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MO DAU
1. TAm quan trong ciia van dé nghién ciru

Hién nay, mot trong nhitng van dé noi bat va cap thiét trong linh vuc giao
thng van tai thay néi chung dang thu hut duoc sy quan tam rét 16n tir phia cac
chu tau va cac doanh nghiép van tai thay dé 1a viéc giam muaec tiéu hao nhién liéu
cho tau trong qué trinh khai thac, boi van dé nay 1 yéu t6 truc tiép lién quan dén
viéc nang cao hiéu qua kinh té cho tau trong khai thac va dam bao viéc thuc thi
cac yéu cau ngay cang khat khe cua to chic Hang hai quoc té IMO (ddi voi tau
bién) vé giam sy phat thai khi CO, nham bao vé méi truong [1]. Poi véi céc tau
chay tuyén thay noi dia va dic biét 1a chay tuyén pha séng bién mac du khong
thudc pham vi quy dinh trén cia IMO, nhung van can dap ¢ng va tuan thii cac
quy dinh phép luat, nghi quyét, ciing nhu cac cam két cua Viét Nam vé sir dung
nang luong hiéu qua va tiét kiem dé bao vé méi truong. Do do, viéc nghién ctu
cac giai phap nham nang cao hiéu qua str dung ning lugng cho tau khong chi la
yéu cau mang tinh thoi su doi véi doi tau chay tuyén quéc té caa Vit Nam, ma

con cd y nghia quan trong dbi Vi ca doi tau pha sdng — bién.

Déi Vi cac tau trong giai doan thiét ké, viec giam tiéu hao nhién liéu duoc
thuc hién théng qua téi uu hoa hinh dang than tau va hé thong dong luc (bao gom
thiét bj day, may chinh...). Muc tiéu 1a giam lyc can, nang cao hiéu suat cua hé
dong luc chinh, tir d6 tiét kiém nhién liéu, gia ting hiéu qua kinh té va dong thoi
giam thiéu tac dong tiéu cuc dén moi trudng.

Tai Viét Nam, vao thang 7 nam 2014, sau mét thoi gian chuan bi, Bo Giao
thong Van tai da chinh thic cong bd khai truong ba tuyén van tai ven bién, dong
thoi cho phép phuong tién van tai pha séng — bién (SB) duoc hoat dong néi tuyén
lien tuc Bac — Nam nhu tau bién. Khi méi mé tuyén, sb lwong tau SB chi ¢6 vai
chuc chiéc, tuy nhién dén cudi thang 12 ndm 2021, quy md ddi tau di ting 1én gan
1.800 phuong tién, trong d6 c6 839 tau chuyén dung dé van chuyén hang hoa,

phan &nh nhu cau van tai hang hoa lién tuc gia ting. Theo du doan, con sb nay s&



con tiép tuc nhich Ién trong thoi gian t6i, boi Cuc Pang kiém Viét Nam hién dang
tién hanh tham dinh nhiéu hd so xin thiét ké va dong méi tau. Nhu vay, co thé
nhan thay doi tau hang dat chuin VR-SB & Viét Nam dang ting truéng manh mé
vé mit s luong. Mic du vay, cac phan tich cho thay cong tac thiét ké ddi véi loai
tau ndy van ton tai mot s6 han ché, dic biét 1a khau téi wu hoa dang hinh than tau
chua duogc chd trong day du, khién mic do sir dung ning luong trén tau chua dat

hiéu qua nhu mong muén.

Tur thuc tién phét trién nhanh caa doi tau cap VR-SB, thuc trang cong tac
thiét ké trong nuéc, cling voi cac quy dinh caa Viét Nam vé st dung ning luong
tiét kiém va hiéu qua trong san xuat, doi séng noi chung va trong giao théng van
tai thay noi riéng, nghién ctru sinh dé xuat thuc hién dé tai: “Nghién ciru cdi tién
hinh dang tau hang cap VR-SB phil hep véi tuyén dwong thiiy ngi dia Viét Nam
nham giam luc can tau ”. Muc tiéu cia nghién ctiu la xay dung mé hinh bai toan
t6i wu hoa hinh dang than tau dé giam sic can, c6 xét dén nhiing dic thi caa tuyén
thuy noi dia Viét Nam. M6 hinh nay s& duoc ap dung dé cai tién thiét ké cho mot
loat tau hang SB dang duoc khai thac pho bién trén cac tuyén van tai nay.

2. Muc dich nghién ciru

Xay dung mo hinh bai toan cai tién hinh dang than tau hang cip VR-SB
nham giam sic can tau trén co s ¢o tinh dén dic diém cua tuyén duong thay noi
dia trong nuéc. Ap dung mé hinh tinh dua ra vao trong cai tién hinh dang tau cho
mot series tau hang cip VR-SB dang duogc khai thac phd bién trén tuyén duong
thuy noi dia. Panh gia mic d6 anh hudng cua ting théng so6 tuyén hinh tau dén
luc can tau.

3. Pdi twong va pham vi nghién ciru

- P6i twong nghién ceu: LA cic tau hang cap VR-SB, tuyén duong thay
noi dia. Trong d6 Series tau hang c6 trong tai 4600 tan s& 14 mau tau duoc lya
chon dé lam trudng hop nghién ctu cai tién hinh dang than tau, boi day 1a series

tau dang duoc su dung pho bién trén tuyén duong thuy noi dia.



- Pham vi nghién cieu caa luan &n 12 cai tién hinh dang vo tau véi muc tiéu
giam luc can tau khi chay trén nudc tinh khong cé dong chay va tng véi trang
thai tau chay & ché do toan tai.

4. Phwong phap nghién ciru

Pé dat dugc muc tiéu dé ra, trong dé tai s& sir dung cac phuong phap nghién

Ccuu sau:

+ Phuong phap khao sét, tong hop, phan tich théng ké dé co dugc cac thdng
tin vé dic diém cua tuyén duong thay noi dia Viét Nam (giéi han vé do sau cua
ludng lach trén tuyén). Pay la cac thong so dau vao phuc vu cho viéc xay dung
md hinh bai toan cai tién hinh dang than tau hang cip VR-SB néi chung va Series
tau hang kho 4600 tan s& duoc ldy 1am dbi tuong nghién ciru cu thé trong dé tai
noi riéng.

+ Cac ly thuyét vé thuy dong luc hoc trong thiét ké tuyén hinh tau dé nhan
dién duoc cac yéu to anh huong dén lyc can tau tir d6 dua ra cac tham sé hinh
dang than tau can phai tinh dén tinh dén trong bai toan thiét ké hinh dang than tau
hop Iy trén tuyén pha sdng bién.

+ Str dung phuong phap Taguchi dé giam bét s6 luong cac phuwong 4n tuyén
hinh can tao ra khi thay d6i cac tham sé hinh dang than tau trong khi van ¢am bao

tim duoc phuong an hinh dang t6i wu dudi goc do luc can tau.

+ Sir dung phuong phap 1y thuyét CFD dé md phong tinh toan luc can tau

ung Véi cac phuong an hinh dang khéac nhau.

+ Sir dung phuong phap phan tich twong quan xam dé xac dinh phuong an
t6i wu cling nhu xac dinh mac do anh huong cua ting tham sé hinh dang than tau
dén lyc can tau.

5. 'Y nghia khoa hoc va thuc tién ciia luin 4n

> Y nghia khoa hoc:



- Pé xuat duoc mo hinh bai toan cai tién hinh dang than tau hang cap VR-
SB nham giam suc can tau trén co sd ¢6 tinh dén dic diém cua tuyén duong thay

nd1 dia trong nudc.

- Panh gia duoc mic do anh huong cua cac thong sb hinh dang than tau dén
luc can tau, tir d6 cho phép nguoi thiét ké biét can tac dong vao thdng sé nao dé

giam luc can tau mot cach hiéu qua nhat.
> Y nghia thyc tién:

- Viéc cai tién hinh dang tau hang cdp VR — SB phu hop véi tuyén duong
thay noi dia Viét Nam nham tiét kiém nhién liéu s& cho phép nang cao hiéu qua
kinh té dong thoi bao vé moi truong ddi voi doi tau hang VR-SB cua Viét Nam.
Véi vi du ap dung cho tau hang trong tai 4600 tan mang cap VR-SB phuong 4n
tuyén hinh cai tién cho phép giam luc can tau xudng 4,8%, néu ap dung vao trong
thiét ké cac tau mang cap VR-SB thi hiéu qua kinh té ciing nhu méi trudng mang
lai s€ dac biét lon.

- Két qua nghién ctru caa luan an vira c6 co gid tri thuc té vira c6 ¥ nghia la
ngudn tai lidu tham khao bé ich cho céc k¥ su thiét ké tau trong hoat dong nghé

nghiép caa minh.
6. Nhirng diém méi ciia ludn an
Nhitng diém méi caa luan &n c6 gia tri vé mat khoa hoc va thyc tién gom:

- Luan an d xay dung duoc mo hinh bai todn cai tién hinh dang than tau
hang cip VR-SB nham giam stc can tau trén co sd ¢6 tinh dén dic diém cua tuyén
duong thity noi dia trong nudce. Mo hinh gom 16 bude duoc md ta chi tiét rd rang
gitip nguoi thiét ké cd thé dé dang ap dung nham nang cao hiéu qua cong tac thiét
ké hinh dang than tau hang cap VR-SB.

- Luan 4n d4 phan tich, 1ap luan mot cach khoa hoc vé anh huéng cua diéu
kién khai thac dén luc can tau, trén co s& do dé xuét lya chon ham muc tiéu va
cach xac dinh trong sé cua cac ham muc tiéu thanh phan trong thiét ké tau hinh

dang than tau cap VR-SB. Cu thé, ham stic can da muc tiéu duoc bién doi vé ham



don muc tiéu twong ng véi timg diéu kién khai thac cu thé caa tau. Trong s6 ham
muc tiéu duge xac dinh trén co so thoi gian tau hanh trinh ¢ timg diéu kién khai
thac.

- Phan tich va giai thich duoc ban chat nguyén nhan dan dén sy thay doi
luc can tau khi thay doi cac thong sé hinh dang than tau bang viéc dua ra cac hinh
anh rat truc quan lién quan dén sy khac nhau vé dong chay bao quanh than tau &

cac phuong an hinh dang khac nhau.

- Panh gia duoc mtc d6 anh huong cua 5 thdng sé hinh dang tau gom % goc
vao nudc (1/20g), hé sé chiéu dai mili qua 18 Cipr, hé sb dién tich mat cat ngang mili
qua |é Cagr , hé sé thé tich C,,, Cila miii qua I va vi tri hoanh do tm noi (LCB) lan
luot dén luc can tau. Trong d6, thong sé vi tri hoanh d6 tam noi (LCB) la théng
sb hinh dang anh huang 16n nhat dén lyc can tau, théng sé ¥4 goc vao nude (1/20g)

c6 anh huong nho nhat d&én luc can tau.

- Ap dung md hinh bai toan cai tién hinh dang vé tau VR-SB vao trong cai
tién tuyén hinh tau hang trong tai 4600 tin mang cap VR-SB. Két qua tuyén hinh
sau cai tién cd lyc can nho hon 4,8% so v&i tuyén hinh ban dau. Két qua tinh toan
c6 do tin cay cao vi mé hinh tinh luc can tau bing CFD d dugc NCS kiém tra do
tin cay thong qua viéc so sanh gian tiép két qua tinh véi két qua thuc nghiém ma
NCS thuc hién trén tau JBC va tau DTMB.

7. Cau truc cua luan an

Pé dat duoc muc tiéu nghién ctru dit ra, luan &n co cau trdc gdm 04 Chuong
cuing vai phan két luan va kién nghi. Tén va noi dung cu thé cua tirng Chuong nhu

Sau.
Chuwong 1. Tong quan
Noi dung ciia chuong nay di vao giai quyét 03 van dé sau:

- Tong hop, phan tich cac van dé lién quan dén tuyén van tai thay noi dia

Viét Nam va thuc trang cong tac thiét ké tau hang cap VR-SB;



- Tong quan vé cac nghién cau trén thé gisi va trong nude lién quan dén thiét

ké hinh dang than tau nham giam luc can.

- Trén co sé cac tong hop va phan tich néu trén, NCS dé xuat muc tiéu nghién
ctru, phuong phap nghién ctru cling nhu dit ra cac bai toan can phai giai quyét dé

dat dugc muc tiéu nghién ctru dat ra.

Chuong 2. Co sé ly thuyét phuc vu xay dwng bai toan cai tién tuyén hinh tau
cap VR-SB

Noi dung cia chuong nay di vao giai quyét 05 van dé sau:

- Nghién cttu anh hudng caa diéu kién khai thac va cac thdng sé hinh dang
than tau dén lyc can tau;

- Khao sét, thu thap cac so liéu vé dac diém cuaa tuyén duong thay noi dia
Viét Nam (cac gi6i han d6 sau cua ludng ra vao cac cang...);

- Nghién cau co sé ly thuyét vé phuong phap thay doi hinh dang than tau
dua trén tuyén hinh ban dau cua tau;

- Tim hiéu co sé ly thuyét ciia phuwong phap CED trong tinh toan luc can tau;

- Tim hiéu co s& ly thuyét caa phuong phap phap Taguchi két hop phan tich
mdi trong quan xam trong viéc dua ra cac phuwong an tuyén hinh tau dé tinh toan

va lya chon phuong 4n tdi wu.

Chuwong 3. Xay dwng mé hinh va quy trinh cai tién hinh dang than tau hang
cap VR-SB

Noi dung cuia chuong nay di vao giai quyét 02 van dé sau:

- Xay dyng mo hinh bai toan cai tién hang dang than tau hang cap VR-SB
gom cac bai toan: lya chon cac tham sé hinh dang than tau can thay doi; thiét lap
cac diéu kién bién, diéu kién rang budc; phuong phap lya chon phuong an c6 luc
can nho nhét trén co so ¢6 tinh dén dic diém cua tau khi chay trén tuyén SB (chay
trong vung nudc ndng voi do sau khac nhau va ving nudc sau).

- Xay dung quy trinh cai tién hinh dang than tau hang cap VR-SB gom cac
bai toan: Xay dyung luu db thuat toan cai tién hinh dang than tau hang cap VR-SB



phU hop véi tuyén dudng thay noi dia Viét Nam; mé ta vé trinh ty cac budc trong

so d6 thuat toan dua ra.

Chuong 4. Cai tién hinh dang than tau hang trong tai 4600 tAn mang cip VR-
SB

Noi dung cta chuong nay di vao giai quyét 02 van dé sau:

- Ap dung mé hinh va quy trinh cai tién hinh dang than tau hang cip VR-SB
vao trong cai tién hinh dang series than tau hang trong tai 4600 tan nham kiém tra
do6 tin cay ctia m6 hinh dua ra ciing nhu dua ra duoc cac con s dinh lugng vé

muc giam luc can cua tau sau cai tién so véi tau ban dau.

- Phén tich dong chay bao quanh than tau gitra cac phuong an hinh dang than
tau khac nhau nham giai thich ban chat vat ly dan dén sy thay doi luc can tau dé
minh ching cho viéc su khéc nhau vé luc can tau khong phai dén tir sai sé trong
tinh toan mé phong ma dén tir sy khac nhau vé dong chay bao quanh tau & céc

phuong an khéac nhau.
Két luan va kién nghi

Phan nay trinh bay tom tat nhitng két qua dat duoc cua luan an va dé xuat

huéng nghién ctu tiép theo.



CHUONG 1. TONG QUAN

1.1. Tong quan vé tuyén van tai thiy ndi dia Viét Nam va ddi tau hang cap
VR-SB

1.1.1. Téng quan vé tuyén van tai thily ndi dia trong nuéc

Trong nhitng nam gan day, kinh t& Viét Nam di ghi nhan sy ting truéng
manh mé& trén nhiéu linh vuc, thé hién rd qua khdi lwong hang héa van chuyén
dén cac khu vuc kinh té lién tuc gia tang. Su bung nd nay khién mat do giao thdng
tang nhanh, trong khi mang ludi dudng bd hau nhu chua duoc mé rong hoic nang
cap dang ké. Van tai duong sit chi dap tng dudi 10% tong luong hang héa di va
dén cang, nén chua thé chia sé nhiéu &p luc cho duong bo.

Trudc nhitng han ché do6, thang 7/2014, B Giao thong Van tai, sau thoi gian
chuan bi, di chinh thirc dua vao khai thac tuyén van tai thay pha séng — bién véi
cac chang: Quang Ninh — Quang Binh, Quang Binh — Binh Thuan, Binh Thuan —
Kién Giang, d6ng thoi cho phép phuong tién hoat dong ni tuyén Bac — Nam nhu
tau bién. Muc tiéu caa chinh sach nay la giam chi phi van tai va ting kha ning két
ndi gitra hé théng cang bién véi cac khu cong nghiép nam gan cang song.
Ké tir khi dua vao hoat dong, tuyén van tai nay da thu hat sy quan tam 16n nho loi
thé gid cudc canh tranh (chi bang khoang 50-70% so vé&i van tai duong bo).
Luong hang hda van chuyén qua phuong tién thay noi dia mang cip VR-SB ting
déu hang nam. Nam 2016, san luong hang héa dat gan 12 triéu tin, cao hon 141%
S0 véi nam 2015 (gan 5 triéu tan). Pén nam 2021, con sb nay da vot 1én gan 64
triéu tan, gap gan 13 1an so véi nam 2015. Sb luot phuong tién ra vao cang ciing

tang manh, tr 5.175 lugt nam 2015 1én 40.571 Iuot vao nam 2021 (xem Bang 1.1).



Bdng 1.1. Lwot phwong tién va lwong hang hoa théng qua cang bang
phwong tién thiy ngi dia mang cap VR-SB [2]

STT Thoi gian Lugt | Ting h;;"g" qua | Tng
phwong tién trueong cang ( A n) trueong
. Tu: thang 7/2014 dén 034 898,659
hét 12/2014

2 | Nam 2015 5.175 4.932.083
3 | Nam 2016 13.291 157% 11.887.212 | 141%
4 | Nam 2017 21.695 63% 18.716.051 57%
5 | Nam 2018 28.750 33% 34.956.794 87%
6 | Nam 2019 34.917 21% 40.081.028 15%
7 | Nam 2020 48.653 39% 39.700.971 -1%
8 | Nam 2021 40.571 -17% 64.150.939 62%

1.1.2. Téong quan vé ddi tau hang cap VR-SB

Theo sé liéu cua cuc Hang hai Viét Nam [2], tinh ¢én cudi ndm 2021, d6i tau
hang cap VR-SB cua Viét Nam 1a 839 chiéc vai tdng trong tai 1a 1,75 triéu tin
(vuot quy hoach vé quy mé trong tai trong chién luoc phat trién dén nim 2030 1a
1,5 triéu tan). Quy mé va co ciu doi tu cap VR-SB theo trong tai duoc thé hién
trén Bang 1.2. Vé ¢ tau, sb luong tau cd trong tai dudi 5000 tan chiém da s Vi
ty 18 93,3% trong co cAu doi tau vai 783 chiée, sé lugng tau ¢ trong tai tir 5000
tan dén 10000 tan dung tha 2 voi 38 tau chiém 4,5%, con lai sd it 12 cac tau co
trong tai tir 10000 dén 20000 tan va trén 20000 tan. Trén thuc té, véi nhiing tau
cap VR-SB c0 trong tai Ion trén 5000 tan thi rat it cang thay noi dia nao co thé
tiép nhan duoc chinh vi vay ma sé luong cac tau cap VR-SB ¢ trong tai trén 5000
tan rat it. Vé co cau, tau hang kho chiém da sé véi 652 tau chiém ty 77,7%, tiép
sau do 1a tau hang long chiém ty 1& 20% vai 148 tau, con lai la cac tau container,
tau cha khi hoa long va tau cho xi mang. Nhu vay, xét vé quy mo doi tau cap VR-
SB theo trong tai va loai tau ta thay s6 lwong tau co trong tai dudi 5000 tan va tau

ché hang khé 1a chi yéu trong thanh phan cua doi tu cap VR-SB.



Vé dic diém cua loai tau hang cip VR-SB, trong 839 tau hang mang cap
VR-SB ¢6 210 tau duoc ha cip tir tau bién xudng chiém 25%, 279 tau duoc nang
cap tir tau séng cap VR-SI va VR-SII chiém 33,2%, con lai 350 tau cap VR-SB Ia
dugc dong mai chiém ty 1é 41,8% [2].

Bdng 1.2. Quy mé va co ciu phwong ti¢n ché hang mang cdp VR-SB

Trong tai tau
Tiéu chi Tir 5.000 T- | Tir 10.000 T Téng cong
| ’ <5000T 10.000 T 220000 T >20.000T

Tong trong tai (tan) | 1.193.011 | 231.675 126.307 191.841 |1.742.834
S6 lugng (chiée) 783 38 9 9 839
Trong do:
- Tau hang kho 652
- Tau hang long 148
- Tau _hang 33
container
- :rau hang khi hoa 04
long
- Tau hang xi mang 02

1.1.3. Tong quan vé cong tac thiét ké tau hang cap VR-SB

Hién nay, cong tac thiét ké tau hang cdp VR-SB dang hoan toan do cac cong
ty thiét ké tau ¢ trong nudc dam nhan. O ddy, c6 thé ké tén mot s6 cong ty 16n
trong nudc chiém thi phan 16n trong mang thiét ké tau néi chung va tau hang cap
VR-SB néi riéng nhu: Cong ty Thiét ké tau thay Viét Han [3]; Cong Ty C6 Phan
Pong Tau Viét Nam - Visec [4]; Cong ty thiét ké tau thuy S.O.N [5]; Vién NC va
KHCN Hang hai, Truong Pai hoc Hang hai Viét Nam [6]... Theo khao sat cua
NCS cong tac thiét ké vo tau hang cap VR-SB cua cac don vi nay con ¢ mot sd
han ché nhu: Viéc thiét ké hinh dang than tau tai cac don vi ndy cha yéu dua trén
kinh nghiém thiét ké; thiét ké tuyén hinh tau dya trén mot sé mau tuyén hinh cua
tau bién, hoic dua trén mot sb mau tau pha séng bién cua nudc ngoai ma chuwa
tinh dén dic diém cua tuyén duong thuy noi dia Viét Nam; van dé tdi uvu hoa hinh

dang than tau phu hop véi toc do va tuyén duong khai thac con chua duoc quan
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tam ding mac, dan toi viéc sir dung nang luong hiéu qua va tiét kiém trén tau con

han ché tir ¢6 anh huong dén hiéu qua kinh té cua tau trong qua trinh khai théc.

1.1.4. Téng quan vé cac quy dinh cia Viét Nam lién quan dén viéc sir dung

niing lwong hiéu qua va tiét kiém

Cung véi su phéat trién kinh té — xa hoi, nhu cau tiéu thu ning luong & Viét
Nam ngay cang gia ting. Dé dap ung xu hudng nay va dam bao dinh hudng phat
trién bén vitng, mot trong nhing giai phap chién luoc then chét 1a tang cuong sir
dung ning lugng mot cach hiéu qua va tiét kiém. Chinh vi vay, Viét Nam trong
nhitng nam qua d3 ban hanh céac luat va quyét dinh lién quan dén van dé s dung
nang luong hiéu qua va tiét kiém gom: Luat sé 50/2010/QH12, ngay 17/6/2010
vé str dung nang luong tiét kiém hiéu qua [7]; Nghi dinh s6 21/2011/ND-CP ngay
29 thang 3 nam 2011 cuia Chinh phu qui dinh chi tiét va bién phap thi hanh Luat
Str dung nang lugng tiét kiém va hiéu qua [8]; Quyét dinh s6 2053/QD-TTg ngay
28/10/2016 cua Thu tuéng chinh pha vé viéc ban hanh ké hoach thuc hién thoa
thuan Paris vé bién ddi khi hau [9]; Quyét dinh s6 280/QD-TTg ngay 13/3/2019
cua Tha tuéng chinh phu vé viéc str dung nang luong tiét kiém va hiéu qua giai
doan 2019-2030 [10]. Theo d6, yéu cau cac chu phuong tién, thiét bi st dung nang
luong can phai ap dung céac bién phap quan ly va ky thuat nham giam ton that,
giam muac tiéu thu niang luong ma van dam bao nhu cau, muc tiéu dit ra dbi véi
qua trinh san xuat va doi séng. Trong linh vyc Giao théng van tai, luat quy dinh
rat rd doi vai céc to chirc, ca nhan hoat dong trong linh vuc nay can trién khai cac
giai phap dé dat dugc muc tiéu tiét kiém nhién liéu. Day chinh 13 cac cin ci phap
Iy, cac quy dinh bat budc doi hoi cac chi phuong tién van tai néi chung va chi

phuong tién van tai thity néi riéng can phai dap tng duoc.
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1.2. Tong quan vé tinh hinh nghién ciu trong thiét ké hinh dang than tau

nham giam lyc can tau

1.2.1. Téng quan vé tinh hinh nghién ciu trén thé giéi

Qua viéc nghién ciru cac tai liéu chuyén nganh vé thiét ké hinh dang than tau
dudi dang cac gi4o trinh ciia cac nha xuat ban uy tin trén thé gigi nhu Springer,
Elsevier, Wiley, SNAME... va cac bai bao qudc té thuoc danh muc 1SI/Scopus.
NCS nhan thay, viéc nghién ctru cac giai phap giam luc can tau trong qué trinh
thiét ké hinh dang than tau da va dang thu hat sy quan tm cua nhiéu nha nghién
ctru va phan 16n cac cong trinh tap trung vao viéc téi vu hoa hinh déng than tau
nham giam luc can, qua d6 nang cao hiéu qua sir dung niang luong cho tau.

> Déi Véi cég tai ligu dwai dgng giao trinh [11,-16].

Trén co so, tong hop, phan tich, danh gia cac két qua nghién ctru cua céc tac
gia duoc trinh bay dudi dang gido trinh, NCS nhan thay céc tac gia nay da dat
duogc cac két qua sau:

- Pa dua ra co s ly thuyét trong thiét ké hinh dang than tau;

- Pa dua ra cac con s6 dinh tinh vé anh huong caa céc thong sé hinh dang
than tau dén luc can tau;

- Pua ra cac khuyén nghi trong viéc lua chon hinh dang than tau hop Iy cho
mot sb loai hinh dang than tau cu thé.

Lién quan dén co s& ly thuyét trong thiét ké hinh dang than tau, tai liéu [16]
dua ra quy trinh thiét ké hinh dang than tau dudi goc d6 thuy dong luc hoc nhu
trén Hinh 1.1. Theo d6, quy trinh nay gom c6 hai cach: Thiét ké méi va thiét ké
theo tau mau.

+ Doi véi thiét ké méi, quy trinh cac budc gom: Thiét ké cac duong suon
(wireframe) sau d6 tién hanh chinh tron va tao mat (hullform surface). Sau khi tao
dugc md hinh 3D cho tau sé& tién hanh thir mé hinh trong bé thir hodc sir dung
CFD dé tinh toan cac thong sé thiy dong cua tau. Két qua phan tich duong dong

bao quanh than tau sé 13 co sé dir liéu dé tién hanh diéu chinh, lam tron hinh dang
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than tau. Sau d6 quy trinh s& duoc lap lai dé cho ra tuyén hinh tau c6 hinh dang

t6i wu nhat vé mat thuy dong luc hoc.

Wireframes of hull form }-—-I Fairing '—'I Hull form surface I—r

Kkkk e =

feedback \offset

Parent ship l—vl Variation l— Model test I

_ad

Numerical analysis
(CFD)

| Hull form design l‘..--.........-...--.....-.............---.............é

Hinh 1.1. Quy trinh thiét ké hinh dang than tau
+ Doi vdi thiét ké hinh dang than tau theo tau mau, quy trinh cac budc gom:
Tur tuyén hinh tau mau, nguoi thiét ké sé tién hanh thay doi cac tham sb hinh déng
than tau, sau d6 s& tién hanh chinh tron va tao mat, tinh toan céc théng sb thiy

dong cua tau giéng nhu & phuong phap thiét ké mai néu & trén.

Lién quan dén cac khuyén nghi trong viéc lva chon cac théng sé hinh dang
than tau, c4c tac gia da dua ra cac khuyén nghi trong viéc lya chon hop Iy hinh
dang than tau nham giam luc can séng va luc can hinh dang cho tau bao gom cac
khuyén nghi nhu: Lua chon hop 1y vi tri hoanh d¢ tdm néi theo chiéu dai tau, hé
s6 béo lang try, hé sb béo thé tich, goc vao nude, hinh dang duong nude, hinh
dang duong suon; Lua chon hop Iy cac théng sé hinh hoc ctia mili qua 18; téi uu
hoa toan bo tuyén hinh tau. Theo céc tai lidu khac nhau, giai phap toi wu héa hinh
dang than tau dugc danh gia 1a c6 thé giam duoc tir 2 ¢én 10% muc phat thai CO,
va day la giai phap duoc nhiéu cac nha thiét ké tau ap dung boi tinh kha thi cua
ching khi &p dung vao thyc té [12]. Vi du, tai liéu [14] dua ra khuyén nghi nhu

sau trong viéc xac dinh vi tri hoanh d6 tdm néi (LCB) tdi wu ap dung Vi tau hang
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roi va tau dau, theo biéu thie (1.1). Tai liéu khuyén nghi lua chon vi tri LCB theo
biéu thirc (1.2) va (1.3) phu thudc vao hé sé béo thé tich (Cg) cua tau. Tai liéu
[11] va [15] dua ra cac khuyén nghi lwa chon LCB phu thudc vao Cg va loai hinh
dang than tau (xem Hinh 1.2 va Hinh 1.3).

LCB/L =-0,135+0,194C, (1.1)
3%F 1 | | |
|  BSRA Standard - Single screw o/
:_Ics= zocc;l'g-o.svs]l %
2 % Watsor: Normal bow y
= = o Walson: Bulbous bow i
1%F ocler single screw //
mean values) [ ‘
LCB ¥ —A
. s
I S Y A m—
P /
] 3
1%A ;/ A
]’ ,-/ ™ Bodler twin screw
%. {maan valuas} ]
2%A, e
- . -
- e
3%A
0.55 0.65 Cs 075 0.85

Hinh 1.2. Vi tri hoanh @9 tAm néi t6i wu cho tau phu thudc vao Cg cho tau
str dung mot va hai chong chéong [11]

Pdi véi tau c6 Cg > 0,65, LCB tbi uu duogc xac dinh theo biéu thic thuc:

LCB . (7 C,-0,65
——=0,022| sin| =—2—"=|£+0,5 ,
L { (2 0,15 j } (1.2)

Déi véi tau c¢6 Cg < 0,65, LCB tdi wu duoc xac dinh theo cong thuc:

LCB . (70,65-C
—==-0,011| sin| = -2 1+1,0 :
L { (2 0,15 j } (139

Déi vai viéc lya chon chiéu dai doan than 6ng, chiéu dai phia miii va dudi
tau, tac gia Lindblad [11] dua ra khuyén nghi du6i dang dinh lugng nhu sau &p
dung ddi véi tau co ty sé L/B=7,0.
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Hinh 1.3. Vi tri hoanh d¢ tdm néi tdi wu dwoc xac dinh dwa trén hé sé béo
Cs va hinh dang tuyén hinh tau [15]

T T
0.32 Lep 0.440 0.240

0.81 ‘T 4 4 e e T 0.750 Lg /LR
Cr 080 0.325 0.435 | 0.240 s
079 | 00 I\l 040 1] | 069 0.732
g 0.355 0.390 | 0.255 -
- 0.370 | 0370 J 0.260 s
oo LM s L L om
0.75 | ¢ : . 0.641
ol ——om || eve | ] one oo
0.73 | : i z - 0.785
ol 0‘420 0}200 0.380 sl
0.70 | : , / : 0.905
aso L 0.430 | 0165 / 0.405 Tk
sl 0.440 |\ 0125 / 0.435 P
0.67 | A : °°9°/ 0450 1.000
- 0.465 0. 060 0475 A
065 L 1 1 1 } 1
AP. 01 02 03 04 06 07 08 09 FP.

Hinh 1.4. Khuyén nghi lwa chon chiéu dai doan than éng, chiéu dai phia
miii va dudi tau voi Cp Khac nhau (ap dung véi tau co L/B=7,0)
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Téc gia Kracht [15] trén co s& nghién ciu thuc nghiém mét céch ¢é hé théng
anh huong cta cac tham sé hinh hoc miii qua 1& dén hé sé giam cong suat du
ACpx (residual power reduction coefficient) tinh bang phan trim céng suat giam
Cla tau c6 va khong c6 miii qua 18. Cian cl trén sé liéu thir nghiém & hai bé thir
tau tai Dc voi tau co hé sd béo thé tich Cg=0,71, Kracht di dua ra duoc mot cach
c6 hé thdng mic d6 anh huong cua cac tham sé hinh hoc miii qua 18 dén hé sb
giam cong suat du cua tau gitta tau c6 va khong c6 miii qua 1é nhu trén tir hinh
1.6 dén hinh 1.10.

.r Agr I

Hg 1N 2 Y AsL B Ter

N | L

]" X l Base
N %B: P - |

05 —- -
ACpyp /___ﬁ__“l[_lfper limit //{
0.4 N = iy
/%;.’:—‘ Fy=0.26, P /
T NN /e\
0.3 —%s A N\R 024 70227 R |
. < 7 7 / ‘\\:Q/"‘{" ~ I
N e / ,' - q!
0.2 \ -/
. / Cs=07
N /
0.1 ny 7 np=0.7
N -
0 I R 1 1 A I L1 1 1 %
0.025 0.03 0.035 0.04 Cira

Hinh 1.6. Anh hwéng cia tham sé Crpr miii qua 18 dén ACpyr Ciia tau
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Hinh 1.7. Anh hwéng cia tham so6 Ces miii qua 1& dén ACpvr ciia tau

Upper limit
0.5 f‘r
.ﬁclp\_-;ﬁ! ‘..--":_.‘:--—:—:;"__.f:_zﬂ':
Cg=0.7 -1 ~17022
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0.3 e / e !
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Hinh 1.8. Anh hwéng ciia tham s6 Cast miii qua 1é dén ACpyr cuia tau

0.5
e P
o N[04
- /‘1'-_ . N
. _ £ 0.20[\_0.22
0.26 = Fyj~. v \
0.3 -
0.2
Cg=07
0.1 i - ??Dz 0.?
i
0 | [ r |

010 0.1 0.12 0.13 0.14 0.15 0!16 Camt 0.18
Hinh 1.9. Anh hwéng cia tham s6 Cas. miii qua 1é dén ACpvr ciia tau
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Hinh 1.10. Anh hwéng cia tham sé Cypr mili qua 1& dén ACpvr Ciia tau

Cac ky hiéu Crpr, Cag, Czs, Cagr, CasL, ACpwr trén cac Hinh tir 1.6 dén 1.10,
dwoc hiéu nhu sau: Cipr =Lpr/Lpp , Ces =Be/B, Czs =Za/Tep — lan luot 12 hé sb
chiéu dai, chiéu rong va chiéu cao ctia mili qua 18; Agr/Ax, Casr, V& ACpir = Ver
/ V- 1an luot 1a hé s6 dién tich mat cat ngang cia mili qua I8 tai dudong vudng goc
mili; dién tich mit cat doc va tham sé thé tich cua miii qua 18. O day Lep, Tep, B,
Ax, V- lan luot 12 chiéu dai hai duong vubng goc, chiéu chim tai duong vuéng
gbc mili, chiéu rong, dién tich suon giira va luong chiém nuéc cua tau.; Leg, Cas,
Ag, AL, Vg - lan luot 13 chiéu dai, chiéu rong, dién tich mit cit ngang, dién tich

mat cat doc, thé tich cua mii qua Ié.

T két qua thuc nghiém anh hudng cua cac tham sb hinh hoc miii qua 1& dén,
ACpr ta thay rang, hé sb giam cong suat du cua tau phu thudc vao gia tri cua
tham sb miii qua Ié ciing nhu téc do twong d6i (s6 Froude) cua tau. Vi dy, tai Fr
=0,26, ACpx dat gié tri Ion nhat bang 0.38 tai Cppr = Lpr/Lee = 0,033 (xem Hinh
1.6). Tai ACpw = 0,38, gia tri tham sb chiéu rong hop 1y nhit Cgs =Bg/B = 0,155
(xem Hinh 1.7), Céc gié tri hop 1y dbi voi Cagr, CasL V& ACe ik dugc xac dinh

tuong tu.

T céc két qua nghién ciru ké trén cua cac tac gia duoc trinh bay dudi dang

gido trinh, ta thy riang cac két qua nghién ciru nay con ton tai mot sé diém sau:
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- Céc két qua nghién ctu hién c6 phan 16n duoc trinh bay chu yéu 1a dudi
dang dinh tinh. Chang han nhu cac khuyén nghi lién quan dén viéc xac dinh LCB
t6i vu chi 4p dung cho tung loai tuyén hinh tau cu thé ciing nhu ma chua 1am ré
murc d6 anh huong caa LCB dén luc can tau dudi dang cac s6 liéu dinh luong; dai
gia tri LCB t6i wu kha rong dan t6i khé khan cho viéc lva chon gid tri toi wu nhat).
Cac gi4 tri khuyén nghi nay c6 dung véi loai tuyén hinh khac hay khdng thi can
phai nghién ctu tiép.

- Chua c6 tai liéu ndo dé cap dén thiét ké hinh dang than tau chay tuyén pha
s6ng bién ciing nhu chua ¢ cac hudng dan lva chon ty s kich thudc, hinh dang
than tau cho tat ca c4c loai tau cd hinh dang khac nhau (vi du chua dé cap dén viéc
x4c dinh gi4 tri hoanh d6 tam nodi tdi wu cho tau chay tuyén Pha séng bién khi co
su han ché vé chiéu sau cia nude (liéu hoanh d6 tdm ndi tdi wu co khac so voi
hoanh d6 tdm noi tdi vu cho tau khi chay trong viing nuéc sau).

> Poi véi cac tai lieu dwéi dang cac bai bao dwoe ding trén cac tap chi
quéc té co uy tin thudc danh muc I1S1/Scopus [17-32]

Trén co sd, tong hop, phan tich, danh gia cac két qua nghién ctu duoc trinh
bay dudi dang céc bai bao khoa hoc dang trén cac tap chi Qudc té ¢6 uy tin thudc
danh muc ISI/Scopus, NCS nhan thay cac cac cong trinh nghién ciru nay da dat

duoc cac két qua, cling nhu ¢6 cac dic trung sau:

- Vé két qud nghién citu dat dwoc: Trong cac bai bao khoa hoc da viéc cai

tién va toi uu hoa cac thong sb hinh dang than tau nham giam lec can thuong dugc
tién hanh trén mot mau tau cu thé, tir d6 thu duoc nhitng s6 lidu dinh lwong cho
thay mirc giam luc can so véi thiét ké ban dau. Ngoai ra, phan Ion céc nghién ctu
nay con giai thich dugc ban chét vat Iy dan dén sy khac nhau vé luc can tau giia
phuong an hinh dang t6i wu va phuong an ban dau théng qua viéc phan tich su
khac nhau vé dong chay bao quanh than tau dé khang dinh su khac nhau vé luc
can tau khong phai do sai sé trong tinh todn ma 1a do su khac nhau vé ung suat

tiép, ap suat thuy dong trén bé mat than tau va hinh dang séng sinh ra khi tau
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chuyén dong.
- Vé phuwrong phdp sir dung trong thiét ké va cdi tién hinh dang than tau: Dbi

véi viéc thiét ké va cai tién hinh dang than tau, céac tac gia s dung cac phuong
phép nhu: phuong phap mé hinh tham sé, phuong phép Lackenby, phuong phép
thiét ké dwa trén moé phong (simulation-base design), phuong phap bién dang bé
mit [16, 17, 28, 33] dé thay ddi hinh dang than tau.

- Vé phuwong phdp xdc dinh phwong dn téi wu: Céc tac gia st dung céc

phuong phap nhu: Thuat toan di truyén [23], phuong phap toi wu dong bo
(Synchronous Optimization) [18], thuat toan t6i wu bay dan (Particle Swarm
Optimization) [19]; phuong phap ham bé mat dap tng (Response surface method)
[26], phuong phap thiét ké thuc nghiém Taguchi [26, 27, 31].

- Vé phwrong phdp dwoc sir dung d@é tinh toan lwc cdn tau: Phan 16n cac nghién

ctru déu st dung phuong phap CFD dé tinh toan bai phuong phap nay cho két qua
tin cay so véi két qua thuc nghiém trong bé thir, ngoai ra phuong phap nay c6 thé
cho phép chung ta phan tich dugc dudng dong bao quanh than tau dé phuc vu cho
viéc phan tich lya chon phuong an téi vu ciing nhu giai thich duoc ban chat dan
t6i su khac nhau vé luc can tau giira cac phuong an dya trén viéc phan tich dudng
dong bao quanh than tau. O day, cac tac gia déu sir dung cac phan mém CFD
thuong mai nhu Ansys Fluent, Star-CCM+...dé tinh toan.

- Vé gisi han nghién cizu: Cac nghién ciu vé t6i uu hoéa hinh dang than tau

hang déu gigi han & viéc ti wu hinh dang than tau trén nude tinh.

Duéi day, NCS sé tién hanh phan tich mot s6 nghién ctru dién hinh dé lam

rd cho cac nhan xét néu trén:

- Nghién ctru cua caa tac gia Sheng-Zhong Li va cac cong su cong bd trén
tap chi Journal of ship research (tap chi SCIE néi tiéng trong nghién ciru vé tau
thay) [19]. O nghién ctu ndy, nhém tac gia tién hanh nghién ctu téi wu hoa hinh
dang miii va dudi tau hang 4600 tan trén nude tinh nham giam luc can tau. Phuong

phap nghién ctru dugc nhém tac gia st dung trong bai bao 1a phuwong phap thiét
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ké dua trén mo phong, thuat toan ti wu bay dan va phuong phap CFD dé thay doi
hinh dang miii va duéi tau, tinh toan lyc can va tim kiém phuong an t6i vu. Két
qua nghién ctru d lam 13, hinh dang mii va dudi tdi wu cua tau phu thudc vao sé
Froude cua tau, phuwong an miii va dudi tau t6i vu cho phép giam luc can tau tur
4,89% dén 6,55% so v4i phuong an hinh dang ban dau. Do tin cay cua két qua
tinh toan duoc cac tac gia ching minh bang céch so sanh sy khac biét cua trudng
dong chay quanh than tau giira thiét ké ban dau va phuong an téi vu. Sy phan tich
tap trung vao hinh thai song do tau tao ra, sy Phan b ap suat thuy dong trén bé

mat, ciing cau tric dong chay phia sau than tau (xem Hinh tir 1.11 dén 1.15).

Ving diéu chinh

Hinh
1.11. Poi twong nghién ciu va khu viee thay d6i hinh dang tau hang 4600
tan
Original

Hinh 1.13. Sw khac nhau vé hinh dang séng do tau tao ra ¢ phwong an ban

dau va phwong an tdi vu
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Hinh 1.14. Sw khac nhau vé profile séng giita phwong an tdi wu va phwong
an ban diu tai vét cat (y/L=0,09)

Original Cp -02-0002 04 06 08 1.0

Opt1 Cp -02-0002 04 06 08 1.0

Hinh 1.15. Sw khac nhau vé hinh danh phan bé ap suat thiy déng giira
phwong an ban diu va phuwong an

- Nhom téc gia Lee va cac cong su [26] di tién hanh nghién ciu téi wu hoa
hinh dang than tau container 4300TEU trén nude tinh. Trong nghién ciru nay, ho
d3 tién hanh thay d6i 11 théng sé hinh dang tau (5 théng s6 hinh dang miii, 04
thong s6 hinh dang dudi va 2 thong sé hinh dang than tau LCB va Cp). O day, dé
giam sb phuong an tuyén hinh can tao (t6 hop caa su thay doi 11 théng sé véi mai
thong s 1a 2 phuong an thay doi sé 1a 11°2=121 phuong 4n), trong khi van dam

bao tim duoc phuong an tbi uu, nhoém tac gia str dung phuwong phap Taguchi v4i
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ma tran truc giao (hay con goi 1a phuong phép thiét ké thuc nghiém) dé giam sé
luong phuong an can tinh tir 121 xudng con 12 phuong 4n hinh dang khac nhau

nhu trén Bang 1.3.

Sau khi tinh toan duoc luc can tau & 12 phuong 4n bang phuong phap CFD,
nhém tac gia s dung phuwong phap bé mit dap tng dé xac dinh phuong an téi wu.
Két qua nghién ctru cho ra phuong 4n hinh dang t4i wu cho phép giam khoang
22% cong suat co ich so véi thiét ké ban dau. Su khac biét vé luc can va hé sb
dong theo giita hai phuong an dugc ly giai thdng qua phan tich su khac nhau vé
duong dong bao quanh than tau (tham khao Hinh 1.16, 1.17, 1.18).

Bdng 1.3. Bdang ma tran truc giao

So lwgng , , ]
phuwong an can So lwgng tham so thay doi
tinh

1 1 2 3 4 |56 |7]8|9 10|11

2 1 1 1 1 (11,111 ]1]|1

3 1 1 1 1 (12 2|2|2]2]|2

4 1 1 2 2 |21 |1 ,1]|2]|2]2

5 1 2 2 1 /22112 |1]2]|1

6 1 2 2 2 |1 1221|211

7 2 1 2 2 |1 122|121

8 2 1 2 1 (1222|211 ]1]|2

9 2 1 1 2 |22 |1/2]|2|1]|1

10 2 2 2 1 (11,122 ]|1]|2

11 2 2 1 2 |1 2|1 ,1]1]|2]2

12 2 2 1 1 /21,212 ]2]|1
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— Optimization
— Original

Hinh 1.16. Hinh dang tau truéc va sau toi wu

a) Hinh dang ban dhu b) Hinh dang sau t6i wu

Hinh 1.17. Sw khac nhau trong phan bé &p suit thiy dong doc than tau
giira phwong 4n tdi wu va phwong an ban dau

Hinh 1.18. Sw khac nhau vé hinh dang s6ng do tau tao ra giira phwong an

tdi wu va phwong an ban dau
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Hinh 1.19. Sw khac nhau vé profile séng dec than tau giira phwong an t6i
wu va phwong 4n ban dau

Trong linh vyc toi wu hoéa hinh dang than tau hoat dong trén sdng, Erik ciing
cac cong su da thuc hién nghién cau nham cai tién hinh dang phan dudi tau khi
van hanh ¢ ving nude nong trong diéu Kién tinh [32]. Nghién ctu nay tap trung
phan tich anh hudng cua bbn théng sé hinh hoc ciia dudi tau tai cac muc nuéc
khac nhau, dong thoi tién hanh téi uu hoa cac thong sé d6. Pé xac dinh cu hinh
t6i uu, nhom tac gia da sir dung két hop phuwong phap moé phong sé CFD va thuat

toan di truyén.

Hinh 1.20. Péi twgng dwoc sir dung trong nghién citu cia nhom tac gia Erik
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u: 0.00.10.20.30.40.50.60.70.80.91.0 u: 0.00.10.20.30405060708091.0

a) Hinh dang day chir S, h/T=3,0 b) Hinh dang day chir V, hIT=3,0

|
u: 0001020304050607080610

‘ u 0.00102030408060708081.0

a) Hinh dang day chir S, hIT=1,2 b) Hinh dang day chir V, hiIT=1,2

Hinh 1.21. Sw khac nhau vé dong theo tai dudi tau giira hinh ding day tau
dang chir V va S & cac d9 sau nwoc khac nhau

1.2.2. Tong quan vé tinh hinh nghién citu & trong nuéc

Trén co s& tim hiéu céc tai liéu gido trinh dang duoc st dung giang day tai Khoa
Pong tau, Truong Pai hoc Hang hai Viét Nam [34, 35] va céc bai bao khoa hoc duoc
dang tai trén cac tap chi chuyén nganh ¢ trong nudc (tap chi Khoa hoc va Céng nghé
Hang hai, tap chi Giao théng van tai, tap chi khoa hoc Cong nghé giao théng van tai [36,
37]) lién quan dén thiét ké tuyén hinh tau. NCS nhan thay trong céc tai liéu dudi dang
giao trinh, cac tac gia da dua ra cac goi y dudi dang dinh tinh trong viéc lua chon hop
ly ty sb kich thuéc va cac thong sé hinh dang than tau. Tuy nhién, chwa cé cac goi ¥

trong viéc thiét ké tuyén hinh tau mang cip VR-SB néi viéng va tau mang cap chay
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tuyén thiy noi dia néi chung. S6 lugng cac nghién ctru dudi dang bai bao khoa hoc
ing dung CFD dé phan tich anh huong cua cac théng sé hinh hoc than tau dén luc
can van con han ché. Trong sé do, c6 thé ké dén cong trinh ciia Tran Ngoc TG va
cac cdng sy Vé tac dong cua hoanh d6 tdm ndi (LCB) ddi véi luc can cua tau hang
roi 22.000 DWT, duoc cong bd trén Tap chi Khoa hoc va Cong nghé Hang hai
[38]. Nghién ctu ndy tap trung khao sat duy nhat tham sé6 LCB nham xéc dinh vi
tri toi wu xét theo tiéu chi luc can, ddng thoi phén tich co so vat Iy cua su chénh
Iéch lyc can gitra cac phuong an thong qua so sanh hinh dang song tao ra, ciing

nhu Phan bé 4p suat thay dong trén bé mat than tau.

Cac cong trinh nghién ctru danh gia anh huong cua cac théng sé hinh hoc
than tau dén luc can than tau bang CFD dudi dang cac bai béo con kha khiém tén.
O day co6 nghién citu ciia nhom tac gia Tran Ngoc Tu, Lé Thanh Binh va Nguyén
Thi Thu Quynh vé anh huéng ciia Hoanh d6 tdm ndi dén luc can tau hang roi
22000 DWT bang phuong phap CFD ding trén tap chi Khoa hoc va Céng nghé
Hang hai [38]. Trong nghién ctru nay, nhom tac gia chi nghién ctru anh hudng cua
LCB dén lyc can tau, tir d6 xac dinh duoc vi tri hoanh d6 tm noi ti wu dudi goc
d6 luc can tau, giai thich duoc ban chat vat Iy dan t6i sy khac nhau vé luc can tau
théng qua viéc chi ra sy khac nhau vé hinh dang séng do tau tao ra, Phan bd &p
suat thiry dong trén bé mat than tau gitra cac phuong an hinh dang than tau khac

nhau.

1.2.3. Nhan xét danh gia vé cac nghién ciru di truéc

Cac nghién cau vé thiét ké hinh dang than tau nham giam lyuc can tau do cac
tac gia khac nhau trén thé gigi va Viét Nam thuc hién da duoc NCS tong hop,
phan tich, danh gia & trén 1a co sé phuong phap luan ciing nhu nguon tai liéu dé
phuc vu cho cac nghién ctu tiép theo lién quan dén van dé ndy. Trén co so tong

hop, phan tich cac két qua nghién nay, chling ta cd thé dua ra mot s6 nhan xét sau:

- Déi véi céc tai liéu dudi dang cac gido trinh, sach chuyén khao di dua ra

cac khuyén nghi trong viéc lua hoanh d6 tdm néi, hinh dang miii qua I&, hinh dang
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duong nude, duong suon...hop Iy dudi goc @6 giam luc can tau. Tuy nhién, cac
khuyén nghi lya chon thudng nam trong mot dai khé rong gay khé khin cho ngudi
thiét ké trong viéc lua chon gia tri phi hop duéi goc d6 giam luc can tau. Ngoai
ra, cac khuyén nghi lién quan dén viéc lya chon céc thdng sé hinh dang than tau
khong c6 tinh phd quat cho tat ca cac loai tau ma tng voi mdi loai tau khéac nhau
sé cd gia tri phu hop khac nhau va mac d6 anh huong (mét cach dinh lugng) cia

chung dén sy thay doi luyc can tau thi khong dugc dua ra.

- P6i véi cac cong trinh khoa hoc dudi dang cac bai bao khoa hoc, viéc
nghién ciru vé anh huong caa hinh dang than tau dén luc can tau duoc thyc hién
cho mét tau cu thé va da dua ra dugc cac két qua nghién ctru mang tinh dinh luong
cling nhu dé xuat duoc hinh dang mai cho tau so véi tau cii dudi goc do giam luc
can tau. Phuong phap nghién ctru dugc céc tac gia s dung & day gdm 03 phuong
phéap: phuong phap thiét ké hinh dang than tau (phuong phéap tham sd, phuong
phap bién dang tu do...), phuong phap sé CFD dé tinh toan luyc can tau va phuong
phép t6i uu dé xac dinh phuong an t6i wu (Thuét toan di truyén, phuong phap téi
wu dong bo (Synchronous Optimization), thuat toan toi uu bay dan (Particle
Swarm Optimization); phuong phap bé miat dap tng (Response surface method),
phuong phap thiét ké thuc nghiém Taguchi.

- C4c nghién ctru lién quan dén viéc thiét ké hinh dang than tau chay tuyén

pha song bién rit it, dic biét 1a cac nghién ciu ¢ trong nudc.

1.3. Phén tich lwa chon hwéng nghién ciru, phwong phap nghién ciu va gidi

han nghién cau

1.3.1. Lwa chon hwéong va muc tiéu nghién cieu

Can ctr trén nhu cau phat trién doi tau cap VR-SB ciing nhu thuc trang cong
tac thiét ké doi tau ndy & trong nudc cong véi véi quy mo va cau tric cia doi tau
mang cap VR-SB cua Viét Nam, NCS xin dé xuat huéng va muc tiéu nghién cau

trong luan an nhu sau:
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Muc dich nghién ciru cia lugn an: Xay dung mo hinh bai toan cai tién hinh dang
than tau hang cap VR-SB nhim giam sic can tau trén co s& €O tinh dén dic diém
cua tuyén duong thuy noi dia trong nudc. Ap dung mé hinh tinh dwa ra vao trong
cai tién hinh dang tau cho mat series tau hang c6 trong tai 4600 tin mang cap VR-

SB dang duoc khai thac phd bién trén tuyén duong thiy noi dia Viét Nam.

1.3.2. Phén tich lwa chon phwong phap nghién ciru

Pé dat duoc muc tiéu nghién ctru dit ra, luan an sé sir dung cac phuong phap
nghién cau gom: Phuong phap khao sat, tong hop, phan tich théng ké; ly thuyét
vé thiy dong luc hoc tau thiy; phuong phap sé CFD; phuong phap Taguchi két

hop phan tich twong quan xam.

Co sé dé NCS lya chon Taguchi dé giam bét s6 luong cac phuong an tuyén
hinh can tao ra khi thay d6i cac tham sé hinh dang than tau trong khi van ¢am bao
tim dugc phuong an hinh dang toi wu dudi goc do luc can tau. Doi voi viéc lua
chon phuong phap phén tich twong quan xam 1a dung dé giai quyét bai toan da
muc tiéu va dung dé danh gia mic d6 anh hudng caa ting thdng sé tuyén hinh tau

dén lyc can. Van dé nay sé duoc NCS trinh bay chi tiét & chuwong 2 caa luan an.

1.4. Két luan chwong 1
Chuong tong quan da giai quyét dugc cac van dé sau:

- Pa trinh bay dugc tong quan vé tuyén van tai thay noi dia caa Viét Nam.
Trong d6 di dua ra dugc cac con s dinh luong vé mirc ting truong sb lwong hang
hoa qua hinh thirc van tai qua cac nam. T d6, khang dinh tam quan trong cua
tuyén van tai thuy noi dia Viét Nam trong phat trién kinh té-xa hoi caa dat nudc.

- P trinh bay dugc quy mé doi tau hang cap VR-SB theo trong tai, loai tau
va dic diém cua loai tau nay. Theo d6 loai tau chiém ty trong nhiéu nhat trong doi
tau hang cap VR-SB 14 cac tau hang khé c6 trong tai dudi 5000 tan. Pay 1a co so

dé NCS Iya chon dbi tuong nghién ciru trong dé tai.
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- P trinh bay duoc mot s6 ton tai trong cong tac thiét ké hinh dang than tau
cap VR-SB tai mot s6 don vi Thiét ké tau ¢ trong nudc.

- P néu bat dugc su can thiét trong viéc sir dung céc giai phap ky thuat nham
str dung ning luong hiéu qua tiét kiém trén tau thong qua viéc tong hop, phan tich
cac diéu luat caa Quéc hoi, nghi quyét caa chinh pha lién quan dén yéu cau sir
dung ning luong tiét kiém va hiéu qua.

- Pa téng hop, phan tich, thong ké dugc cac nghién ctru dién hinh trén thé
gidi va trong nudc lién quan dén van dé nghién cuu.

- Pi phan tich néu bat dugc nhiing két qua dat dugc cua cac nghién cau di
trudce cling nhu cac ton tai han ché cua cac nghién cau nay.

- Trén co s& cac phan tich néu trén, Chuong tong quan da dé xuat huéng va

phuong phap nghién ctru trong luan an.
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CHUONG 2. CO SO LY THUYET PHUC VU XAY DUNG MO HINH BAI
TOAN CAI TIEN TUYEN HINH TAU CAP VR-SB

2.1. Pic diém diéu kién khai thac cta tau pha song bién

2.1.1. Co sé ly thuyét anh hwéng ciia dd sau nuée dén luc can tau

Theo dinh nghia ciia QCVN 72: 2013/BGTVT [39] c4c tau mang cip VR-
SB s& dugc phép hoat dong trén tuyén thuy noi dia (cac sdng, kénh, khu vuc ven
bién cach bo hodc noi tri 4n khdng qua 12 hai ly...). Véi dac diém hoat dong nay,
khi tau chay trén séng va trong cac kénh cé su gigi han vé do sau va chiéu rong
cua kénh, dong chay xung quanh tau s& bi thay ddi so véi khi chay trong khu vuc
khdng c6 su han ché vé d6 sau va chiéu rong cua ludng. Cu thé, s& xay ra c4c hién
tuong: toc do dong chay tai day tau sé tang 1én, khi d6 theo dinh luat Bernoulli &p
suat trén bé mat day tau s& giam; hinh dang va chiéu cao séng do tau tao ra khi
chuyén dong sé tang 1én; chiéu chim dong cua tau ting 1én, cac yéu té nay lam
tang lyc can tau so voi khi tau chay trong ving nudc khéng cé su han ché vé do
sau va chiéu rong cua kénh [12, 40]. Su thay ddi luc can tau khi chay trong khu
vuc ¢6 sy gigi han vé do sau va chiéu rong caa kénh phu thudc vao cac yéu té sau:
s0 Froude cta tau theo do su nuéc Fr, =V /,[gh, ; ty s0 hw/T - anh huéng cua do
sau; ty s6 Be/Bs - anh huong cua chiéu rong luong; ty s6 AJAs - anh hudng caa
dién tich mat cat ngang cua ludng. O day, V- 1a téc do tau, g — 1a gia téc trong
truong; hw va T lan luot 14 d6 sau cua sdng, ludng va chiéu chim cua tau; B va Bs
— lan luot 14 chiéu rong cua kénh va chiéu rong cua tau; A va As — lan luot 1a dién
tich mat cat ngang cua ludng va cua sudn giira tau. Cac ngudng bat dau xuat hién
anh huong cua nudc ndng va chiéu rong cua ludng duoc trinh bay trén Bang 2.1.

Khi ty s6 hw/T <1,5 s& dugc goi 1 nuwdc néng.

Khi tu chay trong viing nuéc ndng, sé xuat hién ba ché do dong chay, ching
dugc xac dinh thdng qua s6 Froude cua tau theo d6 sau nudc gom: ché do trudc
t6i han Fr, <1, ché do toi han Fr, =1 va ché d6 sau téi han Fr, >1. Cac hién tuong

(hinh dang s6ng do tau tao ra, luc can tau...) xay ra ¢ 3 ché do nay la khac nhau
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(xem Hinh 2.1). O ché @6 trudc toi han, sy hinh thanh séng trén nudc ndng va
nuéc sau 1a giéng nhau va ching ta c6 thé quan sat duoc hinh dang séng Kelvin
truyén thong (xem Hinh 2.2). Khi tdc d6 tau dat toi toe d6 toi han, goc séng sé dat
dén 78° so véi phuong chuyén dong cua tau (xem Hinh 2.3), séng phan ky bi triét
tiéu, ¢ ving mili va dudi tau hinh thanh hai séong c6 cuong @6 Ion. Cac séng nay
tré nén don 1¢. Khi vuot qua ché do téi han sang ché do sau téi han, hé théng séng
ngang cua tau s& bién mat va chi con lai séng phan ky (xem Hinh 2.4). Khi tau
chay trong kénh, goc séng so voi phuong chuyén dong caa tau giéng so véi khi

chay trong ving nudc ndng, tuy nhién séng sé bi phan xa bai bo.

Bdng 2.1. Cdc ngwong bdt ddu xudt hién dnh hwéng ciia nwéc ndng va

chiéu réng cia luéng d@én lyc can tau [40]

, .| Batdaucoswanh | Ngudng quan trong | |
Céac tham so L _ Anh hudng 16n
huong can tinh toi
AdJAs 50 7-8 4
hw/T 15 3-4 1,5 (nudc ndng)
BclBs 50'200 10'15 4

Subcritical Critical Supercritical

Iy

)
lil

1
|
I
]
1
A
[ s
Transcritical
¢ 3

Total resistance

I
\
', »? /—— Open

; - = Shallow
- Confined

Depth Froude number Fr,

Hinh 2.1. Pwong cong luc can tau khi chay trong vung nwéc néng, kénh va
vung khdng han ché [40]

32



AT, Divergent
= waves Pressure

_Symmetry 1”7 z
line -::>

— Bow waves

",JM; l‘_4=2””3_’: — Stern waves

Fr, =099

Hinh 2.3. Hinh dang séng do tau tao ra khi chay & ché d téi han

Divergent

Hinh 2.4. Hinh dang séng do tau tao ra khi chay & ché dd sau t¢i han
Tir cac phan tich néu trén c6 thé thay, nudc nong va kénh s& anh huong dén
dong chay quanh tau khi chuyén dong. Tir d6 dan dén, phuong an hinh dang toi

wu cua tau khi chay trong viing nudc sau ¢d thé khdng tdi wu khi chay trong ving
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nuéc ndng va trong kénh. Do vay, trong thiét ké hinh dang than tau chay trong
ving nudc han ché vé do sau va chiéu rong, can phai tinh dén anh huong caa do
sAu va chiéu rong cua ludng dén lyc can tau dé tim ra phuong 4n hinh dang tbi wu.
Pé minh chang cho nhan dinh trén c6 thé ké dén nghién cau cia nhom tac gia
Erik Rotteveel [32]. Trong nghién cttu ciia minh da tién hanh nghién cau ti vu
héa hinh dang duéi tau hoat dong trong ving nudc ndng. Két qua nghién cau chi
ra rang, khi tu chay trong viing nuéc nong, dé giam coéng suat may thi hinh dang
duoi chir V tét hon so véi chir S. Trong khi, tau chay ¢ ving nude sau thi nguoc
lai. Bén canh do, trong ti wu hoa hinh déng than tau can phai tinh dén d6 sau cua

nudc néu ty sé hw/T < 1,5.

2.1.2. Pic diém caa tuyén dwong thiy ndi dia Viét Nam

Vé hé thang sdng ngoi Viét Nam, theo dir liéu tir Cuc Puodng thay noi dia
Viét Nam [41], Viét Nam c6 tat ca 2.360 song dai tir 10km tré 1én, trong d6 c6
106 song chinh va 2.254 phuy lwu. Doc bd bién, trung binh 30km chiéu dai c6 1
ctra sOng, riéng vung bo ty Vinh Bac Bo (tir Mong Cai - Hai Van), chi 20km
chiéu dai duong bo da co 1 cira sdng chia cat va theo thong ké c6 112 cira song ra
bién. Tuy nhién, cac dong chay sdng ngoi lai phan bd khong déu. Trong d6 khu
vuc Pong Bic Viét Nam, Pong bang séng Hong va Pong bang séng Ctu Long

c6 mat d¢ dong chay cao hon ca.
Viét Nam c6 9 hé théng séng 16n trai tir Bac vao Nam gom [41]:
1. Hé thdng séng Hong.
2. Hé thong sdng Thai Binh.
3. Hé thdng séng Bang Giang - Ky Cung.
4. He théng sdng M.
5. Hé théng séng Lam.
6. Hé thdng séng Thu Bdn - Vu Gia.

7. Hé thong song Ba (song Pa Rang).
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8. Hé thdng séng Bong Nai.
9. Hé thdng séng Mé Koéng (sdng Cau Long).

Vé quy hoach céc tuyén dwong vdn tai dwong thity néi dia chinh & Viét Nam,
theo Quy hoach phét trién két cau ha tang Buong thuy noi dia thoi ky 2021-2030,
tam nhin dén nam 2050 [41], Quy hoach toan quéc ¢ 09 hanh lang van tai thuy
noi dia véi 55 tuyén van tai chinh, dugc hinh thanh trén 140 séng, kénh véi tong
chiéu dai 7.300 km gom: mién Béc cd 18 tuyén chinh, trén 49 sdng, kénh véi tong
chiéu dai 3.028 km; mién Trung c6 11 tuyén chinh, trén 28 séng, kénh véi tong
chiéu dai 1.229 km; mién Nam c6 26 tuyén chinh, trén 63 sdng, kénh véi tong
chiéu dai 3.043 km.

Trong cac tuyén van tai chinh nay, tuy thudc vao do sau cua sdng va cua
kénh n6 duoc chia ra thanh céc cap k¥ thuat duong thuy noi dia gom: cap dic biét,
cap I, 11, 11, IV, V va IV dua trén trén cac tiéu chi nhu duoc thé hién trén Bang
2.2.

Can cir vao cap ky thuat duong thily noi dia dang dugc sir dung pho bién trén
tuyén duong thay noi dia mang cip VR-SB 1a dudi 5000 tan trong tai (chiém
93,3% doi tau pha séng bién), do vay trong phan khao sat nay NCS chi tim hiéu
c4c tuyén van tai duong thay noi dia (BTND) c6 thé khai thac duoc tau dudi 5000
tan trong tai. P6 chinh 13 cac tuyén van tai nam & cap quy hoach cap dic biét va
cap | va cap 2 (cac sdng c6 chiéu sau nho nhat 16n hon 3,2m), con cap 3 noi ¢o
gidi han d6 sdu tir 2,8 dén 3,2m chi phi hop dbi véi cac tau co trong tai nho trén
tuyén duong song. Trén Bang 2.3 trinh bay quy hoach cac tuyén van tai PTND tir
cap Il tro 1én trong giai doan 2021-2033 cua Bo giao thong Van tai (thong ké doi
Vi cac tuyén cd chiéu dai tuyén trén 50 km). Trén Bang 2.3 ta thay, mién Béc c6
11 tuyén van tai PTND duogc quy hoach tir cap 2 tré 1én, Mién Trung khéng co
tuyén DTND c6 chiéu dai toan tuyén trén 50km, Mién Nam 9 tuyén van tai DTND
duoc quy hoach tir cap 2 tro 1én.
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Bdng 2.2. Kich thwde dwong thiy néi dia theo cdp ky thudt

Kich thudéc dudng thiy Kich thwée du nhd nhét Ciu Chitu (iao tinh Ch-iéu fﬁu
khong dit day
Cip Séng Kénh Ba;::;nh C{l;;(;u Ctli‘éu b s~§u K?Iflﬁunz?ﬂ:{l?;?:g Ciu {)lrh‘r.lig diy cap%ili‘;'ong
Sau | Rong | Sau | Rong rong | YOS " kenh | Song Gen | Cong, kenh
Bic bidt Tity thude vio tau thiét ké Tity thudc vao tu thiét ké Tily thuge vio tau thidt ké
Mjén BE‘;IC,
mien Trung
I >40 | >90 | »45 | »75 | >600 | 1450 | 125 | 38 >70 85 11 12+AH 2,0
1l 532 | >50 | »35 | »40 | »500 | 1450 | 125 | 34 >4 >50 95 | 12+AH 2,0
11l >28| >40 | >30 | »30 | >350 | 1200 | 105 | 33 >30 >40 7 12+AH 15
I\Y 523 | >30 | >25 | »25 | >150 | 850 | 100 | 22 >25 >30 6(5) | 7+aH 15
v >18 | 520 | 520 [ 15 | >100 | 260 | 60 18 >15 >20 | 435 | 7+aH 15
i >10] »12 [ >10 | >10 | 60 | 130 | 40 1.3 >10 >10 | 3(25 | 7+AH 1,5
Mién Nam
I >40 | >125 | >45 | 80 | >550 | 1000 | 125 | 38 >75 >120 11 12+AH 2,0
il >35| >65 | >35 | »50 | »500 | 1000 | 125 | 35 >50 60 95 | 12+AH 2.0
1l >28| >50 | »30 | »35 | »350 | 950 | 105 | 34 >30 >50 7(6) | 12+AH 1,5
v >26 | >35 | >28 | >25 | »100 | 750 | 95 2.1 >25 >30 6(5) | 7+aH 15
\ 521 | »25 | >22 | >15 | >80 | 180 | 55 19 >15 >25 | 435 | 7+aH 15
i 513 >14 [ 513 ] 510 | >70 | 120 | 40 13 >10 >13 | 325 | 7+aH 15

Bdng 2.3. Quy hoach cac tuyén van tai PTNP chinh théi ky 2021 — 2030

[41]
Chiéu | Cap
TT Tuyén van tai thay dai quy
(km) | hoach
| | MIEN BAC
1 Tuyén Quang Ninh - Hai Phong - Viét Tri (séng 205.6 |
buong)
2 Tuyén Quang Ninh - Ninh Binh (séng Lugc) 264 I
Tuyén Ha Nbi - Lach Giang 196 |
4 | Tuyén cira Pay - Ninh Binh 72 | biac biét
c Tl.Jyén Quang Ninh - Ninh Binh (qua ctra Lach 1785 | ic biet
Giang)
10 Tuyén -tfr cang Hai Phong qua kénh Cai Trap dén 1995 | Dac biet
Van Gia
11 | Tuyén tir Ha Noi dén Cang Viét Tri 74,0 1

MIEN TRUNG
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Chiéu | Céap
TT Tuyén van tai thiy dai quy
(km) | hoach

Il | MIEN NAM

1 | Tuyén ctra Tiéu - bién gigi Campuchia (séng Tién) | 251 | bic biét
Tuyén cira Binh An - bién gi¢i Campuchia (sdng _

2 211 | bac biét
Hau)

, Tuyén Thanh phé H6 Chi Minh - Ca Mau (qua - |
kénh Xa No)
Tuyén Viing Tau - Thi Vai - Thanh ph6 Ho Chi

4 ) N 286,5 I
Minh - My Tho - Can Tho

; Tuyén Thanh phé Ho Chi Minh - Bén Kéo - Bién 206.7 |
gidi Campuchia (sdng Vam Co Pong) ’
Tuyén séng Ham Ludng (tir nga ba séng Tién dén

g | o on9n g (trng : 90 | Pic biet
ctra Ham Ludng)
Tuyén sdng Co Chién tir cra Co Chién dén nga ba _

7 109 | bic biet
song Tién

8 Tuyén ctra Ganh Hao dén nga ba kénh Luong Thé 493 |
Tran ’

o Tuyén qua cira Rach Gia (tir cira Cai Lon dén nga 56 |
ba song Cai Tu - kénh Tat Cay Tram)

Vé quy hoach hé thdng cang Viét Nam, theo Quy hoach phét trién cang hang hoa
thay noi dia Viét Nam thoi ky 2021-2030, tim nhin dén nam 2050 [41]. Hé thdng

cang hang hoa s& gom 54 cum cang véi tong cong suat khoang 361 triéu tan/nam,

trong d6: mién Bac ¢ 25 cum cang, trong d6 ¢6 13 cum cang cho phép don duogc

C4C tau c6 trong tai tir 3000 tan; mién Trung c6 08 cum cang, trong d6 c6 1 cum

cang Thanh Héa don duoc cac tau o trong tai tir 3000 tan; mién Nam cd 21 cum

cang, trong d6 ¢6 15 cum cang cho phép don dugc cac tau co trong tai tir 3000

tan. M&i cum cang hang hoa gom cac cang thuy noi dia chinh va cang thuy noi dia

vé tinh. C& tau quy hoach cang thity noi dia la c& tau ddng bo theo cap k§ thuat quy

hoach tuyén ludng duong thay. Trén Bang 2.4 trinh bay Quy hoach céc cum cang
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hang hoa giai doan tir 2021-2030 cho phép don duoc cac tau ¢& 3000 tan trong tai

tro 1én.

Bdang 2.4. Quy hogch cac cum cdng hang hoa giai doan tir 2021-2030

Tinh, Co
TT Tén cang thanh Séng, kénh chinh tau
phé (T4n)
A | MIEN BAC
: Vung dong bing Song
Hong
Cum cang trung tdam Ha o . N
1 N Ha Noi Song Hong 3.000
NoI
2 | Cum cang Bac Ha Noi Ha Noi Séng Hong, Cong 3.000
3 | Cum cang Nam Ha Noi Ha Noi Séng Hong, Pay 3.000
4 | Cumcang Pong HiNo6i | Ha Noi Soéng Pudng 3.000
5 | Cum cang Tay Ha Noi Ha Noi Séng Hong, ba 3.000
i Séng Han, Cam, Phi
ai
6 | Cum cang Hai Phong ohe Liét, ba Bach, Lach 5.000
on ,
d Tray, Van Uc
. . Ninh Song bay, Hoang Long,
7 | Cum cang Ninh Binh . R 3.000
Binh Yén M0, Vac
. Bac , ‘
8 | Cum cang Bac Ninh Ninh Song Buong, Cau 3.000
in
Hai Soéng Thai Binh, Kinh
ai .
9 | Cum cang Hai Duong Thay, Kinh M6n, Mao | 3.000
Duong .
Khé
Vinh ) . .
10 | Cym cang Vinh Phuc ) Song Hong, LO 3.000
Phuc
11 | Cum cang Ha Nam Ha Nam Séng Hong, Pay 3.000
. Nam Séng Hong, Pao Nam
12 | Cum cang Nam Dinh _ _ _ 3.000
binh Dinh, Pay, Ninh Co
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Séng Chanh, tuyén ven

uan
15 | Cum cang Quang Ninh QN' hg vinh Ha Long, vinh Bai | 5.000
in
Tu Long, sdbng Mong Cai
B | MIEN TRUNG
) Thanh . o
1 | Cum cang Thanh Hoéa H Song M4, Len, Bang 3.000
0a
C | MIEN NAM
I | Vung Dong Nam B¢
Cum cang trung tam TP R . N _
1 o TP HCM | Song Sai Gon, bong Nai | 3.000
Ho6 Chi Minh
Cum cang Bac TP Ho6 Chi , ‘ _
2 _ TP HCM | Song Sai Gon, bong Nai | 3.000
Minh
Cum cang Tay Nam TP Séng Cho Bém Bén Lic
3 N TP HCM A 3.000
Ho Chi Minh — Kénh T¢é
; Séng Sai Gon, Bong Nai,
Cum cang Boéng TP Ho .
4 o TP HCM Cho bém Bén Luc - 5.000
Chi Minh A
kénh Té
Binh R . X )
5 | Cum cang Binh Duong Song Sai Gon, bong Nai | 3.000
Duong
‘ _ Pong ‘ _
6 | Cum cang bong Nai Nai Song Bong Nai 5.000
ai
- Ba Ria . N ai A
Cum cang Ba Ria Viing Song Thi Vai (sbng
7 . Viing ) 5.000
Tau . nhanh)
Tau
| Vung dong bing song
Cwu Long
Séng Vam Co Pong, Can
1 | Cum cang Long An Long An _ . . 7.000
Giuoc, Vam Co Tay
‘ ) Pong Séng Tién, séng Hau,
2 | Cum cang bong Théap . ) C 3.000
Thép kénh Lap Vo
L Tién L
3 | Cum cang Tién Giang . Song Tien 5.000
Glang
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Vinh . .
4 | Cum cang Vinh Long . Song Tien, Co Chién 3.000
ong
, , Séng Tién, Co Chién,
5 | Cumcang Bén Tre Bén Tre . ) .| 5.000
Ham Luong, Cira Dai
Cum cang Tra Vinh Tra Vinh Séng Co Chién 3.000
Cum cang Can Tho Can Tho | Séng Hau, rach Can Tho | 5.000
: An A
8 | Cum cang An Giang . Song Hau 7.000
Giang

2.2. Co sé ly thuyét anh hwéng cia cac thong so hinh dang than tau dén luc
can tau

Pé cai tién, t6i uvu hoa hinh dang than tau khi cho trudc cac kich thudc chi
yéu cua tau (chiéu dai, chiéu rong, chiéu chim, hé sé béo thé tich, lugng chiém
nuéc), ngudi thiét ké can phai tién hanh phan tich anh huong ciaa céc théng so
hinh dang than tau dén lyc can tau, trén co so d6 nguoi thiét ké sé phat trién dugc
hinh dang than tau hop ly c6 luc can tau nho nhat. Ba c6 rat nhiéu cac nghién cau
dudi dang dinh tinh cling nhu dinh luong vé anh huong cua cac thong sé hinh
dang than tau dén lyc can thu ma NCS di néu trong chuong tong quan & trén.
Trong d6, cac thong s6 hinh dang than tau chinh c6 anh huong 16n dén luc can
tau, da duoc cac tac gia chira dé 1a [11, 12, 14, 15, 17, 19-22, 42].

- Vi tri hoanh d6 tdm néi (LCB);

- Y gdc vao nudc tai duong nudc thiét ké (1/2ag);

- Hinh ddng miii tau;

- Hinh déng duoi tau.

2.2.1. Vi tri hoanh d6 tam noi

Vi trf hoanh d6 tdm ndi theo chiéu dai tau (LCB) dic trung cho su phan b
lwgng chiém nudc theo chiéu dai tau. LCB két hop véi hé sé béo doc chung than
tau va chiéu dai twong d6i cua tau s& anh hudng truc tiép dén cudng do séng phan

phia mii va dudi tau khi chuyén dong. Khi LCB dich chuyén qué nhiéu vé mii
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tau so véi mat phang suon giira s& lam ting cudng d6 song phia mili tau. O chiéu
nguoc lai, néu LCB ndm qué gan phia dudi tau so véi mat phang suon giira sé dan
dén nguy co tach 16p bién va tao ra cac dong xody & phia trudc chong chéng, tir
d6 s& anh hudng tiéu cuc dén hiéu suat cua thiét bi day sau than tau [11]. Chinh
Vi vay, viéc xac dinh vi tri LCB t6i wu nham giam cudng do song phia mili tau,
giam nguy co tach 16p bién va dong xody phia trudc chong chéng 1a rat quan trong
trong bai toan giam lyc can tau va ting hiéu suat cua thiét bi day sau than tau. Dai
lugng LCB ¢6 anh huéng rat 16n dén luc can tau [22], do vay viéc lya chon vj tri
LCB tbi wu la rat quan trong nham giam luc can tau. Trong cac tai liéu [11, 12,
14, 15] cAc tac gia da dwa ra khuyén nghi lya chon vi tri LCB téi uu phu thudc
vao loai tuyén hinh tau, hé sé béo thé tich va toc do tau. Nghia 1a gia tri LCB t6i
ru s& khac nhau cho timg truong hop hinh dang than tau cu thé. Tuy nhién, cac
huéng dan lya chon vi tri LCB t6i uu chi 4p dung dugc doi véi cac tau bién cd hé
s6 béo nho hon 0,850. Cac hudng dan d6i véi tau pha sdng bién va tau song 1a

khong co.

2.2.2. Géc vao nudc tai dwong nwdéc thiét ké

Theo Molland [15], % gdc vao nudc tai duong nudc thiét ké (1/2ag) ¢ anh
huong dén: luc can tau & cac diéu kién tai khac nhau va anh hudng dén tinh quay
tré cling nhu tinh di bién cua tau. Vi vay, viéc lya chon hop 1y goc vao nudc tai
duong nudc thiét ké sé gidp cai thién dac tinh thuy dong cua than tau néi chung
va giam lyc can tau noi riéng. Hién tai cac huéng dan trong viéc lua chon 1/2ae
mai chi ding lai ¢ cac tau khong co6 miii qua 1é va chi 1a dudi dang khuyén nghi
[14] (xem Bang 2.5).

Waterline

Centreline

Hinh 2.5. Pinh nghia % géc vao nwéc (1/20k)
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Bdng 2.5. Bing hwong dan lwa chon % géc vao nuwdc tai dwong nwéc thiét
ké

Cp 0,55 0,60 0,65 0,70 0,75 0,80 0,85

120 8° 90 9-10° | 10-14° | 21-23° 33° 37°

2.2.3. Hinh dang miii tau

Hinh dang miii tau c¢6 anh huong kha 16n dén luc can tau, dén hiéu qua quay
tré va on dinh hudng di cua tau, do vay day 1a yéu cau dit ra trong thiét ké hinh
dang miii tau [15]. Ngay nay, loai hinh dang miii tau pho bién nhat trén cac tau
hang chay bién ciing nhu céc tau hang chay tuyén thuy ndi dia 1a mili qua 8. Loai
mili ndy co tac dung 1am thay doi sy phan bd duong dong quanh miii tau, tao ra
hé théng song giao thoa véi hé thong song duoc tao ra bai tau khi chuyén dong,
d6ng thoi n6 con co tac dung cai thién dong chay quanh mii tau [23], tir d6 lam
giam lyc can tau. Di vai cac tau béo, chay cham, wu diém chinh cta mii qua I8
s& khong phai nam & viéc giam thanh phan luc can séng ma nam & chd no lam
cho dong chay ¢ phia dudi miii qué 18 duoc déu va tron (smooth) tir d6 c6 thé gidp
chéng lai hodc 1am cham lai viéc tach 16p bién & khu vuc nay tir d6 1am giam luc
can hinh dang.

Hinh dang mili qua 1é theo Kracht [43] c6 thé duoc chia ra thanh 3 loai khac

nhau gom: Loai mili qua 18 hinh Delta A; loai mili qua I& hinh O va loai mili qua
I& hinh Nabla V (xem Hinh 2.6).

a. A - Type b. O - Type c.V-Type

Hinh 2.6. Hinh dang 3 loai mii qua Ié
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+ Loai miii qua 1& hinh delta A phu hop ddi véi cac tau c6 sy thay doi chiéu
chim 16n va c6 dudng suon dang chir U & ving mii tau. Anh huong cé loi cua
mili qua 18 nay s& giam xudng khi chiéu chim ting va nguoc lai. Ngoai ra, sir dung
loai miii qua Ié nay s€ lam tang nguy co Xay ra hién tuong slamming phia miii tau
khi chiéu chim giam.

+ Loai miii qua 18 hinh Nabla Vv pht hop di véi tau c¢6 dudng suon dang chi
V ¢ vung miii tau. Hinh dang miii qua 1€ nay dugc danh gia la nang cao duoc higu

qua 6n dinh hudng di cua tau.

+ Loai miii qua Ié hinh O phu hop véi ca tau c6 duong suon dang chir U va
V ¢ ving mii tau. Hinh dang miii qua lé nay c6 nguy co Xay ra hién tuong

slamming nho hon so v&i miii qua 1€ hinh delta A.

- Trong tat ca cac trudng hop, miii qua & can dam bao diéu kién khong dugc

nhd 1én khoi mat nude qua diém B (xem Hinh 1.5) khi tau chay & ché do ballast.

- Pé mo ta hinh dang miii qua 18, Kracht [44] str dung 06 tham s6 gom chiéu
dai Lpg, chiéu rong Bg va chiéu cao cia mili qua |8 Zg; dién tich mit cit ngang Agr
tai dudong vudng goéc miii, dién tich mat cat doc Ag. va thé tich mii qua 18 V.
Mtc d6 anh huong cia 6 tham sb hinh hoc miii qua 1& dén hé s6 giam cong suat
du d3 duoc Kracht md ta chi tiét trong tai liéu [44] ma luan an da dé cap dén trong
Chuong 1. Theo d6 trong 6 tham s6 mili qua lé thi 03 tham s6 gom: hé sé chiéu
dai Cypg, hé s6 dién tich mat cat ngang Cagr va hé sb thé tich C. ., ctia mili qua I8
la céc hé s6 quan trong ¢d anh hudng 1on nhat dén cac thong sé thity dong luc hoc
cua tau ndi chung va luc can tau noi riéng. Ngoai ra, 03 hé sb nay con c6 quan hé
véi 03 hé sb con lai. Do vay, trong nghién ctru nay, dé téi vu hoa hinh dang miii

qua 18, NCS chi lra chon 03 tham sb quan trong nhat trén dé tdi uu.

2.2.4. Hinh dang duoi tau

Hinh dang dubi tau anh hudng dén su tach 16p bién tir d6 anh huong dén luc

can va dong theo phia sau tau tir @6 anh hudng dén hiéu suat cua thiét bj day 1am
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viéc sau than tau, chan dong tau. Ngoai ra, hinh dang dudi tau con anh hudng dén

phuong an b tri thiét bi day va banh lai phia sau tau [15].

a) Pudi tuan dwong b) Duéi xi ga

Hinh 2.7. C4c loai hinh diang dudi tau
Hién tai, c6 hai loai hinh dang dudi tau pho bién dang ap dung trén cac tau
hang gom dudi tuan duong va dudi xi ga (xem Hinh 2.7). Mot trong nhimg wu
diém cua duoi xi ga so véi dudi tuan duong dé 1a lam cho dong chay dén chong

chong dugce dong déu hon.

Déi véi viéc thiét ké hinh dang dudi tau, tac gia ngudi Duc H. Schneekluth
[14], d3 dua ra mot s 1oi khuy@n trong thiét ké hinh dang dudi tau ma nguoi thiét
ké can dic biét quan tam gom:

+ Giam dén muc téi da viéc tach I6p bién tai dudi tau;

+ Giam dén muc tbi da twong tac ctia chong chdng 18n than tau (hé so luc
hat);

+ Pam bao du khe ho gitra chong chong va than tau.

Déi véi viéc tach I6p bién: viéc tach 16p bién tai dudi tau 1a ham sé phu thuoc
vao hinh dang than tau va anh hudng caa chong chong phia sau tau. Di véi tau
st dung mot chong chéng thi luc hit caa chong chéng cé loi dén viéc han ché

tach 16p bién cua tau. Viéc tach 16p bién chiu anh hudng baéi ban kinh cong cua
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vo ngoai theo hudng dong chay va do nghiéng cua dong chay so vai phuong

chuyén dong cua tau.

Déi Véi dnh hirong cua lyec hit chong chong: Bé giam dugc hé s6 luc hit thi
cac duong trong khu vuc ma dong chay dén chong chdng can phai duoc thiét ké
sao cho lyc hit nho. O day, chong chong s& lay lai mot phan niang lugng bj ton
that do viéc tach 16p bién. O day, tich phan sau can phai co gié tri nho nhat c6 thé
dé giam anh huong cua luc hit (xem cdng thie 2.1). Bé dam bao duogc diéu nay,

ta can phai giir cho dudng nudc phia truéc chong chéng thon nhat cé thé.

M 4s — min (2.1)
a

& day: dS — la phan bé mit than tau gan chong chong; « — la goc caa phan bé mat
than tau so vai truc doc cua tau; a — 1a khoang cach gitra bé mat than tau véi chong

chong, x~2.

Hinh 2.8. Anh hwéng cia lwc hat chong chong 1én than tau
Mot cach khac c6 thé 1am giam lyc hat chong chong d6 1a ting khoang cach
khe ho gitra vom dudi véi mép canh chong chéng.

¥ 19 184 18 17

W
2 ))

Hinh 2.9. Phan dudi than tau SSPA dwoc thiét ké dé sir dung hai chong
chong [12]
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Péi véi cac tau co hé s6 béo 16n Cg > 0,800, nguoi ta thuong thiét ké phan dudi
st dung hai chong chéng (twin skeg). Giai phap thiét ké nay cho phép giam dugc
cong suit may dén 10% so vaéi sir dung mot chong chong [12], ngoai ra giai phap

nay dic biét c6 loi thé khi tau chay trong ving nudc ndng.

2.3. Co s& ly thuyét thay d6i hinh dang than tau

Trong thiét ké tuyén hinh tau, thong thuong ngudi thiét ké s& lua chon mot
mau tuyén hinh c6 trude, trén co sé tuyén hinh mau nay s& tién hanh diéu chinh
cac thong sb hinh dang than tau thiét ké dé c6 duoc mot tuyén hinh méi co thdng
s6 thay dong luc hoc tét trong khi van gitta duoc cac tinh nang khéc cua tau, tir
d6 tiét kieém dugc thoi gian thiét ké. Véi kich thuée cha yéu caa tau cho trudc,
nguoi thiét ké sé stir dung phuong phap thay d6i nho hinh dang than tau. Nghia 1a
s& thay d6i cac thong sé nhu phan bd luong chiém nudc theo chiéu dai tau (thay
d6i hoanh do tdm noi), cac thong sé hinh hoc cia mili qua 18, chiéu dai duodi
transom...Dé thay doi hoanh d6 tdm ndi cua tau, nguoi ta thuong sir dung phuong
phap Lackenby [16], viéc thay d6i hinh dang miii va duéi tau, thuong st dung
phuong phap duong va mat NURBS (Non-Uniform Rational B-Spline) [45], dudi
day NCS xin trinh bay vé co sé ly thuyét ciia hai phuong phap nay.

2.3.1. Phwong phap Lackenby

Phuong phap Lackenby 1a phuong phap mé rong cia phuong phap diéu
chinh hinh déng than tau 1-Cp [16]. Py la phuong phap dugc phan mém thuong
mai Maxsurf sir dung lam co s& ly thuyét cho phép tinh chuyén hinh dang than
tau thiét ké tir tdu mau trong phan mém cua minh. Noi ham cua phuong phap
Lackenby nhu sau:

Phuong phap nay cho phép thay d6i hé s6 béo doc chung than tau (Cp), hoanh
d6 tam noi (LCB) va chiéu dai doan than dng gitra tau (Lpra) cua tau thiét ké so
véi tau mau. Theo d6, su dich chuyén theo chiéu dai cua tau & mdi suon co thé

duogc xac dinh theo céng thirc sau:
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oL X;,—L 1-6C
5)( — 1_ X Pf a + f,a Pf ,a §C _ 5L Pf a 2-2
fa ( f,a){l_l_w'a Af’a Pf a aq ( )

Trong phuong trinh (2.2), dai luong Asa dugce xac dinh theo cong thic:
Af,a :CPf,a(l_ZXf,a)_LPf,a(l_CPf,a) (2-3)

Nhu ta c6 thdy trong cong thuc trén, sy thay ddi chiéu dai doan than éng

5L, ,dd dugc tinh dén. Céc gid trj hyva h, duoc xac dinh theo phuong trinh sau:

Bf a {1_ §LPf ,a(l_CPf a )}-i- 5LPf ,a(l_ZYf a )

(2.4)
C §CPf,a(1_ I‘Pf ,a) §CPf,a(1_LPf ,a)]

hf,a :CPf,a'[

Pf a
Dai luong Bsatrong cong thirc (2.3) dugc xac dinh nhu sau:

. CPf a {Zif a _3kf,a2 B LPf ,a(l_Z)_(f a )} (2 5)
fa A .

f.a

Pai lugng ki, trong cong thuc (2.4), dugce xac dinh nhu sau:

kf,a = = (26)

Trong d6 lt4 12 M6 men thir hai vé suon gitra duoc biéu dién bang mot phan
cta chiéu dai cia doan miii va dudi tau, S;a— 12 dién tich cua doan miii va dudi
cua tau.

Sy thay doi hé s6 béo doc chung than tau phia miii va dudi tau duoc xac dinh

nhu sau:
2[6C,-(B. -LCB)+JLCB-(C,+6C,]1+C, -oL,, —C_-6L
5CPf _ [ P ( a ) ( P P] f Pf a Pa (27)
B, +B,
§Cpa:2[5CP-(Bf—LCB)+§LCB-(CP+5CP]+Cf-5Lpf—Ca-§LPa 2.8)

B, +B,

Pai lugng C:, trong phuong trinh (2.7) va (2.8) dugc xac dinh theo cong

thiec:
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_ Bf,a(l_CPf,a)_CPf,a(l_ZYf,a)

Cfa
' 1-L

(2.9)

Pf .a

Sau khi x4c dinh duoc c4c gié tri ciia 5C,, va 6C,, va thé chung vao phuong trinh
(2.2), ta s& thu duoc su dich chuyén cua timg suon theo chiéu dai tau.
Cac dai luong trong cac cdng thuc tir (2.2) dén (2.9) dugc hiéu nhu sau:
X, o~ 12 khoang cach tir suon bat ky tai phia mili va dudi tau dén suon gitra; o, ,
- 14 su dich chuyén theo chiéu dai tau cua tirng suon tai mili va dudi tau; Cpra — 12
hé s6 béo doc chung than tau tai phia miii va dudi tau ctia tau mau; 6C,, , - la sy
thay do6i chiéu dai ciia doan than 6ng & phia mili va phia duéi tau so voi tau mau;
hta— 12 khoang céch tinh tir trong tdm cia 5C,, ,dén suon gitra; X, , - 1a khoang
cach tinh tir trong tm ctia caa phan miii va phan dudi dén suon gitra; vy, , - 1a dién
tich duong sudn cua suon X 4.
Uu diém caa phuong phap Lackenby so v&i phuong phap diéu chinh hinh
dang than tau 1-Cp duoc chi ra nhu sau [16]:
- CO thé diéu khién duoc chiéu dai doan than dng cua tau (Leta);
- Do &xty 18 thuan véi x(1-x), chinh vi vay phuong phap nay c6 thé ap
dung cho bat ky truedng hop diéu chinh hinh dang don gian nay.
- C6 thé xac dinh cac diéu chinh can thiét d6i véi hé s6 béo doc chung ¢
phia miii va dudi tau dé dua ra bat ky thay d6i mong muébn nao vé vi tri

LCB va hé sb béo lang try.

—— Tau mAu ««ee. Thu thiét ké

Station No.0 10 20
AP o) FP

Hinh 2.10. Vi du 4p dung phwong phap Lackenby trong diéu chinh dwong
cong dién tich dwong swon theo chidu dai tau
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2.3.2. Phwong phap thay déi hinh dang miii tau

Pé thay doi hinh dang miii qua |é cua tau, cac nghién ctu trén thé gisi phan
l6n déu sir dung duong va miat NURBS (Non-Uniform Rational B-Spline) [45],
trong thiét ké hinh dang than tau noi chung va trong diéu chinh cac thong sé hinh
hoc ctia miii qua 18 ndi riéng. Trong d6, phan mém Maxsurf ciing st dung dudng

va mit NURBS lam co s¢ ly thuyét viéc xay dung tuyén hinh tau.

Puong va mat caia NURBS phu thudc vao viéc ta thiét 1ap cac ham co so,
dugc xac dinh qua anh huong cua timg diém diéu khién duoc thiét lap dé dieu
chinh hinh dang duong cong. Cac ham co sé dugc xac dinh bai mot vector cua
cac nat T, voi T={to,...ti,ti+a,...,t) VA m 12 s6 luong cac diém diéu khién bac n cua

duong.

Ham co ban cua NURBS vai duong cong do p (bac k=p+1), dugc xac dinh

nhu sau:
N (1) 1 if t <t<t, 2.10)
Y710 otherwise '
t_ti ti+p+l_t
Nivp(t):t _t Ni,p—l(t)+t _ Ni+l,p—1(t) (2-11)
i+p i i+p+1 i+1
Cac phan tir cia vector nit mé duge xac dinh nhu sau:
t =0 1<i<k
t=i—k k+1<i<n+1 (2.12)
t=n—-k+2 n+2<i<n+k+1

Trong d6 n+1 — 14 s6 diém diéu khién trén duong cong, k — 12 bac cua duong cong
(k=p+1).

Bé mit NURBS duoc biéu dién biang phuong trinh toan hoc sau:

m n

D2 N (U)N (VWP

S(u,v) =200

m n

22 N (UN (VW

i=0 j

(2.13)
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Trong d6: S(u,v) - 1a diém trén bé mat NURBS véi toa do tham s6 u,v; Ni(u) va
Niq(V) - 1a cac ham co ban cia NURBS; W;; — a céc gia tri trong s6 hitu ty; Pj; 1a

vi tri cua céac diém kiém tra.

“V5

va N
N ev2 N

i Vi _,_,/ g
Vo

Hinh 2.11. Piém diéu khién dwoc sir dung trong viéc tao ra cac phwong an

miii qua |é
2.4. Co sé ly thuyét phwong phap CFD

Phuong phap CFD 1a mot nhanh cua co hoc chat luu, st dung phuong
phap sé dé giai cac bai toan lién quan dén chuyén dong cua dong chay noi

chung va tinh toan luc can tau naoi riéng.

Trong phuong phap s6 CFD nguoi ta chia ra cach tiép can khac nhau trong
viéc tinh toan luc can tau gém: Phuong phap dong chay thé, phuong phéap trung
binh s6 Reynold RANSE [46]; phuong phap LES (Large Eddy Simulation). O
thoi diém hién tai, phuong phap RANSE vén 1a phuong phap duoc &p dung phd
bién nhat trong tinh toan va ti wu hoa luc can tau [17, 22, 23, 47-49]. Duéi day,
NCS giéi thiéu vé co so 1y thuyét cua phuong phap RANSE.

2.4.1. H¢ phwong trinh Navier-Stokes
Hé phuong trinh lién tuc va dong luong cia phan tir chat long khdng nén

duoc chuyén dong trong hé toa do Descartes duoc viét nhu sau:

a(pt) _
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= op | 07
ou. + pul’ |=——+— 2.15
(P00, + U ) = =5 o 5 (2.15)

]

opt) 0
ot OX.

]

Trong d6: U, - la vector van téc trong hé toa ¢ Descartes theo 3 phuong x, v, z;

X; - lavitri; t—1athai gian; puu’ 1 laang suat réi Reynolds; P - I ap suat
trung binh; p la khéi lugng riéng cia chat long 7, 1a tng suat nhét trung binh,
dugc xac dinh theo biéu thirc (2.16).

_ f[eu au ,-j
T. = —+— (2.16)
! (8xj OX.

Trong d6 p — 1a d6 nhadt dong hoc caa chat long.

Hai phuong trinh (2.14) va (2.15) két hop thanh hé phuong trinh RANSE mo
phong chuyén dong rbi caa phan tir chat long khong nén dugc phu thuoc ca khéng
gian va thoi gian. Dé giai phuong trinh trén, ta can phai st dung md hinh dong
chay rbi.

Déi véi viéc lya chon md hinh dong roéi, cho dén nay, chua c6 1 mé hinh
dong rdi chuan nao c6 thé ap dung duoc cho moi bai toan tinh toan thay dong hoc
tau thuy véi do chinh xac cao vi vay, trén thuc té tdy bai toan khac nhau sé& co cac
md hinh dong rbi ph hop. Vi dy, Di véi bai toan tinh toan luc can tau & ti 16 mo
minh thi mé hinh dong rdi SST K-omega cho két qua chinh xac nhat [50]. Vi bai
toan hién tai 1a tinh toan luc can tau & ti 1é thuc thi viéc sir dung mé hinh dong réi
realizable K-epsilon two layer, mot bién thé ciia md hinh dong réi K-epsilon lai
cho két qua tin cay hon bai K-epsilon mé hinh dong rdi nay phi hop véi bai toan

c6 s6 Reynold cao nhu trong tinh toan Iwc can tau ¢ ti 18 thyuc [51].

2.4.2. M6 hinh dong réi realizable K-epsilon two layer

M6 hinh dong réi realizable K-epsilon two layer 1a mé hinh dong réi hai 16p
giai cAc phuong trinh truyén véi nang luong dong nang réi k va ty Ié suy giam (g)

dé tinh toan do rbi nhét u, theo cong thic [52, 53]:
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1 = pC, £ KT (2.17)
O day: p — la khéi luong riéng cua chat long; C, - 1a hé sé mo hinh, f, - 12 ham
dap; T- la ty 1é thoi gian roi.
Ty 1 thoi gian rdi (T) dugc xac dinh da vao biéu thic sau:
T—kls (2.18)

Ham truyén véi nang luong dong ning rdi (k) va ty 16 suy giam (g) dugc xac

dinh nhu sau:

%(pk)+v.(pk\7)zv- (,u+ﬂJVk}+ P.—ple—¢g,)+S, (2.19)

g(pg)JrV-(ng):V- ,u+ﬂ Vg_+iC Pp_cf |Z %5 (2.20)
6t O'g | Te el ¢ €2 2p -l-E TO &

Cac ky hiéu trong cong thac (2.19) va (2.20) duoc hiéu nhu sau: V- 1a van téc

trung binh; 5, ,0,,0, va C,, la cac hé s6 mo hinh; P, va P. 1a cac dai lugng tao ra;
f,1a ham dap; S, va S, 1a cac dai luong nguon, &, la gia tri dong rdi bao quanh
tai nguon; To ty 18 thoi gian cu thé.
Cac dai luong tao P, va P. duoc xac dinh nhu sau:
P=1G +G,—yyu: P.=1Sk+C_G, (2.21)
Trong dé: f. - 12 hé s6 hiéu chinh d6 cong, C_,- 1a hé s6 md hinh, Gy, Gy, Gy - lan
luot 14 cac dai lugng dong rdi, noi va phi tuyén tao ra; z,, - 1a hiéu chinh do nén;
S la téc do bién dang trung binh.
Ham dap f, dugc xac dinh dua trén biéu thic sau:

P=1G +G,—yyu: P.=1Sk+C_G, (2.22)
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2.4.3. Co sé ly thuyét trong kiém tra danh gia két qua mo phéng

Trong md phong bang CFD, két qua tinh todn phu thudc rat nhiéu vao céc
thong s thiét 1ap nhu: kich thuéc mién khdng gian tinh toan, md hinh vat 1y, diéu
kién bién, loai ludi, cach chia ludi, mat do ludi, cac thiét lap ban dau, budc thoi
gian...Chinh vi vay, dé thu duoc két qua tin cay trong tinh toan bang CFD, nguoi
tinh todn can thuc hién viéc kiém tra (Verification) va xac nhan (Validation) két
qua tinh todn cua minh theo cac huéng din cua Hiép hoi bé thir quéc té ITTC
[54].

Theo huéng dan cua ITTC [54] ddi véi qua trinh kiém tra va xac nhan két
qua md phong bang CFD, sai s trong md phong ds duoc dinh nghia 1a su khac
nhau giita gia tri thuc té T va gia tri mé phong S. Sai s6 trong md phong gom hai
thanh phan: tap hop cac sai s6 do mé hinh hoa sy va tap hop cac sai s6 do sé hoa
Ssn. Sai s6 do md hinh hoéa la cac sai s6 do cac gia dinh toan hoc (mathematical
assumption) va viéc xap xi hda cac van dé vat ly (théng sé hinh hoc, cac phuong
trinh toan hoc, cac diéu kién bién, tuwong tac gitta nudc va khéng khi, mé hinh
dong rbi) va su két hop cua cac so liéu truéc (céc tinh chat caa chat long) trong
mo hinh. Sai sé do sé héa la cac sai s6 do viéc roi rac hoa, cac phép lip va su hoi

tu cua ludi...
E=0,=S-T =09y, + 9 (2.23)

Tinh khéng chéc chan (uncertainty) trong md phong dugc xac dinh theo cong

thuec:
UZ=UZ, +U¢ (2.24)

Trong d6: Uy - la tinh khéng chic chan trong mé phong; Uy, va Uy, tuong ung
|a tinh khdng chac chan trong mé phong do viéc md hinh hda va sé hoa gay ra.

Gia tri cua U, dugc xac dinh bang qué trinh kiém tra nghiém thu duoc.
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Cac sai s6 do viéc thiét lap cac thong s6 dau vao gdom: s vong lip &y, kich thudc
lu6i 86, budc thoi gian 5t va cac tham sé khac, ching duoc biéu dién boi phuong

trinh (2.25) va (2.26) biéu dién tinh khéng chéc chan trong md phong.

Oy =0, +05 +0; +9, (2.25)
Ugp =U, +Ug +U; +U, (2.26)

tinh khong chac chan trong mod phong do viéc md hinh hoa gay ra U, va sai sb
do viéc md hinh hda nam trong thuat giai cia phan mém mé phong CFD. Do vay
hai thanh phan nay khong duogc xét dén trong qua trinh kiém tra két qua mé phong.
- Quy trinh kiém tra

Qué trinh kiém tra dbi véi cac tham sé dau vao (vi du kich thudc luéi va
budc thoi gian) duoc tién hanh véi viéc st dung cach tiép can da nghiém (m). Bé
lam duoc diéu nay, chdng ta can sir dung tdi thiéu 3 nghiém (m=3) duoc tinh chinh
dong nhat voi mirc tang dan Ax, , trong d6 hé sé ty 1é 1am min duoc xac dinh theo
biéu thuc:

[=AX TAX (2.27)

Theo khuyén nghi cua ITTC [54] hé sb ty I 1am min c6 gia tri 1a /2 hodc
2. Tiép dén ty 18 hoi tu (Ry) duoc dinh nghia dé cung cap céc thong tin vé su hoi

tu hoic phan ky caa nghiém theo biéu thuc:
R =—= (2.28)

Trong cdng tht (2.28), €i21Va €ia1 12 12 su khac nhau vé két qua mé phong
véi viéc st dung tham sb dau vao 1a min, trung va manh. ;.1 = Si»-Si1 12 su khéc
nhau giira két qua khi sir dung tham s6 dau vao 1a min (Iudi min) va trung (1udi
c& trung). €is2 = Sis-Si2 1a sw khac nhau giira két qua khi sir dung tham sé dau vao

la trung (ludi ludi ¢d trung) va manh (ludi manh).

Tay thudc vao ddu va bién do cua Ry, s& ¢6 3 trudng hop xay ra gom:
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Hoi tu don diéu 0<Ry<1;
Hoi tu phan ky R¢<0;
Khong hoi tu Re>1.

Péi vai hoi tu phan ky, tinh khdng chic chan cua nghiém dugc xac dinh qua
biéu thuc:

U= (8, +5,) (2.29)

Trong d6 Sy la gid tri 16n nhat cua sy phan ky, S 1a gia tri nhé nhat cua sy phan
ky. D6i vai truong hop khong hoi tu, sai s6 va tinh khdng chac chan cua nghiém

s& khdng thé xac dinh duogc.

Péi véi truong hop hoi tu don diéu, viéc ngoai suy theo Richardson sé dugc
str dung dé xac dinh tinh mirc do chinh xéc p;, sai s6 dge va théng sé hiéu chinh

Ci theo céc cong thuc sau:

_ In(gi,sz /gi,Zl)

, 2.30
5o =i (2.31)
il rl _1
-1
C =- 2.32
L ripiest _1 ( )

& day piest 12 mirc @6 chinh xac gidi han cé gia tri la 2 [55].
Tinh khéng chic chan trong md phong theo cach tiép can dang (Uic) va sai (U))

duoc xac dinh nhu sau:

9,6(1-C,)?+11]|6 |, [1-C|<0,125
_[resa-cy 1o, |, 1-C| 2.39)
[2[1-C||+1]|0%,|. 1-C,[>0,125
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2,4(1-C, > +0,1]|6 |, 1-C.|<0,25
_Jresa-c) 10, | 1-C| .30
[11-C|1[6w,,]. 1-C,[>0,25

- Quy trinh xac nhan

Téng cua tinh khéng chéic chin trong md phong theo cach tiép can ding va

sai duoc xac dinh dya trén biéu thuc:
UZ=UZ+UZ, (2.35)
Ug =Us +U7 +U] +U; (2.36)

& day: Up — la tinh khdng chac chan cuaa két qua thuc nghiém (thong thuong gia
tri nay bang 0); Ug — tinh khéng chac chan cua ludi; Ur- tinh khdng chéc chan cua
buéc thoi gian; U, — tinh khéng chac chan cua vong lap; Up — tinh khéng chac
chan cua cac yéu t khac.

Sau khi c¢6 dugc cac két qua tinh toan tinh khéng chac chian caa két qua mo
phong thu dugc, ngudi ta sé di tién hanh xac nhan két qua mé phong (két qua mo
phong dat dugc day du do tin cay) bang viéc so sanh tinh khdng chic chan Uy véi
sai sO |E|va y8u cau vé mie d6 khong chéc chan cua két qua mo phong. Khi d6

sé ¢6 6 kha nang sau ra nhu sau:

1. |El<U, <U

reqd

2. |E|<U g <Uy
3. U, <|E|<U,
4, U, <|E|<Ureqd

5. U, <U., <|E|

6. U, <U, <|E|
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Truong hop 1, 2 va 3 |E|<U,, ting véi truong hop qué trinh xac nhén 1a dat
dugc & mac Uy; Truong hop 4,5 va 6 U, <|E|ing véi truong hop qua trinh xac

nhan la khong dat.

2.5. Co s6 ly thuyét phwong phap Taguchi két hop phan tich twong quan xam

Tién sT Taguchi (Nhat Ban) 1a ngudi dat nén moéng cho phuong phap thiét ké
bén viing (Robust Design), cling 1a ngudi dé xuat phuwong phap thuc nghiém mang
tén 6ng. Phuong phap Taguchi 1a phuong phap thiét ké thuc nghiém manh, voi
cac uu diém sau:

- C6 thé khao sat dong thoi nhiéu bién thiét ké (c6 thé khao sat dugc dong
thai 50 bién thiét ké cung luc);

- Pua ra s6 lugng cac truong hop thuc nghiém hay can tinh toan l1a nho nhat
théng qua viéc sir dung ma tran truc giao, tir d6 giam duoc thoi gian can thiét

trong thiét ké.

- Cho phép xac dinh duoc xu hudng va mic d6 anh huong cua ting bién
thiét ké dén két qua dau ra. Tur d6, giup nguoi thiét ké nhanh chdng tim ra cac

bién thiét ké va pham vi can tac dong dé nhan duoc hiéu qua dau ra tot nhat.

Véi nhitng wu diém cua phuong phap ndy nén né hién dang duoc tng dung
rong rai trong linh vuc k¥ thuat ndi chung va trong thiét ké hinh dang than tau noi
riéng [26, 27, 30, 56, 57].

Tuy nhién, phuwong phap Taguchi khong thé giai quyét duoc bai toan thiét ké
da muc tiéu nhu trong bai toan tdi wu héa lyc can tau chay pha sdng bién vi trong
truong hop ndy tau s& chay & cac do sau khac nhau. Khi do, tuyén hinh tau téi uvu
khi chay ¢ ving nudc sau chua chéc da téi vu khi chay ¢ vang nuée noéng. Nhu
vay, & day can thiét 1ap ham téi uu da muc tiéu dya trén trong sé thoi gian hanh
trinh ma tau khai thac ¢ cac khu vuc ¢ cac do sdu khac nhau. Van dé nay sé& duoc
NCS trinh bay rd hon & phan sau. Chinh vi vay, trong trudng hop nay, ngudi ta
s& két hop phuong phap Taguchi két hop véi phan tich tuong quan xam [58, 59]
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Theo [27, 60], phuong phap Taguchi két hop véi phan tich twong quan xam
duoc thuc hién voi 15 bude nhu trén Hinh 2.12.
Buwéc 1: Xac dinh vén dé

Tai budc nay ngudi thiét ké s& xac dinh ham muc tiéu minh can huéng dén
la gi va cac yéu t6 nao anh huong dén két qua téi wu va cac diéu kién rang budc
lién quan.
Buwéc 2: Lwa chon bién thiét ké va giéi han thay déi cia bién

Tai budc nay ngudi thiét ké s& lua chon céc bién thiét ké dé téi wu (x;), co
anh huong dén thong sb dau ra (y, = f (X, X, X,...X,) ; Xéac dinh gigi han thay doi
ctia bién thiét ké (minx < x <maxx,) va cac quan hé co thé co gitra cac bién thiét
ké. Miurc d6 khao sat cho céc bién tly thugc vao anh hudng cua no dén dap ung
(gia tri ham muc tiéu). Viéc lua chon s6 mic (mién gia tri) thay doi cua bién can
thoa man yéu cau sau: Néu bién anh huong tuyén tinh thi sé6 muc thay doi cua
bién can chon téi thiéu 12 2 tro 1én. Truong hop néu anh huong 1a phi tuyén thi sb
muc cho cac bién tdi thiéu 1a 3 tra 18n [60].

4 N\

[ Xac dinh van dé ] M6 phong, thuc nghiém dé khang

v dinh d¢ tin cay cua két qua

(" r 4 4 ) - o
Lua chon bién thiét ké va gisi . i .
L han thay doi cua bien ) Xac dinh bac tuong quan xam tdi vu
v L theo thona so toi wu )
Lua chon dang ma tran truc giao p ) N

‘ i ’ Xac dinh dnh huong cua céc bién
( ) thiet ké den bac tuong quan xam )

Thyc hién tinh toan mé phong

: t

Tinh toan phuong sai ddi véi bac
trong quan xam

?

Phan tich ty sé tin higu/nhiéu dbi J
Lap bang va d6 thi dap ung cua J

Véi tirng bién
v
Xt ly va chuan hoa dir liéu
v
Xac dinh chudi @6 léch
v 4

.
Xéc dinh hé sé twong quan xam 4{ Xac dinh trong sé cua cac dap ung
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Hinh 2.12. So dd thiét ké t6i wu theo phwong phap Taguchi két hop phan

tich twong quan xam
Buwéc 3: Lwa chon dang ma tran truc giao

Trén co s& ma tran tryc giao tiéu chuan caa Taguchi, ta tién hanh lya chon
dang ma tran truc giao ty vao sé bién thiét ké va céc gia tri cua bién. Vi du ma
tran truc giao theo phuong phap Taguchi voi 4 bién thiét ké, mdi bién c6 3 gié tri
(vi du 1, 2, 3) duoc trinh bay trén Bang 2.6. O Bang 2.6, hang 1a sb cac truong
hop can tinh toan hay lam thuc nghiém, cot la cac bién va gia tri cua ching. Tu
Bang 2.6 ta thay, dé khao st anh huong dong thoi cua 4 bién thiét ké dén gia tri
dau ra y;, theo phuong phap Taguchi ta chi can phai tién hanh tinh toan hay tién
hanh thuc nghiém véi tong sé 09 phuong an. Trong khi néu sir dung phuong phap
thiét ké giai thira thi s6 phuong 4n can tinh s& 1a 374=81 phuong an. Mot sé dang
ma tran tryc giao tiéu chuan theo phuong phap taguchi véi su thay doi cua s6
lwong bién thiét ké va gia tri thay doi cua bién duoc trinh bay trong tai liéu [60].
Viéc lra chon sé luong cac phuong an can tinh toan (tic dang ma tran truc giao
tiéu chuan) can dam bao n6 I6n hon sb bac tu do dugc tinh theo cong thuc (2.37),
cu thé nhu sau [59]:

DOF =(P-1)(F)+(P-1)(P-1)(Q)+1 (2.37)

Trong d6 F 1a s6 bién, P 1a s6 muc, Q 1a sb twong tac. Trong truong tic giita Cac
bién =0
Bdng 2.6. Bang ma tr@n truec giao theo phwong phap Taguchi

S6 phuong an Céc bién thiét ké va sé mirc cuia bién
can thuc Gia tri
nghiém hay X¢ Xz X3 Xa dau ra, y;
can tinh, n
1 1 1 1 1 yi
2 1 2 2 2 Y2
3 1 3 3 3 Va
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5 2 2 3 1 s
6 2 3 1 2 Yo
7 3 1 3 2 Y7
8 3 2 1 3 Vs
9 3 3 2 1 Yo

Buwaéc 4: Thuc hién tinh toan mé phéng

Tai budc nay ta sé tién hanh tinh todn md phong hoic tién hanh thuc nghiém
cac phuong an trong ma tran truc giao ¢6 duoc & budc 3 dé thu dugc cac sb lieu
lién quan dén thdng sb dau ra y;.

Bwéc 5: Phan tich ty sé tin hiéu/nhiéu déi véi tieng bién

O budc nay, ta s& tién hanh phan tich sb liéu theo ty sé S/N (ty so tin
hiéu/nhiéu) dugc chuyén ddi tir ham sé mat mat L=k(y-m)2, trong d6 L 1a mat mat
do sai Iéch gia tri dap ang y (gia tri cua ham muc tiéu) nhan duoc so vaéi gia tri
dap ttng m mong mudn, k 1a hang s6. Ty s6 S/N phu thudc vao muc tiéu “16n hon
t6t hon”, “nho hon tot hon” hodc “d4nh gia anh huéng cua cac bién thiét ké” bang
viéc sir dung cac cong thuc tir (2.38) dén (2.39). Sau d6 xac dinh gia trj thuc
nghiém hay tinh toan ti uu cia cac bién thiét ké.

- Néu gi4 tri thdng s6 dau ra y; can dat “Lén hon tot hon” thi:
S 141
—=-10log,,| = > — 2.38
Y O ( - le yf) (2.38)
- Néu gié tri thdng sé dau ra y; can dat “Nho hon tt hon” thi:
S _ 10 log,, [EZ yf) (2.39)
N N

- Néu gia trji thdng sé dau ra y; can dat “Panh gia anh hudéng cua cac bién
thiét ké” thi:

S Y
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Trong do:

y:

s [

s 1 _
Dy, s :n—Z(yu -y) (2.41)
u=1 —Lu=1

& day n, s va ¥ lan luot 12 sé thuc nghiém hay sé trudng hop tinh can thuc hién,
d6 léch chuan, va gié tri trung binh cua két qua dau ra.
Buwéc 6: Xir ly va chuan héa dix liéu

O budc nay ta s& chuyén chudi gié tri gbc thanh chudi gia tri c6 thé so sanh
duogc. Ty s6 S/N cuia mdi gi tri dap ung (response) s& duoc chuan hoa thanh zi(k)
(0 < zj(k) < 1) dé tranh anh huong caa viéc ap dung cac don vi khac nhau va giam
su bién thién.
Viéc tinh toan cac gia tri chuan hda zi(k) cua ty s6 S/N cho n céc thi nghiém nham
diéu chinh céc gié tri do trén cac thang do khac nhau vé mét thang do chung. Cac

gia tri chuan hda cua ty s6 S/N thay doi trong dai tir 0 dén 1.

Gia tri cang 16n cang tét s& duoc xac dinh theo biéu thuc.

I max 7, (k) —min 7, (k) .

Gié tri cang nho cang tét s& duoc xac dinh theo biéu thuc.

T maxy, (k) - minz, (k) |

Trong d6: zi(k) 1a gia tri chuan hoa cua ty s6 S/N ddi véi dap ung tha k (k=1, 2,
...,m) cua thi nghiém thi i; ni(k) 1a chudi gia tri goc cua ty s6 S/N; max ni(k) va

min 1;(K) 13 twong tng 1 gia tri I6n nhat va nho nhat caa ty s6 S/N.
Budc 7: Xac dinh chudi do léch
Chudi do léch duoc xac dinh theo biéu thuc sau:
Ay (K) = ||Zo(k) -z (k)” (2.44)
Trong d6: Ai(K) 1 su khac nhau tuyét déi gita zo(k) va zi(K): zo(k) 1 gia tri Iy

tuong (t6i uu, thuong bang 1 & chudi gia tri chuan hoa) ddi véi dap tng thi k.
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Budéc 8: Xac dinh hé sé twong quan xam
Hé s6 twong quan xam biéu thi méi quan hé gitra ty sé S/N chuan hoa tét
nhat va thuc té. Hé sd twong quan xam c6 thé duoc tinh nhu sau:

Ain +OA
: k — min max 2.45
0 R e, )

Trong d6: Amin 12 gia tri nho nhét ciia Aoi; Amax 12 gid tri 16n nhat cta Ag;, va d 1a hé
s6 phan biét 0 < 6 < 1 dé diéu chinh gia tri yi(k). 5 thuong duogc thiét 1ap véi gia
tri 12 0.5 cho phan bé trung binh.

Budéc 9: Xac dinh trong sé twong quan xam

Trong sb cua cac dap tng s& duoc xac dinh dua trén ham anh xa f;: [0, 1] —

[0, 1] ham &nh xa nay can phai dap tmg 02 diéu kién sau:
f(0)=0 (2.46)
f,(x)= f(1-x) (2.47)
Trong d6: f; (X) 1a ham sé don diéu tang trong dai x €(0,0.5)

Do d6, dé dinh nghia ham anh xa cho phép do entropy, dugc dinh nghia nhu

sau:
w,(x)=xe" +(1-x)e* -1 (2.48)
Ham sb nay cho gia tri 1on nhat khi x=0.5 khi d6 we(0.5)=¢e% - 1=0,6487
Pé c6 dugc két qua anh xa trong khoang [0, 1], mot entropy méi duoc dinh
nghia nhu sau:

— l C
W =—(e0_5_1)§we(xi) (2.49)

Céc budc sau duoc sir dung dé tinh trong s ctia moi dap ting

Tong hé sb tuong quan xam trong tat ca cac chudi cia mdi dic tinh chat

luong dugc xac dinh nhu sau:
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D, :Zn:yi(k), k=1,.m

i=1

Entropy ciia méi dap tmg duoc xac dinh nhu sau:

kN 7, (k)
e = K;we[ D, J

Trong do: K =-— L = L la hé sb chuan hoa
(e°°-1)xn 0,6487xn

Tong cua Entropy dugc xac dinh nhu sau:

Trong s6 chuan héa cua timg dap tmg duoc xac dinh nhu sau:

&

1 1-
mE o1

1-

Z;‘m E( ‘)

Trong d6: A=(1-e)/(m-E) la hé s6 trong s6 tuong doi.

W, =

Budc 10: Xac dinh bac twong quan xam

(2.50)

(2.51)

(2.52)

(2.53)

Bac tuong quan xam (GRG) duoc tinh toan dua trén gia tri trung binh cua cac hé

sb twong quan xam. Céc gia tri bac tuong quan xam duoc lay 1am dai dién duy

nhat cho nhiéu dap tng. Bac twong quan xam phan anh mtc d6 anh huong giia

chudi so sanh va chudi tham chiéu. Néu bac twong quan xam bang 1, diéu nay c6

nghia 13 cac chudi 1a giéng hét nhau va tat ca déu co gia tri bang mot. Bac tuong

quan xam cao tuong tng v4i mac do quan hé manh giira chudi goc va chudi tham

chiéu va tao ra cac yéu té két hop gan véi thiét 1ap toi wu. Vé mit toan hoc, Bac

tuong quan xam dugc biéu thi nhu sau:

e :iwﬂi(k)

(2.54)

Trong d6: »" " w, =1,wiky hi¢u cho trong s6 chuan hoa ddi véi dap tng thu k.
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Bwéc 11: Lap bang va dé thi dap @ng cia bic twong quan xam
Trén co s& cac két qua tinh toan duoc ¢ cac budc trén, ta sé tién hanh 1ap bang va
d6 thi dap ung cua bac twong quan xam. Trén co s& d6 s& xac dinh c4c thdng sb
t6i wu.
Buwéc 12: Tinh toan phwong sai ddi véi bac twong quan xam

Viéc tinh toan va phan tich phuong sai duoc sir dung dé danh gia mic do
anh huong cua tirng yéu té dén bac trong quan xam.
Buéc 13: Xac dinh anh hwéng ciaa cac bién thiét ké dén bac twong quan xam

V&i cac s lidu thu dugc tir cac bude & trén, ta sé tién hanh xac dinh anh
huong cua cac bién thiét ké dén bac twong quan xam dya vao sy hd tro caa phan
mém Minitab. Két qua s& duoc xuat ra dudi dang bang va d6 thi nhu trén Hinh
2.13.

0.9

0.8

0.7

0.6

Mean of Means
2
{
g
g

0.5

0.4

0.3

1 2 3 4 5 1 2 3 45 1 2 3 4 5 1 2 3 45 12 3 & 5
Hinh 2.13. Anh hwéng ciia cac bién thiét ké dén bac twong quan xam

Buéc 14: Xac dinh bic twong quan xam toi wu theo théng so toi wu
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Bac tuong quan xam t6i uu s& dugc xac dinh trén co s¢ tinh dén anh huong
cua tat ca cac thdng sb hoic cac thdng sé anh huang 16n nhat. Gid tri trung binh

cua bac twrong quan xam t61 wu duoc xac dinh nhu sau:

q
#He =Gy +2.(G,~G,) (2.55)
s=1

Trong d6: Gy — 1a tong gid tri trung binh cua bac trong quan xam; Go — |4 gia tri
trung binh ti uu ctia bac twong quan xam ddi véi ting gia tri caa bién thiét ké; g
— 14 s6 lugng céac thdng sb ¢6 anh huang 16n dén bac twong quan xam.

Buéc 15: Md phéng, thuc nghiém dé khing dinh @ tin ciy caa két qua

Sau khi di xac dinh dugc céc bién thiét ké tdi wu, ta s& thuc hién viéc mé phong
tinh toan tmg phuong an t6i uu dé khang dinh do chinh xac cia mé hinh toan dua

ra.

2.6. Két luan Chuong 2

Vi cac ndi dung nghién ciru ¢ Chuong 2 ma nghién ctru sinh da thuc hién,

Chuong nay di giai quyét dugc cac van dé sau:

- ba trinh bay dugc co sé phuong phap luan trong nghién cttu anh hudng caa

diéu kién khai thac (nudc nong) dén su thay ddi luc can tau;

- D3 khao sat thu thap duogc cac s6 lidu vé dic diém cua tuyén duong thay
noi dia Viét Nam, hé thdng céc cang, phuc vu cho viéc xac dinh chiéu dai tuyén
hanh trinh cta tau mang cap VR-SB khi chay trong song;

- Pa phan tich, tong hop duoc céc thdng sb hinh dang than tau anh huong
dén luc can tau. Trong céc thdng sé d6 da phan tich lya chon ra duoc 05 thong s6
quan trong anh huong 16n dén luc can tau dé phuc vu cho bai toan lva chon hop
ly hinh dang than tau;

- D3 trinh bay dugc co so 1y thuyét trong md phong tinh toan luc can tau

bang phwong phép sd CFD;
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- Pi trinh bay duoc co s¢ ly thuyét ciia phuong phap kiém tra va xac nhan
két qua tinh toan bang CFD;

- bi trinh bay duoc co sd ly thuyét cia phuong phap Taguchi két hop phan
tich twong quan xam trong viéc xac dinh phuong an t6i vu va danh gida mac do

anh huong cua tirng tham s thiét ké dén gié tri ham muc tiéu.
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CHUONG 3. XAY DUNG MO HINH VA QUY TRINH CAI TIEN HINH
DANG THAN TAU HANG CAP VR-SB

3.1. Xay dwng mé hinh bai toan cai tién hinh dang than tau hang cip VR-SB

3.1.1. Md hinh bai ton t6i wu téng quat

Dua trén so do thiét ké téi uu theo phuong phap Taguchi két hop phan tich
tuong quan xam da duoc NCS trinh bay trong Chuong 2, ta c6 thé thay rang trong
mo hinh bai toan téi wu tong quét, can xac dinh duoc cac yéu té chinh sau:

» Xac dinh dugc cac bién thiét ké;

> Xac dinh duogc cac diéu kién rang budc.

» Xac dinh duoc ham muc tiéu;

Déi voi céac bién thiét ké X=X(X1, Xz, ...,xn) €an ti uu, cac thanh phan cua
vector bién bién thiét ké c6 céc giéi han nam trong dai gié tri tir min dén max nhu
trong cong thire (3.1). Pay 1a cac bién ma gia tri cua ching can duoc xac dinh dé
t6i uu hoa ham muc tiéu F(x), nghia 1a ta s& di xac dinh gia tri cua bién thiét ké x;
dé gié tri caa ham muc tiéu F(x) dat cuc tri nhu trong biéu thuc (3.2).

minx, <X, < maxx; (3.1)
y = f (%) — max (min) (3.2)

Véi cac diéu kién rang budc:

0, (X, %50, X)) S,=,2 D, (3.3)
& day: F(x;) - 1a ham muc tiéu; gi(x) - 1a cac diéu kién rang budc, mdi dang thic
hoac bt dang thic trong cong thire (3.3) 1a mot diéu kién rang bugc; b; - 1a hing
$6.

Tat ca mién R thoa man cac diéu kién rang budc gi(x) sé thuoc mién nghiém.
Khi d6 mdi diém @ng véi gi tri cua cac bién thiét ké X, = (X, %,,...X,) €R s& Ia
mot phuong 4n va phuong 4n X € RI1am cho ham muc tiéu f(x;) dat gid tri cuc trj

goi la phuong 4n tbi uu.
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Bai toan trén dugc goi 12 bai todn tbi wvu don muc tiéu, véi chi mot ham can
phai dat dén cuc tri tiy theo noi dung giai quyét. Tuy nhién, trong thuc té ta cé

thé gap phai bai toan da muyc tiéu dugc thé hién dudi dang tong quat sau:
F(X) =L, (%), f,(X),.... f- (x)] = max (min) (3.4)

Trong d6 F(x) - 1a ham da muc tiéu chung; fi (X) — 1a cac ham don muc tiéu
riéng l¢.

O bai toan da muc tiéu, mdi muc tiéu cd thé c6 xung dot nhau nén doi khi
kho c6 1oi giai téi wu dong thoi cho tat ca cac muc tiéu don. Chinh vi vay, 1o giai
cho bai toan da muc tiéu s& khdng phai 1a duy nhat nhu bai toan don muc tiéu.
Hién nay, dé giai quyét bai toan da myc tiéu noi trén nguoi ta sir dung phuong
phap tong cac ham trong s6. Ham nay dugc xay dung trén co s¢ chuyén ham da
muc tiéu thanh ham don muc tiéu bang canh nhan ham muc tiéu don 1& véi cac
trong s6 dua vao. Khi d6, ham da muc tiéu s& duogc viét lai theo cac ham don muc

tiéu riéng lé dudi dang tong quat sau:
f(x)= ZWi f.(x)=w, f,(xX)+w, f,(X)+...+w, f (x) > min (3.5)
i=1

Trong d6: w; — 12 trong s6 ham muc tiéu don thi i, Trong sé w; can thoa man
diéu kién sau:

k
>w =1vaw;>0 (3.6)

i=1

Uu diém cta phuong phap nay 13 khi dua duoc ham da muc tiéu vé don muc
tiéu thi bai toan tro nén dé giai quyét. Tuy nhién, phuong phap nay chi thich hop
va dam bao d6 tin cay trong truong hop cd thé quy doi gia tri cac muc tiéu vé cing
mét don vi do ludng va cliing xu thé ting hoac giam. Khi dé, tiy theo tam quan

trong cua tirng muc tiéu ma xac dinh gia tri cua cac trong sé w;.
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3.1.2. M6 hinh bai toan cai tién hinh dang than tau hang cip VR-SB tong
quat

Dua trén md hinh bai toan ti vu tdng quat & trén, NCS di tién hanh xay
dung md hinh bai todn cai tién hinh dang than tau hang cap VR-SB duéi goc do
giam lyc can bao gom cac yéu tb chinh 1a bién thiét ké, ham muc tiéu va cac diéu

kién rang budc, cu thé nhu sau:
> Xac dinh bién thiét ké

Viéc lra chon dung biét thiét ké c6 vai trd quan trong trong bai toan tdi wu.
Nhu d4 phan tich trong Chuong 2 vé co sé ly thuyét, cd 05 thong sé hinh dang

than tau c6 anh hudng 16n dén luc can tau gom:

- Vi trf hoanh d6 tdm néi (LCB);
- 03 tham s6 cua miii qua I& gom: hé s6 chiéu dai Cppgr, hé sb dién tich mat
cat ngang Cagr va hé sé thé tich C,,, Cia miii qua I€;

- 15 gdc vao nudce (1/2ag) tai dudng nude thiét ké.

Can cu trén kinh nghiém va céc tai liu [11, 14, 15], dai thay d6i cua cac bién
thiét ké dugc xac dinh dua trén gia tri ban dau caa tuyén hinh tau can cai tién, cu
thé:

—0,02 <

LCB -~ LCBy _ o,
CB

0
1/ 20, -1/ 20, <005
1/ 2ay, o

0,15 < S S 95 (3.7)

LPRi

CABTi _CABTO <0.135

ABTO

0,20 < M <0,20

VPRI

—0,05<

-0,135<

O day, chi s6 “0” trong cong thirc (3.7) Ky hiéu cho céc thong sé cua tuyén hinh
tau can cai tién (ban dau); chi sé “i” ky hiéu cho phuong an thay d6i théng sb

tuyén hinh tau so véi tuyén hinh ban dau.
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Theo phuong phap Taguchi déi véi cac bién co tinh chat anh huong phi tuyén thi
s6 mirc cho céc bién cd thé 1a 3 hoic 4 [60] . O day, NCS dé xuat sir dung 5 mirc
(5 gia tri) véi mbi bién.

> Xic dinh cac diéu kién rang budc

Trong bai toan cai tién cac thong sb hinh dang than tau, dé dam bao céc tinh
ning khac cta tau (tinh 6n dinh, tinh quay tra, dung tich, sicc ché hang...) it bi anh
hudng nhat, diéu kién rang buoc khi thay tién hanh tao ra cac phuwong an tuyén

hinh tau nhu sau:

- Céc kich thudc chu yéu caa tau gom: Chiéu dai hai dudng vubng goc, Chiéu
rong, chiéu chim, hé sé béo thé tich khong thay d6i so vai tau mau.

- Su thay doi lwong chiém nudc do thay doi cac thong sé hinh hoc ciia miii
qua & cua tau khong vuot qua 0,5% theo biéu thirc:

A, —A
’*‘iA—”“)‘g5x10-3 (3.8)

My

Trén co sé hai diéu kién rang budc ndy, ta s& di tién hanh xay dung cac
phuong an tuyén hinh tau dua trén co sé ly thuyét da duoc trinh bay trong Chuong
2.

» Xac dinh ham muc tiéu

Trén thyc té, trong thiét ké tuyén hinh tau ta chi cé thé téi wu dugc n6é & mot
ché d¢ khai thac nhat dinh (tai mot tbe do, mot chiéu chim va d6 sau cia nudc cu
thé). Vi du, ddi véi cac tau bién, tuyén hinh tau thuong duoc thiét ké tdi wu & toe
d6 va dudng nudc thiét ké khi hoat dong & do sau khdng han ché. Khi d6, ham
muc tiéu trong thiét ké tuyén hinh tau s& 1a ham don muc tiéu vé luc can. Tuy
nhién, dbi voi tau pha séng bién, do tau hoat dong ca trong séng 1an ngoai bién
nén diéu kién khai thac cua tau s& khac so véi tau bién. Cu thé, tau co thé hoat
déng & cac do sau khéac nhau (do khi chay trong séng ¢6 su gigi han vé do sau cua

nudc), toe do tau chay trong sdng khac véi khi chay ngoai bién. Bic diém khai
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thac nay cua tau pha sdng bién dan toi tuyén hinh tau néu chi duoc téi wu & mot
ché do khai thac nhu tau bién thi c6 thé khéng dat duoc hiéu qua nhu mong mudn
1a t6i vu vé luc can tong thé trén toan tuyén hanh trinh va mac d6 anh huong s&
tang 1én néu thoi gian tau hanh trinh trong séng chiém mot phan dang ké trong
téng thoi gian hanh trinh cua céc tau pha séng bién, vi tuyén hinh tau téi vu khi

chay ngoai bién chua chéc da tbi wu khi chay trong song.

Nhu vay, néu xét anh huong caa diéu kién khai thac (46 sau) va su thay doi
toc do tau khi chay trong sdng so véi khi chay ngoai bién thi bai toan t6i wu hinh
dang tau pha sdng bién sé& tro thanh bai toan da muc tiéu, gdm cac ham muc tiéu
don 1& V& luc can tau ¢ diéu kién khai thac khac nhau i twong ng vai van téc tau
Vi. Khi d6, ham muc tiéu tong quat trong thiét ké tuyén hinh tau pha sdng bién s&
duoc biéu dién gidng nhu trong cong thire (3.5) & trén. Cu thé ham muc tiéu trong

treong hop nay sé la:
k
R(X) =D WR (X) = W,R,(X) + W,R, (X) +...+ W,R, (X) = min (3.9)
i=1

Trong d6: R(X) — la ham surc can da muc tiéu; Ri(x) — 1a ham strc can don muc
tiéu ung voi ting diéu kién khai thac cu thé cua tau (timg do sau va toc do tau
chay trong doan tuyén d6); w; — 1a trong s6 ctia ham muc tiéu th i ¢6 lién quan
dén thoi gian tau hanh trinh & diéu kién khai thac i twong tng véi van téc tau V;

Trong s6 w; can thoa méan diéu kién sau nhu biéu thire (3.6) & trén.

Nhu vay, dé giai bai toan ham da muc tiéu dit ra ¢ ddy, ta can phai xac dinh
duoc thoi gian tau hanh trinh trén timg doan tuyén khac nhau. Cong thtc xac dinh
trong s6 ham muc tiéu thir i dugc trinh bay trong Bang 3.1. O day gia thiét rang
tau chay ¢ nhiéu tuyén duong véi cac do sdu khac nhau va tée do cua tau 1a khong

d6i khi chay trén cac tuyén dudng tuong tng.
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Bdang 3.1. Bdng tinh treng sé cia ham muc tiéu thar i

... | Dosau |Chidudai| . |Thoigian hanh trinh| Trong soham
bacdiem)| . 4 an _|Toc do tau muc tiéu thi i
tuyén | . " |doansong | 10°

. song h; Vi[m/s] | =—x [Gio] k
duong [m] l; [km] V, 3600 W :ti/;ti [-]
Poan
~ h1 |1 Vi ty W1
song 1
Poan
R h2 |2 V2 t2 W>
song 2
Ngoai
Lo hk Ik Vk 1% Wy
bién

3.2. Xay dwng quy trinh cai tién hinh dang than tau hang cap VR-SB phu

hop véi tuyén dwong thiy ndi dia Viét Nam

Can ctr trén co s ly thuyét da trinh bay & Chuong 2 va cac ndi dung da duogc

NCS dua ra ¢ muc 3.1 ctia Chuong 3. NCS xin dé xuat quy trinh cai tién hinh

dang than tau hang cip VR-SB phu hop véi tuyén duong thay noi dia Viét Nam

nhu trén Hinh 3.1. Quy trinh cai tién gom 17 bude. Duéi day NCS xin trinh bay

chi tiét vé cac budc trong quy trinh nay.

3.2.1. Xac dinh c4c thong so dau vao

Pé cai tién hinh dang than tau hang cap VR-SB thi can phai c6 cac théng sé

dau vao sau:

- Tuyén hinh tau ban dau;

- Céc thong tin vé tuyén duong hoat dong cua tau gom: do sau h;, chiéu dai

l; ciia cac doan sdng, bién ma tau hanh trinh; téc d6 chuyén dong V; cua

tau ung voi tirng doan hanh trinh. Trén co s cac gia tri l; va Vi ta s€ xac
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dinh duoc trong s6 cta ham muc tiéu thr i bang céch st dung cach tinh
nhu trong Bang 3.1.

v

Xiéc dinh céc thong so dau vao

‘ ] ‘
' I

Lua chon bién thiét ké va sd t
5 3 . A s ~
mirc cua bién \ e . 112
\ J M6 phong. thue nghiém dé khang
) v . dinh d¢ tin cdy cua két qua
o v
Lwa chon dang ma trn truc giao 1
\ y i ™
v Xac dinh bac turong quan xam toi wu
s - N A X 4
Tao cac phuong an tuyén hinh L theo thong so t6i uu )
tau dua trén cac truong hgp tinh 1
trong bang ma tran truc giao ( ey . s i)
\_ & bang ' HE gle Y, Xac dinh anh huong cua cac bién
p v Y thiét ké dén bac trong quan xam
L v
M6 phong tinh toan lye can tau 1
cho tirng phuong an xay dun (. . e g eeva )
S &P & an xay Gung y Tinh toan phuong sai do6i voi bac
v twong quan Xam
' ™ . /
Phan tich ty s0 tin hiéu/nhicu do6i 1
e oo . A [ . . i ] A
L véi timg bién ) Lép bang va do thi dap ung cua
¥ béc trong quan xam
P "y M .
Xt 1Y va chuin héa dit liéu , 1 ,
) I ’ Xac dinh bac tuong quan xam
Xéc dinh chudi do 1éch ) 1
v Xac dinh trong s6 cua céc dap immg
[ Xéc dinh hé s trong quan xam ] - g
v

Hinh 3.1. Quy trinh cdc bwéc cdi tién hinh dang than tau hang cdp VR-SB
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3.2.2. Lwa chon bién thiét ké va sé6 mitc cia bién

Bdng 3.2. C4c bién thiét ké va sé miic

Bién ) S6 muc (gia tri)
Y
thiét
& code | Muc 1 Mac2 | Mac3 | Muac4 Mic 5

1/20e A | 0,95.(12ag0) | 0,975.(1/20k0) | 1/20e0 | 1,025.(1/20k0) | 1,05.(1/20k0)

Crrr B 0,85.CLpro 0,925.CLpro Crprro 1,075.Cvrpro 1,15.Cpro

CagT C 0,865.Cagto | 0,9325.CagTo CasTo 1,0675.Cagto | 1,135.CagTo0

Copr D 0,80. Cyppo 0,90. Cyppo Copro 1,10. Cyppg 1,20. Cyppg

LCB E 0,98.LCBo 0,99.LCBo LCBo 1,01.LCBo 1,02.LCBo

Nhu d3 trinh bay & Chuong 2, s6 bién thiét ké duoc lya chon & day 14 05 bién
(thoa man yéu cau téi thiéu 1a 3 ddi véi bién anh huéng phi tuyén dén ham muc
tiéu), véi s6 muac (gia tri) caa bién 12 5 va dua bién do dao dong cua ting bién
duogc thé hién ¢ cong thuc (3.7). Ta sé tién hanh xac dinh gia tri cia 5 bién nhu
trinh bay trong Bang 3.2. Trong d6 mtrc 3 s& 1a gia tri cua bién thiét ké tng voi
tuyén hinh ban dau cua tau, mac 1 va mac 5 s& la gia tri min va max cua bién thiét
ké, mirc 2 va mac 4 lan luot 14 gid tri trung binh cua gié tri min va max vai gia tri

ban dau cua bién.

3.2.3. Lwa chon dang ma tran truc giao

Trén co s& ma tran tryc giao tiéu chuan cua Taguchi trong phan mém
Minitab, véi dau vao 13 5 bién thiét ké va mdi bién cd 05 murc ta s& xac dinh dugc
dang ma tran truc giao trong truong hop nay la ma tran L25(5x5) vai 25 truong
hop két hop cua cac bién nhu dugc thé hién trén Bang 3.3. Vi s6 lugng phuong

&n tinh hoan toan thoa man yéu cau lén hon sé bac tu do tinh duoc 12 21 (DOF=(P-
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1)F+(P-1)(P-1)(Q+1) = (5-1)x5+(5-1)x(5-1)x0+1=21). C4c s 1,2,3,4,5 & C4c

cot caa bién thiét ké ky hiéu cho gié tri cua cac bién 14y tir Bang 3.3.

Bdng 3.3. Bdng ma trdn truc giao lwa chon cdc phwong dn dé tinh toan

Bién thiét ké va cac mirc
Trwong hep tinh
1/20g Crpr CasT Copr LCB
Phu:O’r;Igr;A1 jn ban 3 3 3 3 3
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 1 5 5 5 5
6 2 1 2 3 4
7 2 2 3 4 5
8 2 3 4 5 1
9 2 4 5 1 2
10 2 5 1 2 3
11 3 1 3 5 2
12 3 2 4 1 3
13 3 3 5 2 4
14 3 4 1 3 3)
15 3 5 2 4 1
16 4 1 4 2 3)
17 4 2 5 3 1

75



Bién thiét ké va cac mic
Trwong hep tinh
1/20g Cirr CasT Copr LCB
18 4 3 1 4 2
19 4 4 2 5 3
20 4 5 3 1 4
21 5 1 5 4 3
22 5 2 1 5 4
23 5 3 2 1 5
24 5 4 3 2 1
25 5 5 4 3 2

3.2.4. Tao cac phwong an tuyén hinh tau

Trén co sd 25 trudng hop can tinh toan dugc thé hién trén Bang 3.3, ta s& di
tién hanh xay dung 25 phuong an tuyén hinh tau. Mdi phuong an tuong Gng voi
su két hop gié tri cua 5 bién thiét ké nhu trén Bang 3.3. Viéc xay dung phuong an
tuyén hinh tau s& duoc tién hanh dya trén co s& 1y thuyét di néu ¢ Chuong 2. O
day trong qué trinh xay dung cac phuong an tuyén hinh tu can dam bao dugc cac

diéu kién rang budc duoc néu ¢ myc 3.1.1 & trén.

3.2.5. M6 phéng tinh toan luc can tau

Sau khi di xdy dung xong 25 phuong an tuyén hinh tau dudi dang mé hinh
3D, ta s& di tién hanh md phong tinh todn luc can tau bang CFD cho 25 phuong
an tuyén hinh nay & cac diéu kién khai thac khac nhau (d6 sau cua nudc, toc do)
da duoc dé cap dén trong muc 3.2.1 & trén. Quy trinh md phong tinh toan lec can
tau bang CFD & diéu kién nudc ndng (tng voi truong hop tau chay trong song)
va nudc SAu (&ng voi trudng hop khi tau chay ngoai bién) dugc trinh bay trén
Hinh 3.2 véi 4 budc chinh gom [15], [61]:
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+ Thiét Iap tinh toan;

+ Lua chon loi giai;

+ Dién giai két qua;

+ Phan tich va danh gia két qua thu duoc.

Trong budc Thiét 1ap tinh toan. Pay 1a budc dau tién can thuc hién trong
md phéng tinh toan luc can tau bing phuong phap CFD. Cu thé, & day ta sé thiét

lap cac théng s6 gom:
+ C4c thong sb vé diéu kién méi truong cia tuyén dudng;
+ Kich thugc mién tinh toan;
+ Lya chon loai diéu kién bién;
+ Lua chon ludi va chia ludi;
+ Lya chon m6 hinh vat ly.

Cac thong sb vé diéu kién moi trudng cua tuyén duong bao gom: do sau cua

tuyén duong, do nhét dong hoc va khéi luong riéng cua nudc.

Kich thudc mién tinh toan duge xac dinh can ct trén cac hudng dan caa Hiép
hoi bé thir quéc té (ITTC) [62, 63], cu thé nhu sau: Mat phia truéc va phia sau tau
ctia mién tinh toan cach miii va dudi tau mot doan lan luot bing 1,5 va 2,5 lan
chiéu dai tau; mat canh va mat phia trén ctia mién tinh toan nam cach mat phang
doc tAm cua tau va mit thoang chat long mot doan lan luot bang 2,5 va 1,5 1an
chiéu dai tau; Trong bai todn mé phong luc can tau chay trong ving nudc co do
sau khdng han ché, khoang céch tir mat day ctua mién tinh toan dén mit thoang
chat 16ng 12 2,5 lan chiéu dai tau. Truong hop di véi bai todn mé phong luc can
tau chay trong ving nudc ndng, khoang cach tir mat day ctia mién tinh toan dén

mat thoang chat long duoc thiét 1ap 13 do sdu caa nudc (xem Hinh 3.3).

77



Thiét

lap
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| tra va
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két
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Hiém thj dwomg dong, phan bo
p sudt, cdc gid tri thiy dong

trén than tau

[ DANH GIA K.E'.T QUA
THU BUQC ‘ =

Hinh 3.2. Quy trinh md phéng tinh toan lyc can tau bang CFD

Diéu kién bién duoc thiét 1ap dbi voi bai toan md phong luc can tau khi chay

O vung nudce sau va nudc ndng dugc luya chon nhu trén Bang 3.4.
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Bdng 3.4. Logi diéu kién bién dwoc ap dung trong bai toan tinh toan luc

cdn tau chay ¢ viing nwéc sdu va vieng nwéc nbng

. Tau chay & vung Tau chay & vung
Loai diéu kién bién o o
nuGc Sau nudc nbng
Phia truéc mién tinh toan Velocity inlet Velocity inlet
Phia trén mién tinh toan Velocity inlet Velocity inlet
M3t canh mién tinh toan Symmetry plane Symmetry plane
Phia sau mién tinh toan Pressure outlet Pressure outlet
Phia dudi mién tinh toan Velocity inlet Slip wall
Than tau No-slip wall No-slip wall

Trong bai todn md phong luc can tau s& st dung 03 loai ludi gom; ludi bé
mat, lugi khoi va luéi lang tru. Ludi khéi duoc sir dung ¢ day 1a ludi trimmed.
Kich thudc ludi khdi duge xac dinh dua trén chiéu dai tau. Véi kich thuée ludi
co s ¢0 gia tri bang 0.015L. Lu6i s& dugc 1dam min & khu vuc mit thoang chat
long dé c6 md phong dugc chinh xac su bién dang mat thoang chét long khi tau
chuyén dong va song kelvin; ludi cuc bo duoc sir dung dé 1am min & khu vue miii
va dudi tau noi c6 hinh dang than tau phirc tap. Ludi prism layer duoc sir dung dé
mb phong 16p bién cua tau. Khoang cach ludi 16p bién dau tién dén vo tau duoc
lya chon dé gia tri Y+ trung binh cua tau 1a 250 [64]. B4i véi viec md phong luc
can tau khi chay trong viung nudc ndng, do cO su tuong tac thiy dong gitra day
song va day tau nén ludi s& duoc 1am min tai gitta chung dé c6 thé md phong duoc
chinh xac su tuong tac nay. Vi du vé két qua chia ludi khi tau chay ¢ ving nudc

ndng va nudc sau dugc trinh bay trén Hinh 3.4.
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velocity inlet

Symmetry plan

a) Nuoc sau b) Nuéc néng
Hinh 3.3. Kich thwéc mién tinh toan va diéu kién bién

» Slip wall

oan mién tinh toAn
diéu kién nwéc ndn

than taun

Lwdi tai mat
thoang chat long

Hinh 3.4. Cau tric ludi trong bai toan md phéng luc can tau khi chay &

vung nwoéc sau va nwdc nong
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MO0 hinh vat 1y dugc st dung trong mé phong luc can vo tau hoat dong trong
ving nudc sau va nudc ndng duoc trinh bay trén Bang 3.5.
Bdng 3.5. M6 hinh vt Iy dwec sik dung trong mé phéng luc cdn ve tau

hoat dong trong vang nwdc sdu va nwéc ndng

Cé4c thong sb Lwa chon, thiét lap
Dang mo6 phong Mo phong 3D (Three dimensional)
M® hinh dong chay Dong chay Unsteady RANSE
M6 hinh dong chay réi M6 hinh dong réi SST K-Omega

Tuong tac gitra cac phase | Tuong tac da pha (Multiphase)

Ham tudng Tat ca xu 1y twong Y+ (All Y+ Wall Treatment)

Hinh thai dong chay Dong chay tach biét (Segregated flow)

Phuong phép thé tich chat long (The volume of

M0 hinh da pha _
fluid method)

Trong bai todn md phong tinh toan luc can tau, than tau dugc dich chuyén tu
do theo hai phuwong gom, phuong thang ding (heave) va chong chanh séng chinh
(pitch), gidng nhu viéc thir kéo dé xac dinh luc can tau trong bé tha mé hinh tau.

Budéc lya chon 161 gii 1a budc I6n tha hai can thuc hién khi mé phong luc
can tau bang CFD. O tai buéc nay, ta sé tién hanh thuc hién cac cong viéc sau:

DPadnh gid tiéu chi héi tu: Pay 1a bude dau tién can phai thuc hién. O day, ta
s& tién hanh danh gia su hoi tu cua ludi, dé loai trir duoc sai s6 6 thé vé két qua
mé phong do kich thudc luéi gay ra. Chi tiét vé phuong phap xac dinh su hoi tu
cua ludi da duoc trinh bay & Chuong 2.

Lya chon so do roi rac hda: Viéc lya chon so d6 roi rac hda dong vai tro rat

quan trong vi n6 1a mot trong céc yéu té anh huong dén két qua tinh toan. Béi véi
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bai todn md phong luc can tau so d6 roi rac hoa theo thoi gian duogc lua chon 13
bac 1 bai so d6 nay tiét kiém duoc thoi gian tinh toan va khdng gay ra su dao
dong vé két qua [65].

Lya chon buéc thoi gian: Budc thoi gian cling 1a mét trong nhitng yéu té ¢ anh
hudng dén két qua tinh toan. Theo khuyén nghi caa ITTC, budc thoi gian duoc

xac dinh duya trén téc d6 va chiéu dai tau theo cong thirc sau [66]:
At= 0,005 ~ 0,01L/V (3.10)
Trong do: L —la chiéu dai tau, m; V — 1a tdc do tau, m/s.

Sau khi di xac dinh duoc su hoi tu cua ludi, ta s& tién hanh sir dung kich
thude ludi duoc xac dinh 1a da hoi tu cung véi budc thoi gian dé tién hanh tinh

toan lyc can tau wng véi 25 phuong an hinh dang khac nhau.

Buwéc dién giai két qua hay xu Iy sau tinh toan bing CFD. Theo khuyén
nghi cua ITTC sau khi két qua tinh luc can tau bang CFD da hoi ty, ta can xi ly
dé hién thi ra cac di liéu vé dudng dong bao quanh than tau gom: hinh dang séng
bé mat do tau tao ra khi chuyén dong, phan b &p suat, ung suat trén bé mat vo
tau...Muc dich cua viéc nay la nham kiém tra do tin cay caa két qua mé phong
tinh toan mot cach dinh tinh dya trén céc phan tich vé dong chay bao quanh vo
tau.

Panh gia két qua thu dwoc 14 budc cudi cling caa viéc md phong tinh toan
luc can tau bang CFD. Tai budc ndy ching ta s& di danh gia sai s6 cua két qua md
phong so véi két qua thuc nghiém (néu c6) sau d6 sé tién hanh danh gia tinh khong
6n dinh cua nghiém thu duoc theo quy trinh néu ¢ Chuong 2. Cin c trén moi
tuong quan giita sai s6 véi tinh khong 6n dinh caa nghiém ta s& danh gia duoc md
hinh tinh toan bang CFD cua ta 1a dung hay can diéu chinh. Truong hop khong c6
két qua thuc nghiém dé di sanh thi bai toan s& dung lai ¢ viéc xac dinh su hoi tu
cua ludi, budc thoi gian loai trir cac sai s6 lién quan dén viéc thiét 1ap tinh toan tur

ngudi tinh toan.
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3.2.6. Phan tich ty sé tin hiéu/nhiéu @6i véi tirng bién va xac dinh phwong 4n
tdi wu

Sau khi da tinh toan dugc lyc can tau ing vai 25 phuong an dugc xay dung
tir phuong phap Taguchi, ta s& tién hanh phan tich ty sé tin hiéu/nhiéu déi voi
ting bién ciing nhu xac dinh phuong an tdi wu (tir budce 5 dén budc 15 theo cac
cong thirc da néu trong phan co sé Iy thuyét & Chuong 2). Trong bai toan téi wu
hoa luc can tau thi ty sé S/N can dat dugc 1a “nho hon tét hon”. Qua viéc phan
tich nay ta s& xac dinh dugc mic do anh huong caa 5 bién thiét ké dén lyc can

tau.

3.3. Két luan Chuwong 3
Trong chuong 3 ndy, luan 4n da giai quyét duoc cac bai toan sau:

- B3 xay dung dugc md hinh bai toan cai tién hang dang than tau hang cap
VR-SB gom céc bai toan: lya chon cac tham sb hinh dang than tau can téi wu;
thiét 1ap cac diéu kién bién, diéu kién rang budc; phuong phap luva chon phuong
an c6 luc can nho nhét trén co so c6 tinh dén dic diém cua tau khi chay trén tuyén
SB (chay trong ving nudc ndng véi do sau khac nhau va ving nudc sau) bang
viéc sir dung ham da muc tiéu.

- Pa xay dung dugc quy trinh cai tién hinh dang than tau hang cap VR-SB
gom cac bai toan: Xay dung luu d6 thuat toan cai tién hinh dang than tau hang
cap VR-SB phu hop véi tuyén duong thiy noi dia Viét Nam; mo ta vé trinh tu cac
budc trong so dd thuat toan dua ra. Quy trinh nay s& duoc nghién ciu sinh &p
dung dé tinh toan cho mot tau VR-SB cu thé & Chuong 4.
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CHUONG 4. CAl TIEN HINH DANG THAN TAU HANG TRONG TAI
4600 TAN MANG CAP VR-SB

4.1. Gi6i thigu vé series tau hang trong tai 4600 tAn mang cap VR-SB

4.1.1. Céc thdng sé chii yéu caa tau

Nhu d3 trinh bay trong Chuong 1, hién tai s6 lugng tau c6 trong tai tir 3500
dén 5000 tan chiém da s6 véi ty 18 93,3% trong co cau doi tau mang cap VR-SB.
Trong d6 series tau hang trong tai 4600 tan mang cdp VR-SB di va dang duoc
dong vai sb luong Ion. Chinh vi vay, trong dé tai NCS nay, NCS sir dung series
tau hang trong tai 4600 tin lam d6i twong nghién ctu. Céc thdng s kich thuéc
cha yéu cua series tau nay va hinh dang than tau ban dau caa chung duoc trinh

bay lan lugt tuong tng trén Bang 4.1 va Hinh 4.1 [67].

Bdng 4.1. Céc thong sé kich thwéc va hinh dang cia tau hang treng
tdi 4600 tdn

Céc thong s6 Ky hiéu | Pon vi | Gia tri
Chiéu dai hai dudng vudng goc L [m] 76,00
Chiéu rong thiét ké cua tau B [m] 13,68
Chiéu chim thiét ké T [m] 5,95
Luong chiém nudc thé tich \Y [m?] 5540
Hé sb béo thé tich Ce [-] 0,873

Vi tri hoanh do tdm néi tinh tir duong

vuong goc dudi LCB [%L] | 48,654

Hé sb chiéu dai mii qua 18 Crer [-] 0,0167
Hé s dién tich mat cat ngang cia mili qua 18 |  Casr [-] 0,1600
Hé s thé tich mii qua 18 Cypr [[] |0,00155
14 goc vao nudc tai duong nudce thiét ké 1/20g [d0] 42,5
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Hinh 4.1. Hinh dang series tau hang trong tai 4600 tin mang cap VR-SB
4.1.2. Tuyén dwdng hoat dong cia tau

Series tau hang trong tai 4600 tan duoc st dung dé van chuyén than tir bén
cang than Cam Pha, Quang Ninh vao nha may nhiét dién Duyén hai — Tra Vinh.
Tuyén duong hanh trinh cia tau nhu sau: Dau tién, tau nhan than tir cang than
Cam Pha, Quang Ninh sau d6 di theo tuyén Luong hang hai chuyén dung cho Bén
cang than Cam Pha chay ra ngoai cira bién rdi men theo dudng bo bién chay vao
ludng hang hai chuyén diing vao Cang trung tam nhiét dién Duyén hai — Tra Vinh
réi vao cang boc da than.

Déi véi tuyén Ludng hang hai chuyén ding cho Bén cang than Cam Pha:
Theo Quyét dinh s6 2420/QD — CHHVN ngay 31/12/2019 cua Cuc Hang hai Viét
Nam vé ludng hang hai chuyén dung vao Bén cang than Cam Pha, Quang Ninh
[68]. Tuyén ludng nay c6 cac thdng sb ki thuat nhu sau:

- Tong chiéu dai tuyén ludng 1a: 38,4 km (21 hai ly);

- B¢ sau cua tuyén ludng 1a: 8,95 m;

- Chiéu rong cuaa tuyén ludng 1a: 110-120m.

Péi voi tuyén duong bién tir Cam Pha, Quang Ninh dén nhiét dién Duyén

hai — Tra Vinh, tuyén duong nay cé téng chiéu dai 12 891 hai ly (xem Hinh 4.2).
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Hinh 4.2. Khoang céach tuyén dwdng bién tir Cam Pha, Quang Ninh dén
nhiét dién Duyén hai — Tra Vinh
Déi vai tuyén Ludng hang hai ra/vao cang trung tam nhiét dién Duyén hai —
Tra Vinh: Theo thdng b4o Hang hai caa Tong cong ty Dam bao an toan Hang hai

Mién Nam [69]. Tuyén ludng nay c6 cac thdng sé ki thuat nhu sau:
- Tong chiéu dai tuyén ludng 4,6 km (2,5 hai 1y);
- D6 sau cua tuyén ludng 1a: >6,5 m;
- Chiéu rong cua tuyén ludng la: 150 m.

Véi tuyén duong hoat dong ciia tau nhu trén, ta c6 thé thay rang, thoi gian
tau chay ngoai bién noi c6 do sau khdng gisi han 1a chi yéu (quing duong chay
ngoai bién chiém 97,7% tong quing duong hanh trinh caa tau). Do vay, néu xét
vé mirc 6 anh huong cua nude néng dén két qua lua chon céc thong sé hinh dang
t6i wu cho tau nham giam luc can trén tong thé quing duong khai thac cua tau 12
khong dang ké. Tuy nhién, trong nghién cau nay, NCS s& lam ca bai toan khi tau
chay trong viing nudc nong dé xét dén muirc d6 anh hudéng cia nudc nong dén su

thay d6i cac théng sé hinh dang tdi wu ctia tau so voi khi chay trong ving nudéc
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khdng c6 su han ché vé do sau. Viéc tinh todn anh huéng cia nuéc nong sé 1y &

tuyén ludng hang hai chuyén ding cho Bén cang than Cam Pha.

4.2. Thiét 1ap cac phwong an tinh

4.2.1. Xac dinh sé mirc cia bién thiét ké

Trén co s¢ 05 thong sé hinh dang than tau ¢ anh huong 16n dén lyc can tau

nhu d3 trinh bay trong Chuong 2. Ap dung vao dbi twong nghién ciru 13 tau hang

trong tai 4600 tan, véi gia tri bién do dao dong cua cac bién nhu dd néu trong

Chuong 3, ta c6 dugc gid tri s6 mic caa bién nhu trén Bang 4.2.

Bdng 4.2. C4c bién thiét ké va sé miic

Bién i S6 muc (gié tri)

- L Ma
thiét q

ke | CO0€ Muc 1 Muc 2 Muc 3 Muc 4 Muc 5
1206 | A 41,5° 42,0° 42,50 43,0° 43,5°
Cer | B 0,0141 0,0154 0,0167 0,018 0,0193
Caer | C 0,1384 0,1492 0,1600 0,1708 0,1816
Cor | D 0,00119 0,00137 0,00155 0,00173 0,00191
LCB | E | 47,654%Lep | 48,154%Lgp | 48,654%Lgp | 49,154% Lgp | 49,654 %Lgp

Véi dau vao 1a 05 bién thiét ké va mdi bién c6 05 muc gia tri, ta s& c6 mot

ma tran truc giao L25(5x5) véi 25 trudng hop két hop cua céc bién nhu dugc thé

hién trong bang 4.3.
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Bdng 4.3. Bdng ma trdn truc giao xdc dinh cdc phwong dn dé tinh toan

Trudmg hep tinh Bién thiét ké va cac mic
1/20€ Crrr Cast Coer LCB
Phuong 4n ban dau 3 3 3 3 3
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 1 5 ) ) )
6 2 1 2 3 4
7 2 2 3 4 )
8 2 3 4 5 1
9 2 4 5 1 2
10 2 5 1 2 3
11 3 1 3 5 2
12 3 2 4 1 3
13 3 3 5 2 4
14 3 4 1 3 3)
15 3 5 2 4 1
16 4 1 4 2 5
17 4 2 5 3 1
18 4 3 1 4 2
19 4 4 2 5 3
20 4 5 3 1 4
21 5 1 5 4 3
22 5 2 1 5 4
23 5 3 2 1 5
24 5 4 3 2 1
25 5 5 4 3 2

4.2.2. Xay dung cac phwong an tuyén hinh tau

Trén co s& 25 phuong 4n tuyén hinh tau xac dinh duoc ¢ ma tran truc giao,

ta s& di tién hanh xay dung 25 phuong 4n tuyén hinh tau. Mdi phuong 4n tuong
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ing véi su két hop gia tri caa 5 bién thiét ké nhu trén Bang 4.3. Két qua xay dung
25 phuong an tuyén hinh tau &p dung d6i véi tau hang trong tai 4600 tan duoc
trinh bay trén Hinh 4.3. Hinh déang chi tiét cua 25 phwong an dugc trinh bay trong
Phu luc 1.

uuuuu T _‘i_q%:}_-—__'—_“f
T o
IO O 3 (5 ey 9% (98
(o) (g (1) (18 (2) 3 (4 ) (s) (1) (8) (85 (o) (o5 (10

Hinh 4.3. Tong hep két qua ciia 25 phwong 4n tuyén hinh tau dwoc xay
dung

4.2.3. Xac dinh trong sé6 ham muc tiéu
Can ctr vao dic diém tuyén duong hoat dong caa tau hang trong tai 4600 tan
& trén, ta s& xac dinh duoc trong sé cia ham muc tiéu tht i nhu trén Bang 4.4.
Bdng 4.4. Bang tinh treng sé ciia ham muc tiéu the | trong cdi tién hinh

dang tau hang treng tai 4600 tdn

pac | Posau | . .. ... .. _ | Trongsdham
; ; Su da , Thoi gian hanh trinh A ,
diém |cua doan| SV I Irec go gau| o 9N 1A myc tiéu thi i
tuyén | song h; dogn song Vi [mi/s] =, 10 [Gio] k
St ' ' V. " 3600 —t I
dwong | [m] li [km] i W=t / ;t.[]
Poan
ludn
YONg 1 895 | 384 | 4630 23 0,025
Cam
Pha
Poan A
chay | KNONG | oen | 5144 89 1 0,975
tren han ché
bién
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4.2.4. Thiét 1ap tinh toan luc can tau bang phwong phap CFD

Dua vao cac budc caa quy trinh tinh todn lyc can tau bang CFD d3 duoc dua
ra & Chuong 3, NCS tién hanh thiét Iap tinh toan luc can tau cho cic phuong an
tuyén hinh tau 4600 tin da duoc tao ra. O day, cac thong sb vé diéu kién moi
truong, kich thudc mién tinh toan, dugc thiét 1ap lan luot nhu trén Bang 4.5 va
4.6.

Bdng 4.5. Piéu Kién méi trwong dwoc thiét lap trong tinh toan

e X Khi tau chay ngoai Khi tau chay trong
Céc thong so thiet lap . . X
bien luong Cam Pha
Khéi lugng riéng caa nude | 1,025 tin/m? 1,000 tan/m?
Do nhot dong hoc 9,6474.107 m?/s 8,905.107 m?/s

Bdng 4.6. Kich thwéc mién tinh todn dwoc thiét 1ap trong mé phéng

o ., Khi tau chay | Khi tau chay trong
Cac thong so thiet lap L . .,
ngoai bien luong Cam Pha
Khoang cach mat trugc mién tinh toan
, _ 115m 115m
dén miii tau
Khoang cach mat sau mién tinh toan dén
. 190 m 190 m
dudi tau
Khoang cach mat héng mién tinh toan
, , o 190 m 190 m
den mat phang doc tam tau
Khoang cach tir mat trén mién tinh toan
, ] , 190 m 190 m
den mat thoang chat long
khoang céach tir mat day ctua mién tinh
. ) . 190 m 8,95m
toan dén mat thoang chat long

Viéc thiét lap diéu kién bién, chia ludi, lya chon mé hinh vat 1y va buéc

thoi gian duoc thuc hién gidng nhu da néu trong Chuong 3. O day, loai ludi dugc
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su dung la ludi Trimmed véi kich thude Iudi co so duoc lua chon la 1,0m. Gia tri
Y+ lién quan dén viéc giai 16p bién va lién quan truc tiép dén gia tri caa thanh
phan lyc can ma sat. Di véi bai todn mo phong tau & ti I8 thyuc thi cac nghién cau
di trudc khuyén nghi 1y gia tri trung binh 250 s& cho két qua sat véi két qua tinh
chuyén tir md hinh ra tau that nhat [64]. Bé dam bao cho gia tri Y+ trung binh Ia
250, s6 luong ludi lang tru dugc thiét 1ap 1a 14 16p, véi tong chiéu day 1a 0,544m.

Budc thoi gian duoc lya chon 1a At = 0,04.

— ‘

Wall Y+
0 100 200 300 400

Hinh 4.4. Phan bé Gia tri Y+ trén bé mit vé tau

4.2.5. Xac dinh sw hgi tu caa lwoéi

Budc dau tién trong tinh todn lrc can tau bang CFD d6 la tién hanh nghién
ctru su hoi tu cua ludi dé tranh céc sai sb do viéc lva chon kich thude ludi gay ra.
O day, theo khuyén nghi cia ITTC, viéc nghién cau su hoi tu cta ludi s& dugc
tién hanh véi ba kich thude ludi khac nhau véi su thay doi ty 16 do min caa luéi
1a \/2 . Theo d6, ba 3 kich thudc ludi duoc st dung trong nghién cuiu su hoi tu caa
lugi gom ludi thd, ludi ¢& trung va ludi min tng véi sb luong ludi lan luot trong
bai toan mé phong tau chay ngoai bién 12 1,32 , 2,89 va 6,32 triéu 6 ludi (ing V4i
kich thudc 1u6i co ban lan luot 1a 1,52m, 1,075m 0,76m; trong bai toan mé phong
tau chay trong lubng Cam Pha 1a 2,03 , 4,18 va 8,52 triéu 6 lugi (ttng véi kich
thude ludi co ban lan luot 12 1,52m, 1,075m 0,760m. Viéc nghién cau su hoi tu
cua ludi duoc tién hanh tai tbe do 10,0 knots khi tau chay ngoai bién va 9,0 knots
khi tau chay trong séng cho trudng hop tuyén hinh ban dau cua tau. Két qua nghién
ctru su hoi tu caa ludi duogc trinh bay trén Bang 4.7. Tur két qua thu duoc trén
Bang 4.7, ta cd thé thdy su hoi tu don diéu & ca hai truong hop (Ri<1) va sy trénh
léch vé luc can tau khi st dung ludi min va ludi ¢ trung 1an luot chi 12 0,89% va

1,34% tng véi truong hop tau chay ngoai bién va trong lubng Cam Pha. Chinh vi
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vay, xét dudi goc do so sanh giira cac phuong an (sai sé néu cd chi 1 sai s6 tuong
dbi gitra cac phuong an), NCS lya chon sir dung luéi ¢& trung dé tinh toén tinh
toan luc can tau cho cac phuong an tuyén hinh con lai nhim muc dich tiét kiém
thoi gian tinh toan trong khi van duy tri dugc do tin cay can thiét vé két qua thu

duoc (do ludi da hai tu).

Bdng 4.7. Két qud nghién citu s héi tu Ciia ludi

Kich thwoc ludi
Cac thong sb _ £ % | £2% |
Lwéi manh | Lwoi ¢é trung | Lwéi min []
a) Tau chay ngoai bién
Rt [KN] 97,15 95,70 94,85 152 | 0,90 | 0,59
Re[kN] 49,35 48,87 48,65 | 0,98 | 045 | 046
Re[kN] 47,80 46,80 46,2 2,14 | 1,30 | 0,61
b) Tau chay trong luong Cam Pha
Rt [kN] 112,96 110,10 109,27 260 | 0,76 | 0,29
Re[kN] 44771 44,00 43,92 161 | 0,18 | 0,11
Re[kN] 68,25 66,10 65,35 3,25 | 1,15 | 0,35

4.2.6. Kiém tra, danh gia @ tin cay caa két qua mé phéng

Pé khang dinh do tin cay cua két qua md phong luc can tau, thong thudng
can tién hanh thir nghiém maé hinh trong bé thir tau. Tuy nhién, dé ¢ duoc sd liu
thuc nghiém dang tin cay, viéc thir phai dugc thuc hién tai cac bé thir uy tin &
nudc ngoai, didu nay doi hoi thoi gian va chi phi vuot qua kha niang cia NCS. Vi
vy, NCS di lwa chon cach tiép can gian tiép: so sanh két qua md phong CFD voi
dir liéu thir md hinh cuia céc tau chuan (JBC, DTMB) ma NCS ciing nhém nghién
ctru di cong b trén cac tap chi thuoc danh muc SCIE [50, 70]. Két qua cho thay
sai sb gitra m6 phong va thuc nghiém dudi 2,0% (xem Bang 4.8). Do d6, c6 thé
khang dinh mé hinh CFD tinh toan luc can tau dugc trinh bay trong luan 4n c6 do

tin cay cao.
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Bdng 4.8. Két qud so sanh gia tinh toan va thuc nghiém lec cdn tau JBC
va DTMB do NCS thec hié¢n

s S6 Froude Rt tinh toan Rrdotrong |, . z
Tentau | iotau[] | bingCFD[N] | béthie[N] | 70 S21s0
Tau 0,40 136,04 137,82 1,29

DTMB
Tau JBC 0,142 35,79 36,60 1,57

4.3. Két qua tinh todn va xac dinh phwong an tuyén hinh téi wu

4.3.1. Két qua tinh toan

Két qua tinh toan luc can tau twong tng véi 25 phuong an tuyén hinh khac
nhau cling véi phuong an tuyén hinh ban dau khi tau chay trong ngoai bién (noi
c6 do sau khong han ché) va chay trong luong Cam Pha (noi c6 do sau 1a 8.95m)
duoc trinh bay trong Bang 4.7 va Hinh tir 4.5 dén 4.7. O day, cac ky hiéu trong
Bang 4.7 dugc hiéu nhu sau: Ryi, Ry, twong ¢ng 1a luc can toan bo cua tau khi
chay ngoai bién va trong luong Cam Pha tai toc do twong ung la 10.0 va 9.0 hai
ly/gio. Rei. Rpi lan luot 14 thanh phan luc ma sat va ap suét. R 1a luc can toan bo

cua tau trén tuyén hanh trinh.

Tir két qua tinh toan thu duoc trén Bang 4.7 va Hinh tir 4.5 dén 4.7, ta c6 thé

dua ra mot s6 nhan xét sau:

- Thanh phan lyc can thay doi nhiéu nhat khi thay doi gia tri cac bién thiét
ké 1a thanh phan luc can 4p suét. Cu thé, khi tau chay ngoai bién phuong an cd
lyc can &p suat 16n nhat 1a phuong an 8 (Rp1=115,3 kN) va phuong an c6 luc can
ap suat nho nhat 1a phuong an 21 (Rp1=42,9 kN), hai phuong an nay chénh nhau
72,4 kN (tirc 62,8% so véi phuong an c6 Rp 16n nhat). Khi tau chay trong ludng
Cam Pha, phuong an ¢ lyc can &p suat 16n nhét 1a phuong 4n 1 (Rp=156,0 kN)
va phuong an c6 luc can 4p suat nho nhat 1a phuong an 6 (Rp2=60,0 kN), hai

phuong an nay chénh nhau 96,0 kN (tic 61,5% so v&i phuong 4n ¢o Rp 160 nhat).
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- Xu huéng thay d6i cua thanh phan luc can 4p suat va luc can toan bo cua

tau la nhu nhau.

- Thanh phan luc can ma sat thay doi rat it khi thay doi gié tri cac bién thiét
ké. Cu thé, khi tau chay ngoai bién, phuong an c6 luyc can ma sét 16n nhat l1a
phuong an 19 (Rp1=49,6 kN) va phuong an c6 luc can ma sat nho nhat 1a phuong
an 17 (R;=48,07 kN), hai phuong an nay chénh nhau chi 1,53 kKN (tuc chi trénh
3,1% so voi phuong an c6 RF 16n nhat). Khi tau chay trong luéng phuong an co
lyc can ma sét 16n nhat 1a phuong an 2 (Rgz=43,2 kN) va phuong an c6 lyc can ap
suat nho nhét 1a phuong an 20 (Rg;=44,62 kN), hai phuong 4n nay chénh nhau chi

1,4 kN (ttc chi chénh 3,1% so voi phuong an ¢ Re 16n nhat).

- Khi tau chay ngoai bién, phuong an c6 luc can nho nhat 1a phuong an 21
(R11=92,0 kN), chénh léch giita phuong an c6 luc can nho nhat va lén nhat
(phuong an 8 voi R11=163,4 kN) trong truong hop nay la 71,4 kKN (tc nho hon

43,7% so v6i phuong an c6 Ry 16n nhat).

- Khi tau chay trong luéng Cam Pha, phuong an c6 luc can nho nhat 1a
phuong 4n 6 (R12=104,4 kN), chénh léch giita phuong an c6 lyc can nho nhat va
I6n nhat (phuong an 1 véi Rrz=200,2) trong trudng hop nay 95,8 kN (tc nho hon
47,9% so v6i phuong an c6 Ry 16n nhat).

- Tuyén hinh tau téi vu dudi goc do luc can phu thude vao do sau cia nudc.
Cu thé, khi tau chay ngoai bién, phuong 4n c6 luc can nho nhét 1a phuong an sb
21. Trong khi, khi tau chay trong luong Cam Pha, phuong an c6 luc can nhé nhat

la phuong éan 6.
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Bdng 4.9. Két qud tinh todn lwc cdn tau 4600 tin teng véi 25 phwong dn xdy

dung
Ham
Bién thiét ké va cac mirc |Céc ham muc tiéu thanh phan (phan héi) ftT::lf
chung
Trwong

hop  |1/2ae|Cipr|CasT |C.,. |LCB | Luccan tau khi chay | Lyc can tau khi chay

tinh ngoai bién trong luong Cam Pha
Rn | Rt | Res | Ry, | R | Re2 Rr [kN]

A | B| C D E

[KNT | [kN] | [kNT | IKNT | [kN]D | [KN]
1 1 1 1 1 1 ]161,2|48,11| 113,1 |200,2 | 44,23 | 156,0 | 162,2
2 1 2 2 2 2 |114/4\48,77| 65,6 |161,4|43,22| 118,2 | 115,6
3 1 3 3 3 3 93,7 49,12| 44,6 |110,5|44.28| 66,2 94,2
4 1 4 4 4 4 1104,7(49,37| 553 |106,0|44,60| 61,4 | 104,7
5 1 5 5 5 5 [134,3/49,07| 85,2 [139,7|43,78| 959 | 1344
6 2 1 2 3 4 1106,4(49,31| 57,1 |104,4|44,42| 60,0 | 106,4
7 2 2 3 4 5 [1354|48,91| 86,5 |126,7|43,82| 82,8 | 1352
8 2 3 4 5 1 |163,4|48,12| 115,3 |199,0|44,38 | 154,6 | 164,3
9 2 4 5 1 2 | 97,6 149,02| 48,6 |144,144,12| 100,0 | 98,7
10 2 5 1 2 3 | 94,3 |49,14| 45,2 |109,5|44,40| 65,1 94,7
11 3 1 3 5 2 | 97,2 |49,02| 48,2 |135,144,22| 90,9 98,1
12 3 2 4 1 3 935 49,05 444 |111,0/44,12| 66,9 93,9
13 3 |3 5 2 4 1104,6(49,38| 55,2 [107,8|44,56| 63,3 | 104,7
14 3 4 1 3 5 |[140,7|48,86| 91,8 |135,7|43,78| 91,9 | 140,6
15 3 5 2 4 1 |162,3|48,16| 114,2 |198,4|44,44 | 154,0 | 163,2
16 4 1 4 2 5 [136,2(49,14| 87,1 [129,1|43,74| 854 | 136,0
17 4 2 5 3 1 |162,7|48,07| 114,6 |198,8|44,34 | 154,4 | 163,6
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Ham
Bién thiét ké va cac mic |Cac ham muc tiéu thanh phan (phan hai) | Muc

tiéu
chung
Trwong
hop  |1/20g|CLpr|Cast LcB | Luc can tau khi chay | Luc can tau khi chay
tinh ngoai bién trong luong Cam Pha
Rt [kN]

Rn | Rt | Ree | Ry, | R | Re2
[KNT | kN7 | [kN] | KNI | [kN] | [KN]

18 4 | 3 1 4 2 | 97,4 (49,02 48,4 |143,2(44,10] 99,1 | 98,6

19 4 | 4| 2 5 3 |105,3|49,60| 55,7 |111,7(44,16| 67,6 | 1055

20 4 | 5 3 1 4 1105,4149,47| 55,9 |107,3|44,62| 62,7 | 1054

21 5 |1 5 4 3 1920 (49,12 429 |112,0|44,18| 67,8 | 92,5

22 5 | 2 1 5 4 1107,1149,30| 57,8 [109,0|4452| 64,5 | 107,1

23 5 | 3] 2 1 5 |138,8|48,68| 90,1 |129,7(43,70| 86,0 | 138,6

24 5 | 4 3 2 1 |161,7|48,14| 113,5 |199,3 |44,46| 154,8 | 162,6

25 5 | 5 4 3 2 | 974 (4910| 48,3 |144,1|44,14|100,0 | 98,5

Phuong
anban| 3 | 3 3 3 3 | 95,7 |48,87| 46,8 |110,1/44,00| 66,1 96,0
dau

Rt [KN]
2200
2000
Chay ngoai bién

180.0 : : .
Chay trong luong Cam Pha

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
86 phwong dn

Hinh 4.5. Két qua md phéng tinh toan luc can tau 4600 tAn ¢ cac phuwong 4n
khac nhau
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Rp [kN]

160.0
140.0 —&— Chay ngoai bién
—#—Chay trong héng Cam Pha

1200
100.0

80.0 A /

60.0 /

40.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
8o phwong an
Hinh 4.6. Két qua md phéng tinh toan thanh phan luc can 4p suat tau 4600
tan & cac phwong 4n khac nhau

RF [kN]
50.00

4900 W
48.00

47.00

—o— Chay ngoai bién

46.00 —4—Chay trong luéng Cam Pha

1 2 3 4 5 6 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
86 phuong dn

Hinh 4.7. Két qua md phéng tinh toan thanh phan luc can ma sat tau 4600
tan & cac phwong an khac nhau
Sy thay d6i 16n vé thanh phan luc can ap suat noi riéng va luc can tong cua
tau ndi chung gitta cac phuong an co thé duoc giai thich mot phan bang su khac
biét trong truong dong chay xung quanh tau, trudng &p suat, ang suat tiép, hinh

dang song bé mat ddi vai 05 phuong an hinh dang than tau mang tinh dai dién cho
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5 phuong an c6 LCB khac nhau (vi LCB 1a thong s ¢6 mac do anh huong 16n

nhat dén luc can tau, diéu nay sé duoc chi ra & cac phan tich dudi ddy), cu thé:

V& tong thé dua trén cac Hinh tir 4.8 dén 4.13, ta c6 thé dwa ra cac nhan xét

Sau.

- O phuong an sb 8, su dich chuyén qua mac LCB Vvé phia dudi tau
(LCB=47,654%Lgp) 1am cho phan mili cua tau tré nén thon hon va phan dudi tau
tré nén day hon. Tuyén hinh nay tao ra su phan tach dong chay va su ton tai caa
mot xody manh ¢ dudi tau d6i véi ca truong hop tau chay ngoai bién va trong
kénh Cam Pha, kém theo céc gié tri p suat Am dang ké (xem Hinh 4.10 va 4.11),
va tao ra mot song dudi manh (xem Hinh 4.12 va 2.13) tai vj tri tich dong va xuét
hién xody. Hién tugng nay gay ra sy gia ting suc can vo tau nhu ching ta co thé

quan sat thay trén Hinh 4.5 va 4.6 d6i voi cac phuong an 1, 8, 15, 17 va 24.

- Nguoc lai v6i phuong an sé 8, phuong an s6 5 (LCB=49,154%Lgp) la
phuong an ¢o sy dich chuyén qua mac LCB vé phia mili tau din dén phan than
phia dudi tau trd nén thon hon va phan than phia mii tau tré nén day din hon.
Phuong an hinh dang than tau nay tao ra sy phan tach dong chay va tao mot xoay
manh tai vi tri X/L=0.9 doc theo phan than trudc cua tau (xem Hinh 4.8 va 4.9),
kém theo c4c gia tri 4p suat &m rat 16n tai vi tri ndy (xem Hinh 4.10 va 4.11), dong
thoi tao ra mot bung séng 16n tai vi tri tach dong va xuat hién xody (xem Hinh
4.12 va 4.13). Hién tuong nay giai thich cho viéc luc can tau & phuong an s 5

cung cac phuong an sb 7, 14, 16 va 23 1a 16n.

- D6i véi cac phuong an tuyén hinh con lai (treong hop thir nghiém sé 21 va
6), khéng thay xuat hién hién tuwgng phan tach dong va dong xody ¢ phan than
chinh cua tau (xem Hinh 4.8 va 4.9). Su thay doi trong phan phéi &p suat la thap
nhat so Véi cac phuong an dai dién khac (xem Hinh 4.10 va 4.11). Tuong ty nhu

thé ddi vai profile song & phuong an nay.
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Phwong an so 6

—

Phwong an so 21

Tangential Velocity (m/s)
-1.1 0.333 1.77 3.2

Hinh 4.8. Pwong dong tai khu vire miii va dudi tau khi chay ngoai bién
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Phwong 4n s6 6

~ Phuongansos

Phwong an s6 21

Tangential Velocity (m/s)
-1.1 0.333 1.77 3.2

Hinh 4.9. Pwong dong tai khu vee miii va dudi tau khi chay trong kénh
Cam Pha
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hwong éin ban diu Phwong 4n ban diu -
Phuwong in so 5 Phwong 4n s6 5
= —
AN L i =

Phwong 4n sb 6

Phwong an s0 21 -

Dynamic pressure coefficient
-1.5500 -0.97000  -0.27000 0.37000 1.0100
|
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Phwong én s0 8 Phwong an sb 8
_/ =

| ﬁrhmg%

Dynamic pressure coefficient Dynamic pressure coefficient
-1.4 0.77 0.5 0.48 1.1 -1.5500 -0.91000  -0.27000 0.37000 1.0100

a) Tau chay trén bién tai téc d6 10,0  b) Tau chay trong luong Cdm Phd tai
knots téc dé 9,0 knots

Hinh 4.10. Phan bé ap suat thily dong trén bé mit vé tau & cac phwong an
khac nhau

Crl-]
1.000

0.800

0.600

0.400

0.200
0.000
0200 © —
-0.400 —Phwong 4n ban dau
-0.600 —Phirong 4n sb 5
-0.800 ——DPhwrong 4n 56 6
-1.000 ——Plirong 4n sé 8
-1.200 —Plirong 4n sé 21
-1.400

XL

a) Tau chay trén bién tai toc dé 10,0 knots
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Ce ]
1.000
0.800 ——Phwong &n ban dau

——Phwrong 4n sb 5
0.600

0.400 ——Phwong 4n s6 8

0.200 ——Phwrong an so 21
0.000
-0.200
-0.400
-0.600
-0.800
-1.000
-1.200
-1.400

—— Phirong 4n 56 6

X/L[-]

b) Tau chay trong luséng Cam Phd tai téc dé 9,0 knots
Hinh 4.11. Gia tri Cp tai vi tri Z=2,5m
V& chi tiét ddi voi trudng hop tau chay ngoai bién va trong ludng Cam Pha,

dya vao Hinh tur 4.8 dén 4.15, ta c6 thé dua ra cac nhan xét sau:

Truwong hop khi tau chay ngoai bién, sy thay doi phan b ap suat thiry dong
& phuong an s6 21 1a nho nhat trong sb cac phuong an, day 1a mot trong ly do giai
thich cho lyc can ap suat ciia phuong 4n nay 1a nho nhat trong s6 25 phuong an.
Phuong an c6 su thay doi phan b 4p suat thay dong 16n nhét trén bé mat vo tau
1a phuong an sb 8, su thay doi 16n vé phan bé ap suat thay dong nay trén bé mat
v6 tau 12 nguyén nhan din dén phuong an nay c6 luc can ap suat 16n nhat trong

s6 25 phuong an.

Truwong hop khi tau chay trong ludng Cam Pha, sy thay doi phan bé ap
suat thity dong ¢ phuong an s 6 12 nhé nhét trong s6 cac phuong an, day 1a mot
trong Iy do giai thich cho luc can &p suat ciia phuong an nay 1a nho nhét trong s6
25 phuong an. Phuong 4n c6 sy thay doi phan bd ap suat thiy dong 16n nhat trén
bé mat vo tau 13 phuong an sé 8, su thay doi 16n vé phan bd ap suét thuy dong nay
trén bé mat vo tau 1a nguyén nhan dan dén phuong an nay c6 luc can &p suét lon

nhat trong s6 25 phuong an.
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Phwong an ban dau Phwong an ban dau

Position[Z] (m) A Position[Z] (m) i
-1.7000 -0.68333 0.33333 1.3500 -1.2200 -0.44667 0.32667 1.1000

a) Tau chay trén bién tai téc do 10 knots  b) Tau chay trong luéng Cam Phd tai
téc do 9,0 knots

Hinh 4.12. Hinh anh s6ng bé mit do tau tao ra khi chuyén dong

Trén Hinh 4.12 va 4.13 biéu dién séng bé mat va profile séng doc than tau &
05 phuong 4n mang tinh chét dai dién khac nhau. Tir két qua thu duoc trén Hinh
4.12 va 4.13, ta c6 thé thay rang, & cac phuong an hinh dang khac nhau thi ¢6 su

104




phan bd bién do va hinh dang séng khac nhau dac biét 12 tai khu vuc mii va dubi
tau. Ngoai ra, ta con thay tai ciing mot phuong an nhung & didu kién khai thac
khac nhau (chay trén bién va trong ludng) ciing din dén su khac nhau vé hinh
dang song bé mit do tau tao ra khi chuyén dong, cu thé:

Z/1 [-]
0.020

——Phrong én ban dan
0.015 ——Phwrong 4n sé 5

——Phwrong an so 6
0.010 ——Phwrong 4n sé 8
——Phrong 4n sb 21

0.005

0.000
-0.005
-0.010
-0.015

-0.020
X/L [-]

a) Tau chay trén bién tai toc d@é 10 knots

Z/L[-]
0.015

0.010 —Phwrong 4n ban diu

—Phwrong an so 5

0.005

——DPhwrong 4n 56 6

——Phwrong an sé 8

0.000 .
—Phlwrong an so 21

-0.005

-0.010

-0.015

XL[]

b) Tau chay trong luéng Cam Phd tai téc dg 9,0 knots
Hinh 4.13. Profile sng doc than tau khi chay é 2 diéu kién khai thac khac
nhau
Trwong hep khi tau chay ngoai bién, phuong an s6 21 1a phwong an tuyén
hinh ¢6 bién do chiéu cao s6ng nho nhat so voi cac phuong an con lai. Phuong an

c6 chiéu cao séng Ion nhét 1a phuong an s6 6 va so 8.

105



Truwong hop khi tau chay trong ludng Cam Pha, phuong an s6 6 1a phuong
an tao ra c6 sy khac biét rd rét vé budc song, vi tri dinh song va day song so véi

cac phuong an con lai.

Trén Hinh 4.14 va 4.15 biéu dién biéu d4 phan bé tng suat tiép (Cr) trén bé
mit vo tau va & vi tri Z=2,5m & 05 phuong an mang tinh chét dai dién khéac nhau.
Tir két qua thu duoc trén Hinh 4.14 va 4.15, ta c6 thé thiy rang, ciing gidng nhu
su phan b Cp, & cac phuong an hinh dang khac nhau c6 su phan b Cr khac nhau
dac biét 12 tai khu vyc mili va dudi tau. Tuy nhién, khac véi Cp, muc d6 thay doi
Cr 1a khong dang keé trir phuong 4n s6 5 va s6 8 & ca hai diéu kién khai thac khéac
nhau déu c6 su thay d6i manh gié tri Cr twong tng tai vi tri X/L = 0,1 va 0,91.
Ngoai ra, ta con quan sat thay tai cing mot phuong an nhung & diéu kién khai
thac khac nhau (chay trén bién va trong ludng) ciing dan dén su khéc nhau vé gia
tri Ck.

Phwong an ban diu Phwong 4n ban diu

Wall shear stress coefficient Wall shear stress coefficient
0.0 0.0019 0.0037 0.0056 0.0075 0.0 0.0019 0.0037 0.0056 0.0075

a) Tau chay trén bién tgi téc d6 10,0  b) Tau chay trong lusng Cam Phd tai téc
knots do 9,0 knots

Hinh 4.14. Phan bé Cr trén bé mat vé tau é cac phuwong 4an khac nhau
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Cr [

0.007
0.006 ——Phuong 4n ban dau
0.005 —Phuong an sc': 5
—Phuong 4ans6 6
0.004 ——Phuong 4n s6 8
——Phuong 4n 56 21
0.003
0.002
0.001
0.000
0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9 1 1.1
X/L []
a) Tau chay trén bién tai toc do 10 knots

Cr[-]
0.008
0.007 ‘

—Phuong 4n ban dav
0.006 ——Phuong 4n s6 5

——Phuong 4n 56 6
0.005 ——Phuong 4n s6 8

—Phuong 4n s6 21
0.004
0.003
0.002
0.001
0.000

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.5 1 1.1

XL []

b) Tau chay trong luong Cam Phd tai téc dé 9,0 knots

Hinh 4.15. Gia tri Cr tai vi tri Z=2,5m
4.3.2. Phan tich twong quan xam

Két qua phan tich méi twong quan xam duoc trinh bay trén Bang 4.8. Tur két
qua tinh todn thu dugc trén Bang 4.8 ta thdy rang phuong an s6 21
(A5B1C5D4E3) 1a phuong an c6 bic twong quan sam 16n nhat 1a bac 1 (dugc boi

dam trong Bang 4.8) ddy 1a phuong an gan nhat voi phuong an tdi uu. Phuong an
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nay l1a su két hop ctia 05 tham sé hinh dang than tau c6 gia tri nhu sau: 1/2ae =
429, CLor=0.0141, Caer=0.1816, C,p, =0.00173, LCB = 48.654%L gp.

Bdng 4.10. Bang két qud phan tich twong quan xdm

chuan hoa dir | Xac dinh chudi d§ | H¢ s6 twong quan xam, trong

Trudng liéu Iéch so va bac
hop
tinh Rri | Rz | R Rri | Rz | Rt | R | Rz | Rr | grade | Grey
[KN] | [KN] | [KNT | [KN] | [kN] | [KN] | [KN] | [kN] | [KN] order
1 |0,0309/0,0000|0,0295 | 0,9691 [1,0000|0,9705 0,3403 [0,3333| 0,3400 | 0,3379 | 21
2 |0,68620,4055|0,6785 | 0,3138 |0,5945|0,3215| 0,6144 (0,4568| 0,6086 | 0,5599 | 15
30,9756 (0,9363|0,9769 | 0,0244 |0,0637(0,0231| 0,9535 |0,8870| 0,9557 | 0,9321 | 3
4 |0,8229(0,9835|0,8303|0,17710,0165(0,1697|0,7384 |0,96810,7466 | 0,8177 | 5
5  0,4080(0,6322|0,4163|0,5920 |0,3678(0,5837|0,4579 |0,5762 0,4614 | 0,4985 | 19
6 |0,7979(1,0000|0,8067 | 0,2021 |0,00000,1933|0,7122 {1,0000|0,7212| 0,8111 | 6
7 10,3924 0,7679|0,4057 | 0,6076 |0,2321|0,5943| 0,4514 (0,6829| 0,4569 | 0,5304 | 16
8  |0,0000{0,0128|0,0000 | 1,0000 |0,9872(1,0000|0,3333 |0,3362 0,3333| 0,3343 | 25
9  |0,9220(0,5856|0,9131|0,0780 |0,4144|0,0869] 0,8650 [0,5468| 0,8520 | 0,7546 | 14
10 |0,9677(0,9470|0,9696 | 0,0323 |0,0530|0,0304(0,9394 [0,9041| 0,9427 | 0,9287 | 4
11 |0,92750,6794|0,9217 | 0,0725 |0,32060,0783| 0,8734 [0,6093| 0,8646 | 0,7824 | 9
12 |0,9791(0,9311|0,9801 | 0,0209 |0,06890,0199| 0,9599 [0,8789| 0,9617 | 0,9335 | 2
13 |0,8236(0,9645|0,8304 | 0,1764 |0,03550,1696| 0,7392 [0,9337| 0,7467 | 0,8066 | 7
14 |0,3185(0,6739|0,3309 | 0,6815 |0,3261|0,6691| 0,4232 [0,6053| 0,4277 | 0,4854 | 20
15 |0,0157(0,0187|0,0154 | 0,9843 |0,9813|0,9846| 0,3369 [0,3375|0,3368 | 0,3371 | 23
16 |0,38110,7420|0,3939 | 0,6189 |0,2580|0,6061 0,4469 [0,6596|0,4520 | 0,5195 | 17
17 |0,0101(0,0151|0,0098 | 0,9899 |0,98490,9902 0,3356 [0,3367|0,3355 | 0,3359 | 24
18 |0,9237(0,5952|0,9152 | 0,0763 |0,4048|0,0848| 0,8676 [0,5526|0,8550 | 0,7584 | 12
19  |0,8137(0,9236|0,8195 | 0,1863 |0,0764|0,1805( 0,7286 [0,8674|0,7347 | 0,7769 | 10
20 |0,8127(0,9697|0,8201 |0,1873|0,0303(0,1799| 0,7275|0,9429( 0,7354 | 0,8019 | 8
21 |1,0000{0,9207|1,0000 | 0,0000 |0,0793(0,0000{ 1,0000 [0,8631| 1,0000 | 0,9544 | 1
22 0,7890(0,9518|0,7965 | 0,2110 |0,0482(0,2035|0,7033|0,9120(0,7107 | 0,7753 | 11
23 |0,3448(0,7361|0,3585 | 0,6552 |0,2639(0,6415| 0,4328 |0,6546 | 0,4380 | 0,5085 | 18
24 0,0248(0,0099| 0,0240 | 0,9752 |0,9901(0,9760| 0,3389 |0,3355 0,3387 | 0,3377 | 22
25 |0,9250(0,5854|0,9161 | 0,0750 |0,4146(0,0839| 0,8696 |0,5467| 0,8564 | 0,7576 | 13
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Can cir trén két qua tinh toan thu dugc trén Bang 4.8, ta s& tinh toan ra dugc
gia tri cua bac twong quan xam cho tirng muc cua cac bién thiét ké va gia tri trung
binh nhu trinh bay trén Bang 4.9. Tur két qua thu dugc trén Bang 4.9, ta thiy
phuong an t6i vu dudi goc d6 luc can 1a phuong an A2B1C3DAE3. Nghia 1a su
két hop cua cac bién thiét ké c6 gia tri nhu sau: 1/20e = 42°, CLpr=0,0141, Casr
=0,1600, C,.; =0,00173, LCB = 48,654%Lgp. Gia tri trung binh cta bac twong
quan xam 1a 0,6551. Ngoai ra, két qua nay con chi ra rang, tham sé c6 anh huéng
I6n nhat dén luc can tau theo tht tw 14 LCB, Cagt, Cipr, Cypr VA 1/20e. Hinh 4.16
biéu dién méi quan hé gitra bac twong quan xam véi s6 mac cua ting bién thiét
ké.

Bdng 4.11. Bang két qud tinh toan gia tri cia bdc twong quan xdam cho

tirng maec ciia cac bién thiét ké

£ Ma code _
50 1 2 3 4 5 [Max-min]
1/20e A 0,6292 | 0,6718 | 0,6690 | 0,6385 | 0,6667 | 5(0,0426)
Cier B 0,6811 | 0,6270 | 0,6680 | 0,6345 | 0,6648 | 3(0,0540)
Cast C 0,6572 | 0,5987 | 0,6769 | 0,6725 | 0,6700 | 2(0,0782)
Corr D 0,6673 | 0,6305 | 06644 | 0,6796 | 0,6335 | 4(0,0491)
LCB E 0,3366 | 0,7226 | 0,9051 | 0,8025 | 0,5085 | 1(0,5685)
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Hinh 4.16. Pé thi quan hé giira bic twong quan xam véi s6 mirc cia tirng
bién thiét ké
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Signal-to-noise: Larger is better

Hinh 4.17. Ty s6 tin hiéu/nhiéu ddi véi tirng bién

110



4.3.3. Phan tich phwong sai

Bdng 4.12. Két qud tinh todn phén tich phwong sai

Source DF Adj SS Adj MS F-Value Contribution
A 4 0,00776 0,001939 0,99 0,8%
B 4 0,01073 0,002683 1,36 1,1%
C 4 0,02093 0,005233 2,66 2,0%
D 4 0,00954 0,002385 1,21 1,0%
E 4 1,05875 0,264687 134,58 95,1%
Error 4 0,00787 0,001967
Total 24 1,11557

Két qua phan tich phuong sai d6i véi bac tuong quan xam duoc trinh bay
trén Bang 4.10. O day cac ky hiéu trén Bang 4.10 duoc hiéu nhu sau: DF — la bac
tu do, SS — 12 tong binh phuong, MS — 1a binh phuong trung binh. Tir két qua tinh
toan thu duoc trén Bang 4.10, ta thay rang mirc ¢6 anh huong cua ¥4 goc vao nudc
(1/2ag), hé sb chiéu dai mii qua 18 Cipr, hé s6 dién tich mat cit ngang miii qua
I& Cagr , hé s6 thé tich C,,g ctia mili qua I8 va vi tri hoanh d¢ tdm néi (LCB) lan
luot 12 0,8%, 1,1%, 2,0%, 1,0% va 95,1%. Tur két qua nay ta thiy ring, tham sb
LCB c6 anh hudng 16n nhat dén bac twong quan xam. % goc vao nude (1/20g) €O

anh huong it nhat dén bac twong quan xam voi mac d6 dong gop chi 1a 0,8%.

4.4. Panh gia mic giam lwc can giira phwong an tuyén hinh cai tién va

phwong 4an ban diu

4.4.1. So sanh phwong an tuyén hinh cai tién va tuyén hinh ban diu

Trén co so két qua phuong an t6i wu thu duoc & Chuong 3, 1a su két hop cua
cac bién thiét ké c6 gia tri: 1/20g = 42° CLpr=0,0141, Cagr=0,160, C,p, =0,00173
, LCB = 48,654%Lgp. (phuong 4n A2B1C3D4E3). NCS trién khai xay dung
phuong an tuyén hinh nay va so sanh két qua tinh toan luc can tau giita phuong
an nay véi phuong 4n tuyén hinh ban dau. Sy khac nhau vé hinh dang giita phuong

an ban dau va phuong an tdi vu duoc trinh bay trén Hinh 4.16.
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4.4.2. Panh gia muc giam lwc can tau

Bdng 4.13. So sanh két quad tinh todn luc can tau giita phwong dn ban dau

va phwong dn téi wu

Ham
Bién thiét ké va cac mirc |Cac ham muc tiéu thanh phan (phan hi) rtT)}.‘C
iéu
chung
Trwong ) _
hop 1/20g|CLpr|CasT | C LcB | Luc can tau khl chay | Luc cén‘tau khlchay
tinh VPR ngoai bién trong luong Cam Pha
Rt [KN]
alelclole R || ™ |re | Re| re
[kNT | fknp | [kN] | TKNT T [RND | g
Phuong
anban| 3 | 3 3 3 3 | 95,7 |48,87| 46,8 |110,1|44,00| 66,1 96,0
dau
Phuong
antdéi | 2 |1 | 3 | 1 | 3 [91,0|4862| 42,38 |109,0|43,85| 65,15 | 91,45
uu

Trén Bang 4.12 trinh bay két qua tinh toan lyc can tau giira phuwong an ban
dau va phuong an tdi uu. Tir két qua thu dugc trén Bang 4.12 ta thay, phuong an

t6i uu 6 luc can giam 4,8% so véi phuong 4n ban dau.

4.4.3. Phan tich sw khac nhau vé dong chay bao quanh than tau

Su khac nhau vé luc can tau giira phuong an ban dau va phuong an toi uu co
thé dugc giai thich nho vao céc hinh anh tryc quan vé dong chay bao quanh than
tau. Trén Hinh tir 4.18 dén 4.28 biéu dién su khac nhau vé song bé mat, phan bd
ap suat va ung suat tiép gitra hai phuong an.

Trén Hinh 4.18, 4.19 va 4.20 ta c6 thé d& dang nhan thay su khac nhau vé
phan bb séng bé mit do tu chuyén dong tao ra. Cu thé, khi tau chay ngoai bién,
chiéu cao song phia mili tdu & phwong an t6i uvu nhod hon so véi phuwong an ban
dau. O cac khu vuc con lai profile séng gan nhu gidng nhau giira phuong an toi

ru va phuong 4n ban dau. Khi tu chay trong lubng Cam Pha (ving nudc nong),
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ta nhan thay c6 sy khac nhau vé profile song rd rang hon giita phuong an t6i uu
va phuong an ban dau. Pac biét su khac nhau duoc thé hién rd nét & phia mii va
dudi tau, diéu nay duogc ly giai 1a do sy khac nhau 16n vé hiéu ung squat (chiéu
chim dong va do chai dong) giira phuong 4n tdi vu va phuong an ban dau khi tau

chay trong vung nudc ndng.

Phwong in ban dau

Position[Z] (m)
-1.7000 -0.68333 0.33333 1.3500

Position[Z] (m)
-1.2200 -0.44667 0.32667 1.1000

a) tau chay trén bién tai toc @6 10,0 b) tu chay trong luong Cam Phd tai
knots téc do 9,0 knots

Hinh 4.18. Sw khéc nhau vé séng bé mit giira phwong 4n ban dau va

phwong an t6i wu

ZL []

0.020

0.015

——Phwong 4n ban déu
0.010 ——Phwong 4n téi wu
0.005
W 03 Nz 0s U.? s 09 [ 1 11

-0.005

-0.010

-0.015

XL [H]

Hinh 4.19. Sw khac nhau vé profile sng dec than tau giira phwong 4n ban
diu va phwong an t6i wu khi tau chay trén bién tai toc @9 10,0 knots
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Z/L [-]
1.200

——Phirong 4n ban du
1.000

——Phirong #n t4i wu

0.800

0.600

0.400
0.200
0.000
-0.200
-0.400
-0.600

-0.800

X/L []
Hinh 4.20. Sw khac nhau vé profile séng dec than tau giira phwong 4n ban
diu va phwong an toi wu khi tau chay trong ludng Cam Pha ¢ téc d6 9,0
knots

hwong an ban dau

hwong an tdi wu

Dynamic pressure coefficient
-1.4 -0.77 -0.15 0.48 1.1

hwong An ban dau

Hinh 4.21. Sw khac nhau vé phan bd Cp trén vé tau giira phwong an ban dau
va phwong 4n tdi wu khi tau chay ngoai bién & téc do 10,0 knots
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Cre[]
1.000

0.800

——DPhwrong 4n ban din
0.600 ——Phwong an t6i wu

0.400

0.200

0.000

-0.200

-0.400

-0.600

AL [

Hinh 4.22. Sw khac nhau vé gia tri Cp giita phwong 4n ban dau va phwong
an toi wu khi tau chay ngoai bién & téc dd 10,0 knots tai vi tri Z=2,5m

Phwong an ban dau -
Phwong an t6i wu -

Dynamic pressure coefficient
-1.5500  -0.97000 -0.27000  0.37000 1.0100

Phwong 4n ban dau Phwong an t0i wru

Hinh 4.23. Sw khac nhau vé phan bé Cptrén vé tau giira phwong an ban dau
va phwong 4n t6i wu khi tau chay trong luong Cam Phi & toc d 9,0 knots
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——Phwrong 4n ban diun

——Phwong 4n tdi wu

XL []

Hinh 4.24. Sy khac nhau veé gia tri Cp giira phwong 4n ban dau va phuwong
an t6i wu khi tau chay trong ludng Cam Pha é téc d6 9,0 knots tai vi tri
Z=2,5m

Trén Hinh tir 4.21 dén 4.24, ta c6 thé d& dang nhan thay sy khac nhau vé
phan bé ap suat thiy dong (Cp) trén bé mit vo tau giita phuong an tbi uu va
phuong an ban dau khi tau chay ngoai bién (ving nuéc sau) va chay trong ludng
Cam Pha (ving nudc ndng). Su khac nhau duoc thé hién rd nét nhat tai khu vuc
phia mili va dudi tau. Gid tri Cp & phuong an t6i uu nhod hon so véi phuong an ban

dau tai vi tri X/L=0— 0,15 va tir 0,8 — 1,0 (xem Hinh 4.22 va 4.24).

Phwong an ban dau

Wall shear stress coefficient
0.0 0.0019 0.0037 0.0056 0.0075

Hinh 4.25. Sw khac nhau vé phan bd Crtrén vé tau giira phwong an ban dau
va phuong 4an t6i wu khi tau chay ngoai bién & téc d 10,0 knots
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Cr [-]
0.005

0.004 —— Phwong 4n ban dau
——Phwrong 4n t6i wu

0.003

0.002

0.001

0.000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

X/L [-]
Hinh 4.26. Sw khac nhau veé gia tri Cr giira phwong 4n ban dau va phuwong
an toi wu khi tau chay ngoai bién & toc @9 10,0 knots tai vi tri Z=2,5m

Trén Hinh tir 4.26 dén 4.28, ta c6 thé d& dang nhan thay sy khac nhau vé
phan b wng suat tiép (Cp) trén bé miat vo tau gitta phuong an t6i wu va phuong
an ban dau khi tau chay ngoai bién (viing nudc sau) va chay trong ludng Cam Pha
(viung nudc néng). Ciing giéng nhu sy khac nhau vé Cp, su khac nhau vé Cr duoc
thé hién rd nét nhat tai khu vuc phia mili va dudi tau. Gia tri Cr & phuong an toi
uu nho hon so v&i phurong an ban dau tai vi tri X/L=0-0,15vatr 0,8—1,0 (xem
Hinh 4.26 va 4.28). O cé4c khu vuc con lai gia tri Cr 1 nhu nhau giita phuong an

t6i uu va phuong an ban dau.

Wall shear stress coefficient
0.0000 0.0023250 0.0046500 0.0069750 0.0093000

i |
Hinh 4.27. Sw khac nhau vé phan bd Crtrén vé tau giira phwong an ban dau

va phwong an t6i wu khi tau chay trong ludng CAm Pha & téc d6 9,0 knots
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Cr [-]
0.005

——Phwong 4n ban din

——Phwrong 4n téi vu

0.004

0.003

0.002

0.001

0.000
0 0.1 02 03 0.4 05 0.6 0.7 0.8 09 1 1.1

XL [-]
Hinh 4.28. S khac nhau veé gia tri Cr giira phwong 4n ban dau va phwong

an t6i wu khi tau chay trong lusng Cam Pha & téc d 9,0 knots tai vi tri
Z=2,5m

4.5. Két luan Chwong 4

Trén co so ap dung md hinh bai toan cai tién tuyén hinh tau mang cap VR-
SB ¢ Chuong 3 vao trong cai tién tuyén hinh tau trong tai 4600 tin, Chuong 4 d

giai quyét duoc cac ndi dung sau:

- Pa xay dung duoc 25 phuong an tuyén hinh tau, mdi phuong an twong tng
la su két hop gia tri caa 5 bién thiét ké.

- b3 4p dung phuong phap CFD vao trong tinh toan luc can tau ng vaéi 25
phuong an xay dung ¢ 02 diéu kién khai thac khac nhau gom chay ngoai bién

(nuéc sau) va chay trong luong Cam Pha (nudc nong).

- Pi 4p dung phuong phap Taguchi két hop phan tich méi twong quan xam
dé xac dinh xu huéng va mic d6 anh huong dudi dang dinh lwong caa ting bién
thiét ké dén két qua dau ra ciing nhu xac dinh duogc su két hop gia tri cua céc bién
thiét ké cho ra két qua toi uu nhét vé luc can.

- S0 sanh luc can tau gitta phuong an tdi uu va phuong 4n ban dau dé xéc chi
ra rang, phuong an tdi uu cho luc can nho hon 4,8% so véi phuong an ban dau.

- Viéc phan tich dong chay bao quanh than tau gitra cac phuong an hinh dang

than tau khac nhau nham giai thich ban chat vat ly dan dén sy thay ddi luc can tau
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giita cac phuong an va giira phuong an toi wu va phuong 4n ban dau. Diéu nay
giai thich cho viéc két qua giam luc can 4,8% giita phuong an t6i wu va ban dau
khong phai dén tir sai sb trong tinh todn ma do su khac nhau vé dong chay bao

quanh vo tau gitra chung.
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KET LUAN VA KIEN NGHI

1. KET LUAN

Luén an “Nghién cizu cdi tién hinh dang tau hang cdp VR-SB phul hep véi
tuyén dwong thiy néi dia Viét Nam nham gigm lec can tau” da dat duoc muc
tiéu nghién ctru dit ra va thu dugc cac két qua cd y nghia gid tri vé mit khoa hoc

cling nhu vé mat thyc tién, cu thé nhu sau:

- Pa tong hop, thdng ké va phan tich dugc cac dic diém cua tuyén duong
thuy noi dia Viét Nam, co cau doi tau chay trén tuyén VR-SB. Pay 1a s6 liéu dau

vao phuc vu cho viéc tbi wu hoa tuyén hinh tau cap VR-SB.

- B3 téng hop, phan tich, théng ké duoc cac nghién ciu dién hinh trén thé
gidi va trong nudc lién quan dén thiét ké téi uu tuyén hinh tau. Pay 1a co sé gidp
NCS dat ra muc tiéu, ndi dung nghién curu va lya chon phuong phap nghién ctru

phl hop dé dat duoc muc tiéu nghién ctu dit ra trong luan an.

- B4 phan tich, 1ap luan mot cach khoa hoc vé anh hudéng cua diéu kién khai
thac dén luc can tau; vé ham muc tiéu, vé trong sé cua cac ham muc tiéu thanh

phan trong thiét ké hinh dang than tau chay pha séng bién.

- B3 xay dung dugc md hinh bai toan cai tién hinh dang than tau hang cap
VR-SB nham giam suc can tau trén co sé ¢6 tinh dén dic diém tuyén duong khai
thac théng qua viéc sir dung trong sé ham muc tiéu tinh dén thoi gian tau hanh
trinh ¢ cac doan c6 d6 sau khac nhau. Bén canh d6 mo hinh bai toan con cho phép
danh gia dugc mic d6 anh hudng cua ting thong s6 hinh dang than tau dén luc
can tau, tir d6 cho phép ngudi thiét ké biét can tac dong vao thong sé nao dé giam
luc can tau mét cach hiéu qua nhat.

- Pa ap dung md hinh bai toan dua ra vao trong cai tién tuyén hinh tau hang
c6 trong tai 4600 tin mang cap VR-SB (dang duoc khai théc pho bién trén tuyén).
Két qua tuyén hinh cai tién cho phép giam luc can tau xudng 4,8% so véi tuyén

hinh ban dau. Néu bo qua su thay ddi vé hiéu suét cua thiét bi day sau than tau &
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cac phuong an hinh dang khac nhau, thi mac giam luc can tau sé twong ung voi
muc giam céng suat may cua tau va ciing 1a mic giam nhién liéu cho tau. Nhu
vy, voi cdng suat may cua tau 1a 2x949 HP, suét tiéu hao nhién lién riéng cua
may 1a 180 g/kW/h, thi wéc tinh mdi ngay sé tiét kiém dugc 0,27 tan dau tuong
tng vé6i 165 USD/ngay (véi gia thiét may tau hoat dong ¢ 85% cong suét dinh

muc va mdi tin dau woc tinh ¢ gia 12 600 USD).

- Phan tich mtrc d6 anh huong cua ting thong sb hinh dang than tau dén luc
can tau, chi ra rang mac do anh huong cua %4 goc vao nudc (1/20g), hé sé chiéu
dai miii qua 18 Crpr, hé s dién tich mat cat ngang miii qua I& Cagr , hé s6 thé tich
C,p Clla mili qua |8 va vi tri hoanh d6 tam noi (LCB) lan luot 12 0,8%, 1,1%, 2,0%,
1,0% va 95,1%. Tur két qua nay ta thdy rang, tham s6 LCB c6 anh huéng 16n nhat
dén lyc can tau con tham sé % goc vao nudc (1/20g) €6 anh huong nho nhat dén

luc can tau.

- b phan tich va giai thich duoc ban chat nguyén nhan dan dén sy thay doi
lyc can tau khi thay doi cac thong sé hinh dang than tau bang viéc dua ra cac hinh
anh rat truc quan lién quan dén su khac nhau vé dong chay bao quanh than tau &

cac phuong &n hinh dang khac nhau.

2. KIEN NGHI

- Poi Vi thiét ké tuyén hinh tau: Can dic biét luu ¥ dén viéc lua chon LCB
t6i wu vi ddy la tham s6 ¢ anh hudng Ion nhat dén lyc can tau.

- P61 Véi viéc stk cong cy tinh toan lic cdn tau: Cac co sé thiét ké tau trong
nude nén tang cuong ung dung mod phong CFD trong tinh toan luc can tau trong
giai doan thiét ké phuong an dé du bao chinh xéc luc can tau, thay thé dan phuong
phap str dung cac cong thirc ban thuc nghiém.

- Vé huéng nghién citu tiép theo: Viéc cai tién tuyén hinh tau tir tuyén hinh
tau mau trong luan &n nay mai chi xét dén dudi goc d6 giam luc can tau trén nude
tinh va khong c6 dong chay khi tau chay & ché d6 toan tai ciing chua tinh ¢én anh
huong cua viéc thay doi hinh dang nay dén hé sé luc hat va hé s6 dong theo phia

sau than tau khi c6 chong chong lam viéc sau than tau. Tur cac phan tich néu ¢
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trén, NCS kién nghi dé c6 thé xem xét, danh gia dugc mot cach toan dién muc tiét
kiém nhién liéu, can thiét phai c6 cac nghién citu mé rong vé:

- Anh huéng caa song gié va dong chay dén céc thong sé hinh dang tbi uvu
cua tau;

- Anh hudng cua trang thai tai trong dén cac tham sé hinh dang téi vu cua
tau.

- Anh huéng cta viée thay doi hinh dang than tau dén su thay doi hé sé luc
hit va hé s6 dong theo phia sau than tau, tir &6 méi co thé danh gia dugc tong thé
muc tiét kiém niang luong & phuong an tuyén hinh cai tién so véi tuyén hinh ban

dau.

122



DANH MUC CAC CONG TRINH KHOA HQC CONG BO KET QUA
NGHIEN CUU CUA PE TAI LUAN AN

I. Céc cdng bd lién quan dén ndi dung luan an

1. Vu Minh Ngoc, Nguyen Thi Hai Ha, Pham Minh Ngoc, Dam Van Tung.
Nguyen Huy Hao, Tran Ngoc Tu (2023). Numerical Simulation Flow Around the
4600 DWT Cargo Ship in Calm Water Condition Using RANSE Method. 10P
Conf. Ser.: Earth Environ. Sci. 1278 012024. (Scopus Conference) DOI:
DOI 10.1088/1755-1315/1278/1/012024.

2. Vu Minh Ngoc, Nguyen Thi Hai Ha, Nguyen Huy Hao, Tran Ngoc Tu (2023).
Numerical Inverstigation on the Influence of Ship Hull Form Modification on
Resistance of the 4600 DWT Cargo Ship. IOP Conf. Ser.: Earth Environ. Sci. 1278
012023. (Scopus Conference) DOI: 10.1088/1755-1315/1278/1/012023.

3. Vu Minh Ngoc, Nguyen Thi Hai Ha, Nguyen Huy Hao, Tran Ngoc Tu (2025).
Numerical Study on the Effect of water Depth on Resistance of 4600 DWT Cargo
Ship. Proceedings of the 4th Annual International Conference on Material,
Machines, and Methods for Sustainable Development (MMMS2024). MMMS
2024. Lecture Notes in Mechanical Engineering. Springer, Cham. (Scopus
Conference) DOI: https://doi.org/10.1007/978-3-031-93816-0 26

4. Tran Ngoc Tu, Tat-Hien Le, Doan Minh Thien, Tran Van Tao, Vu Minh Ngoc
(tac gia lién hé) (2025) Numerical Study of the Effect of River-Sea Ship Hull Form
Parameters on Resistance and Their Optimisation Using the Taguchi-Grey
Method. Polish Maritime Research. Vol. 32, No 2(126), pp. 17-28.
https://doi.org/10.2478/pomr-2025-0017

I1. Céc cong bé khac

1. Tat-Hien Le, Nguyen Duy Anh, Tran Ngoc Tu, Nguyen Thi Ngoc Hoa, Vu

Minh Ngoc. Numerical investigation of length to beam ratio effects on ship

123


https://doi.org/10.2478/pomr-2025-0017
https://sciendo.com/search/filterData?commonSearchText=Le%2C+Tat-Hien
https://sciendo.com/search/filterData?commonSearchText=Anh%2C+Nguyen+Duy
https://sciendo.com/search/filterData?commonSearchText=Tu%2C+Tran+Ngoc
https://sciendo.com/search/filterData?commonSearchText=Hoa%2C+Nguyen+Thi+Ngoc
https://sciendo.com/search/filterData?commonSearchText=Ngoc%2C+Vu+Minh
https://sciendo.com/search/filterData?commonSearchText=Ngoc%2C+Vu+Minh
https://sciendo.com/pdf/10.2478/pomr-2023-0002

resistance using RANSE method. Polish Maritime Research, vol. 30, no. 1,
Sciendo, 2023, pp. 13-24. https://doi.org/10.2478/pomr-2023-0002. (SCIE, Q2).

2. Tran Ngoc Tu; Nguyen Thi Hai Ha; Tran Viet Ha; Vu Minh Ngoc; Do Tat
Manh. Numerical Prediction of Self-Propulsion Point of JBC Ship Model Using
RANSE Method. 2022 9th NAFOSTED Conference on Information and Computer
Science (NICS). DOI: 10.1109/N1CS56915.2022.10013417 (Scopus conference)

3. Tran Ngoc Tu, Vu Minh Ngoc, Nguyen Thi Thu Quynh, Nguyen Manh Chien,
Nguyen Thi Hai Ha, Nguyen Thi Ha Phuong. Effects of Turbulence Models On
RANSE Computation Of Flow Around DTMB 5415 Vessel. Naval Engineers
Journal, Volume 133, Number 3, 1 September 2021, pp. 137-151(15). (SCIE,
Q4).

4. Tran Quoc Chuan, Nguyen Kim Phuong, Nguyen Thi Hai Ha, Vu Minh Ngoc,

Tran Ngoc Tu. Full-Scale Self-propulsion Computations Using Body Force
Propeller Method for Series Cargo Ship 12500DWT. Proceedings of the 2nd
Annual International Conference on Material, Machines and Methods for
Sustainable Development (MMMS2020). MMMS 2020. Lecture Notes in
Mechanical Engineering. Springer, Cham. https://doi.org/10.1007/978-3-030-

69610-8 113 (Scopus conference)
5. Tran Ngoc Tu, Nguyen Thi Ha Phuong, Vu Tuan Anh, Vu Minh Ngoc, Pham

Thi Thanh Hai Hai, Cu Huy Chinh. Numerical prediction of ship resistance in

calm water by using RANS method. Journal of Engineering and Applied Sciences.
Vol. 13, Nol7, pp. 7210-7214, 2018

6. Tran Ngoc Tu, Nguyen Manh Chien, Nguyen Thi Hai Ha, Vu Minh Ngoc.
EEDI reduction by investigating methods of reducing ship resistance. Global

perspectives in MET: Towards Sustainable, Green and Integrated Maritime
Transport. ISBN 978-954-8991-96-4. Pp.460-469.

124


https://sciendo.com/pdf/10.2478/pomr-2023-0002
https://doi.org/10.2478/pomr-2023-0002
https://ieeexplore.ieee.org/author/37089695120
https://ieeexplore.ieee.org/author/37089694741
https://ieeexplore.ieee.org/author/37089695073
https://ieeexplore.ieee.org/author/37089694950
https://ieeexplore.ieee.org/author/37089693612
https://ieeexplore.ieee.org/author/37089693612
https://ieeexplore.ieee.org/xpl/conhome/10013359/proceeding
https://ieeexplore.ieee.org/xpl/conhome/10013359/proceeding
https://doi.org/10.1109/NICS56915.2022.10013417
https://www.ingentaconnect.com/content/asne/nej;jsessionid=8ar5oodd0o1op.x-ic-live-01
https://www.ingentaconnect.com/content/asne/nej;jsessionid=8ar5oodd0o1op.x-ic-live-01
https://link.springer.com/chapter/10.1007/978-3-030-69610-8_113
https://link.springer.com/chapter/10.1007/978-3-030-69610-8_113
https://doi.org/10.1007/978-3-030-69610-8_113
https://doi.org/10.1007/978-3-030-69610-8_113
https://scholar.google.com/scholar?cluster=14433424128227329221&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=14433424128227329221&hl=en&oi=scholarr
https://elibrary.ru/item.asp?id=30471159

N o ok~ ow

10.

11.

12.

13.

14.

15.

16.
17.

18.

TAI LIEU THAM KHAO

Quy dinh  cia IMO lién quan dén bdo Vvé méi  truong.
https://www.imo.org/en/OurWork/Environment/PollutionPrevention.

Peé an phat trién doi tau van tdi bién Quéc té cua Viet Nam. Cuc Hang hai Viét
Nam 23.05.2022. https://www.vinamarine.gov.vn/vi/noi-dung/du-thao-noi-
dung-de-phat-trien-doi-tau-van-tai-bien-quoc-te-cua-viet-nam-0.

http://www.shipdesign123.com/.

https://www.visec.com.vn/.

http://shipdesignservice.com/.

http://mri.vimaru.edu.vn/.

https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Luat-su-dung-nang-
luong-tiet-kiem-va-hieu-qua-2010-108073.aspx.

https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Nghi-dinh-21-
2011-ND-CP-huong-dan-va-bien-phap-thi-hanh-Luat-Su-dung-nang-luong-
120958.aspx.
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-2053-
QD-TTqg-ke-hoach-thuc-hien-thoa-thuan-Paris-bien-doi-khi-hau-2016-
328065.aspx.
https://thuvienphapluat.vn/van-ban/Tai-nquyen-Moi-truong/Quyet-dinh-280-
OD-TTqg-2019-phe-duyet-Chuong-trinh-quoc-gia-ve-su-dung-nang-luong-tiet-
kiem-409129.aspx.

Papanikolaou, A., Ship design: methodologies of preliminary design. 2014:
Springer.

Larsson, L. and H.C. Raven, Ship resistance and flow. 2010: The Society of
Naval Architects and Marine Engineers, SNAME, The Principles of Naval
Architecture Series, ISBN: 978-0-939773-76-3.

Zhang, B.-J. and S.-L. Zhang, Research on ship design and optimization based
on simulation-based design (SBD) technique. 2019: Springer.

Schneekluth, H. and V. Bertram, Ship design for efficiency and economy. Vol.
218. 1998: Butterworth-Heinemann Oxford.

Molland, A.F., S.R. Turnock, and D.A. Hudson, Ship resistance and propulsion.
2017: Cambridge university press.

Roh, M.-1. and K.-Y. Lee, Computational ship design. 2018: Springer.

Han, S., Y.-S. Lee, and Y.B. Choi, Hydrodynamic hull form optimization using
parametric models. Journal of marine science technology, 2012. 17(1): p. 1-17.

Lu, Y., et al., Hydrodynamic Design Study on Ship Bow and Stern Hull Form
Synchronous Optimization Covering Whole Speeds Range. J Mathematical
Problems in Engineering, 2019. 2019.

125


https://www.imo.org/en/OurWork/Environment/PollutionPrevention
https://www.vinamarine.gov.vn/vi/noi-dung/du-thao-noi-dung-de-phat-trien-doi-tau-van-tai-bien-quoc-te-cua-viet-nam-0
https://www.vinamarine.gov.vn/vi/noi-dung/du-thao-noi-dung-de-phat-trien-doi-tau-van-tai-bien-quoc-te-cua-viet-nam-0
http://www.shipdesign123.com/
https://www.visec.com.vn/
http://shipdesignservice.com/
http://mri.vimaru.edu.vn/
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Luat-su-dung-nang-luong-tiet-kiem-va-hieu-qua-2010-108073.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Luat-su-dung-nang-luong-tiet-kiem-va-hieu-qua-2010-108073.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Nghi-dinh-21-2011-ND-CP-huong-dan-va-bien-phap-thi-hanh-Luat-Su-dung-nang-luong-120958.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Nghi-dinh-21-2011-ND-CP-huong-dan-va-bien-phap-thi-hanh-Luat-Su-dung-nang-luong-120958.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Nghi-dinh-21-2011-ND-CP-huong-dan-va-bien-phap-thi-hanh-Luat-Su-dung-nang-luong-120958.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-2053-QD-TTg-ke-hoach-thuc-hien-thoa-thuan-Paris-bien-doi-khi-hau-2016-328065.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-2053-QD-TTg-ke-hoach-thuc-hien-thoa-thuan-Paris-bien-doi-khi-hau-2016-328065.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-2053-QD-TTg-ke-hoach-thuc-hien-thoa-thuan-Paris-bien-doi-khi-hau-2016-328065.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-280-QD-TTg-2019-phe-duyet-Chuong-trinh-quoc-gia-ve-su-dung-nang-luong-tiet-kiem-409129.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-280-QD-TTg-2019-phe-duyet-Chuong-trinh-quoc-gia-ve-su-dung-nang-luong-tiet-kiem-409129.aspx
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-280-QD-TTg-2019-phe-duyet-Chuong-trinh-quoc-gia-ve-su-dung-nang-luong-tiet-kiem-409129.aspx

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

Li, S.-Z., F. Zhao, and Q.-J. Ni, Bow and Stern Shape Integrated Optimization
for a Full Ship by a Simulation-based Design Technique. Journal of Ship
Research, 2014. 58(2).

Szelangiewicz, T. and T. Abramowski, Numerical analysis of influence of ship
hull form modification on ship resistance and propulsion characteristics. Polish
Maritime Research, 2009. 16(4): p. 3-8.

Kim, H. and C. Yang, A new surface modification approach for CFD-based hull
form optimization. Journal of Hydrodynamics, 2010. 22(1): p. 503-508.

Luu, D.D., et al., Numerical Study on the Influence of Longitudinal Position of
Centre of Buoyancy on Ship Resistance Using RANSE Method. Naval Engineers
Journal, 2020. 132(4): p. 151-160.

Mahmood, S., D. Huang, and Application, Computational fluid dynamics based
bulbous bow optimization using a genetic algorithm. Journal of Marine Science,
2012. 11(3): p. 286-294.

Zha, L., et al., Hull form optimization for reduced calm-water resistance and
improved vertical motion performance in irregular head waves. Ocean
Engineering, 2021. 233: p. 109208.

Solak, H.P., Multi-dimensional surrogate based aft form optimization of ships
using high fidelity solvers. Brodogradnja: Teorija i praksa brodogradnje i
pomorske tehnike, 2020. 71(1): p. 85-100.

Lee, S.-S., et al., A study on optimization of ship hull form based on neuro-
response surface method (NRSM). Journal of Marine Science, 2014. 22(6): p. 12.

Petar Georgiev, P., P., Parameter Ship Hull Design Based on the Taguchi
Method. Schiffbauforschung 2002. 41(3/4): p. 19-28.

Zhang, P., D.-x. Zhu, and W.-h.J.J.0.H. Leng, Ser. B, Parametric approach to
design of hull forms. 2008. 20(6): p. 804-810.

Van He, N., Y.J.J.0o.M.S. Ikeda, and Application, Optimization of bow shape for
a non ballast water ship. 2013. 12(3): p. 251-260.

Veldhuis, C., T. Gornicz, and T. Scholcz, Ship optimization using viscous flow
computations in combination with generic shape variations and design of
experiments [C]. Proceedings of PRADS, 2016.

Liu, T.-L., et al. Parameter Optimization On Experiment And Numerical
Simulation of a SWATH. in The Twenty-first International Offshore and Polar
Engineering Conference. 2011. OnePetro.

Rotteveel, E., R. Hekkenberg, and A. van der Ploeg, Inland ship stern
optimization in shallow water. Ocean Engineering, 2017. 141: p. 555-569.

Huang, F., H. Kim, and C. Yang. A new method for ship bulbous bow generation
and modification. in The Twenty-fourth International Ocean and Polar
Engineering Conference. 2014. International Society of Offshore and Polar
Engineers.

126



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45.

PGS.TS. Pham Tién Tinh, P.T.L.H.B., Ly thuyét thiét ké tau. Nha xuat ban Giao
thong van tai, 2010.

Nghi, T.C., Sé tay thiét ké tau thiy. Nha xuat ban xay dung, 2004.
Tap chi giao thdng van tdi. https://tapchigiaothong.vn/tap-chi-giay-gtvt/.

Tap chi Khoa hoc va Cong nghé hang hai. http://khcn.vimaru.edu.vn/tap-chi.

Tran Ngoc TG, L.T.B., Nguyén Thi Thu Quynh, Nghién ciu ank huong cua
hoanh d¢ tam noi den luc can tau hang roi 22000DWT bang phuong phap CFD.
Tap chi Khoa hoc va Cong nghé hang hai, 2022. 9(1): p. 51-56.

QCVN72: 2013/BGTVT. Quy chudn ky thudt qudc gia vé Quy pham phan cdp va
Dong phuong tién thuy noi dia. .

Du, P., etal., Resistance and wave characterizations of inland vessels in the fully-
confined waterway. Ocean Engineering, 2020. 210: p. 107580.

Quy hoach két cdu hga tang dwong thiy ngi dia thoi ky 2021-2030, tam nhin dén
nam 2050. Cuc Buong thuy noi dia Viét Nam.

Banawan, A.A. and Y.M. Ahmed, Use of computational fluid dynamics for the
calculation of ship resistance, and its variation with the ship hull form
parameters. Alexandria Engineering Journal, 2006. 45(1): p. 47-56.

Kracht, A., Design of bulbous bows (Vol. 86). Transactions of the Society of
Naval Architects and Marine Engineers, 1978.

Kracht, A.M., Design of bulbous bows. 1978. p. 197-217.

Pérez, F., et al., Geometric modelling of bulbous bows with the use of non-
uniform rational B-spline surfaces. Journal of marine science and technology

2007. 12(2): p. 83-94.

46.

47.

48.

49.

50.

51.

52.

Tu, T.N., et al., Numerical Study on the Influence of Trim On Ship Resistance In
Trim Optimization Process. Naval Engineers Journal, 2018. 130(4): p. 133-142.

Kim, H. and C. Yang. Design optimization of bulbous bow and stern end bulb for
reduced drag. in The Twenty-third International Offshore and Polar Engineering
Conference. 2013. International Society of Offshore and Polar Engineers.

Pak, K.-R., et al., Hull form design for resistance minimization of small-scale
LNG bunkering vessels using numerical simulation. International Journal of
Naval Architecture Ocean Engineering 2020. 12: p. 856-867.

Niklas, K. and H. Pruszko, Full-scale CFD simulations for the determination of
ship resistance as a rational, alternative method to towing tank experiments.
Ocean Engineering, 2019. 190: p. 106435.

Tu, T.N., et al., Effects of Turbulence Models On RANSE Computation Of Flow
Around DTMB 5415 Vessel. Naval Engineers Journal, 2021. 133(3): p. 137-151.

Deng, G., et al., Assessment of turbulence model for ship flow at full scale. Comp.
Mech., WCCM VI. Beijing, China, 2004.

Siemens, 2020. STAR-CCM+ User Guide.

127


https://tapchigiaothong.vn/tap-chi-giay-gtvt/
http://khcn.vimaru.edu.vn/tap-chi

53.
54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Siemens, 2021. STAR-CCM+ User Guide. Version 16.4.

ITTC Specialist Committee, 2017. Recommended procedures and guidelines -
uncertainty analysis in CFD verification and validation methodology and
procedures. . Awvailable from: https://www.ittc.info/media/8153/75-03-01-

01.pdf.

Stern, F., et al., Comprehensive approach to verification and validation of CFD
simulations—part 1: methodology and procedures. 2001. 123(4): p. 793-802.

Krishnaiah, K. and P. Shahabudeen, Applied design of experiments and Taguchi
methods. 2012: PHI Learning Pvt. Ltd.

Freddi, A. and M. Salmon, Introduction to the Taguchi method, in Design
principles and methodologies. 2019, Springer. p. 159-180.

Thanh-Phong Dao, S.C.H., Optimization of a two degrees of freedom compliant

mechanism using Taguchi method-based grey relational analysis. Microsystem
Technologies, 2017. 23: p. 4815-4830.

T. Muthuramalingam, B.M., Application of Taguchi-grey multi responses
optimization on process parameters in electro erosion. Measurement, 2014. 58:
p. 495-502.

Loc, N.H., Giao trinh Quy hogch va phan tich thuc nghi¢m. 2021: NXB Dai hoc
Quoc gia Tp H6 Chi Minh.

Ferziger, J.H., M. Peri¢, and R.L. Street, Computational methods for fluid
dynamics. Vol. 3. 2002: Springer.

Chuan, T.Q., et al., Numerical Study of Effect of Trim on Performance of
12500DWT Cargo Ship Using RANSE Method. Polish Maritime Research, 2022.
29(2): p. 3-12.

Chuan, T.Q., et al. Full-Scale Self-propulsion Computations Using Body Force
Propeller Method for Series Cargo Ship 12500DWT. in Proceedings of the 2nd
Annual International Conference on Material, Machines and Methods for
Sustainable Development (MMMS2020). 2021. Springer.

Farkas, A., N. Degiuli, and 1. Martic, Assessment of hydrodynamic
characteristics of a full-scale ship at different draughts. Ocean Engineering,
2018. 156: p. 135-152.

Le, T.-H., et al., Numerical investigation on the effect of trim on ship resistance
by RANSE method. Applied Ocean Research, 2021. 111: p. 102642.

ITTC 2011. Practical guidelines for ship CFD applications. In: Recommended
procedure and Guidelines, ITTC 7.5-03-02-03. https://ittc.info/media/1357/75-
03-02-03.pdf.

Ho so tau hang trong tai 4600 DWT mang cap VR-SB. Cong ty CP ky thuat va
Phat trien Cong nghé Hang hai Viét Nam.

OP 56 2420/0D-CHHVN V/v Cong bo Luong hang hai chuyén ding vao Bén
cang than Cam Pha. Cuc hang hai Viét Nam.

128


https://www.ittc.info/media/8153/75-03-01-01.pdf
https://www.ittc.info/media/8153/75-03-01-01.pdf
https://ittc.info/media/1357/75-03-02-03.pdf
https://ittc.info/media/1357/75-03-02-03.pdf

69.

70.

Thong sé kj thudr Poan luong chung ra/vao cang trung tdm Nhiés dién Duyén
Hai — tinh Tra Vinh. https://www.vms-south.vn/thong-bao-hang-hai/thong-
bao/ve-thong-so-ky-thuat-doan-luong-chung-ravao-cang-trung-tam-nhiet-dien-
duyen-hai-tinh-tra-vinh.

Le, T.-H., et al., Numerical Investigation of Length to Beam Ratio Effects on Ship
Resistance Using RANSE Method. Polish Maritime Research, 2023. 30(1): p. 13-
24.

129


https://www.vms-south.vn/thong-bao-hang-hai/thong-bao/ve-thong-so-ky-thuat-doan-luong-chung-ravao-cang-trung-tam-nhiet-dien-duyen-hai-tinh-tra-vinh
https://www.vms-south.vn/thong-bao-hang-hai/thong-bao/ve-thong-so-ky-thuat-doan-luong-chung-ravao-cang-trung-tam-nhiet-dien-duyen-hai-tinh-tra-vinh
https://www.vms-south.vn/thong-bao-hang-hai/thong-bao/ve-thong-so-ky-thuat-doan-luong-chung-ravao-cang-trung-tam-nhiet-dien-duyen-hai-tinh-tra-vinh

PHU LUC 1
Cac phuong an tuyén hinh tau

o § i | N PHUONG AN 01

oniv N N A ]

BN Os T 11 ] [ o [

DNII 7*“ / /u-\}

oNI RRLEL Gl

oc  26s ([ | a6

COVi GOV Coil DT Coil CDIV v

BC cbiv _

DeoOme © O ® ® O @O0 6 e
covi N e Nﬂw ~ﬁw
oV ol g B :/5 I TTD e
S e —
coll f§ \\
or I \:




PHU LUC 1
Cac phuong an tuyén hinh tau

/ / PHUGONG AN 02
PNV L]
BNIV Nyl || 1] ol []1]
NIl \ [ Nos| T [) o]
i SE=myENA)
BNI QANIAGEL /o )
oc  260s [\ [ 26
oV Con DN oTCDi oI CDvI
g:\cl / \ [V
BNV | [ CDINNGy \/ \ R
e i da
BNII < 2\ S 8/
BNI <ol \ TTM _ o (S
BC  d — ——
(o) 09 (1) (9 (2) © @ (s) O @
cov ;%3"’:// ST D - ]
coiv S — —~— o
colll e
coll T~ AN
col [ [ —
o l [ ] ( A\




PHU LUC 1

Cac phuong an tuyén hinh tau
o i PHUONG AN 03
T s S me R WS
DNII Y\‘ / / / }
BNI ASAVTASSL /%]
pc 3 HANN S]] | ) 3.7
CD\%D\éDIC\:/D”ICDICI:DIDTCDICDCIZIDIgDI\(/:D\C/)DVI
o - / \<<
o 89, // \J \J \) 1
g::l @ Sop — 5 04/ 5 9@;/&\@ /]
pC cply— N — [
DeoOHme O O ® ® O ®6060 6 .
coVI g PM/DM/EJM =~ *N/QM
cov L P S T 1 S~
coIV s § = NN
colll izﬁ/ — N
coll —— ] AN
col [ | ——n N
l f [ A\




PHU LUC 1
Cac phuong an tuyén hinh tau

o | L PHUONG AN 04

Ny [ L N | I

BNIII \[Nos| T I

NIl \ N ]

BNI za o\ [/eqT | s

pc DR D "7

covi CDIV GDIl DT GDIl GO CDVi

- E | WA
T ey .
e / IR
DNII 2\ Coy, 5/ / \y : H
BNI @Du> —— TT™ IV VIO
o ey
cbv o o Q -5 — -
coiv o & 7 /_,%f;—);? .
coll % g\/ >
col ‘( ]{ 7\7777;\ N\




PHU LUC 1

Cac phuong an tuyén hinh tau
Q
oI \ L PHUONG AN 05
BNV
BNIV \ 9 | 10 &
BNIII \[Nos| T ) |
BNII VAN /1]
BN 2o \ T/ EeT | ]2
2N \I)== 5 31
CDV CDIIl CDI CDI CDIIl CDV
CDVI CDIV CDIl DT CDIl CDIV CDVI
PNVI
PNV o)
ow |7 m o
DNIII 7\
DNII
BNI me ] ~ TTM
BC \__cov— -
Do s e O 9O 6 © ORCRORCRC
coVI 1
cov 9:\/\1 o‘T\\(/\f & D
cDIV gée\“ 9, — e
colll B e
coll S ey
col [ f H —
I I [ /




PHU LUC 1

Cac phuong an tuyén hinh tau
o, (H PHUONG AN 06
NV ||\ N | 1o &[] ]
BNIII \[Nas| T 711 |1 [Tl
BNl |\ PN = /
BNl 2 AL biE
oc 37\ U 0] 37
covi Con o T Coi CoN - eovi
o - NI
NV [~/ cnl o [ LV
BNl N < / LT TN
BNII P~~~ 5/ IBSINNNI
BNI T ~ TT™ 7 S VISP
BC __cov— S— —
DB OBme O e O ® O @06
Ccbhv ;:(‘:il - Q)V\\ v\ Q\A\ . TTD i - - \Q\
cov S 9 e I N
coll =
coll A e ——
e ==




PHULUC 1

Cac phuong an tuyén hinh tau

. 4 PHUONG AN 07

BNV \

BNIV \ 9| | 10 &

BNIII \NNes| T 111 1) 1]

BNII — 1/ /1 #]

BNI 2 A\ T/ YBG bl A

aCc 3T\ == a

covi Con o T eoit Gon - eovi

o I Iy
BNIV [~ LDI™0, [ VN
BNl e g5 §f IR
BNII <ol &) /é/(&/v\/J\H
NI | ™ - & &I
BC d == —] —

PBOBHEO O O ® ® 0O 0606
N S I N fﬂ%Lﬂ%mww
Ccbv 9:1/:1” O‘K(/:J S — TTD — —— \
cDIv @\* ) w} e I N
colll e
coll 7 | N\
col [ f S —

i f [ / A\l




PHU LUC 1
Cac phuong an tuyén hinh tau

\ B / PHUONG AN 08
Y a
BNIV o | 10 o [[ ]
BNII 9s| 1T 1 LT
BNI AT I
NI \[\®S <l
oc 26\ L[ |[] 26
coviCon'coir DT con Con covi
ow | / O
BNIV QRN / ‘ )\
BNIII = {%p JEN ] A
BNl o & Ky S S/ )]
BNl \ N TT™ ¢ Y8
BC | o —
G@O@O O O O ® O O®0O e
OVl ~ S— Nm 7;1\[& N/
cov 9%1 s L) TTD L =g —
coiv 5 [ —_ =
col — \
coll TS N
col ‘/ N\




PHU LUC 1

Cac phuong an tuyén hinh tau

o P PHUONG AN 09

BNV L]

BNIV 9| | 10 @ [[]]

BN \ [N2s| T 11 ) L]

DNII 7*‘4 /h/ /’

BNI WAL o

pc 27\ V[ P | V) 21

covi oY i o Coi Con Covi

ow . / RN
Ny — /1~ cDll Ch / \
BNl NN S/ D
BNII oI © Y 5/ § /]
BNI | AN TT™ FEF
BC ¢ F -

PBOBO ® ® O ® O OO 6o
[el)]] N — %&Dﬂm /DNM/BNM
cov N S TTD —— S
o P —
coll e . i N
20 T N




PHU LUC 1

Cac phuong an tuyén hinh tau
\ PHUONG AN 10

BNV L[]

BNIV N 1| N\ 1ol al [ ]

BNIlI \IN2s| T [ [ Lol ]

BNII — 1/ I 1] J

BNI /Uﬁ(\ JAGE %

pc 3NN A AN A 3T

OV GOV DI DT GO GOV eI

Y . T
BNIV - EI0, | \ L
BNIII \ e / ) J ) ] \\
BNII PN &/ N A INAVE
BN \ X ~ TT™ PRS00
BC _ cov — L

DBOBE ©® ® ® ® O 0666

o A AN /aiw u v

o 2 s s T i
CDIV S 7 | ——F T~ \\\
coil éf;j — NN
col ——— N\
col [ I( ’\\\*::’7, AN




PHULUC 1
Cac phuong an tuyén hinh tau

o PHUONG AN 11
ow [\ T
BNIV Nl | 10 wl J ]
BNIlI \ [ s mnEREER
BNII N 1/ b [/]
ol {7/ ear ]
pc 27\ [N \I] A L ) 27
oM GOV CoIr DT en GO 6DV
o - A
Ny |~/ ~col I / ‘ VAN
g:::l S 0:.; 8&/ \\J ) \/) /]}\J
NI RN ™ &Sy s
BC ¢ — F -
DB OBe O O O ® O O®66 e
L _ e
o T — S TTD I — —
cblv & D) — — ~_
oot F— N
cbl | [ T — \
i [ ] \)




PHU LUC 1
Cac phuong an tuyén hinh tau

Bx PHUONG AN 12
F L w0y
NI [ Nes| T [
NIl ST 11 JANIE
BNI F I\ [/ [BY /4
pc  37\d \[/ L /)31
covi oY o orCon Con: eovi
2:31 ~ / VAL
PNV [/~ coll o I (WA
NI Z / ]I\
NIl P S Jos/ s/ )/ J
o e - TT™ 1T s & 8
DO Be O O & ® O 066
covi i — — /BM/“Q'W/DNM/BW
cov ;ﬁ/:l - R j,,, TP — <
m T 8T =
foioll] A e \\
col [ / — N\
[ J I A\




PHU LUC 1
Cac phuong an tuyén hinh tau

o ’ PHUGONG AN 13

g:X/ Vel 10 \\ I!

BNIlI N[N T ) [l

BNII N - /

BNI N \T/ 1B 7|

oc 3T\ A VE%

covi Concon T eoit CoN - Covi

ow I // Y
NV =AY / (A
BNIII AR S ] R
BNII <ol 4 s/ $/§/ Nl
ggl ‘ QDJ> —1 TT™ IS /c?

PBOBO O O ©® ©® O 0600 ®
ooVl g @ﬁ
COV o o L TTD T N
CcDIV - @g\\“ QV\/ = N
coll —_—
coll A
col [ / I — AN

i I [ [ 2




PHULUC 1
Cac phuong an tuyén hinh tau

o PHUONG AN 14
DNVI -1
DNV \ l
DNII \ 7*“ / / /
NI 1Y JALEIN G
pc 3T\ A &) 37

CDV CDIll CDI CDI CDIll CDV
CDVI CDIV CDIl DT CDIl CDIV CDVI

T — inm
2:::| %j\ L = 3/[ /Jé/JJ )\)\J
oc Cj —N _ TT™ IV §s9
ORCRONCNEO © O (s) (8) @ & 63 (& @
/ e
e T T
s S ™
coll e | _
col [ [ ] - N
‘ \\\




PHU LUC 1
Cac phuong an tuyén hinh tau

| > /// PHUONG AN 15

ow |\ WAl

BNIV 9 Pl 10 9 [] ]

NI o T 1) B

BNII T 1/ [of |

o \7/eat /|

pc 157\ L | |[/ 157

CoVi GOV Coil TGO Coiv Covi
R — / //(1\
NV [/~ gl o N \ WA
NI 7\0%‘\’/ S/ ] ] §/) /) )\)
BNII <ot o &5
gzl Lcmy>\ ™ — : 7(5
PO®OBE ® ©® & ® 0 ®60 6o
()]} Y — — _ M e
cbv ;3/: - >/ 1D - — 7;‘<\\\\~\
e —
coll A~
o SRR
[ [T ] A




PHU LUC 1
Cac phuong an tuyén hinh tau

P PHUONG AN 16

BNVI

BNV \ \

oy \\ Pl [ w 10 o]

BNIII 95 \:* 1]

e L1 A

pc 3TN == R 3

OV GV Coi DT e GOV 6Dvi
BNV /
DNV c \ \
BNIV LU0, ] [N
BNl = o T~ A/) J <
C S/-S/S

ou i ~— TT™ Y 9
BC _ ¢ —

PBOBO © ©® O © O 06806 ®
o ;%" ~ < /5// ] O T X
coiv S 9 L \\
coll 7::::\
o T N




PHU LUC 1

Cac phuong an tuyén hinh tau
owa o o PHUGONG AN 17
BNIV Nl | 10 9 ] |
BNl %l LT 11 ) AN
DNII NT T 1]
oI . NPT =
oc 27\ T[] = 27
o o oo
o > ] Ty
Ny f— [~ CDIl o, / l (WA
BNl 4 / ] ) |
DNII Zﬁ Qv & N /]
BNI \ X ™ , O NP ST
BC __cbiv — — L — _
DB OBe O O ® O O 0606 e
B NI BN|I DNIIl DNV DNV DNVI
ggx/ gg/v S 0‘*\:;%@ TTD | — \*\ \\\
= S
ST =




PHU LUC 1

Cac phuong an tuyén hinh tau
o PHUONG AN 18
LN SR ER AT
BNIII \ [N2s| T ) [ L]
L
pc 27\ [N/ o | ') 21
CDVCID\(/)DR/D"ICDI(I:DIDTCDEDﬁDIgDI\C/D\(/)DVI
ow Tk T (T\
BNIV ,EDI0, / | A
2:::I Q,\% Q\/ Ky J /J $/) \) >\J
321 [Dj AN - TT™ 1 7 22 S I
DB OBe O O & © O 9 ®606 6
COVI — PM@&N
oV ol >R TTD S ~
S N
o o N\
I [ ] A\




PHULUC1

Cac phuong an tuyén hinh tau
N B / PHUONG AN 19
DNV \ \
BNIV 9| 1| 10 9 | |
BNIlI \[Nesl T 11 1) [T
DNII 7k\¥‘ﬁ / / / /
NI NEEaVANIAGEL IAIE
oc_ 37\ [/ = &) 37
CD\%D\(/:DR/DIIICDEDIDTCDICD?lDIngsD\éDvl
o - / /\\\
T — % A A
oni PN 8 o & Sl
BNI | - - TTM 9
PBOB®E ® ® ® ® 0 0606 @
COVI il @AMM/EM
cbv Qg/\l o S TTD — | T~
colv 5 b e T~ N
coil =t = B N
ool N T — N
i I A\




PHU LUC 1

Cac phuong an tuyén hinh tau
ot I L PHUONG AN 20
BNV \ L
BNIV W\ N | 10 2l ]
BNIlI N[Nl T | ]
BNII \ T |/ /1o
BNI ol | \1/ee | g,/ pl
pc 37U\ ) 31

CDV CDIll CDI CDI CDlll CDV
CDVI CDIV CDIl DT CDIl CDIV CDVI

oo [, / j \ \ \\ N
BNII P RSN NNE
BNI \ ] TT™ &L TIPS
BC e —— <
(0 @9 (1) a9 (2 © @ (&) O @ (&) @9 (o) (69 (10
. @am BNV BNVI
ELI :‘é/vﬂ 4 B> S TTD D S
w S L =
coll T ey - \
col [ [ 71— S —
| | [ I A\




PHULUC 1
Cac phuong an tuyén hinh tau

o 1L PHUONG AN 21

et N

NI Nes 11 ) | ol ]

DNII 7] Y_* / / /

BNl b\ [/ 1B /&

pc 3 H AN /AT L Plaz

CD\%I:)\(/:DIC\/I:N”CDI?DI DTCDEDﬁDIgDISD\éDVI

E — f— (%/
i AV
EE:I e = TT™ E— s b v

DeOrme O O ® ® 0 ®660 6.

— o
o T s E i TTD — | \\
P <
coll e N
col [ / | ——
DT l f I A




PHU LUC 1

Cac phuong an tuyén hinh tau

o PHUONG AN 22

BNV \ J I

BNIV \ 9| IR o

BNIlI \Nes| T ] [Td

DNII \ 7 11 / /

BNl 2y AL |

oc 3\ ] 37

CDV CDlll CDI CDI CDIl CDV
CDVI CDIV cCDIl DT CDIl CDIV CDVI

DNVI
DNV »
BNIV [~ LDI™0,
BNIlI %ﬂ)\ oo
NI TG ~ ™ 2
BC \_ cov — — —

covl . — — _—

cbv 9§/v S S T
N 3 A B
coIv IS ———
clll = |
coll ore— 7
col ‘{ I{ T"”*;\%
[




PHULUC1

Cac phuong an tuyén hinh tau

o PHUGONG AN 23
G| SEnml
NIV \ 9 1| 10 2|
NI NN T [ [ 1]
BNII \ i |/ 1]
BN Zg A \[/}BGT ME
AN == %) 3
oV GDIY GO DT el CDN 6DV
T — /(ﬂ\
BNV =/~ LDl o [T
BNIII <l ¥ IR
BNII i SENININNNE
BNl \ N TT™ L Vs V&G
BC \_ coiv— — —
DBOBE O O ® ® O O®O® o
B - /AR AN BNl w
R e S S TTO TN
e e N
coi 1 [ N
col [ [ A —
i [ | [ A}




PHU LUC 1
Cac phuong an tuyén hinh tau

. PHUONG AN 24

on i

22' 1.568_ s

CD\%D\C/ZDICVDMCDI(I:DIDTCD|CD(ﬁDlgDI\C/D\éDVI

= | A2
BNy [/~ Ol / ! [N
o Y
o - TT™ I 4 2 &

(0 0y (D (9 (2 © (@ (&) (& @ (&) 69 (9 (9 (1

Slariarain
cov 1 s TTD T —— ~ —
CDIV S — N
CDlIl
ool N
A\




PHU LUC 1

Cac phuong an tuyén hinh tau

. ’ PHUONG AN 25

BNV L]

DNIV Nl | v 1o al [[]]

BNIII \ [ N2s 1 | o]

DNII T‘* / /‘,“

BNI \[/1Bs! )

pc 27\ [\ 1]/ [ /) 21

CDV CDIl CDI CDI CDIll CDV
CDVI CDIV CDIl DT CDIl CDIV CDVI

g:y : / ’ [
NV /[~ DIy, / f L\
BNl eSS S/ ] RERRN
BNl g g & & &Sk
BN \ X TT™ > AN Ty
BC el —N] 7

De OB O & O ® O OO o
o = S = TTD — B — ~
coiv @* A — — ~
colll f — \
coll A~
col [ [ — \\

I [ [ A




DNVI

PHULUC1

Cac phuong an tuyén hinh tau

PHUONG AN TOI UU

1,6,11,14
2,7,12,17,22

DNV

DNIV

I~

I

3,8,13,18,23

DNIII

-

I

DNII

4,9,16,19,21,24

DNI

\fik

|

Y

=)

CbvI

CDV CDll cDlI CDI CDIlll CDbV
CDVI CDIV CDIl DT CDIl CDIV CDVI

™

5,10,15,20,25

5

Cbv

D

CDIV

CDIll

[oia]]]

CDI




		2026-01-13T01:41:48+0000


		2026-01-13T07:12:59+0000




