong tac dung lén bé chiia néi trong 2 trudng
hop trén.

- T6ng hgp cac nghién cuu trén thé gidi qua két qua
mo hinh hoéa va thuc nghiém dé rut ra hé s6 can st dung
cho viing nudc tuong tac gilta hai tau.

- Tinh toan thay déng luc hoc bang chuong trinh
HydroStar tinh tuang tac clia luc séng lén bé chia khi hoa
ldng ndi trong 2 trudng hgp: chi c6 FLNG (BT1) va FLNG -
LNGC dang khai thac kiéu cap man (BT2).

- Phan tich danh gia két qua tinh toan: So sanh 2
trudng hop tinh toan dé danh gia do gia tang ctia mén
nudc gilia 2 vat thé ndi do song tuong tac véi 2 vat thé
dung song song canh nhau, danh gia su anh hudng do
dén hé neo gilr cdng trinh.

2.Téng quan vé FLNG va trudng hop khai thac cap man
2.1. Vai tro va van hanh FLNG

Viéc phat trién cac mé khi ngoai khai can chi phi dau
tu ban dau rat I6n, do cac mé khi thudng & sau trong long
dai duong va xa bd. Cach thuc truyén théng cua viéc khai
thac khi & ngoai khoi va van chuyén khi vao bg la théng
qua hé théng dudng éng. Mét gidi phap hiéu qua khac
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Hinh 3. BE chiia khi hda léng Prelude (Shell)
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dugc ap dung trén thé gidi la sit dung FLNG dé khai théc
khi tu nhién tr mé ma khong can xay dung ca sé ha tang c6
dinh nhu: hé théng dudng 6ng hodc nha may ché bién khi
trén ba. Khi mé khai thac hét khi, chi can nhé coc neo va di
chuyén FLNG t&i mé khi khac. Khi khai thac tir mé dugc dua
Ién bé chua, duoc héa 16ng bang cdng nghé lam lanh dén
-160°C va nén lai thu nhé thé tich clia khi t&i 600 1an nén cé
thé van chuyén dugc dén cac viing xa. Khi héa 1dng duoc
chtra trong thung chua 16n tai bé chia, sau dé dugc chuyén
sang tau LNGC dé van chuyén t6i cac ho tiéu thu.

Coéng doan san xuat tach loc ché bién khi dugc thuc
hién trén FLNG ngay tai mé khi ngoai bién. FLNG dugc
thiét ké dé hoat dong médt cach an toan va luén dugc
neo gilt tai mo ngay ca trong diéu kién thaoi tiét khac
nghiét nhat.

2.2. Bé chira khi héa 16ng néi FLNG trén thé giGi

Trén thé gidi hién c6 nhiéu FLNG dang s dung dé
khai thac khi héa 16ng. Du kién vao ndam 2017, bé chia néi
I6n nhat thé gidi (Prelude cda Shell) sé neo & ngoai khoi
cach 200km tUr b bién phia Tay Béc clia Australia dé khai
thac khi tu nhién ti mé khi Prelude & d6 sau 250m nudc.

BE chura khi hoa 1dng néi nay dai 488m, rong 75m va
cao 105m, Turret cao 93m véi 4 cum day xich neo va neo
bdang coc mut. Khi chia day tai, Prelude FLNG sé nang
600.000 tan, gap 6 lan tau san bay I6n nhat cia My. Mac
du vay cong trinh nay chi bang 4 kich thuéc ctia mét nha
may tuong duang trén dat lién. Cac ky su da thiét ké cac
module xép theo chiéu doc dé tiét kiém khong gian; déng
thoi dua ra cac y tudng bom nudc lanh tu sau trong dai
duong dé gitp lam mat khi. Khi dugc héa 16ng & nhiét do
-162°C. Prelude FLNG c6 khd nang chia 220.000m? LNG,
90.000m?3 LPG va 126.000m? condensate, tuong duong véi
khoang 175 bé bai Olympic. Udc tinh téng muic dau tu chia
Du &n Prelude FLNG khodng 10,8 - 12,6 ty USD [17, 18].

2.3. Phuong phdp xudt khi héa I6ng tir FLNG sang LNGC

Dua vao chat chia trong bé chia néi la dau hay khi
héa I6ng dé Iua chon mét trong hai cach xuat san pham:
kiu ndi dudi hodc kiéu cap man. Kiéu ndi dudi (tanderm)
sé gidm thiéu anh hudng tuong tac cla trudng séng gilia
2 tau tac dung lén nhau, tuy nhién quang dudng van
chuyén dai. Cach nay phd bién doi véi cac bé chia dau
n&i FPSO. Ki€u cap man (side by side) khong phé bién cho
FPSO vi trudng song xung quanh moi tau sé anh hudng
tuong tac lén nhau, gay bat Igi cho ca hé.

Kiéu xuat sdn phdm phu hgp véi khi hda 1dng (LNG)
1a kiéu khai thac cap man (Hinh 4) do yéu cau céng nghé
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Hinh 4. Xudt khi héa léng tir FLNG sang LNGC kiéu cép man

lam lanh khi dé héa ldng & nhiét d6 -160°C. Cap man song
song sé tang so6 luong 6ng dan va giam quang dudng van
chuyén dé ddm bao nhiét d6 hoa Iéng clia khi trong qua
trinh van chuyén.

3. Luc thay déng ctia séng tac dong lén mot vat thé
3.1. Piéu kién xudt phdt

Cho 1 ham thé ctia van téc dong:

V(M,1) =grad (M, 1) (1)
D=D + D =D, + (D +D) 2)

Trong do:

®,: Ham thé clia van toc song tdi, khi chua co vat thé
(thé hién trang thai bién cach xa vat thé);

®,: Ham thé clia dong chay nhiéu loan;

®:Ham thé cGa dong chay buc xa sinh ra do vat thé
chuyén ddng trong mai trudng bién 13ng khéng cé séng
téi, gdm 6 chuyén déng (thdng va xoay) quanh 3 trug;

®_: Ham thé cla dong chdy nhiéu xa sinh ra do séng
t6i dap vao vat thé dugc gilt ¢d dinh khong chuyén déng.

Theo nghién ctu [6, 7], ham thé dugc viét dusi dang:

0= Hds(—za)Za +a007jG+aogo0 ie g;= HdSO'jG(?’)

) Alg +ioBy; = la)(m) y)p Hdsqﬁ -, (4)
by = —(ia) _ﬂ)/’ao [-L-[ds(¢0+¢7)nk 5)
Trong do:
Chis6 j =1 -6 thé hién cho 6 dich chuyén do séng
buc xa;

Chi s8 7 thé hién luc séng nhiéu xa;

Chi s6 0 la luc séng téi;
F,: Luc cudng btic gay ra bgi song téi va song nhiéu xa.
3.2. Phuong trinh chuyén déng cho mét vit thé néi [6, 7]

Bién d6 chuyén dong cla vat thé ndi dugc danh gia
bang céch gidi 6 phuang trinh chuyén déng:

6 '
Zl[—a)z(M,g+A,g.)—ia)B,q.+C,g+ij]aj:Fk (6)
=

Trong do6:

Mkj: Ma tran quan tinh;

C’kj: Ma tran do ciing nudc kem;

Kj=1,2,..6

F,: Luc cudng bic gay ra bi song téi va séng nhiéu xa.

Dua vao l&i gidi cho bai todn nhiéu xa bac 1, bac 2 nhu
trén, Chen [6, 7] da xay dung thuat toan ting dung trong
chuong trinh tinh luc thay dong Hydrostar. Két qua cla
phan mém nay la ham truyén clia cac théng sé phuc vu

viéc tinh toan thiét k& nhu: luc song bac 1, luc song bac
2, chuyén vi két cdu, ap luc nudc 1én bé mat két cdu ndi...

3.3. Luc thidy déng bac 1

TU cac ham thé xac dinh dugc luc thay dong bac 1
theo céng thuc sau:

51"

Luc F, gom céc luc gy ra bdi song tdi (Iuc Froude -
Krilov), cac luc nhiéu xa va luc bic xa:

)= [ [ ) () <[]+ [ @
- Lyc séng téi Froude - Krilov dugc tinh bai:
a¢(1)
[F,]" = pJi—
H Ot

- Luc nhiéu xa bac 1:

1
@ [N]as 7)

<[V ]as 9

1 1 j 8¢§1)
[£]"- 9{{[ ]uxe_,wt}:pg -

- Luc buc xa bac 1 dugc tinh nhu sau:

(1= 2 [

: O ot 8
=R Zpﬂaﬂxix;bl. e [N]asp= 2 F,

P A
- Luc buc xa ciing c6 thé viét dang sau:

[FJ](l) _ [ma]x [jé](l) . [B]x [x](l)
= - olm, ] i0[8] } <[]
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Trong do:
+ Ma tran khai lugng nudc kéem:
1
[ma]z my =—p H&R((b(/)) x N,dS
H
kj=1—6) (13)
+ Ma tran can:
G
[B] =By = —po g\s(¢§))x N,;dS = By,
k,j=1—06) (14)
=> COng thuc tinh toan luc thdy dong bac 1 nhu sau:
1 1 .1 .1a
(7, 17 =[]0+ [m, I [5] "+ [B]< [ a9)
3.4. Luc thay dong bac 2
Luc bac 2 c6 hai dang tan sé (w, , w,). V&i dang tan
s6 cao (w,  w,) dugc Uing dung trong hé lién két cing
(nhu TLP). Con d6i v6i dang tan s6 thap (w, w,) dudc
ung dung trong hé lién két mém nhu bai toan tinh dich
chuyén ngang clia cac két cau ndi neo xién (luc troi dat

cham ctia FPSO, FPU), trong dé chu ky dao dong riéng cla
céng trinh dugc tinh bang phut.

Luc thay dong bac 2 gay ra bdi séng song sac dugc
tinh b&i cong thuc:

(2) (2) (2) (2)
£, 17 =[R]7+[5]7 4[] (16)
[F,1?:Thanh phan thir nhét cla luc tdc dong bac 2, chi
phu thudc vao ham thé bac 1.

[F,]?: Thanh phan th( hai cla luc tac dong bac 2,
phu thudc vao ham thé bac 2 clia séng t6i va clia séng
nhiéu xa.

[F]? Luc buc xa bac 2:
[£, ]9 =[]« [5] 7+ [B] < [+]™
= {_ (o, £ a’z)z[m]_ i(o) £ a’z)[B] }X [x]

V6i [m] va [B] tuong tng la cac ma tran khéi luong

(17)

nudc kém va ma tran can.

3.5. Luc bdc 2 tdn sé thdp
. —i(w.—w, )
Fk(t)(z) =‘R{ajakF(2) (0, 0,)xe Jok

(18)
(2) 2 2
F (a)j,a)k)zFl()(a)j,a)k)+Fz()(a)j,a)k)

Trong do6:

Chis6 ;| biéu dién cac thong s6 bac 1 tuong ting véi
cactanséséong m, o;
j kf

D&u * thé hién lién hap phc;

54 DAUKHi- SO 3/2015

F@ la ham truyén bac 2 (QTF) clia luc bac 2 tan s6 thap
(Luc nay dang day du bao gém 2 phan: Phan tha 1 chi phu
thudc vao cac théng s6 bac 1, phan tha 2 phu thudc vao
ham thé van téc bac 2).

3.6. Mét s6 céng thi'c gdn diing tinh luc béc 2 tdn sé thdp

Luc bac 2 tan s thap dugc biéu dién nhd khai trién

chuéi Taylor cho dang hiéu s6 clia tan s6 s6ng Aw = o - ,:
J

F(Z)(a)j, W, )= F(z)(a), Aw)

A (19)
= F? (@) + E?(0) Ao+ E2 (o) - Ta’ o

Cong thuc cia Newman (1974) [111:
FP(0,,0,) ~ F{(0; = 0;) (Iuc tréi dat cham) (20)
Cong thuc cua Pinkster (1975) [171:
.+
FP(w,,0,)~F® (’T") (1)

4. Luc thay déng ciia séng tuong tac 1én nhiéu vat thé
cap man

4.1. Phuong phdp trudng trung gian [6, 7, 15]

VGi bai todn 2 tau cap man, du trong vung nudc sau
hay néng, van dé chinh la phai mé ta day dd chuyén dong
tan s6 thap cha hé théng, trong d6 cé tai trong song troi
dat clia song. C6 3 phuang phép tinh todn ti trong séng
troi dat tan sé thap: Phuong phap trudng gan cuta Pinkster
[13], trudng xa cla Maruo - Newman [8,10] va m&i nhat la
trudng trung gian ca Chen [6, 7]. Ap dung truc tiép cac
cai bién cla ly thuyét Stokes va ing dung ly thuyét ham
Green, phuong phdp “Trudng gan” méi dugc tao ra va dugc
Chen phat trién thanh Phuong phdp truéng trung gian,
dugc viét cho bé mat gidi han tai mot khoang cach nhat
dinh tr vat thé. Trudng trung gian nay c6 cac uu diém nhu
truong xa, c6 dé héi tu sé nhanh déi véi luc troi dat ngang.
Trong trudng hop nhiéu vat thé, truong trung gian cé thé
tao ra bé mat gidi han bao quanh tiing vat thé va tinh toan
dugc céac tai trong séng tac dung lén vat thé dugc bao
quanh d9, trong khi trudng xa chi cung cap téng cac tai
trong song trén tat ca cac vat thé. Bai toan tuong tac nhiéu
vat thé cap man la Ung dung quan trong ca phuong phdp
trudng trung gian. Trang thai cap man lam gia tang tuong
tac dong clia song trong khu vuc khodng hé gita 2 vat thé.

4.2. Tuong tdc nhiéu vét thé cdpman[1,2, 5, 7, 12]

Tuong tac cta nhiéu vat thé gébm: tuang tac ca hoc
va thlly déng luc hoc. Tuong tac co hoc dugc dinh nghia
bdi cac dac trung ca hoc cla lién két gilta cac vat thé, chi
phu thudc vao thiét ké va qua trinh van hanh. Tuong tac
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thly dong luc hoc phtic tap hon va yéu cau giai phap day da cé
ké dén tuong tac gilta cac vat thé. Trong bai toan cap man tau,
trong vung khodng hé gilta 2 tau, tuong tac thiy dong luc hoc
6 thé triét tiéu chuyén déng sdng & mot vai tan s6 séng nao do,
nhung lai tao ra chuyén déng dir déi ctia truéng séng & cac tan s
song khac. Do dé, can dac biét cha y téi hién tuong cong hudéng
nay. Mot phuong phap méi dugc phat trién dua trén gia thiét
chat long ly tudng c6 tinh dén co ché can trong chat long.

Phuong trinh chuyén déng cho nhiéu vét thé néi:

Phuong trinh chuyén déng cho nhiéu vat thé (M la s6 vat
thé) c6 cac hinh thic tuong tu nhu cong thiic (6) va (4) véi nhiing
thay d6i nho:

M 6 .
> zl[— o (5an,g.m+ A,f].’”)— ioB"+5,,Cr"+C" |d = F' (22)
m=1 j=
a)ZAlg,’” T ia)B,;-m = —ia)(ia) - y)pf{fdsqﬁ;"nk (23)
"

Trong d6 dugc xac dinh tuong tu céng thuc (5):

F = _(iw —ﬂ)Paa Ig ds (¢0 +¢7)”k (24)

Chuyén déng cong hudng clia chat 1dng tai khoang hé gilia
2 tau la do tuong tac thly déng luc hoc. Chuyén dong séng ¢
thé dugc triét tiéu hodc bi khuéch dai phu thudc vao su phan tan
phuc tap gitia cac vat thé. Véi ly thuyét ham dong tuyén tinh ¢
dién, khéng c6 bat ky gisi han nao dé du doan chiéu cao séng
& bé mat nudc, trong khi chuyén déng cdng huéng trong thuc
té€ phai bi can béi cac co ché tiéu tan nang lugng khac nhau. Su
chuyén doéng khong cé thuc nay cta chat 1dng lam khuéch dai
tai trong séng trén cac vat thé.

Dé dua chuyén déng séng cdng hudng nay vé gan giéng
VGi thuc té, loai bd chuyén dong séng khong co thuc, Buchner
va nnk [1] da phat trién phuang phap dat mot ndp day (lid) 1én
trén viing nudc gitia hai vat thé dé ngan chan cac chuyén dong
song phi thuc té. Tuy nhién trén thuc té€, khong c6 d6 cao song
Nao con ton tai dudi ndp day cing (rigid lid) nay va c6 thé quan
sat dugc nhiéu loan xung quanh dau cia ndp do hiéu tng nhiéu
xa. Do d6, dé cho phép xuat hién chuyén déng gon séng trén
nap day, Newman [12] dua ra phuong phap tdm tham mém
(flexible mat) bang céch st dung mét tap hgp ham da thic ctia
Chebychev sau dé giam di bang cach st dung hé sé can. Theo
nghién ctiu ctia Chen [5], ngoai cac phuong phép trén, c6 thé ap
dung céc phuong trinh chinh xac clia chat long ly tudng hoan
toan, con su tiéu tan nang lugng dugc biéu dién qua hé s6 can e.
Phan tiéu tan xuat hién trong diéu kién bién trén bé mat tu do F:

b.—k'¢—isk'g=0  PcF(z=0) (25)
Véi k'= w*/g va ¢ la hé sé tiéu tan.

Theo nghién ctu cia Chen [5], ta co:

¢(P) = [[dsa(Q)G(P,Q) S=HUF'UF (26)
s

va cac phuong trinh tich phan dé xac dinh cac
ngudn phan phéio la:

270 (P)+ [Jdsa(Q)G, (P,0)=v, PcH (27a)
S

4o (P)- [[dsa(Q)G,(P,0)=0 P c F'(27b)
N

470 (P) +iek' [[dso(0)G(P,0)=0 Pc F (27¢)
N

F'la dién tich bén trong clia phan giao v&i mat
dudng nudc, cdng thic (27b) dé loai bé cac tan s6
khong déu, cong thiic (27¢) viét cho bé mat tu do
F. Diéu quan trong la can sttdung hé s cane 0 &
nhing vung chuyén déng cta chat Idng nhay cdm
véi cong hudng (gitta hai tau).

4.3. Vi du vé chia luéi can tai viing khéng gian
giira 2 tau [2, 5]

Hai sa lan trong trang thai cap man c6 cung kich
thuéc: L x B x T =247 x 0,6 x 0,18 (m) véi tinh
chét co hoc z,=0,02, néi tu do. Ludi ctia sa lan va
vung khe hg dugc chia nhu ving can (e =0,016).

Két qua Hinh 6 cho thay:
- Chiéu cao bé mat tu do 16n dang chuy & 3
tan sé soéng;

- Két qua tinh toan sé vai gia tri ¢ = 0 (khong
can) I6n hon nhiéu so vdéi thuc nghiém trong khi véi
hé s6 can & = 0,016 tuong thich tét véi két qua do
thyc nghiém;

i 7
| Ll 1

| I

I

1
|
11

Hinh 5. Hai sa lan cdp man va viing cdn gidia 2 sa lan

ST
7F - Num. e=0 ~

' —— Num. ¢=0.016 "
6§ @ Measurement ,.
3 ‘ Ii

L P
4 i

I ,ﬁ;
3 I {BH N
2 : <
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Hinh 6. Cao dg mdt nudc tai tam khodng hé [2]
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Bding 1. Cdc thing sd ky thudt ctia FLNG va LNGC

Théng sé Pon vi FLNG LNGC
Chiéu dai Lpp m 258 243
Chiéu rong B m 46 41,6
Lugng chiém nudc day tai tan 171.930 52.019
Mén nudc day tai T m 16,84 6,75

243000

RIENARF SRS FANAT A REF RN AR,

258000 o

Hinh 8. Hinh dnh chia ludi phdn ngdp nudc clia FLNG (BTT) va FLNG - LNGC cdp man (BT2)

- Xamién cong hudng (noi xay ra su tang chiéu cao bé mat tu do
I3n), hé s6 can ¢ (dé tiéu tan nang lugng trén bé mat tu do) khéng anh
hudng dén phan tng chuyén déng clia séng.

Qua cac phan tich cac nghién ctu trudc day vé bai toan cap man,
can thiét phai thém vao mé hinh tinh mot hé s6 can € # 0 (theo Chen
[2] thi € = 0,016) dé cho két qua tinh theo mé hinh tuong thich véi
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do thuc nghiém. Hé s6 can € muc dich dé tiéu
tan ndng lugng trén bé mat ty do vi trong mo
hinh tinh coi chatlong la ly tudng. Tac gia sé ap
dung két qua nghién ctu nay cho phan vi du
s6 trong diéu kién bién Viét Nam.

5. Ap dung tinh luc thily déng cho 2 tau
cap man song song so sanh véi truong hop
mot tau

5.1. Gigi thiéu phdn mém tinh todn

HydroStar la mot phan mém tinh toan
thay dong luc hoc, déi tugng la cac tau thuyén
hay cac cong trinh bién mém nhu: FPSO, TLP,
gian ban chim, Spar... HydroStar dugc phat
trién bai Dang kiém Phap (Bureau Veritas -
BV) tU ndm 1991. Hién nay, HydroStar dugc
phat trién thanh phan mém s6 3D dé danh
gia cac bai toan nhiéu xa va buic xa bac 1, bac
2 8 d6 sau nudc rat I16n hoac & dd sau nudc
htru han.

Cac van dé dugc giai quyét: Tac dong cla
s6ng bac 1, bac 2 1én két cau (cac bai toan
nhiéu xa va buc xa), chuyén vi cla két cau
dudi tac dung clia séng, ap luc séng tai cac
diém trén bé mat két cau, loai bd céc tan sé
khong déu, bai toan tuong tac nhiéu vat thé,
su thay déi tac déng cla séng trong bé cang,
két néi chuong trinh con Gnuplot, BV-Vship
cho phép kiém tra va hién thi k&t qua tinh,
tuong thich st dung két qua cho cac chuong
trinh tinh day neo Ariane-3D, chuadng trinh
PTHH NASTRAN cho tinh két cau néi.

5.2. Sé liéu ddu vao

S8 liéu moi trudng 18y & mé Bach HE [15]:
S6ng ngau nhién & day dugc dac trung béi
phd séng JONSWAP véi cac thong s6 song:
H,=86m;T,=135s, 0  =03rad/s, o =1,1
rad/s, y = 1,45. Gi6 va dong chay coi la luc tinh
khong st dung trong nghién ctiu nay. D6 sau
nudc 50m & méd Bach HE dugc coi la vung
nudc ndng so Vi cac ving bién khac trén thé
gidi da dugc nghién cdu.

ax

Khi tinh toan luc thily dong clia song bang
chuong trinh HydroStar can tinh toan cho moi
hudéng séng va song tinh todn la séng don vi
(sdbng ngau nhién la tap hop ctia N con séng
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don Airy c6 bién dé a = Tm) dé cho ra két qua Ia
ham truyén RAO phan (ng cla két cdu dudi tac
dung clia luc séng don vi. Cac théng s6 ky thuat
cla FLNG va LNGC dugc thé hién trong Bang 1.

5.3. Tinh todn luc thiy déng cho FLNG cuc
tri (BT1)

Trong nghién clu nay, tac gia thiét lap va
so sanh 2 bai toan: FLNG trong diéu kién cuc tri
khong khai thac (BT1) theo [16] va FLNG dang
khai thac xudt khi hoa 1dng cho LNGC & trang thai
cap man (BT2).

Mbi bai toan can thiét lap cac file data cho
tirng module tinh toan riéng theo so d6 thuat toan
cta chuong trinh HydroStar. Phan hién thi két qua
st dung Gnuplot dé xem cac hinh dnh RAO va BV-
Vship d€ mé phéng chuyén déng cla céng trinh
dudi tdc dung clia cac loai tai trong séng.

Sau khi lap file dir liéu cho cac module va
chay module: Hsmsh, Hslec, Hschk, Hvisu, tac
gia thu dugc hinh anh chia lugi phan t& phan
ngap nudc clia 2 bai toan dé tinh toan luc thay
dong (Hinh 8). Tiép tuc cac budc tinh toan theo
cac module Hsrdf, Hstat, Hsmec, Hsdft, Hsrao lan
lugt tinh luc nhiéu xa, buc xa, gidi phuang trinh
chuyén déng dé tinh cac dich chuyén cla tau, luc
tac dong bac 1 clia séng (séng tGi + séng nhiéu
xa), luc tréi dat bac 2 clia song theo 3 ly thuyét,
xuat két qua RAO...

Cac két qua dugc xuat dudi dang text hoac
dé thi RAO gém: Chuyén dong cla tau theo 3
phuong doc truc va 3 phuong quay quanh 3 truc
X, Y, Z, ma tran can va ma tran khéi lugng kém,
cac luc séng bac 1 (nhiéu xa, luc song téi), luc tac
doéng clia song bac 2, luc tréi dat, xuat két qua
RAO, QTF, added mass cho chuong trinh Ariane...

Nhén xét két qua tinh BT1 (b€ chiia FLNG diing
déclap):

- Chuyén vi: trong 3 thanh phan chuyén vi
thang thi chuyén vi doc OY (sway) la 16n nhét vi
c6 dién tich chdn séng I16n nhat, chuyén vi xoay
quanh OX (roll) c6 chuyén vi bat Igi nhat vi tau
dé bi mat 6n dinh theo phuong nay. Tan s6 séng
thap (chu ky dai) (Hinh 10a) thi sé cho chuyén vi
I6n, cho thay chuyén vi phu thudc chd yéu vao luc
tréi dat, luc nay cé chu ky dai.

- Luc song: So sanh cac két qua tuong duong clia séng bac 2
va song bac 1 cho thay, luc séng bac 2 rat nhé so vai luc song bac 1
(vi du v6i cing mét hudng séng la 90° so sanh F, do séng bac 2 chi
bang 2% so v6i F, do séng bac 1 (chénh léch gan 50 1an) (Hinh 11a,
12a). Cac két qua cla chuyén vi, luc séng sé anh hudng téi két qua
thiét ké hé théng neo clia FLNG.

5.4. Luc thiy déng cho FLNG - LNGC trong trang thdi khai thdc
kiéu cdp man (BT2)

Dé c6 thém ca s& lua chon két qua phuc vu thiét k&, can phai
nghién cdu tinh todn lyc thiy dong cho FLNG trong trudng hgp
khai thac cap man (xuat khi héa l6ng). Xét su tuang tac thay déng
gilta 2 tau thi trudng hop cap man (FLNG va LNGC) quan trong hon
truong hop néi duéi. Tai ving nudc gilia 2 tau sé cé hién tugng bé
mat séng tang dét ngot. Theo nghién ctu mé hinh tinh toan va
thuc nghiém thay rang trén thuc té hién tugng céng hudng bi tiéu
tan mat di nhanh hon so véi mé hinh tinh trong phan mém. Do
vay, trong chuang trinh tinh phai thém vao mét hé sé giam chan
(e=0,016) tai vung cong hudng gilia 2 tau dé cho két qua tinh gan
Vi s6 liéu do thuc nghiém.

- Tao file cho BV-Vship

C6 thé quan sat dugc dao ddng clia mé hinh va 4p luc séng
[én tau trén phan mém tuong tac BV-Vship. Can phai khai bédo ludi
phén t cGia khu vuc xung quanh tau sao cho c6 thé dé nhin thay 2
dé6i tugng tinh toan. Hinh 9 cho thay mén nudc tang dét ngét trong
khoadng hé& gilra 2 tau cap man.

So sanh két qua RAO trudng hop cuc tri (1 tau) va trudng hop
khai thac 2 tau cap man: mot vai két qua chuyén vi doc truc Y, luc
séng bac 1 doc trucY, luc séng tréi dat bac 2 doc trucY:

- Chuyén vi doc OY: trudng hap cap man, dich chuyén doc Y
tang dot ngét quanh = Trad/s (Hinh 10);

- Luc tadc déng cta séng bac 1 (FK va luc nhiéu xa): trudng
hop cap man, F, cdng huéng quanh o = 0,8rad/s (Hinh 11);

- Luc tr6i dat bac 2: trudng hop cap man, luc tréi dat bac 2 F,
tang dot ngot quanh = 1 rad/s (gia tri am) (Hinh 12).

Hinh 9. (ong huéng ctia chuyén déng sng trong viing nudc giiia 2 tau
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Hinh 10. RAO chuyén vi theo phuong doc truc OY Sway: mét tau (a) - hai tau cdp man (b)

Flrst-ordar load Fy

e FYF1STR'AO[ 00deg) —— FYFIST.RAD( 100.0deg) —*—
1 FYFIST.RAD( 110.0deg) —+—
Be+007 FYFIST.RAD( 120.0deg)
FYFISTRAD( 130.0deg) —
FYFIST RAD( 140.0deg)
Se+007 FYFIST.RAD( 150 Odeg) ——
FYFIST.RAD( 160.0deq) ——
aee007 JFYFIST.RAO( 170.0deg) —*—

304007 &

2e+007

Fy (FK+Diffraction) a1 given paint (M/m)

1a+007 &

° " . . i
02 04 08 08 1 1.2 14

0.795769, 6.40891c+007 Wave fraquency (radfz)

(a)

Firgt-order load Fy

Fe+D07 T ;
FY_2RA0({ 00deg) —+—
FY_2RAO( 30.0deg) —*
84007
» FY_2 RAO( 60.0deg) —*—
E 7o FY_2.RAO( 90.0deg) —=—
s FY_2 RAO( 120 0deg) —=—
= FY_2 RAO( 150 0deg) —=—
5 Ee+007 FY_2RAO(180.0deg) —*—
s FY_2 RAO(210.0deg) —&—
S sev07 FY_2 RAQ(240.0deg) —*—
z ’ Fv_zm(z-'nnuag] ——
£ del07
& .
£ A
G 304007 g
x
=
& 2et007
1e4007

02 0.4 08 og 1 12 14
0.601474, 4.70745¢+006 ‘Wave frequency (radls)

(b)

Hinh 11. RAO luc séng bac 1 F,; mét tau (a) - hai tau cép man (b)
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Hinh 12. RAO luc tréi dat F  theo Iy thuyét trudng trung gian: mot tau (trdi) - hai tau cdp man (phdi)

5.5. Nhén xét két qud trudng hop nghién ciu tai mé
Bach Hé

Cac do thi ham truyén RAO déu cho thay ré anh hudng
cla cdng hudng tai khodng hé giiia bé chira va tau (vung
can dampingzone) d6i véi trudng hop cdp man, dac biét
Vi cacdao dong doc OY, luc song F, bac 1 va luctréidatF,
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clia song bac 2 1a16n nhat. & ngoai viing cdng huéng hinh
dang cac d6 thi RAO cap man tuong déi giéng véi cuc tri
(do dau vao déu la séng don vi a = 1m). Dac biét, tai tan
s6 quanh o = 1 rad/s c6 su tang dot ngot vé hinh dang do
thi. Do @6, can phai xem xét trong khoang tan sé = 0,95
- 1,05 rad/s, tuc la chu ky khodng T = 6 (s). Do chu ki clia
s6ng Ts = 3 - 20 (s) nén khi thiét ké phai tranh hién tugng
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cdng hudng vai tan s8 séng gay nguy hiém cho cong
trinh. Quan sat hinh anh chuyén déng cda 2 tau (Hinh 9)
cho thay mén nudc tang dét ngét trong ving nudc gilia
2 tau. K&t qua RAO cho thdy cong hudng trong khoang
hé& gilra 2 tau cdp man khdng chi anh huéng trudng séng
dia phuong ma con lam gia tang chuyén déng bac 1 ciing
nhu luc tréi dat trung binh.

6. Két luan

Coéng hudng trong vung khodng ha gilra 2 tau cap
man tai mé Bach HS dnh hudng dén viéc tinh toan cac
chuyén déng tuang ddi tai vi tri gita 2 tau dé xac dinh
tai trong thiét k& tac dung lén day neo va quyét dinh do
nhay cdm cla hoat dong d& tai. Trong khi tinh bai toan
cap man, can thiét phai thém vao mé hinh tinh moét hé
$6 can g = 0 (nghién ctu nay ¢ = 0,016) dé cho két qua
tinh theo md hinh tinh tuong thich véi do thuc nghiém.
Hé s6 can € muc dich dé tiéu tan ndng lugng trén bé mat
tu do vi trong mé hinh tinh coi chat léng la ly tuéng. Su
khac biét dét ngot gilra tuong tac thiy déng hoc trong
bai toan cuc tri va bai todn khai thdc cap man khi xay ra
hién tugng chuyén déng clia bé mat song tang dot ngot
(cdng huéng) trong viing nudc gitia 2 tau, anh huéng dén
d6 an toan cla ca hé théng.

Két qué nghién clu trén sé gop phan bé sung thém
vao cac bai toan tinh toan thiét ké cho FLNG trong
trudng hop khai thac xuat khi hoa long cho tau LNG va
ma& rong cho tinh todn cac loai tau cap man khac. Tuy
& Viét Nam chua c6 FLNG nhung véi tiém nang cac mo
khi rat 16n, trong tuong lai sé phat trién husng khai thac
mdi va hiéu qua nay. Hién tai, nghién cdu c6 thé lng
dung cho tinh toan thiét ké neo gilr cac loai tau, phuong
tién ndi, sa lan dich vu, phuc vu thi céng, khai thac &
trang thai cap man. Nghién cru nay c6 thé ap dung cho
bai toan thiét ké hé théng neo git, lién két hai tau, tu
do6 danh gia d6 an toan cda hé théng trong khi neo gilr
kiéu cap man.

Tac gia tran trong cdm on co quan Dang kiém Phap
(BV) da cho phép st dung cac phan mém chuyén dung
(HydroStar, BV-Vship) va Dai hoc Xay dung da tao diéu
kién dé tac gia thuc hién nghién ctiu nay.
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Study of the hydrodynamic inferaction of wave loads on the
floating facility and the liquefied natural gas carrier during
side-by-side offloading operation

Pham Hien Hau
National University of Civil Engineering
Summary

Liquefied Natural Gas Carrier (LNGC) is moored side-by-side to the Floating Liquefied Natural Gas facility (FLNG),
the most effective and popular mooring method for obtaining the shortest way to transfer gas, and ensuring the
frozen technology for liquefied gas at temperature of about -160°C. However this side-by-side offloading operation
can create disadvantages for the FLNG facility and LNG carrier. This paper presents the theoretical and experimental
studies of the hydrodynamic interaction of wave loads on two floating bodies with large dimension during side-by-
side offloading operation.

The obtained study results were applied to Bach Ho field conditions using the HydroStar Software of French Bu-
reau Veritas Register, in order to compare with the case of only one floating facility to evaluate the increase of the
wave surface elevation in the gap between the FLNG and the LNGC. Finally, the interaction between the wave and the
floating facility and tanker in the side-by-side mooring which causes adverse effects for the safety of the exploitation
platform was concluded.

Key words: Hydrodynamic interaction, wave loads, floating liquefied natural gas facility, liquefied natural gas carrier, LNG,
side-by-side offloading mooring, multiple-body simulations.
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