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MO PAU
1. TAm quan trong ciia vin dé nghién ciru

Hién nay, mot trong nhitng van dé noi bat va cip thiét trong linh vuc giao
thong vén tai thuy noi chung dang thu hut dugc su quan tdm rat 16n tir phia cac
chu tau va cac doanh nghié€p van tai thuy doé 1a viéc giam mirc tiéu hao nhién li¢u
cho tau trong qua trinh khai thac, bai van dé nay 1a yéu tb truc tiép lién quan dén
viéc ning cao hiéu qua kinh té cho tau trong khai thac va dam bao viéc thuc thi
cac yéu cau ngay cang khat khe cua t6 chire Hang hai qudc té IMO (d6i véi tau
bién) vé giam sy phat thai khi CO, nham bao vé méi truong [1]. Pbi véi cac tau
chay tuyén thily ndi dia va dic biét 13 chay tuyén pha séng bién mic du khong
thudc pham vi quy dinh trén ctia IMO, nhung van can dép Gng va tuan thu céac
quy dinh phép lut, nghi quyét, cling nhu cac cam két ctia Viét Nam vé st dung
ning luong hiéu qua va tiét kiém dé bao vé moi truong. Do dé, viéc nghién ciru
cac giai phap nham nang cao hiéu qua sir dung ning luong cho tau khong chi 1a
yéu cau mang tinh thoi sy ddi voi doi tau chay tuyén qudc té ctia Viét Nam, ma

con ¢6 y nghia quan trong doi véi ca doi tau pha song — bién.

DPdi vé6i cac tau trong giai doan thiét ké, viéc gidm ti€u hao nhién liéu dugc
thire hién thong qua téi vu hoa hinh dang than tau va hé théng dong luc (bao gdm
thiét bi déy, may chinh...). Muyc ti€u l1a gidm lyc can, nang cao hi¢u suét ctia 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 méi truong.

Tai Viét Nam, vao thang 7 nim 2014, sau mot thoi gian chuan bi, Bo Giao
thong Van tai di chinh thirc cong b khai trrong ba tuyén van tai ven bién, dong
thoi cho phép phuong tién van tai pha séng — bién (SB) duoc hoat dong ndi tuyén
lién tuc Bic — Nam nhu tau bién. Khi méi méd tuyén, sé luong tau SB chi c6 vai
chuc chiéc, tuy nhién dén cudi thang 12 nam 2021, quy mé doi tau da ting 1én gan
1.800 phuong tién, trong d6 c6 839 tau chuyén dung dé van chuyén hang hoa,

phan anh nhu cau van tai hang hoéa lién tuc gia tang. Theo dy doan, con s6 nay s€



con tiép tuc nhich Ién trong tho1i gian to1, béi Cuc DPang kiém Viét Nam hién dang
tién hanh thim dinh nhiéu hd so xin thiét ké va dong méi tau. Nhu vay, co thé
nhén thy doi tau hang dat chuan VR-SB ¢ Viét Nam dang ting truong manh mé
vé mit sb lugng. Mac du vay, cac phan tich cho théy cong tac thiét ké dbi véi loai
tau ndy van t6n tai mot s6 han ché, dic biét 1a khau t6i uvu héa dang hinh than tau
chua duoc chu trong ddy du, khién mire d6 sir dung nang luong trén tau chua dat

hiéu qua nhu mong muon.

Tir thuc tién phat trién nhanh cta doi tau cdp VR-SB, thuc trang cong tac
thiét ké trong nudc, cung véi cac quy dinh ciia Viét Nam vé str dung ning luong
tiét kiém va hiéu qua trong san xuat, doi sdng noéi chung va trong giao thong van
tai thity noi riéng, nghién ctru sinh dé xuat thyc hién dé tai: “Nghién civu cdi tién
hinh déng tau hang cip VR-SB phii hop vdi tuyén dwong thiiy ni dia Viét Nam
nhéam giam lwc cdn tau”. Muc tiéu cta nghién ciru 1a xay dung mé hinh bai toan
t6i uru hoa hinh dang than tau dé giam st can, c¢6 xét dén nhirng dic thi cua tuyén
thily 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 phd bién trén céc tuyén van tai ndy.

2. Muc dich nghién ciru

X4y dung mé hinh bai toan cai tién hinh dang than tau hang cip VR-SB
nham giam strc can tau trén co so co tinh dén dic diém cua tuyén duong thiy noi
dia trong nu6e. Ap dung mé hinh tinh dua ra vao trong cai tién hinh dang tau cho
mot series tau hang cip VR-SB dang dugc khai thac phd bién trén tuyén duong
thity ndi dia. Panh gia mirc d6 anh hudng cta timg thong sd tuyén hinh tau dén
luc can tau.

3. Pbi twong va pham vi nghién ctru

- P6i twong nghién ciru: La cac tau hang cip VR-SB, tuyén duong thay
ndi dia. Trong d6 Series tau hang co6 trong tai 4600 tan s& la mau tau duoc lua
chon dé 1am truong hop nghién ctru cai tién hinh dang than tau, boi day 1a series

tau dang dugc sir dung pho bién trén tuyén duong thuy noi dia.



- Pham vi nghién ctru cta luin 4n 13 cai tién hinh dang vo tau voi muc tiéu
giam luc can tau khi chay trén nudc tinh khong c6 dong chdy va ing voi trang
thai tau chay ¢ ché do toan tai.

4. Phwong phap nghién ctru

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

cliru sau:

+ Phuong phap khao sat, tong hop, phan tich thong ké dé c6 duoc cac thong
tin vé dic diém cua tuyén duong thuy ndi dia Viét Nam (gii han vé d6 siu cta
ludng lach trén tuyén). Pay 1a cac thong s6 dau vao phuc vu cho viée xay dung
mo hinh bai toan cai tién hinh dang than tau hang cdp VR-SB néi chung va Series
tau hang kho 4600 tan s& duoc ldy 1am ddi twong nghién ctiru cu thé trong dé tai
noi riéng.

+ Cac ly thuyét vé thuy dong luc hoc trong thiét ké tuyén hinh tau dé nhan
dién duogc cac yéu té anh hudng dén luc can tau tir d6 dua ra cic tham s6 hinh
dang than tau can phai tinh dén tinh dén trong bai toan thiét ké hinh dang than tau
hop 1y trén tuyén pha song bién.

+ Sir dung phuong phap Taguchi dé giam bét s6 luong cac phuong an tuyén
hinh can tao ra khi thay d6i cac tham sb hinh dang than tau trong khi van dam bao

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

+ Sir dung phuong phéap 1y thuyét CFD d& mé phong tinh toan luc can tau

ung voi cac phuong an hinh dang khac nhau.

+ St dung phuong phap phén tich twong quan xam dé xac dinh phuong an
ti wu ciling nhu xac dinh mirc do anh hudng cia timg tham s hinh dang than tau
dén luc can tau.

5.'Y nghia khoa hoc va thue tién ciia luin an

> Y nghia khoa hoc:



- Pé xuit dugc mo hinh bai toan cai tién hinh dang than tau hang cip VR-
SB nham giam sirc can tau trén co sd ¢6 tinh dén dic diém cua tuyén dudng thuy

noi dia trong nudc.

- Panh gia duoc mirc d6 anh huong cua cac thong s6 hinh dang than tau dén
luc can tau, tir d6 cho phép nguoi thiét ké biét can tac dong vao thong sb nao dé
gidm luc can tau mét cach hiéu qua nhat.

> Y nghia thuc tién:

- Viéc cai tién hinh déng tau hang cdp VR — SB phu hop voi tuyén dudng
thiy ndi dia Viét Nam nham tiét kiém nhién liéu s& cho phép nang cao hiéu qua
kinh té dong thoi bao vé moi truong ddi véi doi tau hang VR-SB cua Viét Nam.
Véi vi du 4p dung cho tau hang trong tai 4600 tan mang cdp VR-SB phuong an
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 cling nhu méi trudng mang
lai s€ dac biét 1on.

- Két qua nghién ctru cia ludn an vira c6 c¢6 gia tri thuc & vira co ¥ nghia la
nguon tai lidu tham khao bo ich cho cac k¥ su thiét ké tau trong hoat dong nghé
nghiép cia minh.

6. Nhirng diém méi ciia luin 4an
Nhimg diém méi ctia ludn 4n c6 gia tri vé mit khoa hoc va thyc tién gom:

- Luan an d3 xay dung duoc mo hinh bai toan cai tién hinh dang than tau
hang cAp VR-SB nham giam sirc can tau trén co sd ¢6 tinh dén dic diém cua tuyén
duong thiy noi dia trong nude. Mo hinh gdm 16 budc duge mé ta chi tiét rd rang
gitip nguoi thiét ké co thé dé dang 4p dung nhiam nang cao hiéu qua cong tac thiét

ké hinh dang than tau hang cap VR-SB.

- Luén an da phan tich, 1ap ludn mdt cach khoa hoc vé anh huong cua di€u
kién khai thac dén luc can tau, trén co sd do6 dé xuat lya chon ham muc ti€u va
cach xac dinh trong s6 cia cac ham muc ti€u thanh phan trong thiét ké tau hinh

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



don muc tiéu twong Gng véi timg diéu kién khai thac cu thé cta tau. Trong s6 ham
muc tiéu dugc xac dinh trén co s¢ thoi gian tau hanh trinh & ting diéu kién khai
thac.

- Phén tich va giai thich dugc ban chat nguyén nhan dan dén su thay do6i
luc can tau khi thay doi cac thong sb hinh dang than tau bang viéc dua ra cac hinh
anh rat truc quan lién quan dén su khac nhau vé dong chdy bao quanh than tau ¢

cac phuong an hinh dang khéac nhau.

- Panh gia duge mirc do anh hudng cua 5 thong sé hinh dang tau gdm % goc
vao nudce (1/20g), hé s6 chidu dai mili qua 18 Crpr, hé sb dién tich mat cit ngang miii
qua 18 Cusr , hé s6 thé tich C,,, ctia mili qua 1& va vi tri hoanh d6 tim n6i (LCB) lan
luot dén luc can tau. Trong d06, thong sd vi tri hoanh d6 tAm ndi (LCB) 1a thong
s6 hinh dang anh hudng 16n nhét dén luc can tau, thong sé ¥ goc vao nude (1/20k)

c6 anh hudng nho nhat dén luc can tau.

- Ap dung mé hinh bai toan cai tién hinh dang vo 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 c6 luc can nho hon 4,8% so v6i tuyén hinh ban dau. Két qua tinh todn
c6 do tin ciy cao vi mo hinh tinh lyc can tau bang CFD da dugc NCS kiém tra do
tin cdy 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 tric caa luan an

Pé dat dugc muc tiéu nghién ctru dat ra, luan an co cAu tric gém 04 Chuong
cung v4i phan két luan va kién nghi. Tén va ndi dung cu thé cta tirng Chuong nhu

sau:
Chuong 1. Tong quan
Noi dung ctia chuong nay di vao giai quyét 03 van dé sau:

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

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



- Tong quan vé cac nghién ctru trén thé gid1 va trong nude lién quan dén thiét

ké hinh dang than tiu nham giam luc can.

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

dat duoc muyc tiéu nghién ctru dat ra.

Chuong 2. Co s6 ly thuyét trong cai tién tuyén hinh tau phu hop véi diéu
kién khai thac

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

- Nghién ctru anh huong cta diéu kién khai thac va cac thong sd hinh dang
than tau dén luc can tau;

- Khao sat, thu thap cac sb liéu vé dic diém cua tuyén duong thuy noi dia
Viét Nam (céac gidi han d6 sau cua ludng ra vao cic cang...);

- Nghién ciru co so 1y thuyét vé phuong phap thay dbi hinh dang than tau
dua trén tuyén hinh ban dau cua tau;

- Tim hiéu co s6 1y thuyét ctia phuong phap CFD trong tinh toan luc can tau;

- Tim hiéu co s6 1y thuyét ctia phuong phap phap Taguchi két hop phan tich
méi twong quan xam trong viéc dua ra cic phuong an tuyén hinh tau dé tinh toan

va lya chon phuong 4n t6i1 wu.

Chuong 3. XAy dung mé hinh va quy trinh cai tién hinh ding thin tau hang
cip VR-SB

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

- X4y dyng md hinh bai toan cai tién hang dang than tau hang cip VR-SB
gdm cac bai toan: lira chon cac tham s6 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 nhat trén co so c6 tinh dén dic diém cua tau khi chay trén tuyén SB (chay
trong vung nudc nong véi do sdu khac nhau va ving nudce sau).

- Xay dung quy trinh cai tién hinh dang than tau hang cap VR-SB gdém céc
bai toan: Xay dung luu d6 thuat toan cai tién hinh dang than tau hang cap VR-SB



pht hop véi tuyén dudng thity ndi dia Viét Nam; mo ta vé trinh tu cac budc trong

so d6 thuét toan dua ra.

Chuwong 4. Cai tién hinh dang than tau hang trong tii 4600 tin mang cap VR-
SB

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

- Ap dung mé hinh va quy trinh cai tién hinh dang than tau hang cap VR-SB
vao trong cai tién hinh dang series than tau hang trong tai 4600 tAn nhim kiém tra
do tin cdy cua mo hinh dua ra ciing nhu dua ra dugc cac con s6 dinh lugng vé

mirc giam luc can cua tau sau cai tién so voi tau ban dau.

- Phan tich dong chdy bao quanh than tau gitra cac phuong an hinh dang than
tau khac nhau nham giai thich ban chat vat Iy dan dén sy thay d6i luc can tau dé
minh chimg cho viéc sy khac nhau vé luc can tau khong phai dén tir sai sd trong
tinh toan mod phong ma dén tir sy khac nhau vé dong chay bao quanh tau & céc

phuong an khac nhau.
Két luén va kién nghi

Phan nay trinh bay tom tit nhitng két qua dat dugc cta luan an va dé xuat

hudng nghién ctru tiép theo.



CHUONG 1. TONG QUAN

1.1. Tong quan vé tuyén vén tai thiy ndi dia Viét Nam va ddi tau hang cap

VR-SB

1.1.1. Téng quan vé tuyén van tai thiy ndi dia trong nwéc

Trong nhitng nim gan day, kinh t& Viét Nam da ghi nhan su ting truong
manh mé& trén nhiéu linh vyc, thé hién rd qua khdi lwong hang hoa van chuyén
dén cac khu vuc kinh té lién tyc gia ting. Su bung n6 nay khién mat d6 giao thong
tang nhanh, trong khi mang lu6i dudng bd hau nhu chwa duge mé rong hodc nang
cap dang ké. Van tai duong sat chi dap tng dudi 10% tong luong hang hoa di va
dén cang, nén chua thé chia sé nhiéu ap luc cho duong bd.

Trudc nhitg han ché d6, thang 7/2014, B6 Giao thong Vn tai, sau thoi gian
chuan bi, da chinh thirc dua vao khai thac tuyén van tai thily pha séng — bién voi
cac chang: Quang Ninh — Quang Binh, Quang Binh — Binh Thuéan, Binh Thuan —
Kién Giang, dong thoi cho phép phuong tién hoat dong ndi tuyén Bac — Nam nhur
tau bién. Muc tiéu ctia chinh sach nay la giam chi phi van tai va ting kha ning két
nbi giita hé théng cang bién véi cac khu cong nghiép nim gan cang song.
Ké tir khi dura vao hoat dong, tuyén van tai nay da thu hit sy quan tim 16n nho loi
thé gia cudc canh tranh (chi bang khoang 50-70% so vdi van tai dudng bo).
Luong hang hoa van chuyén qua phuong tién thity ndi dia mang cip VR-SB ting
déu hﬁng nam. Nam 2016, san lugng hang hoa dat gﬁn 12 triéu tin, cao hon 141%
s0 voi nam 2015 (gan 5 triéu tan). Pén ndm 2021, con s nay da vot 1én gan 64
triéu tan, gip gan 13 lan so v6i ndm 2015. S6 luot phuong tién ra vao cang ciing

tang manh, tir 5.175 luwgt nam 2015 1én 40.571 luot vao nam 2021 (xem Bang 1.1).



Bing 1.1. Lwot phwong tién va lwong hang héa thong qua cing bang
phwong tién thity ni dia mang cip VR-SB [2]

< Luwon .
STT Thoi gian Lugt Tang | 4 ong qﬁa Tang
’ phwong tién truong cing ( tfm) truong

Tur thang 7/2014 dén
1 . 934 898.659

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 34917 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. Tong quan vé ddi tau hang cap VR-SB

Theo s6 lidu cua cuc Hang hai Viét Nam [2], tinh dén cudi naim 2021, doi tau
hang cdp VR-SB ctia Viét Nam 1a 839 chiéc véi tong trong tai 1a 1,75 triéu tin
(vuot quy hoach vé quy md trong tai trong chién lugc phat trién dén nam 2030 1a
1,5 triéu tan). Quy mé va co cdu ddi tau cap VR-SB theo trong tai duoc thé hién
trén Bang 1.2. V& ¢& tau, s6 luong tau co trong tai dudi 5000 tin chiém da sd voi
ty 18 93,3% trong co cau doi tau véi 783 chiée, s6 luong tau co trong tai tir 5000
tan dén 10000 tan dimg thir 2 v6i 38 tau chiém 4,5%, con lai s6 it 1a cac tau co
trong tai tir 10000 dén 20000 tin va trén 20000 tan. Trén thuc té, voi nhimng tau
cAp VR-SB c6 trong tai 1on trén 5000 tan thi rat it cang thuy noi dia ndo co thé
tiép nhan dugc chinh vi vy ma s6 luong cac tau cdp VR-SB c¢6 trong tai trén 5000
tan rat it. V& co ciu, tau hang kho chiém da s voi 652 tau chiém ty 77,7%, tiép
sau d6 13 tau hang long chiém ty 18 20% vai 168 tau, con lai 1a cac tau container,
tau chd khi hoa 16ng va tau ché xi mang. Nhu vy, xét vé quy mo doi tau cip VR-
SB theo trong tai va loai tau ta thiy s6 lwong tau co trong tai dudi 5000 tin va tau

ché hang kho 1a chi yéu trong thanh phan cta d6i tau cdp VR-SB.



Vé dic diém cua loai tau hang cap VR-SB, trong 839 tau hang mang cip
VR-SB ¢6 210 tau duoc ha cdp tir tau bién xudng chiém 25%, 279 tau dugc nang
cap tir tau séng cap VR-SI va VR-SII chiém 33,2%, con lai 350 tau cip VR-SB 1a
duoc dong mai chiém ty 16 41,8% [2].

Bing 1.2. Quy mé va co cdu phwong tién ché hang mang cip VR-SB

Trong tai tau .
Tiéu chi S, - | Twr 10. Tong con

| | sso00T TTO?O(:)%OTT T_‘;;%gg OTT >20.000 T| "5 O"8
ToOng 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 168
- Tau hang 33
container
- Tau hang khi hoa 04
long
- Tau hang xi mang 02

1.1.3. Tong quan vé cong tic thiét ké tau hang cip VR-SB

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

dang than tau phu hop véi toc do va tuyén dudng khai thac con chua duoc quan
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tam dung murc, dan téi viée st dung nang lugng hiéu qua va tiét kiém trén tau con

han ché tir @6 anh hudng dén hiéu qua kinh té ciia tau trong qua trinh khai thac.

1.1.4. Tong quan vé cac quy dinh ciia Viét Nam lién quan dén viéc sir dung

niing lwong hiéu qua va tiét kiém

Cung véi sy phat trién kinh té — xa hoi, nhu cau tiéu thu nang luong ¢ Viét
Nam ngay cang gia ting. Dé dap ing xu hudng nay va dam bao dinh hudng phat
trién bén virng, mot trong nhirg giai phap chién lugc then chét 1a ting cuong st
dung nang luong mot cach hi¢u qua va tiét kiém. Chinh vi vay, Viét Nam trong
nhitng nim qua d3 ban hanh cac luat va quyét dinh lién quan dén van dé sir dung
ning luong hiéu qua va tiét kiém gém: Luat s6 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 ndm 2011 cua Chinh phu qui dinh chi tiét va bién phap thi hanh Luat
Str dung ning luong tiét kiém va hiéu qua [8]; Quyét dinh s6 2053/QD-TTg ngay
28/10/2016 ctia Thu tuéng chinh pha vé viée ban hanh ké hoach thuc hién thoa
thuan Paris vé bién doi khi hau [9]; Quyét dinh s6 280/QD-TTg ngay 13/3/2019
ctia Thu tudng chinh phu vé viée sir dung ning luong tiét kiém va hiéu qua giai
doan 2019-2030 [10]. Theo dé, yéu cau cac chu phuong tién, thiét bi str dung ning
lwong can phai 4p dung cac bién phap quan 1y va k¥ thuat nhim giam ton that,
giam mirc tiéu thu ning lwong ma van dam bao nhu cau, muc tiéu dit ra doi voi
qué trinh san xuat va doi séng. Trong linh vyc Giao thong van tai, ludt quy dinh
rt rd dbi véi cac to chire, ca nhan hoat dong trong linh vuc nay can trién khai cac
giai phap dé dat dwoc muc tiéu tiét kiém nhién lidu. Pay chinh la cac can ctr phap
Iy, cac quy dinh bat budc doi hoi cac chii phwong tién van tai noéi chung va chi

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

nham giam lyc can tau

1.2.1. Tong quan vé tinh hinh nghién ciru trén thé gi6i

Qua viéc nghién ctru céc tai liéu chuyén nganh vé thiét ké hinh déng than tau
dudi dang cic gido trinh ctia cac nha xuat ban uy tin trén thé giéi nhu Springer,
Elsevier, Wiley, SNAME... va cac bai bao qudc té thudc danh muc ISI/Scopus.
NCS nhén thiy, viéc nghién ctru cac giai phap giam luc can tau trong qua trinh
thiét ké hinh dang than tau da va dang thu hat sy quan tdm ctia nhiéu nha nghién
ctru va phan 10n cac cong trinh tip trung vao viéc toi uu hoa hinh dang than tau
nham giam e can, qua d6 ning cao hiéu qua str dung ning luong cho tau.

> Déivoi ca'(;' tai liéu dwoi dang gido trinh [1 1’-1 6].

Trén co sé, tong hop, phan tich, danh gia cac két qua nghién ctru ctia cac tac
gia dugc trinh bay dudi dang gido trinh, NCS nhan thiy cic tac gia nay da dat
duoc cac két qua sau:

- B3 dua ra co so 1y thuyét trong thiét ké hinh dang than tau;

- P dua ra céc con sb dinh tinh vé anh huong cta cac thong sd hinh dang
than tau dén luc can tau;

- Pua ra cac khuyén nghi trong viéc lua chon hinh dang than tau hop 1y cho
mot sb loai hinh dang than tau cu thé.

Lién quan dén co so 1y thuyét trong thiét ké hinh dang than tau, tai liéu [16]
dua ra quy trinh thiét ké hinh dang than tau dudi goc do thuy dong luc hoc nhu
trén Hinh 1.1. Theo d6, quy trinh nay gém c6 hai cach: Thiét ké méi va thiét ké

theo tau mau.

+ Déi voi thiét ké mdi, quy trinh cac bude gdm: Thiét ké cac duong suon
(wireframe) sau do tién hanh chinh tron va tao mat (hullform surface). Sau khi tao
dugc mo hinh 3D cho tau s& tién hanh thir mo hinh trong bé thir hodc sir dung
CFD dé tinh toan cac thong s thuy dong cua tau. Két qua phan tich dudng dong

bao quanh than tau s& 1a co sé dit liéu dé tién hanh diéu chinh, lam tron hinh dang
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than tau. Sau d6 quy trinh s& dwoc 1ap lai dé cho ra tuyén hinh tau c6 hinh dang

t8i wu nhat vé mat thuy dong luc hoc.

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

KKLL e

feedback loﬁset

[ Parent ship H Variation }— Model! test |

=

Numerical analysis
(CFD)

 —

| Hull form design |4. ...................................................... i

Hinh 1.1. Quy trinh thiét ké hinh ding thin tau
+ Déi véi thiét ké hinh ddng than tau theo tau mdu, quy trinh cac budc gom:
T tuyén hinh tau miu, nguoi thiét ké s& tién hanh thay doi cac tham s hinh dang
than tau, sau d6 s& tién hanh chinh tron va tao mat, tinh toan cac théng s thuy

dong cua tau giéng nhu & phuong phép thiét ké méi néu o trén.

Lién quan dén cac khuyén nghi trong viéc lua chon céc thong sé hinh déng
than tau, cac tac gia da dua ra cac khuyén nghi trong viéc lya chon hop 1y hinh
dang than tau nham giam luc can song va lyc can hinh dang cho tau bao gém cac
khuyén nghi nhu: Lya chon hop 1y vi tri hoanh d¢ tAm ndi theo chiéu dai tau, hé
s6 béo lang tru, hé sb béo thé tich, gbc vao nuoc, hinh dang duong nudc, hinh
dang duong suon; Lua chon hop 1y cac thong sd hinh hoc cta mii qua 18; t6i uu
héa toan bo tuyén hinh tau. Theo cac tai liéu khac nhau, giai phap ti wu hoa hinh
dang than tau duoc danh gia 1a c6 thé giam dugc tir 2 dén 10% muirc phat thai CO,
va day 1a giai phap dugc nhiéu cac nha thiét ké tau 4p dung bai tinh kha thi cta
chtng khi ap dung vao thyuc té [12]. Vi du, tai liéu [14] dua ra khuyén nghi nhu

sau trong viéc xac dinh vi tri hoanh dg tam nodi (LCB) t8i wu ap dung vai tau hang
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rdi va tau dau, theo biéu thire (1.1). Tai liéu khuyén nghi lya chon vi tri LCB theo
biéu thirc (1.2) va (1.3) phu thudc vao hé sb béo thé tich (Cg) cua tau. Tai liéu
[11] va[15] duara cac khuyén nghi Iya chon LCB phu thudc vao Cp va loai hinh
dang than tau (xem Hinh 1.2 va Hinh 1.3).

LCB/L=-0,135+0,194C, (1.1)
3%F | T T 3
BSRA Standard - Single screw
LCB=20(Cg- 0.675) ™%
2UF | | | yAY
x x x Watson: Normal bow /
o a & Watson: Bulbous kow %
1%E cler single screw | /
mean values) L7 ’
L 3
LCB .'
. 7
0 /-
/L
4 "X
1%A // <
I /-/ ™ Bocler twin screw
:,- (mean values) T
2%A pa
o -
U _ x/ .
3%A
0.55 0.65 CB 075 0.85

Hinh 1.2. Vi tri hoanh d tdm ndi t6i wu cho tau phu thudc vao Cg cho tau

st dung mgt va hai chong chong [11]

Ddi voi tau co Cg > 0,65, LCB tdi vu duge xac dinh theo biéu thuc thire:

LCB _.022| sin| ZE=0-03 1, (1.2)
L 2 0,15

Ddi voi tau c6 Cg < 0,65, LCB tdi vu duoc xéac dinh theo cong thuec:

LB _ 011 sin| Z29=Cs |1 9 (1.3)
L 2 015

Déi véi viée lua chon chiéu dai doan than dng, chiéu dai phia mili va dudi
tau, tac gia Lindblad [11] dwa ra khuyén nghi du6i dang dinh luong nhu sau ap

dung ddi véi tau c6 ty sé6 L/B=7,0.
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Hinh 1.3. Vi tri hoanh dd tAm néi t6i wu dwogc xac dinh dwa trén hé sé béo

IR
078 ': ;“:1’;:\:&\\
e\ 277\
i %%, \y
074 ey \,\}
5 L
T2
070 I ’6 i
nEs & ,..rrr ] !
. 2
oEd = e ]
62 I ‘:\\:" \: A:
060 i &k
s 0 Type Il '
-4:) l-:u:n J-Z.ﬂ j-m LiII : 10 lzn J:u:u J 40
Aft LCB %L Forward

Cg va hinh dang tuyén hinh tau [15]

0.81 | 0.32Lep 0;440 e 0.240 10750 Le /Lr
Co om0 0.325 0435 | 0.240 BysT
079 0.335 \ 0420 | || 0245 0.732
P 0.355 0.390 | 0.255 —
o 0.370 \ 0.370 / 0.260 —
0.76 - Lﬂ?:‘iSi '—l--q--—n 345L I——---.- 0?30 Le - e
& ] 0.390 0.330 - 0.280 e
ore 0.390 ! 0.315 0.245 S
015 0.395 \ 0295 0.310 "
P 0.400 1 0270 ; 0.330 0808
i 0.410 | o020 | / 0.360 .
o, 0.420 o 200 | / 0.380 e
0.9 | 0.430 165 ’ / 0405 |0
ot 0.440 0T125 0.435 10900
0.67 ckind ! 0.09? 0450 1.000
&b 0.465 | 0.060 0.475 P
0.65 i | 1 .J" |
AP. D1 02 03 04 [ 06 07 08 08 FP.

o4

Hinh 1.4. Khuyén nghi lra chon chiéu dai doan than 6ng, chiéu dai phia
miii va dudi tau véi Cp khac nhau (ap dung véi tau c6 L/B=7,0)
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Tac gia Kracht [15] trén co sé nghién ctru thuc nghiém mot cach c6 hé thong
anh huong cia cac tham sb hinh hoc mili qua 1& dén hé s giam cong suét du
ACp g (residual power reduction coefficient) tinh bang phan trim cong suat giam
cua tau c6 va khong c6 miii qua 16. Can ctr trén s6 liéu thir nghiém ¢ hai bé thu
tau tai Pre voi tau ¢ hé sd béo thé tich C=0,71, Kracht da dua ra duoc mot cach
co hé théng muc do anh hudng cua cac tham s6 hinh hoc miii qua lé dén hé s6
giam cong suat du cua tau giita tau c6 va khong c6 mii qua 18 nhu trén tir hinh

1.6 dén hinh 1.10.

05 —— —
ACpyp /”___\\blfperllmn //{
0.4 = A 4
03 1>‘-\
\\
0.2 \.‘

. ! Cg=07
0.1 = - “"""/ -] np=0.7
S~
0 Lt 1 I | [ I [ %
0.025 0.03 0.035 0.04 Cirr

Hinh 1.6. Anh huéng ciia tham s6 Crpr miii qua 1& dén ACpyr ciia tau
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Upper limit
0.5 -

/
ACp R __"_;;:;_-:y
v Cg=0.7 "‘/og 022
0.4 —
I]D—07 I,’ ’/___———-—-I_-’——-ﬁ__ .'6
o g 17020 =Fy
0.3 pad A Piad }

e — 7T
0.2 P W e M. v o4
/, i \\E‘E‘///"

0.1 — e

0.04 005 006 007 008 0.09 010 011 0.12 Casr

Hinh 1.7. Anh huéng ciia tham s6 Cpp miii qua 1& dén ACpvr ciia tau

ey F
N
5 Uppey imit |_—==g====sa.. 024
0.4 f P i =
B P L. 026
7 % %j j"// "‘{0.20
/ \ ”I’i & -
0.3 e /.4‘ \& \” /I
=1 /T N
J”% I N J
0.2 — A | \ C/ w07
— D= -
0.1
0 I J | I : | |

| | I | | |
012 013 0.14 015 0.16 0.17 018 0.19 020 021 cgy

Hinh 1.8. Anh hwéng ciia tham s6 Capr miii qua 18 dén ACpyr ciia tau

0.5
AG o v |
PVAR Upper limit |~~~ -—'RN.’\B\E4
0.4 W A 4l -—
I y /// <L Fiy~0:20 \0.22
4+ TN g . .
0.3 \_\ l/'7<‘\ w48 .
=\ ,:.'f‘ L \ /
7 . " Al
0.2 A // . [
‘\\J 1 =T\
AN N 4 N\
\‘\\ ;l CB = 07
0.1 LN -
-7 np=0.7
’ R B

| J
010 011 012 013 014 015 0.16 Chg 0.18
Hinh 1.9. Anh huwéng ciia tham so0 CapL mili qua 1€ dén ACpvr cuia tau
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0.5 _ - ; :
Upper lifnit !
ACpyr [ -} I
0.4
0.3
0.2 g A
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{
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Hinh 1.10. Anh huéng ciia tham s6 Cvpr mili qua 1& dén ACpyr ciia tau

Céc ky hiéu Crpr, Css, Czs, Cusr, Cus, ACprg trén cac Hinh tir 1.6 dén 1.10,
dugc hiéu nhu sau: Crpr =Lpp/Lpp , Css =Bs/B, Czs =Z5/Trp — 1an luot 1a hé sb
chiéu dai, chiéu rong va chiéu cao ctia miii qua 1&; Agr/Ax, Capr, va ACprg = Vpg
/V-1an luot 1a hé s dién tich mit cit ngang cua mili qua 16 tai duong vudng goc
mili; dién tich mat cit doc va tham s thé tich ctia mili qua 16. O day Lpp, Trp, B,
Ay, V- lan luot 1a chiéu dai hai duong vudng goc, chiéu chim tai dudng vudng
goc mili, chidu rong, dién tich suon gitra va lwong chiém nuéc cua tau.; Lpg, Cgs,
Agrt, AL, Vg - 1an luot 1a chiéu dai, chiéu rong, dién tich mat cat ngang, dién tich

mat cat doc, thé tich ctia miii qua 1é.

Tir két qua thue nghiém anh hudng cta cac tham sb hinh hoc miii qué 18 dén,
ACpx ta thiy rang, hé sb giam cong suit du cua tau phu thudc vao gia tri cua
tham s6 mili qua 1é ciing nhu téc do twong dbi (s6 Froude) cua tau. Vi du, tai Fr
=0,26, ACpwx dat gié tri 16n nhat bang 0.38 tai Crpr = Ler/Lep = 0,033 (xem Hinh
1.6). Tai ACprz = 0,38, gia tri tham s6 chiéu rong hop 1y nhit Cgz =Bp/B = 0,155
(xem Hinh 1.7), Cac gia tri hop 1y ddi v&i Casr, CasL va ACpw duoc xac dinh

tuong tu.

Tur cac két qua nghién ctru ké trén ctia cac tac gid duoc trinh bay dudi dang

gido trinh, ta thay rang cac két qua nghién clru nay con ton tai mot s6 diém sau:
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- Cac két qua nghién ctru 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 wu chi 4p dung cho tig loai tuyén hinh tau cu thé cling nhu ma chua lam rd
miurc d§ anh hudéng cua LCB dén luc can tau dudi dang cac s6 liéu dinh lugng; dai
gia tri LCB t6i wu kha rong dan t6i kho khan cho viéc lua chon gia tri ti wu nhét).
Céc gia tri khuyén nghi ndy c6 ding véi loai tuyén hinh khac hay khong thi can
phai nghién ctru tiép.

- Chua c6 tai liéu nao dé cap dén thiét ké hinh dang than tau chay tuyén pha
song bién cling nhu chua c6 cac huéng din lwa chon ty s6 kich thuée, hinh dang
than tau cho tat ca cac loai tau c¢6 hinh dang khac nhau (vi du chua dé cap dén viéc
x4c dinh gia tri hoanh do tAm noi tdi wu cho tau chay tuyén Pha song bién khi c6
sur han ché vé chiéu sdu cua nude (liéu hoanh do tdm nodi t6i wu c6 khac so voi
hoanh d6 tdm ndi t6i wu cho tau khi chay trong ving nuéc sau).

> POoi v6i cac tai liéu dwéi dang cac bai bao dwoc ding trén cac tap chi

quoc té c6 uy tin thudc danh muc ISI/Scopus [17-32]

Trén co so, tong hop, phan tich, danh gia cac két qua nghién ctiru dugc trinh
bay dudi dang cac bai bao khoa hoc ding trén cac tap chi Qudc té c6 uy tin thudc
danh muc ISI/Scopus, NCS nhan thiy cac cic cong trinh nghién ctru nay da dat

dugc cac két qua, cling nhu c6 cac dac trung sau:

- Vé két qud nghién ciru dat dwoc: Trong céac bai bao khoa hoc da viéc cai
tién va tdi wu hoa cac théng sb hinh dang than tau nham giam lyc can thuong duoc
tién hanh trén mot mau tau cy thé, tir 46 thu duoc nhimg sé liéu dinh luong cho
thiy murc giam lic can so voi thiét ké ban ddu. Ngoai ra, phan 16n cac nghién ctru
nay con gidi thich dugc ban chat vat ly dan dén su khac nhau vé luc can tau gitra
phuong an hinh déng tdi uu va phuong an ban dau thong 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 s trong tinh todan ma 1a do su khac nhau vé tng suat

tiép, ap suat thuy dong trén bé mit than tau va hinh dang song sinh ra khi tau
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chuyén dong.

- Vé phuong phdp sir dung trong thiét ké va cdi tién hinh dang than tau: Do

voi viée thiét ké va cai tién hinh dang than tau, cac tac gia st dung cac phuong
phap nhu: phuong phap mé hinh tham sb, phuwong phap Lackenby, phuong phap
thiét ké dua trén mo phong (simulation-base design), phuong phap bién dang bé
mat [16, 17, 28, 33] dé thay d6i hinh dang than tau.

- Vé phwong phdp xdc dinh phwong dn téi wu: Cac tac gia st dung céac

phuong phap nhu: Thuit toan di truyén [23], phwong phap tdi wu doéng bo
(Synchronous Optimization) [18], thuat toan t6i wu bay dan (Particle Swarm
Optimization) [19]; phuong phap ham bé mit dap ing (Response surface method)
[26], phuwong phap thiét ké thuc nghiém Taguchi [26, 27, 31].

- Vé phwong phdp dioe sir dung dé tinh todn lrc can tau: Phan 16n cac nghién

ctru déu str dung phuong phap CED dé tinh toan boi phuong phap nay cho két qua
tin cdy so v6i két qua thuc nghiém trong bé thir, ngoai ra phuong phap nay c6 thé
cho phép chiing ta phan tich duoc dudng dong bao quanh than tau dé phuc vu cho
viéc phén tich Iya chon phuong an t6i wu ciing nhu giai thich duoc ban chat dan
t61 su khac nhau vé luc can tau giita cac phuong an dua trén viéc phan tich dudng
dong bao quanh than tau. O ddy, cac tic gia déu st dung cac phan mém CFD
thuong mai nhu Ansys Fluent, Star-CCM+...dé tinh toan.

- Veé gioi han nghién curu: Cac nghién ctru vé toi uu hoa hinh dang than tau

hang déu gio1 han ¢ viéc to61 vu hinh dang than tau trén nudce tinh.

Dué6i day, NCS s& tién hanh phan tich mot s6 nghién ctru dién hinh dé 1am

ro cho cac nhan xét néu trén:

- Nghién ctru cta cua tic gia Sheng-Zhong Li va cac cong su cong bd trén
tap chi Journal of ship research (tap chi SCIE ndi tiéng trong nghién ctru vé tau
thay) [19]. O nghién ctru nay, nhom tac gia tién hanh nghién ctru toi wu hoa hinh
dang miii va dudi tau hang 4600 tan trén nudc tinh nham giam lyc can tau. Phuong

phéap nghién ctru duoc nhom tac gia st dung trong bai bao 1a phuong phap thiét
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ké dua trén mo phong, thuét toan t6i wu bay dan va phuong phap CED dé thay doi
hinh dang miii va dudi tau, tinh toan luc can va tim kiém phuong an toi wu. Két
qua nghién ctru da lam 1o, hinh ddng mii va dudi tdi wu cla tau phu thude vao )
Froude cua tau, phwong an miii va dudi tau t6i wu cho phép giam luc can tau tir
4,89% dén 6,55% so véi phuong an hinh dang ban dau. Do tin cdy cua két qua
tinh toan duoc céc tic gia chimg minh bang cach so sanh sy khac biét cia truong
dong chay quanh than tau giira thiét ké ban dau va phuong an tdi vu. Sy phan tich
tap trung vao hinh thai séng do tau tao ra, sy Phan bd ap suét thuy dong trén bé

mit, cing cdu trac dong chay phia sau than tau (xem Hinh tir 1.11 d&én 1.15).

Viing diéu chinh

Hinh
1.11. Péi twong nghién ciru va khu vue thay déi hinh ding tau hang 4600
tin
Original

Stern

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

dau va phwong an toi wu
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Hinh 1.14. Sw khac nhau vé profile song giita phwong an tdi wu va phwong
an ban dau 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. Su khac nhau vé hinh anh phan bd ap suit thiy dong giira
phwong 4n ban dau va phuong an

- Nhom tac gia Lee va cac cong su [26] da tién hanh nghién ctru toi wu hoa
hinh dang than tau container 4300TEU trén nudc tinh. Trong nghién ctru nay, ho
da tién hanh thay d6i 11 thong s6 hinh déng tau (5 théng s hinh dang mili, 04
thong s6 hinh dang dudi va 2 thong sé hinh dang than tau LCB va Cp). O day, dé
giam s6 phuong 4n tuyén hinh can tao (t6 hop cua su thay doi 11 thong sb voi mdi
thong s6 1a 2 phuong an thay d6i s& 1a 11°2=121 phuong 4n), trong khi vin dam

béo tim dugc phwong an ti uu, nhom tac gia st dung phwong phap Taguchi véi
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ma tran truc giao (hay con goi 1a phuong phép thiét ké thuc nghiém) dé giam sb
luong phuong 4n can tinh tir 121 xudng con 12 phuong an hinh dang khac nhau

nhu trén Bang 1.3.

Sau khi tinh toan dwoc luc can tau & 12 phuong an bang phuong phap CFD,
nhom tac gia st dung phuong phap bé mit dap Gmg dé xac dinh phuwong an tdi uu.
Két qua nghién ctru cho ra phuong 4n hinh dang t6i uu cho phép giam khoang
22% cong suat ¢ ich so véi thiét ké ban dau. Su khac biét vé luc can va hé sd
dong theo giita hai phwong an duoc 1y giai thong qua phan tich sy khac nhau vé
duong dong bao quanh than tau (tham khao Hinh 1.16, 1.17, 1.18).

Bang 1.3. Bdang ma trdn truc giao

S6 lwgng . ) ] )
phwong an can So lwgng tham so thay doi
tinh
1 1 2 3 4 |56 7|89 10|11
2 1 1 1 1 L1 1 {1 1]1]1
3 1 1 1 1 12122 |2]2]2
4 1 1 2 2 (2011|1222
5 1 2 2 1 2 0212|121
6 1 2 2 2 L2 212111
7 2 1 2 2 1122121
8 2 1 2 1 2 020211 ]1]2
9 2 1 1 2 (2121112 ]2(1]1
10 2 2 2 1 I |11 {2 |2]1]2
11 2 2 1 2 1|2 1|1 |1]2]2
12 2 2 1 1 201211221
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— Optimization
— Original

Hinh 1.16. Hinh dang tau trudc va sau tdi wu

a) Hinh déng ban déu b) Hinh déng sau tbi wu

Hinh 1.17. Sw khac nhau trong phan bd ap suit thiy dong doc thin tau

giira phwong 4n t6i wu va phwong 4n ban dau

Hinh 1.18. Sy khac nhau vé hinh dang séng do tau tao ra giira phwong 4n
t6i wu va phwong 4n ban dau
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Hinh 1.19. Sy khac nhau vé profile séng doc thin tau giira phwong an tdi
wu va phwong 4n ban dau

Trong linh vuc t6i vu hoa hinh dang than tau hoat dong trén song, Erik cing
céc cong sy da thuc hién nghién ciru nham cai tién hinh dang phan dudi tau khi
van hanh & viing nudc ndéng trong diéu kién tinh [32]. Nghién ciru nay tap trung
phan tich anh huéng cta bdn théng sé hinh hoc cua dudi tau tai cac muc nudc
khac nhau, dong thoi tién hanh t6i uu hoa cac thong s6 d6. Pé xac dinh cau hinh
t61 wu, nhom tac gia da s dung két hop phuwong phap mé phong sé6 CED va thuat

toan di truyén.

Hinh 1.20. Poi twong dwgc sir dung trong nghién ctru ciia nhém tac gia Erik
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a) Hinh dang day chir S, h/T=3,0 b) Hinh dang day chit V, h/T=3,0

sl ool

u: 000'0203040506070803”)

000!02030‘050607080910

a) Hinh dang day chir S, h/T=1,2 b) Hinh dang day chit V, h/T=1,2

Hinh 1.21. Sy khac nhau vé dong theo tai dudi tau giira hinh dang day tau

dang chir V va S & cac do sau nuwéc khac nhau

1.2.2. Tong quan vé tinh hinh nghién ciru & trong nuwéc

Trén co s& tim hiéu céc tai liéu gido trinh dang duoc sir dung giang day tai Khoa
Doéng tau, Truong Pai hoc Hang hai Viét Nam [34, 35] va céc bai bado khoa hoc dugc
dang tai trén cac tap chi chuyén nganh ¢ trong nudce (tap chi Khoa hoc va Cong nghé
Hang hai, tap chi Giao thong van tai, tap chi khoa hoc Cong nghé giao thong van tai [36,
37]) lién quan dén thiét ké tuyén hinh tau. NCS nhén thay trong céc tai liéu dudi dang
gido trinh, cac tac gia da dua ra cac goi y dudi dang dinh tinh trong viéc lya chon hop
1y ty s6 kich thudc va cac théng sé hinh dang than tau. Tuy nhién, chua co cac goi ¥

trong viéc thiét ké tuyén hinh tau mang cdp VR-SB néi viéng va tau mang cip chay
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tuyén thuy ndi dia noi chung. S6 luong cac nghién ctru dudi dang bai bao khoa hoc
g dung CFD dé phan tich anh hudng ciia cac thong sb hinh hoc than tau dén lyc
can van con han ché. Trong s6 do, c6 thé ké dén cong trinh ctia Tran Ngoc T va
cac cong su vé tac dong cua hoanh do tam noi (LCB) ddi véi luc can cia tau hang
101 22.000 DWT, duoc cong bd trén Tap chi Khoa hoc va Cong nghé Hang hai
[38]. Nghién ctru nay tap trung khao sat duy nhat tham s6 LCB nham xac dinh vi
tri t6i uu xét theo tiéu chi lwc can, ddng thoi phan tich co s¢ vat 1y cia su chénh
l1éch lyc can gitra cac phuong an thong qua so sanh hinh dang séng tao ra, cling

nhu Phan bé ap suat thay dong trén bé mit than tau.

Cac cong trinh nghién ctru ddnh gia anh hudng cta cac thong sé hinh hoc
than tau dén lyc can than tau bang CFD dudi dang cac bai bao con kha khiém tén.
O day c6 nghién ciru ciia nhoém tac gia Tran Ngoc Ta, Lé Thanh Binh va Nguyén
Thi Thu Quynh vé anh huong ctia Hoanh do tdm ndi dén lyc can tau hang roi
22000 DWT bang phuong phap CFD ding trén tap chi Khoa hoc va Cong nghé
Hang hai [38]. Trong nghién ctru ndy, nhdém tac gid chi nghién ctru 4nh hudng ctia
LCB dén lyc can tau, tir 46 xac dinh duoc vi tri hoanh d6 tim ndi t6i vu dudi goc
do lyc can tau, gidi thich dugc ban chit vat ly dan t&i sy khac nhau vé luc can tau
thong qua viéc chi ra sy khac nhau vé hinh dang séng do tau tao ra, Phan b ap
sudt thuy dong trén bé mit thin tau gitta cic phwong 4n hinh dang than tau khac

nhau.

1.2.3. Nhén xét danh gia vé cac nghién ciru di truéce

Cac nghién ctru vé thiét ké hinh dang than tau nham giam lyc can tau do cac
tac gia khac nhau trén thé giéi va Viét Nam thyc hién d3 duoc NCS tong hop,
phan tich, danh gia ¢ trén 1a co s phuong phap luan ciing nhu ngudn tai liéu dé
phuc vu cho cac nghién ctru tiép theo lién quan dén van dé nay. Trén co so tong

hop, phan tich cac két qua nghién nay, ching ta c6 thé dua ra mot s6 nhan xét sau:

- D01 voi céc tai licu dudi dang céc gido trinh, sdch chuyén khao da dua ra

cac khuyén nghi trong viéc lya hoanh d¢ tm noi, hinh dang mii qua 1¢, hinh dang
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duong nudc, duong suon...hop 1y dudi gée do giam luc can tau. Tuy nhién, cac
khuyén nghi Iya chon thudng nam trong mot dai kha rong gay khé khin cho nguoi
thiét ké trong viéc lya chon gia tri phtt hop dudi goc d6 giam luc can tau. Ngoai
ra, cac khuyén nghi lién quan dén viéc lya chon cac thong s6 hinh déng than tau
khéng c6 tinh phd quat cho tit ca cac loai tiu ma tng v6i mdi loai tau khac nhau
s€ ¢o gia tri phu hop khac nhau va mirc do anh hudéng (mot cach dinh luong) cua

chung dén sy thay ddi luc can tau thi khong duoc dua ra.

- Pdi véi céc cong trinh khoa hoc dudi dang céc bai bdo khoa hoc, viéc
nghién ctru vé anh hudng ctia hinh dang than tau dén luc can tau duoc thuc hién
cho mot tau cu thé va da dua ra duoc cac két qua nghién ctru mang tinh dinh luong
cling nhu dé xuit dugc hinh dang méi cho tau so voi tau cii dudi goc do giam luc
can tau. Phuong phap nghién ctru duoc cac tac gia sir dung & day gom 03 phuong
phap: phuong phap thiét ké hinh dang than tau (phuong phép tham sd, phuong
phap bién dang tu do...), phuong phap sé CED dé tinh toan luc can tau va phuong
phap t6i wu dé xac dinh phuong an tdi wu (Thuat toan di truyén, phwong phap tdi
wu dong bd (Synchronous Optimization), thuit toan tdi wu bay dan (Particle
Swarm Optimization); phuong phap bé mat dap tng (Response surface method),
phuong phép thiét ké thuc nghiém Taguchi.

- Céc nghién ciru lién quan dén viéc thiét ké hinh dang than tau chay tuyén

pha song bién rat it, dac biét 1a cac nghién ctru ¢ trong nudc.

1.3. Phan tich lya chon hwéng nghién ciru, phwong phap nghién ciru va gidi

han nghién ciru

1.3.1. Lwa chon huwéng va muc tiéu nghién ciru

Can c trén nhu cu phat trién déi tau cap VR-SB ciing nhu thuc trang cong
tac thiét ké doi tau nay ¢ trong nudc cong véi voi quy mo va ciu trac ciia doi tau
mang cip VR-SB cua Viét Nam, NCS xin dé xuat huéng va muc tiéu nghién ctu

trong luan 4n nhu sau:
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Muc dich nghién ciru ciia ludn dn: Xay dung mo hinh bai toan cai tién hinh dang
than tau hang cdp VR-SB nham giam sirc can tau trén co sé co tinh dén dic diém
cta tuyén dudng thiry ndi dia trong nuéc. Ap dung mé hinh tinh dwa ra vao trong
cai tién hinh dang tau cho mot series tau hang co trong tai 4600 tan mang cap VR-

SB dang duoc khai thac pho bién trén tuyén duong thuy ndi dia Viét Nam.

1.3.2. Phan tich lya chon phwong phap nghién ctru

Dé dat dugc muc tiéu nghién ctru dit ra, luin 4n s& sir dung cac phuong phap
nghién ciru gdm: Phuong phap khao sat, tong hop, phan tich thong ké; 1y thuyét
vé thay dong luc hoc tau thiy; phuong phap s6 CFD; phuong phap Taguchi két

hop phan tich tuong quan xam.

Co s& dé NCS lya chon Taguchi dé giam bot sb luong cac phuong an tuyén
hinh can tao ra khi thay d6i cac tham sb hinh dang than tau trong khi van dam bao
tim duoc phuong an hinh dang toi wu dudi goc do luc can tau. Doi véi viée lua
chon phuong phap phan tich twong quan xam la dung dé giai quyét bai toan da
muc tiéu va diung dé danh gid mic d6 anh hudng cua ting thong s6 tuyén hinh tau

dén lyc can. Van dé nay s& dugc NCS trinh bay chi tiét & chuong 2 ctia ludn 4n.

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

- ba trinh bay dugc téng quan vé tuyén van tai thuy ndi dia cua Vi¢t Nam.
Trong d6 di dua ra dugc cac con sb dinh lugng vé mire tang truong sé luong hang
hoa qua hinh thirc van tai qua cic nam. Tir d6, khang dinh tAm quan trong cua
tuyén vén tai thuy ndi dia Viét Nam trong phét trién kinh té-xa hoi cta dat nude.

- i trinh bay duoc quy mé doi tau hang cip VR-SB theo trong tai, loai tau
va dic diém cia loai tau nay. Theo d6 loai tau chiém ty trong nhiéu nhat trong doi
tau hang cdp VR-SB 14 céc tau hang kho c6 trong tai dudi 5000 tan. Day 1a co sd

dé NCS lua chon dbi tuong nghién clru trong dé tai.
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- ba trinh bay dugc mot sb ton tai trong cOng tac thiét ké hinh dang than tau
cép VR-SB tai mot s6 don vi Thiét ké tau & trong nudc.

- P4 néu bat duoc su can thiét trong viéc st dung céc giai phap ki thuat nham
sir dung ning luong hiéu qua tiét kiém trén tau thong qua viéc tong hop, phén tich
cac diéu ludt cia Qudc hoi, nghi quyét ctia chinh phu lién quan dén yéu cau st
dung ning luong tiét kiém va hiéu qua.

- P tong hop, phan tich, thong ké dugc cac nghién ctru dién hinh trén thé
gidi va trong nude lién quan dén van dé nghién ciru.

- ba phan tich néu bat dugc nhiing két qua dat dugc cua cac nghién ctru di
trude cling nhu cac ton tai han ché cia cac nghién ctru ndy.

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

phuong phéap 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 ciia thu pha song bién

2.1.1. Co s& 1y thuyét anh hwéng ciia d6 sdu nwée dén lwe can tau

Theo dinh nghia cia QCVN 72: 2013/BGTVT [39] céc tau mang cip VR-
SB s& duoc phép hoat dong trén tuyén thuy noi dia (cac séng, kénh, khu vuc ven
bién cach bo hodc noi tra 4n khong qua 12 hai 1y...). Vi dic diém hoat dong nay,
khi tau chay trén song va trong cac kénh co sy gidi han vé do sau va chiéu rong
cua kénh, dong chay xung quanh tau sé& bj thay doi so vé6i khi chay trong khu vuc
khong c6 su han ché vé d6 sau va chiéu rong cua ludng. Cu thé, s& xay ra cac hién
tuong: toc do dong chay tai day tau sé tang 1én, khi d6 theo dinh luat Bernoulli ap
sudt trén bé mit day tau s& giam; hinh dang va chiéu cao séng do tau tao ra khi
chuyén dong s& ting 1én; chiéu chim dong cua tau ting 1én, cac yéu té nay lam
tang lyc can tau so v6i khi tau chay trong vung nudc khong c¢6 su han ché vé do
sau va chiéu rong cua kénh [12, 40]. Sy thay ddi luc can tau khi chay trong khu
vuce c6 su gi6i han vé d6 sau va chiéu rong cta kénh phu thudc vao cac yéu to sau:
s6 Froude cua tau theo do sau nudc Fr, =V / \/E : ty sO hy/T - anh hudng cua do
sdu; ty sO B./B - anh hudng cia chiéu rong ludng; ty s6 A./A, - anh hudng caa
dién tich mit cit ngang cua ludng. O day, V- 1a toc do tau, g — 1a gia téc trong
truong; hwva T 1an luot 1a d6 sau cua song, luéng va chiéu chim cua tau; B, va B,
—1an luot 1a chiéu rong ctia kénh va chiéu rong cua tau; A, va A, — 1an luot 12 dién
tich mit cit ngang cua ludng va ciia sudn giira tau. Cac ngudng bat dau xuat hién
anh huong ctia nude ndng va chiéu rong cua ludng duoc trinh bay trén Bang 2.1.

Khi ty s6 hw/T <1,5 s& duoc goi 1a nudc nong.

Khi tau chay trong ving nudc nong, sé xuat hién ba ché do dong chay, chiing
dugc xac dinh thong qua sb Froude cua tau theo do sdu nude gém: ché do trude
to1 han Fr, <1, ché do t&i han Fr,=1va ché do sau téi han Fr, >1. Céc hién tuong

(hinh dang séng do tau tao ra, lyc can tau...) xdy ra ¢ 3 ché o nay la khac nhau
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(xem Hinh 2.1). O ché d¢ trude t6i han, sy hinh thanh séng trén nudc nong va
nudc sau 1a gidng nhau va chung ta c6 thé quan sat dugc hinh dang song Kelvin
truyén thong (xem Hinh 2.2). Khi tdc do tau dat t6i toc d6 toi han, goc song s& dat
dén 78° so voi phuong chuyén dong cia tau (xem Hinh 2.3), song phan ky bi triét
ti€u, & vung mii va dudi tau hinh thanh hai song cé cuong do 16n. Cac song nay
tré' nén don 16. Khi vuot qua ché d6 t&i han sang ché d6 sau toi han, hé thong song
ngang cua tau s& bién mat va chi con lai song phan ky (xem Hinh 2.4). Khi tau
chay trong kénh, goc song so voi phuong chuyén dong cua tau giéng so voi khi

chay trong vung nudce nong, tuy nhién song s€ bi phan xa béi bo.

Bing 2.1. Cdc ngwing bit dau xudt hién anh hwéng ciia nwéc nong va

chiéu rong ciia luong dén lwe cin tau [40]

, Bit dau co su anh Ngudng quan trong |
Céac tham so . _ Anh hudng 16n
hudng can tinh té1
A/A; 50 7-8 4
hw/T 15 3-4 1,5 (nudc nong)
B./B; 50-200 10-15 4

Subcritical Critical Supercritical

~
)
1=
i
1
iy
I}
1
I

1
1
I
) 1
Transgritical

Total resistance
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Depth Froude number Fry,

Hinh 2.1. Puwdng cong lwe cian tau khi chay trong ving nuwéc nong, kénh va

viing khong han ché [40]

32



: — Bow waves
B o _2a? — Stern waves
P le— 1= —b:

Hinh 2.2. Hinh dang séng Kelvin xuét hi¢én & ché do truéc t6i han

Fr, =0.99

Hinh 2.3. Hinh dang séng do tau tao ra khi chay & ché dd t6i han

Divergent

Hinh 2.4. Hinh dang song do tau tao ra khi chay & ché @6 sau t6i han
Ttr cac phén tich néu trén c6 thé thay, nudc néng va kénh sé anh huong dén
dong chay quanh tau khi chuyén dong. Tir d6 dan dén, phwong an hinh déng tdi

wu cia tau khi chay trong viing nudc sau c6 thé khong tbi wu khi chay trong viing
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nudc noéng va trong kénh. Do vay, trong thiét ké hinh dang than tau chay trong
vung nudc han ché vé d6 siu va chiéu rong, can phai tinh dén anh huodng ctua do
sdu va chiéu rong ctia ludng dén luc can tau dé tim ra phwong an hinh dang t6i wu.
Pé minh ching cho nhdn dinh trén c6 thé ké dén nghién ctru cia nhom tac gia
Erik Rotteveel [32]. Trong nghién ctru cia minh d3 tién hanh nghién ctu t6i wu
héa hinh dédng dudi tau hoat dong trong ving nudc néng. Két qua nghién ctru chi
ra rang, khi tau chay trong viing nuéc nong, dé giam cong sut may thi hinh dang
dudi chit V tot hon so véi chit S. Trong khi, tau chay ¢ ving nudc sau thi nguoc
lai. Bén canh d6, trong t6i wu hoa hinh dang than tau can phai tinh dén d6 sau cua

nuée néu ty sd hy/T< 1,5.

2.1.2. Piic diém ciia tuyén dwong thiy ndi dia Viét Nam

Ve hé théng song ngoi Viét Nam, theo dit liéu tor Cuc Puong thuy ndi dia
Viét Nam [41], Viét Nam c6 tit ca 2.360 song dai tir 10km trd 18n, trong d6 ¢o
106 song chinh va 2.254 phu luu. Doc bd bién, trung binh 30km chiéu dai c6 1
clra song, riéng vung bo tdy Vinh Bic Bo (tir Mong Cai - Hai Van), chi 20km
chiéu dai dudng bo di ¢ 1 cira song chia cit va theo théng ké ¢ 112 cira séng ra
bién. Tuy nhién, cac dong chay song ngoi lai phan bd khong déu. Trong dé khu
vuc Pong Bic Viét Nam, Pong bang song Hong va Pong bang song Ctru Long

c6 mat do dong chdy cao hon ca.
Viét Nam c6 9 hé thong song 16n trai tir Bic vao Nam gom [41]:
1. Hé théng song Hong.
2. Hé théng song Thai Binh.
3. Hé théng song Bang Giang - Ky Cung.
4. Hé thong song Ma.
5. Hé thong song Lam.
6. Hé théng song Thu Bon - Vu Gia.

7. Hé thdng song Ba (song Pa Ring).
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8. Hé thong song Pong Nai.

9. Hé thong séng Mé Kong (séng Ctru Long).

Vé quy hoach cdc tuyén dwong van tai dwong thity ndi dia chinh & Viét Nam,
theo Quy hoach phat trién két cdu ha tang Pudng thuy ndi dia thoi ky 2021-2030,
tam nhin dén nim 2050 [41], Quy hoach toan qudc c6 09 hanh lang vén tai thuy
no1 dia vdi 55 tuyén van tai chinh, dugc hinh thanh trén 140 song, kénh véi téng
chiéu dai 7.300 km gdm: mién Bic c6 18 tuyén chinh, trén 49 song, kénh voi tong
chiéu dai 3.028 km; mién Trung c6 11 tuyén chinh, trén 28 song, kénh véi tong
chiéu dai 1.229 km; mién Nam c6 26 tuyén chinh, trén 63 song, kénh véi tong

chiéu dai 3.043 km.

Trong cac tuyén van tai chinh nay, tiy thudc vao do sdu cua séng va cua
kénh n6 duogc chia ra thanh cac cép k¥ thuat duong thuy ndi dia gém: cép dac biét,
cép L IL IL IV, V va IV dya trén trén cac tiéu chi nhu duogc thé hién trén Bang

2.2.

Can ctr vao cap k¥ thuat dudng thiy noi dia dang duoc sir dung phd bién trén
tuyén duong thuy ndi dia mang cap VR-SB 1a dudi 5000 tan trong tai (chiém
93,3% d6i tau pha song bién), do vy trong phan khao sat nay NCS chi tim hiéu
cac tuyén van tai dudng thay ndi dja (DTND) ¢6 thé khai thac duoc tau dudi 5000
tan trong tai. Do chinh 13 cac tuyén vén tai ndm & cap quy hoach cip dic biét va
cap I va cip 2 (cac song c6 chiéu sau nho nhat 16n hon 3,2m), con cip 3 noi c6
gidi han do sau tir 2,8 dén 3.2m chi phu hop d6i voi cac tau ¢ trong tai nho trén
tuyén dudng séng. Trén Bang 2.3 trinh bay quy hoach céc tuyén van tai DPTND tir
cap II tré 1én trong giai doan 2021-2033 cua Bo giao thong Van tai (thdng ké ddi
voi cac tuyén c6 chiéu dai tuyén trén 50 km). Trén Bang 2.3 ta thdy, mién Bic ¢o
11 tuyén van tai PTND duoc quy hoach tir cap 2 tro 1én, Mién Trung khong co
tuyén DTND c6 chiéu dai toan tuyén trén 50km, Mién Nam 9 tuyén vén tai DTND

duoc quy hoach tir cép 2 trd 1én.
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Bing 2.2. Kich thwéc dwong thity néi dia theo cip ky thugt

Kich thuéc duimg thily Kich thuré &u nhé nhit Chu Chicu cao tinh | Chitu siu
’ khong dit day
A . . A A 'y 3 3
e Song Kénh B“‘c';:;“h C:;E“ Chibu | Bj siu K:',fé"ng(‘;,:‘l:"f?: 1 i Promediy m"%ig‘mg
Sau I Rong [ Sau | Rong rong | neuome Kénh Song dign Song, kénh
Dic biét Tuy thuge vao tau thidt ké Tuy thuge vao tau thidt ké Tuy thuge vao tau thiét ké
Mién Bic,
mién Trung
[ >40 | >90 | >4,5 >75 >600 | 1450 | 12,5 38 >70 >85 11 12+AH 2,0
il >32 | >50 | >35 >4() >500 | 1450 | 12,5 34 >40 >50 9,5 12+AH 2,0
111 >2,8 | >40 | >3,0 >30 >350 | 120,0 | 10,5 3,3 >30 >40 7 12+AH 1,5
IV >2,3 | >30 | >2,5 >25 >150 85,0 10,0 2,2 >25 >30 6(5) 7+AH 1,5
Vv >1.8 [ >20 | >2,0 >15 >100 26,0 6,0 1,8 >15 >20 4(3,5) 7+AH 1,5
VI >1,0 [ >12 | >1,0 >10 >60 13,0 4,0 1,3 >10 >10 3(2,5) 7+AH 1,5
Mién Nam
| >4,0 | >125 | >4,5 >80 >550 | 100,0 | 12,5 3,8 >75 >120 11 12+AH 2,0
I >3,5| >65 | >3,5 >50 >500 | 100,0 | 12,5 3,5 >50 >60 9,5 12+AH 2,0
111 >2,8 | >50 | >3,0 >35 >350 95,0 10,5 34 >30 >50 7(6) 12+AH 1,5
\Y >2,6 | >35 | >2.8 >25 >100 75,0 9,5 2,7 >25 >30 6(5) 7+AH 1,5
Vv >2,1 | >25 | »2.2 >15 >80 18,0 5,5 1,9 >15 >25 4(3,5) 7+AH 1,5
VI >13( >14 | >1,3 >10 >70 12,0 4,0 1,3 >10 >13 3(2,5) 7+AH 1,5

Bing 2.3. Quy hoach cdc tuyén vin tii PTND chinh thoi ky 2021 — 2030

[41]
Chiéu | Cap
TT Tuyén vén tai thiy dai quy
(km) | hoach
I | MIEN BAC
| Tu}fén Quang Ninh - Hai Phong - Viét Tri (song 205.6 I
Puodng)
2 | Tuyén Quang Ninh - Ninh Binh (song Ludc) 264 11
Tuyén Ha Noi - Lach Giang 196 I
4 | Tuyén ctra Day - Ninh Binh 72 | Piac biét
s Tl‘lyén Quang Ninh - Ninh Binh (qua ctra Lach 1785 | Dac biét
Giang)
10 Tuyén .th: cang Hai Phong qua kénh Cai Trap dén 199.5 | Pac biét
Van Gia
11 | Tuyén tir Ha No6i dén Cang Viét Tri 74,0 11
II | MIEN TRUNG
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Chiéu | Cip
TT Tuyén vén tai thiy dai quy
(km) | hoach
I | MIEN NAM
1 Tuyén ctra Tiéu - bién gidi Campuchia (séng Tién) | 251 | Pic biét
Tuyén cira Pinh An - bién gi¢i Campuchia (sén
> Y | s puchia (S0n2 |1 | b biet
Hau)
3 Tuyén Thanh phé H6 Chi Minh - Ca Mau (qua 241 I
kénh Xa No)
Tuyén Viing Tau - Thi Vai - Thanh ph6 H6 Chi
4 . : 286,5 11
Minh - My Tho - Can Tho
Tuyén Thanh phd HO Chi Minh - Bén Kéo - Bién
5 . o o 206,7 11
gi¢1 Campuchia (song Vam Co6 Bong)
Tuyén song Ham Ludng (tir ngd ba séng Tién dén
6 | homE g (frng s 90 | Pic biét
ctra Ham Ludng)
Tuyén séng C6 Chién tir ctra C6 Chién dén ngi ba .
7 . a 109 | bac biét
song Tién
Tuyén cira Ganh Hao dén nga ba kénh Luong Thé
8 N 49,3 II
Tran
9 Tuyén qua ctra Rach Gia (tir ctra Cai Lén dén nga 56 I
ba song Cai Tu - kénh Tt Cay Tram)

Vé quy hoach hé thong cang Viét Nam, theo Quy hoach phat trién cang hang hoa
thiy noi dia Viét Nam thoi ky 2021-2030, tim nhin dén ndm 2050 [41]. Hé thong

cang hang hod s& gbm 54 cum cang véi tong cong suat khoang 361 triéu tAn/nam,

trong d6: mién Bic c6 25 cum cang, trong d6 ¢ 13 cum cang cho phép don duoc

cac tau co trong tai tir 3000 tdn; mién Trung c6 08 cum cang, trong d6 c6 1 cum

cang Thanh Hoa dén duoc cac tau c6 trong tai tir 3000 tan; mién Nam c6 21 cum

cang, trong d6 c6 15 cum cang cho phép don dugc cac tau co trong tai tir 3000

tan. Mo1 cum cang hang ho4 gdm cac cang thiy ndi dia chinh va cang thily nd1 dia

vé tinh. C& tau quy hoach cang thily ndi dia 13 ¢& tau dong bo theo cap k¥ thuat quy

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

tro 1én.

Bdng 2.4. Quy hoach cdac cum cdang hang hoa giai doan tir 2021-2030

Tinh, Co
TT Tén cang thanh Song, kénh chinh tau
pho (T4n)
A | MIEN BAC
| Vung dong biang Song
Hong
Cum cang trung tam Ha _ )
1 N Ha Noi song Hong 3.000
NoOi1
2 | Cum cang Bac Ha Noi Ha Noi song Hong, Cong 3.000
3 | Cum cang Nam Ha Noi Ha Noi song Hong, Day 3.000
4 | Cum cang bong Ha Noi | Ha Noi song Pudng 3.000
5 | Cum cang Tay Ha No1 Ha Néi song Hong, Da 3.000
b | Song Han, Cam, Phi Liét,
ai
6 | Cum cang Hai Phong . ba Bach, Lach Tray, Van | 5.000
Phong ,
Uc
i . . Ninh song Day, Hoang Long,
7 | Cum cang Ninh Binh 3.000
Binh Yén Mo, Vac
. Bic . 5
8 | Cum cang Bac Ninh ) song Puong, Cau 3.000
Ninh
Hai song Thai Binh, Kinh
ai 3
9 | Cum cang Hai Duong Thay, Kinh Mén, Mao | 3.000
Duong A
Khé
Vinh \
10 | Cum cang Vinh Phuc song Hong, L6 3.000
Phuc
11 | Cum cang Ha Nam Ha Nam song Hong, Pay 3.000
i _ Nam song Hong, Pao Nam
12 | Cum cang Nam DPinh ) ) , 3.000
Pinh Pinh, Pay, Ninh Co
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song Chanh, tuyén ven

o Quang | o
15 | Cym cang Quang Ninh Nidh vinh Ha Long, vinh Bai | 5.000
i
Tt Long, song Mong Cai
B | MIEN TRUNG
Thanh
1 | Cum cang Thanh Hoa He song Ma, Lén, Bang 3.000
oa
C | MIEN NAM
I | Ving Pong Nam B¢
Cum cang trung tam TP . N )
1 . _ TP HCM | song Sai Gon, Pong Nai | 3.000
Ho6 Chi Minh
Cum cang Bac TP Ho Chi . o N _
2 . TP HCM | song Sai Gon, Pong Nai | 3.000
Minh
Cum cang Tay Nam TP song Cho Bém Bén Lirc
3 . _ TP HCM 3.000
Ho6 Chi Minh — Kénh Té¢
, R R song Sai Gon, Pong Nai,
Cum cang Pong TP Ho .
4 ) TP HCM Cho Bém Bén Lirc - 5.000
Chi Minh
kénh T¢
Binh ) 5 .
5 | Cum cang Binh Duong song Sai Gon, Pong Nai | 3.000
Duong
X ) D@)ng X .
6 | Cum cang Dong Nai Nai song Dong Nai 5.000
ai
: Ba Ria N
Cum cang Ba Ria Viing . song Thi Vai (song
7 Viing 5.000
Tau . nhanh)
Tau
- Ving dong bang song
Curu Long
) song Vam Co Pong, Can
1 | Cum cang Long An Long An . 7.000
Giudc, Vam Co Tay
i \ ) Dong song Tién, song Hau,
2 | Cum cang Bong Thap ) . . 3.000
Thap kénh Lap Vo
s Tién R
3 | Cum cang Tién Giang ) song Tién 5.000
Giang

39




Vinh . .
4 | Cum cang Vinh Long song Tién, Co6 Chién 3.000
Long
, , song Tién, C6 Chién,
5 | Cum cang Bén Tre Bén Tre . . i .| 5.000
Ham Luo6ng, Cura Bai
Cum cang Tra Vinh Tra Vinh song Co Chién 3.000
7 | Cum cang Can Tho Can Tho song Hau, rach Can Tho | 5.000
) An
8 | Cum cang An Giang . Song Hau 7.000
Giang

2.2. Co s6 1y thuyét anh hwéng ciia cic thong s6 hinh ding than tau dén luc
can tau

Pé cai tién, t6i uu hoa hinh dang than tau khi cho trude cac kich thude chu
yéu ctia tau (chiéu dai, chiéu rong, chiéu chim, hé s6 béo thé tich, luong chiém
nuéc), ngudi thiét ké can phai tién hanh phan tich anh hudng cua céc théng sb
hinh déng than tau dén lyc can tau, trén co s¢ d6 ngudi thiét ké sé phat trién duoc
hinh dang than tau hop 1y ¢6 lyc can tau nhé nhat. P c6 rat nhiéu cac nghién ciru
duéi dang dinh tinh cling nhu dinh luong vé anh huéng cta cac thong s hinh
dang than tau dén lyc can tau ma NCS da néu trong chuong tong quan & trén.
Trong d0, cac thong sd hinh dang than tau chinh c6 anh hudng 16n dén lyc can
tau, da dugc cactac giachirado la[l1, 12, 14, 15, 17, 19-22, 42]:

- Vi tri hoanh d¢ tAm ndi (LCB);

- Y% gbdc vao nude tai dudng nude thiét ké (1/20g);

- Hinh dang mdi tau;

- Hinh dang duoi tau.

2.2.1. Vi tri hoanh d¢ tAm noi

Vi tri hoanh d¢ tAm ndi theo chiéu dai tau (LCB) dic trung cho sy phan bd
lwong chiém nudce theo chiéu dai tau. LCB két hop véi hé s6 béo doc chung than
tau va chiéu dai twong d6i ctia tau s& anh hudng truc tiép dén cuong do song phan

phia miii va dudi tau khi chuyén dong. Khi LCB dich chuyén qué nhiéu vé miii
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tau so v6i midt phang suon giita s& lam ting cudng do song phia miii tau. O chiéu
nguoc lai, néu LCB nam qué gan phia dudi tu so v6i mat phang suon giira s& dan
dén nguy co tach 16p bién va tao ra cic dong xody & phia trudc chong chéng, tir
d6 s& anh hudng tiéu cuc dén hiéu suét cua thiét bi ddy sau than tau [11]. Chinh
vi viy, viéc xac dinh vi tri LCB t6i uvu nham giam cudng do séng phia miii tau,
giam nguy co tach 16p bién va dong xoay phia trudc chong chong 13 rat quan trong
trong bai toan giam luc can tau va ting hiéu suat ciia thiét bi ddy sau than tau. Pai
lugng LCB ¢6 anh hudng rat 16n dén luc can tau [22], do vay viéc lya chon vi tri
LCB t4i wu 1a rat quan trong nham giam luc can tau. Trong cac tai liéu [11, 12,
14, 15] céc tac gia da dua ra khuyén nghi lya chon vi tri LCB tdi uu phu thudc
vao loai tuyén hinh tau, hé sé béo thé tich va téc do tau. Nghia 1a gia tri LCB tbi
vu s& khac nhau cho timg trudng hop hinh déng than tau cu thé. Tuy nhién, cac
huéng din Iya chon vi tri LCB t6i wu chi 4p dung duoc d6i voi cac tau bién c6 hé
s6 béo nho hon 0,850. Cac hudng dan ddi voi tau pha song bién va tau song 1a

khong co.

2.2.2. Géc vao nwéce tai dwong nuéce thiét ké

Theo Molland [15], 4 gbc vao nudc tai duong nudc thiét ké (1/2ag) co anh
huong dén: luc can tau ¢ cac diéu kién tai khac nhau va anh huong dén tinh quay
tré cling nhu tinh di bién cua tau. Vi vay, viéc lua chon hop 1y goc vao nudc tai
duong nude thiét ké s& gitp cai thién ddc tinh thuy dong ciia than tau ndi chung
va giam lyc can tau noi riéng. Hién tai cadc hudng dan trong viée lva chon 1/2ax
moi chi dimg lai & cac tau khong c6 mili qua 1é va chi la dudi dang khuyén nghi

[14] (xem Bang 2.5).

Waterline

Centreline

Hinh 2.5. Pinh nghia 2 goc vao nuwdc (1/2ak)
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Bing 2.5. Bing huwéng dan lwa chon % géc vao nwéc 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° 330 37°

2.2.3. Hinh dang miii tau

Hinh dang miii tau c6 anh hudng kha 16n dén lyc can tau, dén hiéu qua quay
tré va on dinh hudng di cta tau, do vay ddy 1a yéu cau dit ra trong thiét ké hinh
dang mi tau [15]. Ngay nay, loai hinh dang miii tau phd bién nhat trén céac tau
hang chay bién ciing nhu cac tau hang chay tuyén thay noi dia 1a mii qua 18. Loai
mili ndy co tac dung lam thay doi sy phan bd dudng dong quanh miii tau, tao ra
hé thong song giao thoa véi hé théng song duoc tao ra bai tau khi chuyén dong,
ddng thoi nd con co tac dung cai thién dong chay quanh mii tau [23], tir d6 lam
gidm lyc can tau. Ddi v6i céc tau béo, chay cham, uu diém chinh cta miii qua lé
s& khong phai nim ¢ viéc giam thanh phan luc can séong ma nim & chd né lam
cho dong chay & phia dudi mili qua Ié duoc déu va tron (smooth) tir d6 c6 thé giup
chdng lai hodc 1am cham lai viéc tach 16p bién ¢ khu vire ndy tir d6 1am giam luc
can hinh déang.

Hinh dang miii qua 18 theo Kracht [43] c6 thé duoc chia ra thanh 3 loai khac
nhau gém: Loai miii qua 1 hinh Delta A; loai mili qua 18 hinh O va loai miii qua

1€ 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 lIé
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+ Loai mili qua 18 hinh delta A phu hop d6i véi cac tau c6 su thay ddi chiéu
chim 16n va c6 duong suon dang chir U ¢ ving miii tau. Anh hudng c6 loi caa
mili qua 18 ndy s& giam xudng khi chiéu chim ting va nguoc lai. Ngoai ra, sir dung
loai miii qua 1€ ndy s& lam tdng nguy co xay ra hién tuong slamming phia miii tau
khi chiéu chim giam.

+ Loai mili qua 1& hinh Nabla v phu hop ddi voi tau c6 duong sudn dang chir
V ¢ vung miii tau. Hinh dang miii qua 1€ nay duoc danh gia 1a nang cao duoc hi¢u

qua o6n dinh hudng di cua tau.

+ Loai miii qua 1€ hinh O phu hgp véi ca tau c6 duong suon dang chir U va
V & vung miii tau. Hinh dang miii qué 1€ nay c6 nguy co xdy ra hién tugng

slamming nhé hon so vo1 miii qua 1€ hinh delta A.

- Trong tt ca cac truong hop, mii qua 18 can dam bao diéu kién khong duoc

nh6 1én khoi mit nude qua diém B (xem Hinh 1.5) khi tau chay & ché do ballast.

- Pé mo ta hinh dang mili qua 1é, Kracht [44] sir dung 06 tham s gom chiéu
dai Lpg, chiéu rong B va chiéu cao ctia miii qua 18 Zg; dién tich mit cat ngang Azr
tai duong vuong goc mili, dién tich mat cat doc Ap va thé tich miii qua lé V,,.
Murc 6 anh hudéng cua 6 tham sb hinh hoc miii qué 16 dén hé sb giam cong suit
du d3 dugce Kracht mé ta chi tiét trong tai liéu [44] ma ludn 4n da dé cap dén trong
Chuong 1. Theo d6 trong 6 tham s6 mili qua 1é thi 03 tham sé gom: hé s6 chiéu
dai Cypr, hé s6 dién tich mat cat ngang Cypr va hé sb thé tich C,,, ciia mili qua 1é
1a cac hé sd quan trong ¢ anh hudng 16n nhat dén cac thong sb thiy dong luc hoc
clia tu ndi chung va luc can tau noi riéng. Ngoai ra, 03 hé sd ndy con c6 quan hé
v6i 03 hé s6 con lai. Do vy, trong nghién ctru nay, dé tdi wu hoa hinh dang mdi

qua 1€, NCS chi lya chon 03 tham $6 quan trong nhét trén dé toi vu.

2.2.4. Hinh d4ng dudi tau

Hinh dang dudi tau anh hudng dén su tach 16p bién tir 46 anh huong dén lyc

can va dong theo phia sau tau tir 46 anh hudng dén hiéu suét cua thiét bi day lam
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viéc sau than tau, chan dong tau. Ngoai ra, hinh dang dudi tau con anh huéng dén

phuong an bé tri thiét bi ddy va banh 14i phia sau tau [15].

a) Puéi tuan dwong b) Puoi xi ga

Hinh 2.7. Cac loai hinh dang duéi tau
Hién tai, c6 hai loai hinh dang dudi tau pho bién dang 4p dung trén cac tau
hang gém dudi tudn duong va dudi xi ga (xem Hinh 2.7). Mt trong nhimg uu
diém cua dudi xi ga so v6i dudi tuan duong d6 1a lam cho dong chay dén chong

chong dugc dong déu hon.

Déi v6i viée thiét ké hinh dang dudi tau, tic gia ngudi Puc H. Schneekluth
[14], d3 dua ra mot s6 101 khuyén trong thiét ké hinh dang dudi tau ma ngudi thiét
ké can dic biét quan tam gém:

+ Giam dén muc tbi da viéc tach 16p bién tai dudi tau;

+ Giam dén muc t6i da tuwong tac cta chong chéng 1én than tau (hé sb luc
hut);

+ Pam bao du khe hé gitra chong chéng va than tau.

Déi véi viéc tach 16p bién: viée tach 16p bién tai dudi tau 1 ham sb phu thudc
vao hinh dang than tau va anh hudéng cta chong chong phia sau tau. Di voi tau
st dung mot chong chong thi lyc hit cia chong chong co loi dén viéc han ché

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

chuyén dong cua tau.

Poi véi dnh hudng cia lwc hit chong chéng: Dé giam dugc hé s lyc hat thi
cac duong trong khu vuc ma dong chay dén chong chong can phai duogc thiét ké
sao cho lyc hut nho. O day, chong chong sé& 1ay lai mot phan nang lugng bi ton
that do viéc tach 10p bién. O day, tich phan sau can phai c6 gia tri nho nhat c6 thé
dé giam anh hudng cua luc hat (xem cong thire 2.1). Bé dam bao duoc diéu nay,

ta cAn phai giit cho dudng nudc phia trude chong chong thon nhét co thé.

sin

dS — min (2.1)

X

a
& day: dS — 13 phan bé mit than tau gin chong chong; a — 1 goc ctia phan bé mat
than tau so véi truc doc cua tau; a — 1a khoang cach gitra bé mit than tau voi chong

chéng, x~2.

Hinh 2.8. Anh huéng ciia lwe hit chong chéng 1én thén tau
Mot cach khac ¢ thé 1am giam lyc hat chong chong d6 1a ting khoang cach
khe ho gitra vom dudi véi mép canh chong chong.

194 19 841817

Hinh 2.9. Phian dudi thian tau SSPA dwoc thiét ké dé sir dung hai chong
chong [12]
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Déi vai cac tau ¢ hé sé béo 1on 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 duoc
cong suat may dén 10% so véi sir dung mot chong chong [12], ngoai ra giai phap

nay dic biét ¢6 loi thé khi tau chay trong ving nuéc nong.

2.3. Co sé ly thuyét thay d6i hinh dang than tau

Trong thiét ké tuyén hinh tau, thong thuong nguoi thiét ké s& lya chon mét
mAu tuyén hinh cé trude, trén co sé tuyén hinh mau nay sé& tién hanh diéu chinh
cac thong s6 hinh dang than tau thiét ké dé co dugc mot tuyén hinh méi co thong
s6 thuy dong luc hoc tot trong khi van gitta dugc céc tinh ning khac cia tau, tir
d6 tiét kiém duogc thoi gian thiét ké. Vi kich thude chil yéu cta tau cho trudc,
nguoi thiét ké s& sir dung phuong phap thay di nhé hinh dang than tau. Nghia 14
s& thay d6i cac théng s6 nhu phan bd luong chiém nudc theo chiéu dai tau (thay
doi hoanh d6 tam néi), cac thong s6 hinh hoc ctia miii qua ¢, chiéu dai dudi
transom...Dé thay d6i hoanh d¢ tdm ndi cua tau, ngudi ta thudng str dung phuong
phap Lackenby [16], viéc thay d6i hinh ddng miii va dudi tau, thuong st dung
phuong phap duong va mat NURBS (Non-Uniform Rational B-Spline) [45], dudi
day NCS xin trinh bay vé co s¢ 1y thuyét cua hai phuong phap nay.

2.3.1. Phuwong phap Lackenby

Phuong phap Lackenby 1a phuong phap mé rong cua phwong phap diéu
chinh hinh dang than tau 1-Cp [16]. DAy 1a phuong phap dugc phan mém thuong
mai Maxsurf st dung 1am co s& 1y thuyét cho phép tinh chuyén hinh dang than
tau thiét ké tir thu mau trong phan mém ctia minh. Noi ham cua phuong phap
Lackenby nhu sau:

Phuong phéap nay cho phép thay d6i hé s béo doc chung than tau (Cp), hoanh
d6 tam ndi (LCB) va chiéu dai doan than éng giira tau (Lpga) cua tau thiét ké so
v6i tau mau. Theo d6, sy dich chuyén theo chiéu dai cta tdu & mdi sudn c6 thé

dugc xac dinh theo cong thurc sau:
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SL x, —L 1-8C
Sx, =(1—x Pa la HalsC. —SL, — 4 2.2
f.a ( f,a){]_LPf'a Af’a Pf.a 'Pf,a ]—(SLH’a ( )

Trong phuong trinh (2.2), dai luong 4, dugc xac dinh theo cong thurc:
Af,a = CPf,a (] o 2)_Cf,a ) B Lpf,a (] - Cpf’a) (23)

Nhu ta c6 thdy trong cong thirc trén, sy thay d6i chiéu dai doan than 6ng

0L, ,da duge tinh dén. Cac gia tri hsva h, duge xéac dinh theo phuong trinh sau:

h

ra=C

Pfa’

Bf’a ] _ 5LPf,a(1 B CPf,a) n 5L1?f',a (] - 2% ',a)
C 5CPf’a (] - LPf',a ) 5CPf,a (] - LPf,(l )

Pf.a

} (2.4)

Dai luong By, trong cong thuc (2.3) dugce xac dinh nhu sau:

C {2’7_f,a ~ 3k.f,a2 ~ Ly (1-25, )}

B. = ofa 2.5
p ™ 25)
Dai luong k;, trong cong thic (2.4), dugce xac dinh nhu sau:
k, = Lo (2.6)
f.a Sf’a .

Trong do6 I;, 1a mé men thir hai vé suon gitta duge biéu dién bang mt phan
cua chiéu dai cua doan miii va duéi tau, Sy, — 1a dién tich cua doan miii va dudi
cua tau.

Su thay doi hé sb béo doc chung than tau phia mii va dudi tau duoc xac dinh

nhu sau:
2[6C,- (B —LCB)+d6LCB-(C,+0C,]+C,-6L,,—C -6L
5CPIZ [ P ( a ) ( P P] f Pf a Pa (2'7)
' B, +B,
5C, = 2[5CP-(Bf—LCB)+5LCB-(CP+5CP]+Cf-§LPf—Ca-5LPa (2.8)

B, +B,

Dai lugng Cy, trong phuong trinh (2.7) va (2.8) dugc xac dinh theo cong
thirc:
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C — Bf,a (1 - CPf,a ) - CPf,a (] - 2f ',a)
S I-L

Pf,a

(2.9)

Sau khi x4c dinh dugc cac gié tri cia 6C,, va 6Cp, va thé chiing vao phuong trinh
(2.2), ta s& thu dugc su dich chuyén cua ting sudn theo chiéu dai tau.

Cac dai luong trong cac cong thirc tir (2.2) dén (2.9) duoc hiéu nhu sau:
x, .- 1a khoang céch tur suon bét ky tai phia miii va dudi tau dén suon giira; ox,,
- 14 su dich chuyén theo chiéu dai tu cta tirmg sudn tai mili va dudi tau; Cra—1a
hé s6 béo doc chung than tau tai phia miii va dudi tau cia tau mau; 0Cy .- lasu
thay d6i chiéu dai ctia doan than dng & phia miii va phia dudi tu so vi tdu mau;
hy.— 1a khoang cach tinh tr trong tdm cua 6C,, dén suon gira; X, .- la khoang
cach tinh tir trong tAm ctia cia phan miii va phan dudi dén sudn gira; V.- ladién
tich duong suon cua sudn xg,.

Uu diém cua phuong phap Lackenby so voi phuong phap diéu chinh hinh

dang than tau 1-Cp duoc chi ra nhu sau [16]:

- C06 thé diéu khién duoc chiéu dai doan than éng cua tau (Lpza);

- Do &xty 1& thuan véi x(1-x), chinh vi vay phuong phép nay co thé ap
dung cho bt ky trudng hop diéu chinh hinh dang don gian nay.

- C6 thé xac dinh cac diéu chinh can thiét dbi véi hé sb béo doc chung &
phia miii va dudi tau dé dua ra bat ky thay d6i mong mudn nao vé vi tri

LCB va hé sb béo lang tru.

1.0

«-« Tau thibr ké

Sectional area (normalized, 4/4,)

SIEHDHNOO ’ o V ’ T i i0 ’ 20
AP 04] FP

Hinh 2.10. Vi du 4p dung phwong phap Lackenby trong diéu chinh duong

cong dién tich dwong swon theo chiéu dai tau
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2.3.2. Phwong phap thay doi hinh ding miii tau

Dé thay d6i hinh dang mii qua 1é cta tau, cac nghién ctru trén thé gisi phan
16n déu sir dung dudng va mit NURBS (Non-Uniform Rational B-Spline) [45],
trong thiét ké hinh dang than tau néi chung va trong diéu chinh cac thong sb hinh
hoc ctia mili qua 18 ndi riéng. Trong d6, phan mém Maxsurf ciing sir dung dudng

va mit NURBS lam co sd 1y thuyét viée xay dung tuyén hinh tau.

DPuong va mat cua NURBS phu thude vao viée ta thiét 1ap cac ham co so,
duoc xac dinh qua anh huéng cia timg diém diéu khién duoc thiét lap dé diéu
chinh hinh ddng duong cong. Cac ham co s¢ dugc xac dinh b1 mot vector cia
cac nut T, voi T={1y,...t; ti+4,...,t) vam 1a ) luong cac diém diéu khién béac n cta

duong.

Ham co ban cia NURBS véi duong cong d6 p (bac k=p+1), duoc xac dinh

nhu sau:
N (1)= 1 if t,<t<t, (2.10)
D710 otherwise '
t_ti ti+p+1 —t
N, (1)= =N, (1) + =N, (1) (2.11)
i+p i i+p+l i+]
Céc phan tir ciia vector niit md duoc xac dinh nhu sau:
t,=0 1<i<k
t,=i—k k+1<i<n+1 (2.12)
tt=n—k+2 n+2<i<n+k+1

Trong d6 n+1 —1a s6 diém diéu khién trén dudng cong, k — 13 bac ciia dudng cong
(k=p+1).
Bé mat NURBS dugc biéu dién bang phuong trinh toan hoc sau:

m n

22N, (u)N, (VIW,P,
S(uv) =5 (2.13)

m n

SN, (u)N, (V )W,

i=0 j=0
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Trong d6: S(u,v) - 1a diém trén bé mit NURBS véi toa do tham s u, v; Nip(u) va
Nj4(v) - 1a cac ham co ban cuia NURBS; W; — 1a cac gia tri trong s6 hitu ty; P;la

vl tri cua cac diém kiém tra.

“V5

v4

v3 X
“v2 .

; vi ssie?
Vo

Hinh 2.11. Piém diéu khién dwgrc sir dung trong viéc tao ra cic phwong 4n
miii qua lé
2.4. Co sé ly thuyét phwong phiap CFD

Phuong phap CFD 1a mét nhanh cta co hoc chét luu, st dung phuwong
phép s6 dé giai cac bai toan lién quan dén chuyén dong cta dong chay néi
chung va tinh toan luc can tau noi riéng.

Trong phuong phap sé6 CFD ngudi ta chia ra cach tiép can khac nhau trong
viéc tinh toan lyc can tau gdm: Phuong phap dong chay thé, phuong phap trung
binh s6 Reynold RANSE [46]; phuong phap LES (Large Eddy Simulation). O
thoi diém hién tai, phuong phap RANSE van 1a phuong phéap duoc 4p dung phd
bién nhat trong tinh toan va t6i uvu héa lyc can tau [17, 22, 23, 47-49]. Dudi day,
NCS gi6i thiéu vé co sé 1y thuyét cua phuong phap RANSE.

2.4.1. H¢ phwong trinh Navier-Stokes
Hé phuong trinh lién tuc va dong luong cua phan tir chat 16ng khong nén

duoc chuyén dong trong hé toa d§ Descartes dugc viét nhu sau:

e _ (2.14)
Ox,

1
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— s 6]_7 az—-ij
u. +oul |=——+——=~L 2.15

o), 0
Ot Ox .

J
Trong d6: i, - 1a vector van tdc trong hé toa dd Descartes theo 3 phwong X, v, z;
x; -lavitri; t—1athoi gian; puu’; la la img suat roi Reynolds; p - 1a ap suat
trung binh; p 13 khéi luong riéng cua chat 1ong 7,1a tmg suat nhdt trung binh,

duoc xac dinh theo biéu thirc (2.16).

w.  ou.
7, =u{%+ ”J (2.16)
Ox,

Oox,

Trong d6 p — 1a Ao nhét dong hoc cua chét 16ng.

Hai phuong trinh (2.14) va (2.15) két hop thanh hé phuong trinh RANSE mé
phong chuyén dong rdi ctia phan tir chat long khong nén duoc phy thudc ca khong
gian va thoi gian. Pé giai phuong trinh trén, ta can phai sir dung mé hinh dong
chay réi.

Pdi vai viéc lya chon mo6 hinh dong ré)i, cho dén nay, chua c6 1 mo6 hinh
dong rbi chuan nao c6 thé ap dung duoc cho moi bai toan tinh toan thuy dong hoc
tau thuy voi do chinh x4c cao vi vay, trén thuc té tuy bai toan khéac nhau sé c6 céc
mo hinh dong rdi phtt hop. Vi du, D6i véi bai toan tinh toan lyc can tau & ti 16 mo
minh thi mé hinh dong rdi SST K-omega cho két qua chinh xac nhat [50]. Vi bai
todn hién tai la tinh to4n lyc can tau & ti I¢ thuc thi viéc st dung m6 hinh dong r6i
realizable K-epsilon two layer, mot bién thé cia mé hinh dong réi K-epsilon lai
cho két qua tin cay hon bai K-epsilon mé hinh dong rdi nay phu hop véi bai toan

c6 s6 Reynold cao nhu trong tinh toan luc can tau & ti 18 thyc [51].

2.4.2. M hinh dong roi realizable K-epsilon two layer

Mo hinh dong rdi realizable K-epsilon two layer 1 mo hinh dong réi hai 16p
giai cac phuong trinh truyén voi nang luong dong ning réi k va ty 18 suy giam (e)

dé tinh toan do réi nhét 4. theo cong thure [52, 53]:
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u, = pC, [ kT (2.17)
O day: p — 1a khdi lugng riéng ctia chat 1ong; C, - 1a hé s6 mo hinh, £, - 1a ham
dap; T- 1a ty 1é thoi gian rdi.
Ty 16 thoi gian r6i (7) duoc xac dinh dya vao biéu thic sau:
T=kle (2.18)

Ham truyén voi ning lugng dong nang rdi (k) va ty 18 suy giam (&) dugc xac
dinh nhu sau:

%(pk)+V-(ka)=V- [wijwc}a—p(g—goﬁsk (2.19)

Oy

0 _ y7, 1 1 E &
— +V- =V-|| u+—+|Ve|+—C, P -C ——2L|+S 2.20
af (pg) (pgv) |:(:u o J g_ T el” ¢ 82]p2p(]-ye Tb] & ( )

& e

Cac ky hiéu trong cong thirc (2.19) va (2.20) dugc hiéu nhu sau: V- 13 véan tbc
trung binh; o ,0,,0, va C_,lacaché s6 mo hinh; P va P, 1acéc dai lugng tao ra;
f,1a ham dap; S,va S, 1a cac dai lwong ngudn, &, 1a gia tri dong r6i bao quanh
tai nguon; Ty ty 1& thoi gian cu thé.
Céc dai luong tao P, va P. dugc xéac dinh nhu sau:

B =fG +G, ~y,; P=fSk+C,G, (2.21)
Trong d6: f. - 1a hé s6 higu chinh d6 cong, C.,- 1a h¢ sé mo hinh, Gy, Gy, G - lan
luot 14 cac dai lugng dong roi, ndi va phi tuyén tao ra; y,, - 1a hi¢u chinh d¢ nén;
S 1a téc do bién dang trung binh.

Ham dap f, dugc xéc dinh dya trén biéu thirc sau:

P=fG. +G,—y,; P =fSk+C,G, (2.22)
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2.4.3. Co s& ly thuyét trong kiém tra danh gia két qua mé phéng

Trong md phong bang CFD, két qua tinh toan phu thudc rat nhiéu vao cac
thong s6 thiét 1ap nhu: kich thudc mién khong gian tinh toan, mé hinh vat 1y, diéu
kién bién, loai ludi, cach chia luéi, mat df ludi, cac thiét 1ap ban dau, bude thoi
gian...Chinh vi vy, dé thu duoc két qua tin cdy trong tinh toan bang CFD, nguoi
tinh toan can thyc hién viéc kiém tra (Verification) va xac nhan (Validation) két
qua tinh toan cua minh theo cac hudng dan cua Hiép hoi bé thir quoc té ITTC

[54].

Theo hudng dan cua ITTC [54] di voi qua trinh kiém tra va xac nhéan két
qua md phong bang CFD, sai sd trong mé phong d, dugce dinh nghia 1a su khac
nhau gitta gia tri thuc t& T va gia tri mo phong S. Sai s6 trong md phong gdbm hai
thanh phan: tap hop cac sai s6 do m6 hinh hoa dsy va tap hop cac sai s6 do s6 hoa
Ssn. Sai s6 do md hinh hoa 1a céc sai s6 do cac gia dinh toan hoc (mathematical
assumption) va viéc x4p xi hoa cac van dé vat 1y (thong s6 hinh hoc, cac phuong
trinh toan hoc, cac diéu kién bién, twong tac gitta nudc va khong khi, mé hinh
dong rdi) va su két hop cua cac s6 liéu trude (cac tinh chat ctia chét 10ng) trong
mo hinh. Sai s6 do s6 hoa 13 céc sai s6 do viée 1di rac hoa, cac phép lip va su hoi

tu cua luoi...
E=06,=8-T=0, +0,, (2.23)

Tinh khong chic chin (uncertainty) trong mé phong dugc xac dinh theo cong

thaece:
U:=U;, +U., (2.24)

Trong do: U - 1a tinh khong chéc chan trong mo phong; U o va Uy, tuong Gmg

1a tinh khong chic chin trong mo phong do viéec mo hinh héa va sé hoa gay ra.

Gia tri cua Uy, dugc xac dinh béng qué trinh kiém tra nghi¢m thu duoc.
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Céc sai s6 do viéc thiét 1ap cac thong s6 dau vao gom: so vong 1dp 6y, kich thudce
ludi 6, budc thoi gian ot va cac tham so khac, chung duoc biéu dién bdi phuong

trinh (2.25) va (2.26) biéu dién tinh khong chic chan trong mé phong.

Ogy =0, +0;+0,+0, (2.25)
Uy =U,+U;+U, +U, (2.26)

tinh khong chic chin trong md phong do viéc md hinh hoa gy ra U o Va sai )
do viéc mo hinh hoa nim trong thuat giai cia phadn mém mé phong CFD. Do vay
hai thanh phan nay khong duoc xét dén trong qua trinh kiém tra két qtia mé phong.
- Quy trinh kiém tra

Qua trinh kiém tra d6i voi cac tham sb dau vao (vi du kich thuée luéi va
budc thoi gian) duoc tién hanh véi viée str dung cach tiép can da nghiém (m). Dé
lam duoc diéu ndy, ching ta can str dung tdi thiéu 3 nghiém (m=3) dugc tinh chinh
ddng nhat v6i mue ting dan Ax, , trong d6 hé s6 ty 16 1am min duoc xac dinh theo
biéu thirc:

n=Ay, /Ay, (2.27)

Theo khuyén nghi caa ITTC [54] hé sb ty 1é 1am min c6 gia tri 1a V2 hoac
2. Tiép dén ty 1& hoi tu (Ry) dugc dinh nghia dé cung cap céc thong tin vé sy hoi

tu hodc phan ky ctia nghiém theo biéu thirc:

121 (2.28)

Trong cong thir (2.28), €21 va ;31 1a 13 su khic nhau vé két qua mo phong
v6i viée str dung tham s6 dau vao 1a min, trung va manh. ;21 = S;»-S;.1 1a su khéc
nhau giita két qua khi str dung tham s6 dau vao 1a min (luéi min) va trung (luéi
cd trung). €32 = S;3-S;2 13 sy khac nhau gitra két qua khi sir dung tham sb dau vao

1a trung (ludi ludi cd trung) va manh (ludi manh).

Tuy thude vao dau va bién do cua Ry, s€ c6 3 truong hop xdy ra gom:
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Ho1 tu don diéu 0<R;<I;
Ho1 tu phan ky R;<0;
Khong hdi tu Ri>1.

Déi v6i hoi tu phan ky, tinh khong chic chin cia nghiém duoc xac dinh qua
biéu thirc:

U, = é(SU +S,) (2.29)

Trong d6 Sy 1a gia tri 16n nhat cta sy phan ky, St 1a gia tri nho nhét ciia sy phan
ky. Pdi vé6i truong hop khong hoi ty, sai sd va tinh khong chac chan ctia nghiém

s& khong thé x4c dinh dugc.

D061 voi truong hop hdi tu don digu, viée ngoai suy theo Richardson s€ dugc
st dung dé xac dinh tinh murc do chinh xac p;, sai s0 drg va thong s6 hiéu chinh

C; theo cac cong thire sau:

_ ln(gi,32 /gi,ZI)

. 2.30
p; In(r) (2.30)
Sy =—i_ 2.31)
il ’/; _]
rP—1
C = 2.32
! rpiest — ] ( )

O day pies: 1a murc do chinh xéac gioi han ¢o6 gia tri l1a 2 [55].

Tinh khong chic chan trong mo phong theo cach tiép can ding (Uy) va sai (U

duoc xac dinh nhu sau:

9,6(1-C,) +1,1]|6,, |, [I-C|<0,125
_[resa=cr it | i=c 033)
[2|11=C\|+1] (6 |- 1-C|>0,125
24(1-C, )’ +0,1]|5,, |, |I-C|<0,25
U, = [240=CT 401 P, | 16 (2.34)
[[1=C|]|6sz, |- 1-C|>0,25
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- Quy trinh xac nhan

Tong cua tinh khong chic chin trong mo phong theo cach tiép can ding va

sai dugc xac dinh dua trén biéu thirc:
U, =U, +U;, (2.35)
Ug =Ug+U; +U; +U; (2.36)

& day: Up — 1a tinh khong chic chan cua két qua thuc nghiém (thong thuong gia
tri nay bang 0); U — tinh khong chic chan cua ludi; U~ tinh khong chic chén cia
budc thoi gian; U; — tinh khong chic chin cta vong lap; Up — tinh khong chic

chan cua cac yéu to khac.

Sau khi c¢6 dugc cac két qua tinh toan tinh khong chic chan cua két qua mo
phong thu dugc, ngudi ta s& di tién hanh x4c nhan két qua mo phong (két qua md
phong dat dugce day du do tin ciy) bang viée so sanh tinh khong chic chan Uy véi
sai sb ‘E ‘Ve‘l yéu cau vé murc do khong chic chan ciia két qua mo phong. Khi do

s€ cO 6 kha nang sau ra nhu sau:

I |E|<U, <U

reqd

2. |E|<U,..<U,

reqd
3. U,.<|E|<U,

4. U, <|E|<U

reqd

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

reqd

6. U,,<U,<|E|

reqd

Truong hgp 1,2 va 3 ‘E ‘ < U, ung v6i truong hop qua trinh xac nhén 1a dat
dugc ¢ mirc Uy; Truong hop 4,5va 6 U, < ‘E ‘ﬁ'ng voi truong hop qua trinh xéc

nhan la khong dat.
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2.5. Co'sé Iy thuyét phwong phap Taguchi két hop phan tich twong quan xam

Tién si Taguchi (Nhat Ban) 12 ngudi dat nén moéng cho phuong phép thiét ké
bén vitng (Robust Design), ciing 14 nguoi dé xuat phwong phép thuc nghiém mang
tén 6ng. Phuong phap Taguchi 1a phuong phap thiét ké thuc nghiém manh, véi
cac uu diém sau:

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

- Pua ra s6 luong céc truong hop thuc nghiém hay can tinh toan 1a nho nhat
thong qua viéc st dung ma tran tryc giao, tir d6 giam duoc thoi gian can thiét

trong thiét ké.

- Cho phép xéac dinh dugc xu hudng va mic d6 anh hudng cia timg bién
thiét ké dén két qua dau ra. Tir d6, gitp ngudi thiét ké nhanh chéng tim ra céc

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

Véi nhitng vu diém cua phuong phap nay nén né hién dang duoc tng dung
rong rai trong linh vuc k¥ thuat noi chung va trong thiét ké hinh dang than tau néi

riéng [26, 27, 30, 56, 57].

Tuy nhién, phuong phap Taguchi khong thé giai quyét duoc bai toan thiét ké
da muc tiéu nhu trong bai toan t6i wu héa lyc can tau chay pha song bién vi trong
truong hop nay tau sé chay ¢ cac d6 sau khac nhau. Khi do, tuyén hinh tau téi vu
khi chay & viing nudc siu chua chic da t6i wu khi chay ¢ ving nuéc nong. Nhu
vy, 0 ddy can thiét 1ap ham t6i vu da muc tiéu dya trén trong sb thoi gian hanh
trinh ma tau khai thac & cac khu vuc ¢ cac do sau khac nhau. Van dé nay sé& duoc
NCS trinh bay ré hon & phan sau. Chinh vi vay, trong truong hop nay, nguoi ta
s& két hop phuong phap Taguchi két hop voi phan tich twong quan xam [58, 59]

Theo [27, 60], phuong phap Taguchi két hop véi phén tich twong quan xam

duoc thuc hién véi 15 budce nhu trén Hinh 2.12.

Buwéc 1: Xac dinh véan dé
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Tai budc nay nguoi thiét ké s€ xac dinh ham muc ti€u minh can hudng dén
la gi va céc y€u to6 nao anh hudng dén két qua té1 uu va céac dicu kién rang bude
lién quan.

Buwdc 2: Lua chon bién thiet ke va giéi han thay doi ctia bien

Tai budc nay nguoi thiét ké s& Iya chon cac bién thiét ké dé tdi wu (x,), co
anh huong dén thong s6 dau ra (y, = f(x,,x,,x,...x,); Xac dinh gi6i han thay dbi
ctia bién thiét ké (min x, < x, < max x,) va cac quan hé c6 thé c6 giita cac bién thiét
ké. Mirc do khao sat cho cac bién tiy thudc vao anh hudng cia nd dén dap tng
(gi4 tri ham muc tiéu). Viéc lya chon sb mirc (mién gia tri) thay doi cua bién can
thoa méan yéu cau sau: Néu bién anh hudng tuyén tinh thi s6 mirc thay ddi cua
bién can chon tbi thiéu 1a 2 trd 1én. Trudng hop néu anh hudng 13 phi tuyén thi sd

muirc cho cac bién tdi thiéu 13 3 trd 16n [60].

[ Xac dinh van dé ] Mo phoéng, thuc nghiém dé khang
v dinh d9 tin cay cua két qua
Lua chon bién thiét ké va gi6i ) 1 .
han thay doi cua bién Xac dinh bac tuong quan xam tdi uu
i) theo thong so t6i uu
o J
Lua chon dang ma tran truc giao p T N
1 Xac dinh anh hudng cua cac bién
( ‘ ) thiét ké dén bac twong quan xam
Thuc hién tinh todn mo6 phong T
v L VR
- N Tinh toan phuong sai do1 vdi bac

Phan tich ty sb tin hiéu/nhiéu dbi
voi tung bién

tuong quan xam

T

|\ J
) v . [ Lap bang va db thi dap ing ciia ]

Xt Iy va chuan hoa dir liéu bac twong quan xam

— ;
Xéc dinh chudi do léch | Xéc dinh bic tuong quan xam
. T ) 3
4 \
Xéc dinh hé s6 twong quan xam Xac dinh trong s6 cua cac dép g
|\ J
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Hinh 2.12. So' d0 thiét ké t6i wu theo phwong phap Taguchi két hop phan

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

Trén co s ma tran truc giao tiéu chuan cua Taguchi, ta tién hanh lya chon
dang ma tran tryc giao tiy vao sb bién thiét ké va cac gia trj ctia bién. Vi du ma
tran tryc giao theo phuong phap Taguchi véi 4 bién thiét ké, mdi bién co 3 gia tri
(vi du 1, 2, 3) duogc trinh bay trén Bang 2.6. O Bang 2.6, hang 1a sb céac truong
hop cén tinh toan hay 1am thuc nghiém, cot 1a cac bién va gia tri ctia chung. Tur
Bang 2.6 ta thiy, dé khao sat anh hudng 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 thue nghiém voi tong s6 09 phuong an. Trong khi néu st dung phuwong phap
thiét ké giai thira thi s6 phuong an can tinh s& 1a 3*4=81 phuong an. Mot s6 dang
ma trin truc giao tiéu chuan theo phuong phap taguchi véi su thay doi cia sé
luong bién thiét ké va gia tri thay ddi ciia bién duoc trinh bay trong tai liéu [60].
Viéc Iya chon sé luong cac phuong an can tinh toan (tirc dang ma tran truc giao
tiéu chuan) can dam bao né 16n hon sb bac t do duoc tinh theo cong thire (2.37),

cu thé nhu sau [59]:
DOF =(P—1)(F)+(P-1)(P-1)(Q)+1 (2.37)

Trong d6 F 14 s6 bién, P 1a s6 murc, O 13 sb twong tac. Trong truong tac giira cac
bién =0
Bdng 2.6. Bdang ma trdn truc giao theo phwong phdap Taguchi

S6 phuong an Cdc bién thiét ké va so mirc ciia bién
can thuc Gia tr1
nghiém hay X1 X X3 X dau ra, y;
can tinh, n
1 1 1 1 1 Vi
2 1 2 2 2 V2
3 1 3 3 3 V3
4 2 1 2 3 Va
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5 2 2 3 1 Vs
6 2 3 1 2 6
7 3 1 3 2 V7
8 3 2 1 3 s
9 3 3 2 1 o

Budc 4: Thuc hién tinh toin moé phong

Tai budc nay ta sé tién hanh tinh toan moé phong hodc tién hanh thyc nghiém
cac phuong an trong ma tran true giao c6 duge ¢ bude 3 dé thu dugc cac sd lidu
lién quan dén thong s6 dau ra ;.
Buéc 5: Phén tich ty s6 tin hiéu/nhiéu doi véi tirng bién

O budc ndy, ta sé tién hanh phan tich s6 liéu theo ty sé S/N (ty sé tin
hiéu/nhiéu) dugc chuyén d6i tir ham sb mat mat L=k(y-m)>, trong d6 L 13 mat mat
do sai 1éch gia tri dap ung y (gia tri cia ham muyc ti€u) nhan dugc so véi gia tri
dap Gmg m mong mudn, & 1 hang sd. Ty s S/N phy thudc vao muyc tiéu “16n hon
t6t hon”, “nhé hon t6t hon” hodc “d4nh gia anh hudng cua cac bién thiét ké” bang
viéc str dung cac cong thirc tir (2.38) dén (2.39). Sau d6 xac dinh gia trj thuc
nghiém hay tinh toan toi wu cta céac bién thiét ké.

- Néu gia tri thong s6 dau ra y; can dat “Lén hon tot hon” thi:

S 1G]
F2—1010g10 (;ZTJ (238)

=1 Ji

- Néu gia tri thong sd dau ra y; can dat “Nho hon t6t hon” thi:

S 1 &
—=-101 — o 2.39
N Ogm(n;ylj ( )

- Néu gia tri thong sd dau ra y; can dat “Panh gia anh huong cua céc bién
thict ké” thi:

S _.2
5 =10log,, H—ZJ (2.40)
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Trong do:

n ] n _
yu" SZZ—Z(yu_y)Z (2'41)

u=I n-— ] u=1

S |~

y=

& day n, s va ¥ l1an luot 1 sb thuc nghiém hay s truong hop tinh can thue hién,
d6 1éch chuan, va gia tri trung binh cta két qua dau ra.
Buéc 6: Xir Iy va chuin héa dir liéu

O budc nay ta s& chuyén chudi gia tri goc thanh chudi gia tri c¢6 thé so sanh
duoc. Ty s6 S/N ctia mdi gia tri dap ing (response) s& dugc chuin héa thanh zi(k)
(0 < z(k) < 1) dé tranh anh hudng caa viéc ap dung cac don vi khac nhau va giam
su bién thién.
Viéc tinh toan céc gia tri chuan hoa z;(k) cta ty s6 S/N cho n cac thi nghiém nhim
diéu chinh cac gia trji do trén cac thang do khac nhau vé mot thang do chung. Cac

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

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

2 (k) = n,(k) —minz, (k) (2.42)
l max Ui(k)—minﬂi(k) .

Gia tri cang nho cang t6t s& duoc xac dinh theo biéu thirc.

z (k) — max 771(k) _ﬂ,(k) (2 43)
i max ﬂi(k) —min 77 (k) .

Trong d6: z(k) 1a gia tri chuan héa cta ty s6 S/N dbi véi dap tng tha k (k=1, 2,
...,m) cua thi nghiém thtr i; 1 (k) 1a chudi gia tri gbc cua ty sb S/N; max n (k) va

min 1 (k) 13 twong tmg 13 gia tri 1on nhat va nho nhat cia ty s6 S/N.
Buéc 7: Xac dinh chudi dé 1éch
Chudi d6 1éch dugc xéac dinh theo biéu thirc sau:
Ay, (k) = |2y (k) = z,(k))| (2.44)
Trong d6: Ao(k) 13 sy khac nhau tuyét doi gitra zo(k) va zi(k); zo(k) 1a gia tri Iy

tudng (t6i wu, thuong bang 1 & chudi gia tri chuan hoa) dbi voi dap ung thi k.
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Buéc 8: Xac dinh hé s6 twong quan xam
Hé s twong quan xam biéu thi méi quan hé gitta ty s6 S/N chuan hoa tt
nhit va thyc t&. Hé sd tuong quan xam c6 thé dugc tinh nhu sau:

+0A,,

k) = (2:49)

Trong d6: Amin 1 18 tri nho nhit cta Aoi; Amax 12 gia tr1 1om nhit ctia Ay, vadla hé
s6 phan biét 0 < < 1 dé diéu chinh gia tri y(k). & thuong duoc thiét 1ap véi gia
tri 14 0.5 cho phan bd trung binh.

Buéc 9: Xac dinh trong s6 twong quan xam

Trong sb cta cac dap tng sé duoc xac dinh duwa trén ham anh xa f;: [0, 1] —

[0, 1] ham 4nh xa nay can phai dap ung 02 diéu kién sau:
f:(0)=0 (2.46)
Si(x)=fi(1-x) (2.47)
Trong d6: f;(x) 12 ham sb don diéu tang trong dai x €(0,0.5)
Do d6, dé dinh nghia ham anh xa cho phép do entropy, duoc dinh nghia nhu
sau:
w(x)=xe"™ +(1-x)e" —1 (2.48)
Ham sb nay cho gia tri 16n nhat khi x=0.5 khi d6 w.(0.5)=¢’ - 1=0,6487

Dé c6 duge két qua anh xa trong khoang [0, 1], mét entropy méi duge dinh

nghia nhu sau:

_1) Zw (x,) (2.49)

Céac budce sau duge st dung dé tinh trong s6 ciia modi dap tng

Tong hé sO twong quan xam trong tat ca cac chudi ciia moi dac tinh chat

luong duogc xac dinh nhu sau:
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D, =>y/(k), k=1..m

i=1

Entropy ctia mdi dap tmg duge xac dinh nhu sau:

KZ [y,(k)j

I

E = 14 hé s6 chuin hoa
(e' —])xn 0,6487 xn

Trong do: K =

Tong cta Entropy duoc xac dinh nhu sau:

Trong s6 chuan hoa cua ting dap trng duoc xac dinh nhu sau:

1 I—ek
m— E C
k=1 T — E

w, =

~

Trong d6: A;=(1-ex)/(m-E) 1a hé sd trong sb twong doi.

Budc 10: Xac dinh bac twong quan xam

(2.50)

(2.51)

(2.52)

(2.53)

Bac tuong quan xam (GRG) duogc tinh todn dya trén gia tri trung binh cua cac hé

s6 twong quan xam. Céc gia tri bac twong quan xam duoc 1ay 1am dai dién duy

nhat cho nhiéu dap tmg. Bac twong quan xam phan anh mirc 6 anh hudng gitta

chuoi so sanh va chuoi tham chiéu. Néu bac tuong quan xam bang 1, di€u nay co

nghia 14 cac chudi 12 gidng hét nhau va tat ca déu c6 gia tri bang mot. Bac tuong

quan xam cao tuong ung voi miac do quan hé manh gitra chuoi goc va chuoi tham

chiu va tao ra cac yéu to két hop gan vadi thiét 1ap té1 vu. V€ mat toan hoc, Bac

turong quan xam dugc biéu thi nhu sau:

Y = Zwk}/i(k )
k=1

(2.54)

Trong do: > " w, = 1,w ky hi€u cho trong s6 chuan hoa d6i véi dap tmg thu k.
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Budéc 11: Lap bang va dd thi dap wng ciia bac twong quan xam

Trén co s cac két qua tinh toan dugc ¢ cac budc trén, ta s tién hanh 1ap bang va
dd thi dap ung cta bac twong quan xam. Trén co s& do s& xac dinh cac thong sd
t6i wu.

7
A

Buwdc 12: Tinh toan phwong sai doi véi bac twong quan xam

Viéc tinh toan va phén tich phuong sai dugc sir dung dé danh gia mic do
anh huong cta timg yéu td dén bac twong quan xam.
Buéc 13: Xac dinh anh huéng ciia cic bién thiét ké dén bac twong quan xam

Vi céac sb lidu thu duoc tir cac bude & trén, ta s& tién hanh xac dinh anh
hudng cua cac bién thiét ké dén bac tuong quan xam dya vao su hd tro cia phan
mém Minitab. Két qua s& duoc xuat ra dudi dang bang va d6 thi nhu trén Hinh

2.13.

Mean of Means

Hinh 2.13. Anh huéng ciia cac bién thiét ké dén bac twong quan xam

Budéc 14: Xac dinh bac twong quan xam tdi wu theo thong so toi uu
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Bac tuong quan xdm t61 uu s€ dugc xac dinh trén co s¢ tinh dén anh hudng
cua tat ca cac thong so hodc cac thong s6 anh hudng 16n nhat. Gia tri trung binh

cua bac twong quan xam toi wu dugc xac dinh nhu sau:

q
IuG = Gm +Z(G0 _Gm) (255)
s=1

Trong d6: G,, — 14 tong gia tri trung binh cia bac twong quan xam; Go — 13 gid tri
trung binh tbi wu cta bac twong quan xam d6i véi timg gia tri cta bién thiét ké; q
—1a s6 luong cac thong sb co anh hudng 16n dén bac twong quan xam.

Buéc 15: Mé phong, thue nghiém dé khang dinh d9 tin cy cia két qua

Sau khi d3 x4c dinh dugc cac bién thiét ké t6i wu, ta s& thuc hién viéc mod phong
tinh toan (mg phuong 4n ti wu dé khang dinh do chinh x4c cia mé hinh toan dua

ra.

2.6. Két luan Chuwong 2

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

Chuong nay da giai quyét dugc cac van dé sau:

- ba trinh bay dugc co sé phuong phéap luan trong nghién ctru &nh hudng cia

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

- Pa khao sat thu thap duoc cac sd lidu vé dic diém cia tuyén duong thuy
ndi dia Viét Nam, hé thong cac 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 dugc cac théng sé hinh dang than tau anh huong
dén luc can tau. Trong cac thong s6 d6 da phan tich lua chon ra dugc 05 thong s6
quan trong anh hudng 16n dén luc can tau dé phuc vu cho bai toan lya chon hop
1y hinh dang than tau;

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

bang phuong phap s6 CFD;
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- P trinh bay dugc co so 1y thuyét ctia phuong phap kiém tra va xac nhan
két qua tinh toan bang CFD;

- P4 trinh bay duoc co s6 1y thuyét ciia phuwong phap Taguchi két hop phan
tich twong quan xam trong viéc xac dinh phuong an toi vu va danh gia mic do

anh huong cia tirng tham s thiét ké dén gia 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 dung md hinh bai toan cai tién hinh ding than tau hang cip VR-SB

3.1.1. M6 hinh bai toan tdi wu tong quat

Dua trén so d6 thiét ké t6i vu theo phuong phap Taguchi két hop phan tich
trong quan xam da dugc NCS trinh bay trong Chuong 2, ta c6 thé thay rang trong
mo hinh bai toan téi wu tong quat, cAn xac dinh duogc cac yéu t6 chinh sau:

> Xac dinh dugc céc bién thiét ke;

> Xac dinh dugc cac diéu kién rang budc.

» Xac dinh dugc ham muc tiéu;

Di v6i cac bién thiét ké X=X(x; x2,...,x,) can t6i uu, cac thanh phan cua
vector bién bién thiét ké co cac gidi han nam trong dai gia tri tir min dén max nhu
trong cong thic (3.1). Pay 1a cac bién ma gia tri ctia ching can dugc xac dinh dé
t61 wru hoa ham muc tiéu F(x), nghia 1a ta s& di xac dinh gia tri cta bién thiét ké x;
dé gia tri cua ham muc tiéu F(x) dat cuc tri nhu trong biéu thuc (3.2).

minx, <x;, <maxx, (3.1)
¥ = f(x;) > max (min) (3.2)

Vi cac diéu kién rang budc:

g (X, Xy, X,) =2 b, (3.3)
o day: F(x;) - 1a ham muc ti€u; g«(x) - 1a cac diéu kién rang budc, mdi déng thire
hoic bat dang thirc trong cong thirc (3.3) 1a mot diéu kién rang budc; b; - 1a hang

4
A

SO.

Tat ca mién R théa man céc diéu kién rang budc g;(x) s€ thudc mién nghi¢m.

Khi d6 mdi diém mg véi gia tri clia cac bién thiét ké x, =(x,,%,,...,x,) €R s& 1A
* oA .« y . .
mot phuong an va phuong an x; € Rlam cho ham muc tiéu f{x;) dat gia tri cuc tri

goi 14 phuong an tdi vu.
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Bai toan trén duoc goi 1a bai toan t6i wu don muc tiéu, véi chi mot ham can
phai dat dén cuc tri tiy theo ndi dung giai quyét. Tuy nhién, trong thyc té ta co

thé gap phai bai toan da muc ti€u dugc thé hién duéi dang téng quat sau:
F(x)=[f,(x), f,(x),..., f,(x)] = max (min) (3.4)

Trong d6 F(x) - 1a ham da muc ti€u chung; f; (x) — 1a cdc ham don muc tiéu
riéng 1€.

O bai toan da muc tiéu, mdi muc tiéu cé thé co xung dot nhau nén do6i khi
cho bai todn da muc tiéu s€ khong phai 1a duy nhat nhu bai todn don muc ti€u.
Hién nay, dé giai quyét bai todn da muc ti€u noi trén nguoi ta sit dung phuong
phép tong cac ham trong s6. Ham nay dugc xay dung trén co s& chuyén ham da
muc ti€éu thanh ham don muc tiéu bang canh nhan ham muc ti€éu don 1¢é vdi cac
trong sO dua vao. Khi do, ham da muc tiéu sé duoc viét lai theo cac ham don muc

tiéu riéng 1¢ dudi dang tong quat sau:
S =2 W () =w, () + W, () +. 4w, [, (x) >min (3.5
i=1

Trong d6: w; — 1a trong s6 ham muc ti€u don thir i Trong s6 w; can thdéa man
dieu kién sau:

k
Y w=1vaw>0 (3.6)

i=1

Uu diém cua phuong phap nay 13 khi dua dugc ham da muc tiéu vé don muc
tiéu thi bai toan tré' nén dé giai quyét. Tuy nhién, phuong phap nay chi thich hop
va dam bao do tin cay trong trudng hop co thé quy doi gia tri cac muc tiéu vé cling
mot don vi do ludng va cing xu thé ting hodc giam. Khi dé, tuy theo tim quan

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

Dua trén mo hinh bai toan t6i uu tong quat ¢ trén, NCS di tién hanh xay
dung mo hinh bai toan cai tién hinh dang than tau hang cip VR-SB dudi goc do
giam luc can bao gdm céc yéu to chinh 1a bién thiét ké, ham muc tiéu va cac diéu

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

Vi¢c lya chon diang biét thiét ké ¢6 vai tro quan trong trong bai toan ti wu.
Nhu di phan tich trong Chuong 2 vé co so 1y thuyét, c6 05 thong sb hinh dang

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

- Vi tri hoanh d6 tdm no6i (LCB);
- 03 tham s0 cua miii qua 1€ gom: h¢ so chiéu dai Crpg, hé s6 dién tich mat
cat ngang Cypr va hé so thé tich (,, cia miii qua 1€;

- Y gbc vao nude (1/20g) tai duong nude thiét ké.

Can ct trén kinh nghiém va céc tai liéu [11, 14, 15], dai thay d6i cta cac bién
thiét ké duoc xac dinh dya trén gia tri ban dau cua tuyén hinh tau can cai tién, cu

thé:

—-0,02 <

LCB~LCB, _ o>
LC

0
1/2a,,-1/2a
1/2a,,

Cror = Clrro <0,15 (3.7)
LPRi
CABTi — CABT() <0135

ABTO0

-0 203M§020

VPRi

-0,05 < E0.<0,05

-0,15 <

-0,135<

O day, chi s6 “0” trong cong thire (3.7) ky hiéu cho céc thong sd cia tuyén hinh

)
1

tau can cai tién (ban dau); chi sd ky hiéu cho phuong an thay déi thong sb

tuyén hinh tau so v6i tuyén hinh ban dau.
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Theo phuwong phap Taguchi d6i véi cac bién c6 tinh chat anh hudng phi tuyén thi
s6 muc cho céc bién c6 thé 1a 3 hoic 4 [60] . O day, NCS dé xuét st dung 5 mirc
(5 gié tri) v6i mdi bién.

> Xic dinh cac diéu kién rang budc

Trong bai toan cai tién cac thong s hinh dang than tau, ¢é dam bao céc tinh
ning khac cta tau (tinh on dinh, tinh quay trd, dung tich, sttc chd hang...) it bi anh
hudng nhat, diéu kién rang budc khi thay tién hanh tao ra cac phuong an tuyén

hinh tau nhu sau:

- Cac kich thudc cha yéu cua tau gdm: Chiéu dai hai dudng vudng goc, Chiéu
rong, chiéu chim, hé sb béo thé tich khong thay d6i so v6i tau mau.
- Su thay ddi luong chiém nudc do thay doi cac thong sb hinh hoc cta miii

qua 1& cua tau khong vuot qua 0,5% theo bicu thirc:

m; my

<5x107 (3.8)

my

Trén co s& hai diéu kién rang budc ndy, ta s& di tién hanh xay dung cac
phuong 4n tuyén hinh tau dua trén co sd 1y thuyét di duoc trinh bay trong Chuong
2.

» Xac dinh ham muc tiéu

Trén thuc té, trong thiét ké tuyén hinh tau ta chi c6 thé t6i uvu duoc nd & mot
ché @6 khai thac nhét dinh (tai mot toc d6, mot chiéu chim va do siu cia nudce cu
thé). Vi du, dbi voi cac tau bién, tuyén hinh tau thudng duoc thiét ké tdi wu & tde
d6 va duong nude thiét ké khi hoat dong & d6 sau khong han ché. Khi d6, ham
muc tiéu trong thiét ké tuyén hinh tau s& 1a ham don muc tiéu vé lyc can. Tuy
nhién, ddi 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
dong & cac do sau khac nhau (do khi chay trong song c6 su gidi han vé d6 siu cua

nudée), toc do tau chay trong séng khac véi khi chay ngoai bién. Pac diém khai
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thac ndy cta tu pha song bién din tdi tuyén hinh tau néu chi duoc t6i vu & mot
ché d6 khai thac nhu tau bién thi c6 thé khong dat duoc hiéu qua nhu mong muén
13 t6i wu vé luc can tong thé trén toan tuyén hanh trinh va mtc do anh huong sé
tang 1én néu thoi gian tau hanh trinh trong séng chiém mot phan dang ké trong
tong thoi gian hanh trinh ctia cac tau pha song bién, vi tuyén hinh tau t6i wu khi

chay ngoai bién chua chéc d3 t6i vu khi chay trong song.

Nhu vay, néu xét anh hudng cua diéu kién khai thac (46 sau) va sy thay do6i
tdc d6 tau khi chay trong song so v6i khi chay ngoai bién thi bai toan t6i wu hinh
dang tau pha song bién s& tré thanh bai toan da muc tiéu, gdm cac ham muc tiéu
don 1¢ vé luc can tau ¢ diéu kién khai thac khac nhau i twong g véi vén toc tau
V; Khi d6, ham muyc tiéu tong quat trong thiét ké tuyén hinh tau pha song bién s&
duoc biéu dién gibng nhu trong cong thic (3.5) ¢ trén. Cu thé ham muc tiéu trong
truong hop nay s¢ la:

R(x)= iwl.Ri xX)=wR,(x)+wW,R,(x)+...+wW R

n
i=1

(x) — min (3.9)

Trong d6: R(x) — 1a ham strc can da muc ti€u; R,(x) — la ham strc can don muc
tiéu rng véi tung diéu kién khai thac cu thé cta tau (trng do sau va tdc do tau
chay trong doan tuyén d6); w; — 1a trong s ctia ham muc tiéu th 7 ¢6 lién quan
dén thoi gian tau hanh trinh ¢ diéu kién khai thac i twong Ung v6i vén tdc tau V;
Trong s6 w; can thoa mén diéu kién sau nhu biéu thtc (3.6) & trén.

Nhu vay, dé giai bai toan ham da muyc tiéu dit ra & ddy, ta can phai xac dinh
dugc thoi gian tau hanh trinh trén timg doan tuyén khac nhau. Cong thirc x4c dinh
trong s6 ham muc tiéu thir i duoc trinh bay trong Bang 3.1. O day gia thiét ring
tau chay ¢ nhiéu tuyén duong véi cac do sau khac nhau va tée d6 cua tau 1a khong

d6i khi chay trén cac tuyén duong tuong tng.
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Bing 3.1. Bing tinh trong so ciia ham muc tiéu thir i

..z | Posau |Chiéudai| | Théi gian hanh trinh | 1TONg S0 ham
bacdiem| . "4 o0 Téc d6 tau muyc tiéu thir i
A ! A 3
tuyén N doan song i N
. song A; Vi[m/s] | ¢, =-—+X% [Gi10] k
dudng | = 1| i [km) V; 3600 W=t/ Y[
i=l
DPoan
h] l] V] tl wj
song 1
DPoan
hZ ZZ V, i W»
song 2
Ngoai
2 hk lk Vk I W
bién

3.2. X4y dung quy trinh cii tién hinh ding thin tau hang cip VR-SB phu

hop véi tuyén dwong thiy ndi dia Viét Nam

Can ctr trén co s6 1y thuyét da trinh bay & Chuong 2 va cac ndi dung da duoc

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

dang than tau hang cap VR-SB phu hop véi tuyén duong thuy ndi dia Viét Nam

nhu trén Hinh 3.1. Quy trinh cai tién gdm 17 budc. Duéi day NCS xin trinh bay

chi tiét vé cac budc trong quy trinh nay.

3.2.1. Xac dinh cac thong s6 dau vao

Dé cai tién hinh dang than tau hang cAp VR-SB thi can phai co cac thong sb

dau vao sau:

- Tuyén hinh tau ban dau;

- Céc thong tin vé tuyén duong hoat dong ctia tau gdm: do sau A, chiéu dai

[; cua cac doan song, bién ma tau hanh trinh; toc do chuyén dong V; cua

tau g voi ting doan hanh trinh. Trén co s cac gia tri /; va V; ta s€ xac
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dinh dugc trong s6 cua ham muc tiéu thir i b;’mg cach str dung céch tinh

nhu trong Bang 3.1.

v

Xac dinh cac thong s6 dau vao

v

Lua chon bién thiét ké va so
mirc cua bién

v

Lua chon dang ma tran truc gia

.

0

J

v

Tao cac phuong an tuyén hinh

trong bang ma tran truc giao

.

tau dua trén cac truong hop tinh

v

Ve

cho tirng phuong én xay dung

Mo phong tinh toan luc can tau

N

v

véi tung bién

Phan tich ty sé tin hiéu/nhiéu déi

v

Xtr ly va chuan hoa dir ligu

v

Xac dinh chudi do 1éch

(.

J

v

[ Xéc dinh h¢ s6 trong quan xam J

v

T

~

P

( » »
Mo phong, thue nghiém fié khang
dinh d¢ tin cay cua két qua
T
-

, N\

Xac dinh bac tuong quan xam toi uu
theo thong so toi wu

J

N

‘ f

( . 9 P 4
Xac dinh anh huong cua cac bién
thict ké dén bac trong quan xam

.

) f

Tinh toan phuong sai ddi véi bac
tuong quan xam

T

Lap bang va do thi dap ung cia
bac tuong quan xam

T

Xac dinh bac turong quan xam

T

.

Xac dinh trong s6 cua cac dap rng

Hinh 3.1. Quy trinh cdc buéc cii tién hinh ddng thén tau hang cip VR-SB
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3.2.2. Lwa chon bién thiét ké va s0 mirc ciia bien

Bing 3.2. Cdc bién thiét ké va sé mikc

Bién S8 muc (gia tri)
T Ma
thiét
K code | Mge 1 Mic2 | Mac3 | Mic4 Mirc 5

1206 | A |0,95.(1/2080) | 0,975.(12a50) | 1/2ae0 | 1,025.(1/20k0) | 1,05.(1/2a0)

Crrr B 0,85.Crrro 0,925.Crpro Crpro 1,075.CLpro 1,15.Crpro

Casr C 0,865.Capro | 0,9325.Casro | Cusro 1,0675.Caro | 1,135.Cusro

Com D 0,80. Cypyg 0,90. Cypyg Corro 1,10. Gypgo 1,20. Cypgg

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

Nhu d4 trinh bay & Chuong 2, s6 bién thiét ké duoc lyra chon & day 1a 05 bién
(thoa min yéu cau tdi thiéu 1a 3 dbi v6i bién anh hudng phi tuyén dén ham muc
tiéu), voi sb murc (gia tri) cta bién 1a 5 va dyua bién do dao dong cua timg bién
duoc thé hién & cong thie (3.7). Ta sé tién hanh xac dinh gia tri cua 5 bién nhu
trinh bay trong Bang 3.2. Trong d6 murc 3 s& 1a gid tri ctia bién thiét ké ung véi
tuyén hinh ban dau ctia tu, mirc 1 va muc 5 s& 1a gia trj min va max cta bién thiét
ké, mirc 2 va mirc 4 1an luot 13 gia tri trung binh cua gid tri min va max véi gia tri

ban dau cua bién.

3.2.3. Lua chgn dang ma tran truc giao

Trén co s& ma tran tryc giao tiéu chuan cua Taguchi trong phdn mém
Minitab, v&i dau vao 1 5 bién thiét ké va mdi bién c6 05 murc ta s& xac dinh dugc
dang ma tran tryc giao trong truong hop nay la ma tran L25(5x5) vdi 25 truong
hop két hop ctia cc bién nhu duoc thé hién trén Bang 3.3. Véi s6 luong phuong

an tinh hoan toan thoa man yéu cau 16n hon sé béc ty do tinh dugc 14 21 (DOF=(P-
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DF+(P-1)(P-1)(Q+1) = (5-1)x5+(5-1)x(5-1)x0+1=21). Céc s6 1,2,3,4,5 & céc

cot ctia bién thiét ké ky hiéu cho gia tri ctia cac bién 1ay tir Bang 3.3.

Bing 3.3. Bing ma trdn truc giao lwa chon cdc phwong dn dé tinh todn

Bién thiét ké va cac mirc
Trwong hgp tinh
120g CLpr Cusr Corn LCB
Phu’o*x;g;il 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 5
15 3 5 2 4 1
16 4 1 4 2 5
17 4 2 5 3 1
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Bién thiét ké va cac mirc
Trwong hgp tinh
1/2ag Crrr Cupr Corn 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 cic phwong 4n tuyén hinh tau

Trén co s& 25 truong hop can tinh toan duoc thé hién trén Bang 3.3, ta s& di
tién hanh xay dung 25 phuong an tuyén hinh tau. Mdi phuong 4n twong Gng vai
su két hop gié tri cia 5 bién thiét ké nhu trén Bang 3.3. Viéc xay dung phwong 4n
tuyén hinh tau s& dugc tién hanh dya trén co s¢ 1y thuyét da néu & Chuong 2. O
day trong qua trinh xay dung cac phuong an tuyén hinh tau can dam bao dugc cac

diéu kién rang budc dugc néu ¢ muc 3.1.1 & trén.

3.2.5. M6 phéng tinh toan lyc can tau

Sau khi d4 xay dung xong 25 phuong an tuyén hinh tau duéi dang mé hinh
3D, ta s& di tién hanh mé phong tinh toan luc can tau bang CFD cho 25 phuong
an tuyén hinh nay & cac diéu kién khai thac khac nhau (do sau cua nuoc, tde do)
da duoc dé cap dén trong muyc 3.2.1 & trén. Quy trinh mé phong tinh toan luc can
tau bang CFD ¢ diéu kién nudc ndng (tng vé6i trudng hop tau chay trong song)
va nudc sdu (ng v6i truong hop khi tau chay ngoai bién) duoc trinh bay trén

Hinh 3.2 véi 4 bude chinh gom [15], [61]:
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+ Thiét 18p tinh toan;

+ Lua chon 161 giai;

+ Dién giai két qua;

+ Phén tich va d4nh gia két qua thu duoc.

Trong budc Thiét 1ap tinh toan. Pay 1 budc dau tién can thuc hién trong
mo phong tinh toan luc can tau bang phuwong phap CFD. Cu thé, ¢ day ta s& thiét

1ap cac thong s gom:
+ Cac thong sb vé diéu kién mdi truong cia tuyén duong;
+ Kich thudc mién tinh toan;
+ Lua chon loai diéu kién bién;
+ Lua chon ludi va chia ludi;
+ Lya chon mo6 hinh vét ly.

Cac thong so ve diéu kién moi trudng cua tuyén duong bao gom: do sau cia

tuyén duong, 46 nhdt dong hoc va khéi luong riéng cua nude.

Kich thuéc mién tinh toan duoc xac dinh cin ctr trén cac hudng dan cua Hiép
hoi bé thir quéc té (ITTC) [62, 63], cu thé nhu sau: Mit phia trude va phia sau tau
ctia mién tinh toan cach mii va dudi tau mot doan lan lugt bﬁng 1,5 va 2,5 lan
chiéu dai tdu; mat canh va mit phia trén cta mién tinh toan ndm cach mit phang
doc tAm cua tau va mat thoang chat 10ng mot doan 1an luot bang 2,5 va 1,5 lan
chiéu dai tau; Trong bai toan mo phong luc can tau chay trong ving nude c6 do
sau khong han ché, khoang cach tir mit day ctia mién tinh todn dén mit thoang
chét 16ng 1a 2,5 1an chiéu dai tau. Trudng hop ddi véi bai toan méd phong luc can
tau chay trong ving nudc ndng, khoang cach tir mit ddy ciia mién tinh toan dén

mit thoang chat 16ng duoc thiét 1ap 1a d6 sau cua nudc (xem Hinh 3.3).
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Hinh 3.2. Quy trinh mé phéng tinh toan lye can tau bang CFD

Piéu kién bién dugc thiét 1ap ddi voi bai toan mo phong luc can tau khi chay

¢ vung nudc sau va nude nong duge luya chon nhu trén Bang 3.4.
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Bing 3.4. Logi diéu ki¢n bién dwoc dp dung trong bai todn tinh todn luc

cdn tau chay ¢ vang nwdc sdu va vung nwoc nong

Loai di€u kién bién

Tau chay ¢ vung

Tau chay & vung

nudc sau nudc nong
Phia trudc mién tinh toan Velocity inlet Velocity inlet
Phia trén mién tinh toan Velocity inlet Velocity inlet
Mit 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 toan md phong luc can tau s& st dung 03 loai ludi gdm; 1udi bé
mat, ludi khéi va luéi lang tru. Ludi khéi duoc str dung ¢ ddy 1a ludi trimmed.
Kich thuéc luéi khdi duge xac dinh dya trén chiéu dai tau. Véi kich thude ludi
CO SO ¢O gia tri bﬁng 0.015L. Ludi s€ duge lam min ¢ khu vyc mat thodng chét
long dé c6 md phong duge chinh xac sy bién dang mit thoang chit long khi tau
chuyén dong va song kelvin; ludi cuc bd duoc sir dung dé 1am min & khu vuc miii
va dudi tau noi c6 hinh dang than tau phirc tap. Ludi prism layer duoc sir dung dé
mo phong 16p bién cua tau. Khoang cach ludi 16p bién dau tién dén vo tau duoc
lua chon dé gia tri Y+ trung binh cua tau la 250 [64]. i voi viee mod phéng luc
can tau khi chay trong viung nudc nong, do c6 su tuong tac thuy dong gitta day
song va day tau nén ludi s& duoc 1am min tai gitra chiing dé c6 thé mo phong duoc
chinh xac sy twong tac ndy. Vi du vé két qua chia ludi khi tau chay ¢ ving nudc

nong va nudc sau duoc trinh bay trén Hinh 3.4.
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Hinh 3.4. Céu tric luéi trong bai toin mo phéng luc can tau khi chay &

vung nudc sau va nuw¢c nong
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M0 hinh vat 1y dugc sir dung trong mo6 phong luc can vé tau hoat dong trong
vung nudc sau va nudc nong dugc trinh bay trén Bang 3.5.
Bang 3.5. M6 hinh vit ly dwoc sir dung trong mo phong lwc cdan vo tau

hoat dong trong vung nwdc sdu va nuwdc nong

Cac thong sd Lua chon, thiét lap
Dang mo phong M6 phong 3D (Three dimensional)
M0 hinh dong chay Dong chay Unsteady RANSE

M0 hinh dong chay rdi Mo hinh dong réi SST K-Omega

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

Ham tuong Tat ca xtr Iy tuong Y+ (All Y+ Wall Treatment)

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

Phuong phap thé tich chét 1ong (The volume of

Mo hinh da pha
fluid method)

Trong bai toan md phong tinh toan lyc can tau, than tau duoc dich chuyén tyu
do theo hai phuong gém, phuong thang dimg (heave) va chong chanh séng chinh
(pitch), gidng nhu viée thir kéo dé xac dinh luc can tau trong bé thir mé hinh tau.

Budérc lya chon 10i giai 1 budc 16n thir hai can thyc hién khi mo phong luc
can tau bang CFD. O tai budc nay, ta s& tién hanh thuc hién cac cong viéc sau:

Pdnh gid tiéu chi héi tu: Py 1a budc dau tién can phai thyc hién. O day, ta
s& tién hanh danh gia sy hoi tu cua ludi, dé loai trir duoc sai sd co thé vé két qua
md phong do kich thudc ludi giy ra. Chi tiét vé phuong phéap xac dinh sy hoi tu
cua ludi da dugc trinh bay & Chuong 2.

Lyra chon so do roi rac héa: Viée lya chon so d0 roi rac hda dong vai tro rat

quan trong vi n6 la mot trong cac y€u to anh hudng dén két qua tinh toan. Poi voi
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bai toan mo phong luc can tau so dd roi rac hoa theo thoi gian dugc lya chon 1a
bac 1 bai so dd nay tiét kiem duoc thoi gian tinh toan va khong gay ra sy dao

dong vé két qua [65].

Lua chon bude thoi gian: Budce thoi gian ciing 14 mot trong nhitng yéu t6 c6 anh
huong dén két qua tinh toan. Theo khuyén nghi cua ITTC, budc thdi gian duoc

xéc dinh dua trén toc d6 va chiéu dai tau theo cong thirc sau [66]:
At= 0,005 ~ 0,0IL/V (3.10)
Trong do: L —1a chiéu dai tau, m; ¥ — 1a téc do tau, m/s.

Sau khi d3 x4c dinh duoc su hoi tu cua ludi, ta s& tién hanh st dung kich
thude ludi duge xac dinh 13 da hoi tu cing voi budce thoi gian dé tién hanh tinh

todn lyc can tau g vai 25 phuong an hinh dang khéac nhau.

Budéc dién giai két qua hay xu 1y sau tinh toan bang CFD. Theo khuyén
nghi ctia ITTC sau khi két qua tinh luc can tu bang CED d4 hoi tu, ta can xtr 1y
dé hién thi ra cac dir liéu vé duong dong bao quanh than tau gdm: hinh dang song
bé mit do tau tao ra khi chuyén dong, phan bd ap Sut, ung suét trén bé mit vo
tau...Muc dich cta viéc ndy 1a nham kiém tra d6 tin cay cua két qua mod phong
tinh toan mot cach dinh tinh duwa trén cac phan tich vé dong chay bao quanh v

tau.

Panh gia két qua thu dwoe 1 budc cudi ciing clia viéc mod phong tinh toan
lirc can tau bang CFD. Tai budc nay ching ta s& di danh gia sai s6 cua két qua mo
phong so v6i két qua thue nghiém (néu co) sau d6 sé tién hanh danh gia tinh khong
6n dinh cta nghiém thu dugc theo quy trinh néu ¢ Chuong 2. Can ctr trén mdi
tuong quan gitra sai s6 v6i tinh khong 6n dinh ctia nghiém ta s& danh gia dugc mo
hinh tinh toan bang CFD cua ta 1a dtng hay can diéu chinh. Truong hop khéng co
két qua thyc nghiém dé ddi sanh thi bai toan s& dimg 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 tir

nguoi tinh toan.
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3.2.6. Phén tich ty s tin hiéu/nhiéu doi véi tirng bién va xac dinh phwong an
t0i wu

Sau khi da tinh todn dugc luc can tau img vo1 25 phuong an dugce xay dung
tir phuwong phap Taguchi, ta s& tién hanh phan tich ty sé tin hiéu/nhiéu ddi véi
ting bién ciling nhu xac dinh phuong an t6i uu (tir bude 5 dén bude 15 theo céc
cong thirc da néu trong phan co sé 1y thuyét & Chuong 2). Trong bai toan téi wu
héa luc can tau thi ty sé S/N can dat duoc 1a “nho hon t6t hon”. Qua viéc phan
tich nay ta s€ xac dinh dugc mirc d§ anh huéng cua 5 bién thiét ké dén luc can

tau.

3.3. Két luan Chuong 3
Trong chuong 3 nay, luan an di giai quyét dugc cac bai toan sau:

- Pi xay dung duoc mé hinh bai toan cai tién hang dang than tau hang cap
VR-SB gém céc bai toan: lya chon cac tham sd hinh dang than tau can tdi wu;
thiét 1ap cac diéu kién bién, diéu kién rang budc; phuong phap lua chon phuong
an c6 luc can nho nhat trén co sé co tinh dén dic diém cua tau khi chay trén tuyén
SB (chay trong ving nudc nong véi do siu khac nhau va ving nudc sau) bang
viéc st dung ham da muyc tiéu.

- Pi x4y dung duogc quy trinh cai tién hinh dang than tau hang cip VR-SB
gdm cac bai toan: Xay dyng luu do thuat toan cai tién hinh déng than tau hang
cdp VR-SB phu hop véi tuyén duong thiy ndi dja Vit Nam; mé ta vé trinh tu cac
budc trong so d6 thuit toan dua ra. Quy trinh nay s& duoc nghién ctru sinh ap

dung dé tinh toan cho mot tau VR-SB cuy thé ¢ Chuong 4.
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CHUONG 4. CAI TIEN HINH DANG THAN TAU HANG TRONG TAI
4600 TAN MANG CAP VR-SB

4.1. Giéi thi¢u vé series tau hang trong tai 4600 tin mang cip VR-SB

4.1.1. Cac thong s6 chii yéu ciia tau

Nhu da trinh bay trong Chuong 1, hién tai ) luong tau co trong tai ttr 3500
dén 5000 tin chiém da sb véi ty 1€ 93,3% trong co cdu doi tau mang céip VR-SB.
Trong d6 series tau hang trong tai 4600 tin mang cap VR-SB di va dang duoc
dong véi s6 lugng 16n. Chinh vi vay, trong dé tai NCS nay, NCS sir dung series
tau hang trong tai 4600 tin lam dbi twong nghién ciru. Cac thong sb kich thuéde
cht yéu cua series tau nay va hinh dang than tau ban dau cua chung dugc trinh

bay lan luot twong tng trén Bang 4.1 va Hinh 4.1 [67].

Bing 4.1. Cdc thong sé kich thwéc va hinh ddng ciia tau hang trong

tdi 4600 tin

Cic thong so Ky hi¢u | Pon vi | Gia tri
Chiéu dai hai duong vudng goc L [m] 76,00
Chiéu rong thiét ké cia tau B [m] 13,68
Chiéu chim thiét ké T [m] 5,95
Luong chiém nudc thé tich \% [m’] 5540
Hé sb béo thé tich Cg [-] 0,873
Vi tri hoanh d6 tdm ndi tinh tir dudng .
vudng goc dudi LCB [%L] | 48,654
Hé s6 chiéu dai mii qua 18 Crrr [-] 0,0167
Hé s6 dién tich mit cit ngang ctia mii qua 18 Cusr [-] 0,1600
Heé s6 thé tich miii qua 18 Copr [[] |0,00155
14 gde vao nude tai duong nudc thiét ké 120 | [d6] 42,5
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Hinh 4.1. Hinh d4ng series tau hang trong tai 4600 tin mang cip VR-SB

4.1.2. Tuyén duong hoat dong ciia tau

Series tau hang trong tai 4600 tin 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 dudng hanh trinh cta tau nhu sau: Dau tién, tau nhén than tir cang than
Cam Pha, Quang Ninh sau d6 di theo tuyén Ludng hang hai chuyén ding cho Bén
cang than Cam Pha chay ra ngoai ctra bién rdi men theo dudng bd bién chay vao
ludng hang hai chuyén dung vao Cang trung tim nhiét dién Duyén hai — Tra Vinh

ro1 vao cang boc do than.

Dbi v6i tuyén Ludng hang hai chuyén ding cho Bén cang than Cam Pha:
Theo Quyét dinh s6 2420/QD — CHHVN ngay 31/12/2019 ciia Cuc Hang hai Viét
Nam vé ludng hang hai chuyén ding vao Bén cang than Cam Pha, Quang Ninh

[68]. Tuyén ludng nay cé cac thong sd ki thuat nhu sau:
- Tong chiéu dai tuyén ludng 1a: 38,4 km (21 hai Iy);
- B¢ siu cua tuyén ludng 1a: 8,95 m;
- Chiéu rong cta tuyén ludng 1a: 110-120m.

Déi véi tuyén duong bién tir CAm Pha, Quang Ninh dén nhiét dién Duyén

hai — Tra Vinh, tuyén duong nay c6 tong chiéu dai 1a 891 hai 1y (xem Hinh 4.2).
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Hinh 4.2. Khoing cich tuyén dudng bién tir CAim Pha, Quang Ninh dén
nhiét dién Duyén hai — Tra Vinh
Dbi véi tuyén Ludng hang hai ra/vao cang trung tAm nhiét dién Duyén hai —
Tra Vinh: Theo thong bdo Hang hai ctia Téng cong ty Dam bao an toan Hang hai
Mién Nam [69]. Tuyén ludng nay cé cac thong sé k¥ thuat nhu sau:

- Téng chiéu dai tuyén ludng 4,6 km (2,5 hai 1y);
- B0 sau cua tuyén luéng la: >6,5 m;
- Chiéu rong cia tuyén ludng la: 150 m.

Véi tuyén duong hoat dong ciia tau nhu trén, ta co thé thiy rang, thoi gian
tau chay ngoai bién noi ¢ do sau khong gidi han 1a chu yéu (quang duong chay
ngoai bién chiém 97,7% tong quing duong hanh trinh cia tau). Do vay, néu xét
vé muc do anh hudng cua nude ndng dén két qua lya chon cac thong sé hinh dang
t6i uu cho tau nham giam luc can trén tong thé quang duong khai thac cua tau la
khong dang ké. Tuy nhién, trong nghién ciru nay, NCS s& 1am ca bai toan khi tau
chay trong ving nudc nong dé xét dén muic d6 anh hudng ciia nude nong dén sy

thay d6i cac thong sb hinh dang ti uu cia tau so voi khi chay trong viing nudc
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khong c6 su han ché vé dg sau. Viéc tinh toan dnh huong cua nudc nong s¢€ lay &

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

4.2. Thiét 1ap cac phwong 4n tinh

4.2.1. Xac dinh s6 mirc ciia bién thiét ké

Trén co s¢ 05 thong sd hinh déng than tau c6 anh huéng 16n dén luc can tau

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

trong tai 4600 tin, v6i gia tri bién d6 dao dong cua cic bién nhu di néu trong

Chuong 3, ta c6 dugc gia tri s6 muc cua bién nhu trén Bang 4.2.

Bing 4.2. Cdc bién thiét ké va s6 mikc

Bién S murc (gia tri)
A Ma

thiét J

ké | code Mic 1 Miic 2 Miic 3 M 4 Miic 5
1208 | A 41,5 42,00 42,50 43,0° 43,50
Cirr | B 0,0141 0,0154 0,0167 0,018 0,0193
Casr | C 0,1384 0,1492 0,1600 0,1708 0,1816
G | D 0,00119 0,00137 0,00155 0,00173 0,00191
LCB | E |47,654%Lsp | 48,154%Lep | 48,654%Lsp | 49,154% Lep | 49,654 %Lgp

Véi dau vao la 05 bién thiét ké va moi bién c6 05 mure gia tri, ta s€ c6 mot

ma tran truc giao L25(5x5) v6i 25 truong hop két hop cia cac bién nhu dugc thé

hién trong bang 4.3.
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Bing 4.3. Bing ma trdn trwc giao xdc dinh cdc phwong dn dé tinh todn

Bién thiét ké va cic mirc
Trwong hop tinh 2o Core Conr o LCB

Phuong an 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 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 5
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 cic phwong 4n tuyén hinh tau

Trén co so 25 phuong an tuyén hinh tau xac dinh dugc & ma tran truc giao,

ta s& di tién hanh xay dung 25 phuong an tuyén hinh tau. Mdi phuong an tuong
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g v6i sy két hop gia tri cua 5 bién thiét ké nhu trén Bang 4.3. Két qua xay dung
25 phuong an tuyén hinh tau ap dung d6i véi tau hang trong tai 4600 tan duoc
trinh bay trén Hinh 4.3. Hinh dang chi tiét cua 25 phuong 4n dugc trinh bay trong
Phu luc 1.

7 A 1 7 1.6.11,14
7 A A 2
i ALL LA 27.1217,22
e 7 A LAV -
Fy e A A A 7 3,8,13,18,23
- 4
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Hinh 4.3. Tong hop két qua ciia 25 phwong 4n tuyén hinh tau dwoc xay
dung

4.2.3. Xac dinh trong s6 ham muc tiéu
Can ctr vao dic diém tuyén duong hoat ddng cta tau hang trong tai 4600 tin
O trén, ta s€ xac dinh duoc trong s6 ctia ham muc tiéu thr 7 nhu trén Béang 4.4.
Bing 4.4. Bing tinh trong 56 ciia ham muc tiéu thir I trong cdi tién hinh

ding tau hang trong tii 4600 tin

Pic | Dosau | . ., . Trong s0 ham
2 i hiéu dai |, Thot gian hanh trinh A1
diém |cua doan dC fed fial Toc do tau lg e muc tiéu thir 1
X ]\ oan song . .
tuyén | song h; Vi[m/s] | t, =X [Gi10] k
I; [k V" 3600 AN
duong | [m] (] z w, =t/ ;t,[ ]
DPoan
1 A
YRSl 895 | 384 | 4,630 2,3 0,025
Cam
Pha
DPoan
Kho
chay 8 | 1650 | 5,144 89,1 0.975
trén han che
bién
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4.2.4. Thiét 1ap tinh toan lwc cin tau bang phwong phap CFD

Dua vao cac budc ctia quy trinh tinh toan lyc can tau bang CFD di duoc dua

ra & Chuong 3, NCS tién hanh thiét 1ap tinh toan Iyc can tau cho cac phuong an

tuyén hinh tau 4600 tdn di duoc tao ra. O ddy, cac thong sb vé diéu kién méi

truong, kich thudce mién tinh toan, dugc thiét 1ap 1an luot nhu trén Bang 4.5 va

4.6.

Bing 4.5. Diéu kién méi trwong dwoc thiét lgp trong tinh todn

Cac thong sd thiét 1ap

Khi tau chay ngoai

bién

Khi tau chay trong

luéng Cam Pha

Khéi lugng riéng ciia nude | 1,025 tan/m?

1,000 tAn/m?

Do nhot dong hoc 9,6474.107 m?/s

8,905.107 m?%/s

Bing 4.6. Kich thwéc mién tinh todn dwoc thiét Igp trong mé phéng

., Khi tau chay | Khi tau chay trong
Cac thong so thiét lap . . X
ngoai bién luong Cam Pha
Khoang cach mit trudc mién tinh toan
, . 115m 115m
dén miii tau
Khoang cach mit sau mién tinh toan dén
. 190 m 190 m
duoi tau
Khoang cach mat hong mién tinh toan
, , 190 m 190 m
dén mat phang doc tam tau
Khoang cach tir mit trén mién tinh toan
, ) 190 m 190 m
dén mdt thoang chat long
khoang cach tir mat day ctia mién tinh
. . 190 m 8,95 m
toan dén mdt thoang chat long

Viéc thiét 1ap diéu kién bién, chia luéi, lya chon mé hinh vat Iy va budc

thoi gian dugc thuc hién gidong nhu d3 néu trong Chuong 3. O ddy, loai ludi duoc
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st dung 1a Iudi Trimmed véi kich thudce ludi co sé dugce lya chon 1a 1,0m. Gia tri
Y+ lién quan dén viéc giai 16p bién va lién quan tryc tiép dén gia tri cua thanh
phan lyc can ma sat. D6i voi bai toan mo phong tau ¢ ti 16 thue thi cac nghién ciu
di trude khuyén nghi 14y gia tri trung binh 250 s& cho két qua sat v6i két qua tinh
chuyén tir mo hinh ra tau that nhat [64]. Pé dam bao cho gia tri Y+ trung binh 1a
250, s6 luong luéi lang tru duoc thiét 1ap 1a 14 16p, véi tong chiéu day 1a 0,544m.

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

P ‘

Wall Y+
0 100 200 300 400

Hinh 4.4. Phan b6 Gia trj Y+ trén bé mit vo tau
4.2.5. Xac dinh sy hoi tu cia lwéi

Budc dau tién trong tinh toan lyc can tau bang CFD d6 14 tién hanh nghién
ctru su hoi tu cta ludi dé tranh cac sai s6 do viée lwa chon kich thudce luéi gay ra.
O day, theo khuyén nghi cua ITTC, viéc nghién ctiru sy hoi tu cua ludi s€ dugce
tién hanh v6i ba kich thuée luéi khac nhau véi su thay doi ty 1¢ do min ctia luéi
1a +/2. Theo doé, ba 3 kich thudc ludi dugce st dung trong nghién ctru su hoi tu cia
ludi gdm ludi tho, ludi c& trung va ludi min tng véi sb luong ludi lan lugt trong
bai toan md phong tau chay ngoai bién 1a 1,32 , 2,89 va 6,32 triéu 6 ludi (ing voi
kich thuée ludi co ban 1an luot 1a 1,52m, 1,075m 0,76m; trong bai todn mo phong
tau chay trong ludng CAm Pha 1a 2,03 , 4,18 va 8,52 triéu 6 ludi (tng véi kich
thude ludi co ban 1an luot 13 1,52m, 1,075m 0,760m. Viéc nghién ctru su hoi tu
cta ludi dugc tién hanh tai toc d6 10,0 knots khi tau chay ngoai bién va 9,0 knots
khi tau chay trong séng cho trudng hop tuyén hinh ban dau ctia tau. Két qua nghién
ctru sy hoi tu cua ludi dugc trinh bay trén Bang 4.7. Tu két qua thu dugc trén
Bang 4.7, ta c6 thé thay su hoi tu don diéu & ca hai truong hop (Re<1) va sy trénh
léch vé luc can tau khi su dung ludi min va ludi ¢d trung 1an luot chi 14 0,89% va

1,34% tng véi trudng hop tau chay ngoai bién va trong ludng Cam Pha. Chinh vi
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vay, xét dudi goc d6 so sanh giira cac phuong an (sai s6 néu co chi 12 sai s6 twong
dbi giira cac phuong an), NCS lya chon sir dung ludi ¢& trung dé tinh toan tinh
toan lyc can tau cho cac phuong an tuyén hinh con lai nham muc dich tiét kiém
thoi gian tinh toan trong khi van duy tri duoc do tin cay can thiét vé két qua thu

duoc (do luoi da hoi tu).

Bing 4.7. Két qua nghién ciru sw hdi tu cia lwdi

Kich thudc ludi
Cic thong sb €2 % | €12 % R
Luwd6i manh | Lu6i ¢& trung | Lwdéi min -l
a) Tau chay ngoai bién
Rt [kN] 97,15 95,70 94,85 1,52 | 0,90 | 0,59
Rr[kN] 49,35 48,87 48,65 0,98 | 0,45 | 0,46
Rp[kN] 47,80 46,80 46,2 2,14 | 1,30 | 0,61
b) Tau chay trong ludong CAm Pha
Rr [kN] 112,96 110,10 109,27 2,60 | 0,76 | 0,29
Rr[kN] 44,71 44,00 43,92 1,61 | 0,18 | 0,11
Rp[kN] 68,25 66,10 65,35 3,25 | 1,15 | 0,35

4.2.6. Kiém tra, danh gia do tin ciy ciia két quiz mé phéng

Pé khang dinh d6 tin cdy cta két qua mé phong luc can tau, thong thuong
can tién hanh thir nghiém mé hinh trong bé thir tau. Tuy nhién, dé c6 duoc sb lidu
thuc nghiém déng tin cdy, viéc thir phai duoc thyuc hién tai cac bé thir uy tin &
nudc ngoai, diéu nay doi hoi thdi gian va chi phi vuot qua kha ning cua NCS. Vi
vay, NCS da lya chon cach tiép can gian tiép: so sanh két qua mo phong CFD véi
dir liéu thir md hinh ctia cac tau chuan (JBC, DTMB) ma NCS cung nhém nghién
clru d3 cong bd trén cac tap chi thude danh muc SCIE [50, 70]. Két qua cho thay
sai s6 gitra mo phong va thuc nghiém dudi 2,0% (xem Bang 4.8). Do d6, c6 thé
khéng dinh mé hinh CFD tinh toan lyc can tau dugc trinh bay trong luan an c6 do

tin cdy cao.
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Bing 4.8. Két qud so sdnh giiva tinh todn va thwe nghiém lwe cin tau JBC

va DTMB do NCS thuc hién

Tén tau S6 Froude RT tinh toan RTF’ do trong % sai sb
clia tau [-] biang CFD [N] bé thir [N] °
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 toan va xac dinh phwong an tuyén hinh t6i wu

4.3.1. Két qua tinh toan

Két qua tinh toan lyc can tau twong Gng voi 25 phuong an tuyén hinh khac
nhau cing véi phuong an tuyén hinh ban dau khi tau chay trong ngoai bién (noi
c6 do sau khong han ché) va chay trong ludng Cam Pha (noi c6 d6 sau 12 8.95m)
dugc trinh bay trong Bang 4.7 va Hinh tir 4.5 d&én 4.7. O déy, cac ky hiéu trong
Bang 4.7 dugc hiéu nhu sau: Ry, Ry, twong Gmg 13 luc can toan bo cua tau khi
chay ngoai bién va trong ludng Cam Pha tai tbc d6 twong tng 1a 10.0 va 9.0 hai
1y/gid. Rri, Rpi 1an luot 13 thanh phan lyc ma sat va ap suét. R 13 lyc can toan bo

cta tau trén tuyén hanh trinh.

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

dua ra mot sO nhan xét sau:

- Thanh phan lyc can thay d6i nhiéu nhat khi thay d6i gia tri cac bién thiét
ké 1a thanh phan luc can ap suat. Cu thé, khi tau chay ngoai bién phwong an co
luc can ap suat 16n nhat 1a phuong 4n 8 (Rp;=115,3 kN) va phuong an c6 luc can
ap suat nho nhat 1a phuong an 21 (Rp;=42,9 kN), hai phuong an nay chénh nhau
72,4 kN (tic 62,8% so voi phuong an co Rp 16n nhat). Khi tau chay trong ludng
Cam Pha, phuong an ¢6 luc can ap suat 16n nhat 1a phuong an 1 (Rp,=156,0 kN)
va phuong 4n ¢6 luc can ap suat nho nhat 13 phuong an 6 (Rp,=60,0 kN), hai

phuong an nay chénh nhau 96,0 kN (tirc 61,5% so voi phuong an c6 Rp 16n nhat).
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- Xu hudng thay ddi cta thanh phﬁn luc céan ap suét va luc can toan bd cia

tau 1a nhu nhau.

- Thanh phan lyc can ma sat thay doi rat it khi thay doi gia tri cac bién thiét
ké. Cu thé, khi tau chay ngoai bién, phuong 4n c6 luc can ma sat 16n nhat 1a
phuong an 19 (Rg=49,6 kN) va phuong an c6 lyc can ma sat nho nhat 1a phuong
an 17 (Rg;=48,07 kN), hai phuong an nay chénh nhau chi 1,53 kN (ttc chi trénh
3,1% so voi phuong an c6 RF 16n nhat). Khi tau chay trong ludng phuong 4n c6
lic can ma sat 16n nhat 1a phuong an 2 (Rg=43,2 kN) va phuong an c6 luc can ap
sudt nho nhat 1a phuong an 20 (Rg=44,62 kN), hai phuwong 4n nay chénh nhau chi
1,4 kN (ttrc chi chénh 3,1% so véi phuong an c6 Rr 16n nhat).

- Khi tau chay ngoai bién, phuwong an c6 luc can nho nhat 1a phwong an 21
(R11=92,0 kN), chénh léch giira phuong an c6 lyc can nho nhat va 16n nhat
(phuong an 8 voi Rr=163,4 kN) trong truong hop nay 1a 71,4 kN (tirc nho hon

43,7% so v6i phuong an ¢6 Ry 10n nhét).

- Khi tau chay trong luéng Cam Pha, phuong an c¢6 lyc can nho nhat la
phuong an 6 (R1;=104,4 kN), chénh léch gitra phuong 4n c6 luc can nho nhat va
16n nhét (phuong an 1 voi R1;=200,2) trong trudng hop nay 95,8 kN (tirc nhd hon
47,9% so v&i phuong an ¢6 Ry 16n nhat).

- Tuyén hinh tau t6i vu dudi gbe do luc can phu thude vao do sau ciua nudc.
Cu thé, khi tau chay ngoai bién, phuong an c6 lyc can nhé nhét 1a phuong an sd
21. Trong khi, khi tau chay trong ludng Cam Pha, phuong an c6 luc can nho nhét

la phuong an 6.

94



Bing 4.9. Két qud tinh todn luc cin tau 4600 tin teng véi 25 phwong dn xdy

dung
Ham
Bién thiét ké va cac mirc |CAc ham muc tiéu thanh phan (phén hoi) ‘tl:él:
chung
Truong

hop 1/20g|Crrr|Casr |C,,, |LCB Luc can téu kh1 chay | Luc cén‘ tau kl:li chay

tinh ngoai bién trong luong Cam Pha
Rry | Ret | Ret | Rp | Rz | Re R [kN]

A | B| C D E

(NT | kN | (k] | TRNT kN | [kN]
1 11| 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 93,7 149,12 44,6 |110,5]|44.28| 66,2 | 94,2
4 1 |4 4 4 4 1104,7(49,37| 55,3 [106,0|44,60| 61,4 | 104,7
5 1 |5 5 5 5 |134,3149,07| 85,2 |139,7|43,78| 95,9 | 134,4
6 2 |1 2 3 4 |106,4|49,31| 57,1 [104,4|44,42| 60,0 | 106,4
7 2 12| 3 4 5 |135,4|4891| 86,5 |126,7|43,82| 82,8 | 1352
8 2 |3 4 5 1 1163,4(48,12| 115,3 [199,0[44,38 | 154,6 | 164,3
9 2 (415 1 2 | 97,6 49,02| 48,6 |144,1|44,12|100,0 | 98,7
10 2 |5 1 2 3 1943 49,14| 45,2 |109,5|44,40| 65,1 94,7
11 3 1 3 5 2 97,2 (49,02| 48,2 |135,1]44,22| 90,9 | 98,1
12 3 12| 4 1 3 |193,549,05| 44,4 |111,0|44,12| 66,9 | 93,9
13 313 5 2 4 1104,6(49,38| 55,2 [107,8|44,56| 63,3 | 104,7
14 3 14 1 3 5 |140,7|48,86| 91,8 |135,7|43,78| 91,9 | 140,6
15 315 2 4 1 [162,3|48,16| 114,2 |198,4|44,44| 154,0 | 163,2
16 4 |1 4 2 5 [136,2149,14| 87,1 |129,1|43,74| 85,4 | 136,0
17 4 12| 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 mirc |Cac ham muc tiéu thanh phan (phan héi) | muc

tiéu
chung
Truwong
hop 1/20£|Crpr|Casr LCB | Luc can tau k}li chay | Luc cén‘ tau kI}i chay
tinh ngoai bién trong luong Cam Pha
Rr [kN]

Ry | Rel Rpi Rp | R | Re

[KN] | (kN7 | [kN] | [KNT | [kN] | [KN]

18 4 3 1 4 2 1974 (49,02 48,4 |143,2|144,10| 99,1 98,6

19 4 | 4 2 5 3 |105,3149,60| 55,7 |111,7|44,16| 67,6 | 105,5

20 4 15 3 1 4 1105,4(49,47| 55,9 |107,3|44,62| 62,7 | 1054

21 5 1 5 4 3 1920 (49,12 42,9 |112,0|44,18| 67,8 | 92,5

22 512 1 5 4 |107,1|49,30| 57,8 [109,0|44,52| 64,5 | 107,1

23 5 13| 2 1 5 |138,848,68| 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 1974 (49,10 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

200.0 4 i |

\

\ —o—Chay ngodi bién / \ [\
1800 |\ A § i
\ | =~ Chay trong long Cam Pha 0

1600 4 4 13\ Al 1A

| JALA VN LANL L LT LAY /A
/1 \J/ VA /

:,, \ _'.r' |\ \/ ,:,\ v, lllI

\ b e
\ Ny v/ s 7 \
00\ D AKX

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

Hinh 4.5. Két qua mé phéng tinh todn lwc cén tau 4600 tan & cac phwong an

khac nhau
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160.0
A A A #* A
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40.0
1 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19 200 21 22 23 24 25

86 phwong dn

Hinh 4.6. Két qua mé phong tinh toan thanh phan lyc can ap suit tau 4600
tan ¢ cac phwong 4n khac nhau

RF [kN]
50.00

; : 3 alin N
e S 4\\ ’ %
4900 Y » e’ \ j;"\ 4 N »
Wi | 8
48.00 / \\ A |\ \«»/

47.00

—&— Chay ngoai bién
46.00 |~ Chay trong luéng Cém 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 4.7. Két qua md phéng tinh toin thanh phan lwc cin ma sat tau 4600
tan ¢ cac phwong 4n khac nhau
Su thay d6i 16n vé thanh phan luc can ap suat néi riéng va lyc can tong cia
tau néi chung giita cac phuong an co6 thé duoc giai thich mot phan bang sy khac
biét trong truong dong chay xung quanh tau, trudng 4p sudt, tng suat tiép, hinh

dang song bé mit dbi voi 05 phuong an hinh déng than tiu mang tinh dai dién cho
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5 phuong 4n ¢6 LCB khac nhau (vi LCB 14 thong sé ¢6 muc d6 anh huong 16n

nhat dén luc can tau, di€u nay s€ dugc chi ra & cac phan tich dudi day), cu thé:

Vé téng thé dya trén cac Hinh tir 4.8 dén 4.13, ta c¢6 thé dua ra cac nhin xét

Sau:

- O phuong an sb 8, sy dich chuyén qua mirc LCB vé phia dudi tau
(LCB=47,654%Lgp) 1am cho phan miii ctia tau tré' nén thon hon va phan duéi tau
tr& nén day hon. Tuyén hinh ndy tao ra sy phan tach dong chay va sy ton tai ciia
mot xody manh ¢ dudi tau dbi véi ca trudong hop tau chay ngoai bién va trong
kénh Cam Pha, kém theo céc gia tri 4p suat am dang ké (xem Hinh 4.10 va 4.11),
va tao ra mQt song dudi manh (xem Hinh 4.12 va 2.13) tai vi tri tdich dong va XuAt
hién xody. Hién tugng ndy giy ra su gia ting strc can vo tau nhu chung 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 sd 8, phuong an sb 5 (LCB=49,154%Lgp) 1a
phuong an cé su dich chuyén qua mirc LCB vé phia mili tau din dén phan than
phia dudi tau trd nén thon hon va phan than phia mili tau tré nén day dan hon.
Phuong &n hinh dang than tau ndy tao ra sy phan tich dong chady va tao mot xoay
manbh tai vi tri X/L=0.9 doc theo phé“m than trude cua tau (xem Hinh 4.8 va 4.9),
kém theo céc gia tri 4p suit Am rat 10n tai vi tri nay (xem Hinh 4.10 va 4.11), dong
thoi tao ra mot bung séng 10n tai vi tri tach dong va xuét 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.

- Béi véi cac phuong an tuyén hinh con lai (trudng hop thir nghiém sé 21 va
6), khong thay xuat hién hién tuong phan tach dong va dong xody & phan thin
chinh cua tau (xem Hinh 4.8 va 4.9). Su thay doi trong phan phdi ap suit 13 thap
nhat so véi cac phuong an dai dién khac (xem Hinh 4.10 va 4.11). Tuong ty nhu

thé dbi voi profile song & phuong an nay.
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Phwong an so 5

Phwong 4n so6 8

—

Phwong an s6 21

Tangential Velocity {(m/s)
-T.1 0.333 1.77 3.2

Hinh 4.8. Puwong dong tai khu vue miii va dudi tau khi chay ngoai bién

99



~ Phwong d4n s6 5

Phwon

hlm’ngs'lsiis Phwong 4

Phwong an sb 21

Tangential Velocity (m/s)
1.1 0.333 1.77 3.2

EN @4 -
Hinh 4.9. Pudng dong tai khu vuc miii va duéi tau khi chay trong kénh
Cam Phi
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Phwong dn ban (_ﬁu

Phwong an 565

Phwong in s6 6

Phuong an s6 8

phwong an 50 8

Phirong #n 56 21 , ] Phuong an sb 21 .
Dynamic pressure coefficient Dynamic pressure coefficient

1.4 -0.77 0.15 0.48 1.1 -1.5500  -0.91000 -0.27000  0.37000 1.0100
i [

Phwong an ban diu

Phwrong an so 6

Phwong an 566

101



Phwong in $6 8

Phuwong an 56 21_

Dynamic pressure coefficient Dynamic pressure coefficient
-1.4 -0.77 -0.15 0.48 1.1 -1.5500 -0.91000  -0.27000 0.37000 1.0700

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

Hinh 4.10. Phin b6 ap suét thily dong trén bé mit vé tau & cac phwong an

khac nhau

Cel[]
1.000

0.800

0.600

0.400

0.200

0.000
0200 0 :
-0.400 ——Phwrong an ban dan
-0.600 —Phwrong an s6 5
-0.800 ——Phwrong 4n 56 6
-1.000 ——Phwrong 4n s6 8
-1.200 ——Phirong 4n sb 21
-1.400

X[

a) tau chay trén bién tai toc do 10,0 knots
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CeH
1.000 —
0.800 | ——Phwrong 4n ban dau |

| ——Phrong an sé 5

0.600
0.400
0.200
0.000
0.200 PR/ S m— = =
-0.400
-0.600
-0.800
-1.000 l
-1.200 ‘ '[

-1.400

i ——Phiromg 4n sé 6
| ——Phwrong an sé 8

|
|
1

| —Phwong 4n sb 21

XL
b) tau chay trong luéng Cam Pha tai toc dé 9,0 knots
Hinh 4.11. Gia tri Cp tai vi tri Z=2,5m
Vé chi tiét di v6i truong hop tau chay ngoai bién va trong luéng Cam Pha,

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

Truong hop khi tau chay ngoai bién, sy thay d6i phan b ap suat thiry dong
& phuong an s6 21 12 nho nhat trong s6 cac phuong an, day 13 mot trong 1y do giai
thich cho luc can ap suat ctia phuong 4n nay 13 nhé nhét trong sé 25 phuong an.
Phuong 4n c6 su thay doi phan bd ap suét thay dong 16n nhat trén bé mit vo tau
1a phuong an sd 8, su thay doi 16n vé phan bé 4p suat thily dong nay trén bé mat
v6 tau 13 nguyén nhan dan dén phuwong an nay c6 luc can ap suat 16n nhét trong

s6 25 phuong an.

Truong hop khi tau chay trong ludng Cam Pha, sy thay ddi phan bd ap
suat thuy dong & phuong 4n sd 6 13 nho nhat trong s6 cac phuong an, day 1a mot
trong 1y do giai thich cho luc can 4p sudt cia phuong an nay 1a nho nhit trong s6
25 phuong an. Phuong an c6 sy thay d6i phan bd ap suét thay dong 16n nhat trén
bé mit vo tau 12 phuong an sb 8, sy thay doi 16n vé phan bé ap suit thiy dong nay
trén bé mit vo tau 13 nguyén nhan dan dén phuong an nay ¢ luc can ap suét 1on

nhit trong sb 25 phuong an.
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Pliwyng du ban daw Phwong an ban dau

Phwong an so 5

. S 3 Position[Z] (m) L
Position[Z] (m)
-1.7000  0.68333 0.33333  1.3500 :12200 o Uadbol U.32000 11000

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

Hinh 4.12. Hinh anh séng bé mit do tau tao ra khi chuyén dong
Trén Hinh 4.12 va 4.13 biéu dién séng bé mit va profile song doc than tau &
05 phuong an mang tinh chat 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 c¢6 sy
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phan b bién d6 va hinh dang song khac nhau dic biét 13 tai khu vuc mii va dudi
tau. Ngoai ra, ta con thiy tai cing mot phuong an nhung & diéu 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:

ZL [
0.020
—Phirong an b{:m dan
0.015 —Phwong 4n s6 5
—Phwong an s6 6
0.010 ——Phirong &n s6 8
0.005 —— Phirong 4n s6 21

0.000
-0.005
-0.010
-0.015

-0.020

X/L [-]

a) tau chay trén bién tai toc do 10 knots

ZL[]
0.015

——Phwong an ban dau

0.010

—Phirong 4n 56 5

0.005 —Phirong &n 56 6

——Phirong 4n s6 8

0.000

——Phirong an sé 21

-0.005

-0.010

-0.015

-0.020

-0.025
XL

b) tau chay trong luéng Cam Pha tai toc dé 9,0 knots
Hinh 4.13. Profile séng doc than tau khi chay ¢ 2 diéu kién khai thac khac
nhau
Truwong hop khi tau chay ngoai bién, phuong an sé 21 14 phuong an tuyén
hinh ¢6 bién d6 chiéu cao séng nhé nhit so véi cac phuong an con lai. Phuong 4n

c6 chiéu cao song 16n nhat la phuong an so6 6 va so 8.
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Truong hop khi tau chay trong ludng Cam Pha, phuong an s6 6 1a phuong
an tao ra c6 su khac biét rd rét vé budc song, vi tri dinh song va day song so vdi

cac phuong an con lai.

Trén Hinh 4.14 va 4.15 biéu dién biéu d6 phan bd tng suat tiép (Cr) trén bé
mat vo tau va & vi tri Z=2,5m & 05 phuong 4n mang tinh chét dai dién khac nhau.
Tir két qua thu duogc trén Hinh 4.14 va 4.15, ta c6 thé thay ring, ciing gidng nhu
su phan bb Cp, 6 cac phuong 4n hinh dang khac nhau ¢ sy phan b6 Cr khac nhau
dac biét 1a tai khu vuc miii va dudi tau. Tuy nhién, khac véi Cp, mite d6 thay doi
Cr 12 khong déng ké trir phwong an s 5 va sb 8 & ca hai diéu kién khai thac khac
nhau déu co sy thay d6i manh gia tri Cy twong tng tai vi tri X/L = 0,1 va 0,91.
Ngoai ra, ta con quan sat thdy tai cing mot phuong an nhung & diéu kién khai
thac khac nhau (chay trén bién va trong luéng) ciing dan dén su khac nhau vé gia

tri CF.

[Phwrong 4n ban dau

e mm——r?

Wail shear stress coefficient Wail 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 tai toc @6 10,0  b) tau chay trong luong Cam Pha tai toc dé
knots 9.0 knots

Hinh 4.14. Phan b6 Cr trén bé mit vo tau & cac phwong an khac nhau
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Cr [
0.007

0.006

0.005

0.004

0.003

0.002

0.001

0.000

Cr [
0.008

0.007
0.006
0.005
0.004
0.003
0.002
0.001

0.000

——Phuong 4n ban diu

——Phuong éns6 5
——Phuong én 56 6

——Phuong 4n s6 8

—Phuong dn 56 21

0.1 0.2 03 04 0.5 0.6 07 0.8 0.9 1
X/L [-]

a) tau chay trén bién tai téc do 10 knots

|

——Phwong 4n ban déu
——Phwong 4n s6 5
——Phueng dn s6 6
——Phuong dn 56 8
——Phuong 4n 56 21

XL []

b) tau chay trong lu&ng Céam Pha tai toc do 9,0 knots

Hinh 4.15. Gia tri Cr tai vi tri Z=2,5m

4.3.2. Phan tich twong quan xam

i

Két qua phén tich méi twong quan xam duoc trinh bay trén Bang 4.8. Tir két

qua tinh toan thu duoc trén Bang 4.8 ta thay rang phwong 4n s 21

(A5B1C5D4E3) la phuong an c6 bic tuong quan sam 16n nhat 1a bac 1 (duoc boi

dam trong Bang 4.8) ddy 1a phuong an gn nhat voi phuong an t6i wu. Phuong an
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nay la su két hop ctia 05 tham s hinh dang than tau c6 gia tri nhu sau: 1/20g =

86°, Crrr=0.0141, Cusr=0.1816, C,,, =0.00173, LCB = 48.654%Lgp.

Bing 4.10. Bing két qud phdn tich twong quan xdm

chuan héa dir | Xéc dinh chudi do | H¢ s6 twong quan xam, trong
Trudng liéu I¢ch s6 va bac
hgp
tinh Rri | Rz | R Ry | Rz | Rr | Rri | Rz | Ry | grade | Grey
[KN] | [kN] | [KN] | [KN] | [kN] | [kN] | [KN] | [KN] | [KN] order
1 0,030910,0000{ 0,0295 10,9691 |1,0000{0,9705] 0,3403 |0,3333]0,3400 | 0,3379 | 21
2 0,686210,4055]0,6785|0,313810,5945(0,3215]0,6144 (0,4568] 0,6086 | 0,5599 15
3 0,975610,9363]0,9769 | 0,0244 10,0637(0,0231] 0,9535 (0,8870] 0,9557 | 0,9321 3
4 0,822910,9835|0,8303(0,1771]0,0165(0,1697|0,7384 (0,9681]0,7466 | 0,8177 5
5 0,408010,6322]0,4163 | 0,5920 10,3678(0,5837|0,4579 (0,5762| 0,4614 | 0,4985 19
6 0,797911,0000{ 0,8067 | 0,2021 |0,0000(0,1933]0,7122 {1,0000] 0,7212 | 0,8111 6
7 0,392410,7679|0,4057 | 0,6076 |10,2321(0,5943]0,4514 (0,6829] 0,4569 | 0,5304 16
8 0,000010,0128| 0,0000 | 1,0000 10,9872]1,0000( 0,333310,3362(0,3333| 0,3343 | 25
9 0,922010,5856|0,9131 10,0780 |0,4144(0,0869] 0,8650 (0,5468| 0,8520 [ 0,7546 14
10 0,967710,9470] 0,9696 | 0,0323 10,0530(0,0304| 0,9394 (0,9041] 0,9427 | 0,9287 4
11 0,927510,6794]0,9217 10,0725 10,3206(0,0783] 0,8734 (0,6093| 0,8646 | 0,7824 9
12 0,979110,9311]0,9801 | 0,0209 10,0689(0,0199] 0,9599 |0,8789|0,9617 | 0,9335 2
13 0,823610,9645|0,8304 | 0,1764 10,0355(0,1696] 0,7392 (0,9337]0,7467 | 0,8066 7
14 0,318510,6739|0,3309 | 0,681510,3261{0,6691|0,423210,6053|0,4277| 0,4854 | 20
15 0,015710,0187]0,0154 10,9843 10,9813(0,9846] 0,3369 (0,3375]0,3368 | 0,3371 23
16 0,3811]0,7420{0,393910,6189 10,2580(0,6061 0,4469 |0,6596] 0,4520 | 0,5195 17
17 0,010110,0151]0,0098 | 0,9899 10,9849(0,9902| 0,3356 |0,3367|0,3355| 0,3359 | 24
18 0,923710,595210,9152 10,0763 |0,4048(0,0848| 0,8676 (0,5526]0,8550 [ 0,7584 12
19 0,813710,9236|0,8195 | 0,1863 |10,0764(0,1805] 0,7286 (0,8674|0,7347 | 0,7769 10
20 0,812710,9697|0,8201 | 0,187310,0303(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 0,789010,9518]0,796510,2110 10,048210,2035| 0,703310,9120{0,7107 | 0,7753 11
23 0,344810,7361|0,3585 | 0,655210,2639(0,6415|0,4328 |0,6546| 0,4380 | 0,5085 18
24 0,024810,0099|0,02401 0,975210,9901]0,9760 0,3389 |0,3355| 0,3387| 0,3377 | 22
25 0,925010,5854]0,9161 | 0,0750 |0,4146(0,0839] 0,8696 (0,5467|0,8564 | 0,7576 13
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Can ctr trén két qua tinh toan thu dugc trén Bang 4.8, ta s€ tinh todn ra dugc
gi tri cia bac twong quan xam cho tig mirc ciia cac bién thiét ké va gia tri trung
binh nhu trinh bay trén Bang 4.9. Tur két qua thu duoc trén Bang 4.9, ta thiy
phuong an t6i uu dudi goc do luc can 1a phuong an A2B1C3D4E3. Nghia 13 su
két hop ctia cac bién thiét ké co gia tri nhu sau: 1/2ag = 42°, Crpz =0,0141, Cazr
=0,1600, C,,, =0,00173, LCB = 48,654%Lgp. Gia tri trung binh ctia bac tuwong
quan xam 13 0,6551. Ngoai ra, két qua nay con chi ra rang, tham sb c6 anh huong
16n nhat dén luc can tau theo tht ty 1d LCB, Cagr, Crpr, Cop VA 1/20¢. Hinh 4.16
biéu dién mdi quan hé gitra bac tuong quan xam véi sé mirc cia timg bién thiét
ke.

Bing 4.11. Bing két qud tinh todn gid tri ciia bic twong quan xdm cho

tirng murc cua cdc bién thiét ké

Th? m Ma code 6 mire RANK
i} 1 2 3 4 5 [Max-min]
120k A 0,6292 | 0,6718 | 0,6690 | 0,6385 | 0,6667 | 5(0,0426)
Crrr B 0,6811 | 0,6270 | 0,6680 | 0,6345 | 0,6648 | 3(0,0540)
Casr C 0,6572 | 0,5987 | 0,6769 | 0,6725 | 0,6700 | 2(0,0782)
Cop D 0,6673 | 0,6305 | 0,6644 | 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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0.9
0.8 /
0.7

0.6

Mean of Means

0.5
0.4

0.3

Hinh 4.16. D6 thi quan hé giira bic twong quan xam véi s6 mirc ciia tirng
bién thiét ké

Mean of SN ratios

»
2/
»

&«

N

?

?

°

’X’
e

Signal-to-noise: Larger is better

Hinh 4.17. T¥ s tin hiéu/nhiéu ddi véi tirng bién
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4.3.3. Phan tich phwong sai

Bing 4.12. Két qua 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 twong quan xam dugc trinh bay
trén Bang 4.10. O déy cac ky hiéu trén Bang 4.10 duoc hiéu nhu sau: DF — 13 bac
tu do, SS — 13 tong binh phuong, MS — 14 binh phuong trung binh. Tir két qua tinh
toan thu dugc trén Bang 4.10, ta thay rang muic do anh hudng cua ¥4 goc vao nude
(1/2ag), hé sb chiu dai miii qua 18 Crpr, hé sb dién tich mit cit ngang miii qua
16 Cupr, hé sb thé tich C,p, ctia mili qua 1& va vi tri hoanh d¢ tdm noi (LCB) lan
lugt 12 0,8%, 1,1%, 2,0%, 1,0% va 95,1%. Tir két qua nay ta thay rang, tham sb
LCB c6 anh hudng 16n nhit dén bac twong quan xam. ' goc vao nude (1/2ag) cd

anh hudng it nhat dén bac tuong quan xam voéi mire do dong gop chi 14 0,8%.

4.4. Panh gia mirc giam luc cin giira phwong 4n tuyén hinh cai tién va

phwong 4n ban dau

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

Trén co s két qua phwong an t6i wu thu duge & Chuong 3, 1a su két hop cua
cac bién thiét ké co gia tri: 1/205 =42°, Crpr =0,0141, C457=0,160, Cyp =0,00173
, LCB = 48,654%Lgp. (phuong an A2B1C3D4E3). NCS trién khai xdy dung
phuong an tuyén hinh nay va so sanh két qua tinh toan luc can tau giita phuong
an nay v6i phuong an tuyén hinh ban dau. Sy khac nhau vé hinh dang gitra phuong

an ban dau va phuong an t6i wu dugc trinh bay trén Hinh 4.16.
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4.4.2. Danh gia murc gidm luc cin tau

Bing 4.13. So sdnh két qud tinh todn lyc cin tau giita phwong dn ban diu

va phwong dn téi wu

Ham
Bién thiét ké va cic mirc |CAc ham muc tiéu thanh phin (phin hdi) | muc
tiéu
chung
Trwong
hop 1/205|Crer|Casr | .. |LCB Luc can tau kpi chay | Luc can tau kl}i chay
ti;lh VPR ngoai bién trong luong Cam Pha
Rt [kN]
R R
AIlBIl clD E R o " Rr: | Re2 | Rp
(NT | kN | [kNT | TRNT[RNT | ey
Phuong

inban | 3 3 3 3 3 1957 |48,87| 46,8 |110,1|44,00| 66,1 96,0
dau

Phuong
antdi | 2 1 3 1 3 191,0 48,62 42,38 |109,0 | 43,85| 65,15 | 91,45

uu

Trén Bang 4.12 trinh bay két qua tinh toan lyc can tau gitta phuong 4n ban
dau va phuong an t6i wu. Tir két qua thu duoc trén Bang 4.12 ta thay, phuong an

to1 vu c6 lyc can giam 4,8% so voi phuong an ban dau.

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

Sy khac nhau vé lyc can tau gira phuong an ban dau va phuong an t6i wu co
thé duoc giai thich nhd vao cac hinh anh truc quan vé dong chay bao quanh thin
tau. Trén Hinh tir 4.18 dén 4.28 biéu dién su khac nhau vé song bé mat, phan bd
ap suat va tng sudt tiép giira hai phuong an.

Trén Hinh 4.18, 4.19 va 4.20 ta c¢6 thé d& dang nhan thay sy khac nhau vé
phan bd séng bé mit do tau chuyén dong tao ra. Cu thé, khi tau chay ngoai bién,
chiéu cao song phia mii tau ¢ phwong an t6i vu nhod hon so v6i phuong an ban
dau. O cac khu vyc con lai profile song gan nhu gidng nhau giita phuong an tdi

ru va phuong 4n ban dau. Khi tau chay trong ludng Cam Pha (ving nuéc ndng),
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ta nhan thay c6 su khac nhau vé profile song r& rang hon giita phuong an t6i uu
va phuong an ban dau. Pac biét sy khac nhau duogc thé hién 16 nét & phia miii va
duodi tau, diéu nay duoc 1y giai 1a do sy khac nhau 16n vé hiéu tng squat (chiéu
chim dong va do chui dong) gitra phuong 4n tdi wu va phuong 4n ban dau khi tau

chay trong vung nudc nong.

Phuong an ban diu

Phwong an toi wu

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 téc d3 10,0 b) tau chay trong luong Cam Phd tai
knots téc do 9,0 knots

Hinh 4.18. Sw khac nhau vé song bé mit giira phwong an ban diu va
phwong 4n ti uvu

Z/L []
0.020
0.015 i i T
——Phlwrong an ban diu
0.010 [ | —Phwong an t4i wu
0.005 \ | I | I | |
01 0. 03 | 0.5 6 1 111
-0.005
-0.010
-0.015
X/L [-]

Hinh 4.19. Sy khéac nhau vé profile séng doc thin tau giira phwong 4n ban
diu va phwong 4n t6i wu khi tau chay trén bién tai toc d9 10,0 knots

113



Z/L []
1200

——Phrong 4n ban dau
1.000 i

——Phwrong 4n ti vo

0.800
0.600
0.400
0.200

0.000

-0.200
-0.400

-0.600

-0.800
XL [H]

Hinh 4.20. Su khac nhau vé profile song doc than tau giira phuwong an ban
dau va phwong 4n t6i wu khi tau chay trong ludng Cam Pha ¢ toc do 9,0

Kknots

hwong an ban dau

Dynamic pressure coefficient
-1.4 -0.77 -0.15 0.48 1.1

Hinh 4.21. Sy khic nhau vé phan bo Cp trén vé tau giira phwong an ban dau

va phuong an t6i wu khi tau chay ngoai bién ¢ téc d6 10,0 knots
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0.800

—Plnrong 4n ban dim
0600 ——Phwrong an téi wu

0.400

0.200

0.000

-0.200

-0.400

-0.600

XL []

Hinh 4.22. Sy khac nhau vé gia tri Cp giita phwong 4n ban diu va phuong

an t6i wu khi tau chay ngoai bién & toc d 10,0 knots tai vi tri Z=2,5m

Phuong 4n ban du

Phwong an t6i wu

Dynamic pressure coefficient
-1.5500  -0.97000 -0.27000  0.37000 1.0100

Hinh 4.23. Sw khic nhau vé phian bd Cp trén vé tau giira phwong 4an ban dau

va phwong 4n t6i wu khi tau chay trong ludng Cam Pha ¢ toc d9 9,0 knots
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——Phwong 4n ban dim

| ——Phwong éntéiwa |

XL [-]

Hinh 4.24. Sy khac nhau vé gia tri Cp giira phwong an ban dau va phwong
an t0i wu khi tau chay trong ludng Cam Pha & toc do 9,0 knots tai vi tri
Z=2,5m

Trén Hinh tir 4.21 dén 4.24, ta c6 thé dé dang nhan thiy sy khac nhau vé
phan b 4p suat thuy dong (Cp) trén bé mit vo tau gitra phuong 4n toi wu va
phuong 4n ban dau khi tau chay ngoai bién (ving nudc siu) va chay trong ludng
Cam Pha (ving nudc ndng). Su khic nhau dugc thé hién rd nét nhat tai khu vurc
phia mili va dudi tau. Gia tri Cp & phuong an toi wu nhé hon so voi phuong an ban

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

Phwong 4n ban dau

Phwong 4n toi wu
: i — :

Wall shear stress coefficient
0.0 0.0019 0.0027 0.0056 0.0075

Hinh 4.25. Sy khic nhau vé phan b6 Cr trén vé tau giira phwong 4an ban dau

va phwong an toi wu khi tau chay ngoai bién & toc d6 10,0 knots

116



Cr []
0005

0.004 . ——Phwong &n ban diu |
| —Phwong an t&i |

0.003

0.002

0.001

0.000
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1 1.1

X/L []
Hinh 4.26. Sy khac nhau vé gia tri Cr giita phwong an ban dau va phwong
an toi wu khi tau chay ngoai bién & toc d 10,0 knots tai vi tri Z=2,5m

Trén Hinh tir 4.26 dén 4.28, ta c6 thé d& dang nhan thiy sy khac nhau vé
phan bd tng suat tiép (Cp) trén bé mat vo tau giita phuong an tdi vu va phuong
an ban dau khi tau chay ngoai bién (ving nudc sau) va chay trong lubng Cam Pha
(ving nude ndng). Cling giéng nhu sy khac nhau vé Cp, sy khac nhau vé Cr duoc
thé hién r nét nhat tai khu vuc phia mili va dudi tau. Gi tri C¢ ¢ phuong an tdi
wu nho hon so v&i phuong 4n ban dau tai vi tri X/L=0 — 0,15 va tir 0,8 — 1,0 (xem
Hinh 4.26 va 4.28). O cac khu vyc con lai gia tri C 1a nhu nhau gitra phuong an

to1 uu va phuong an ban dau.

Wall shear stress coefficient
0.0000 0.0023250 0.0046500 0.0069750 0.0093000

Hinh 4.27. Sw khic nhau vé phan bd Cr trén vé tau giira phwong 4an ban dau

va phwong 4n t6i wu khi tau chay trong ludng Cam Pha & toc d6 9,0 knots
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Cr[]
0.005

——Phrong 4n ban du

0.004 ——Phwrong 4n i wu

0.003

0.002

0.001

0.000
0 0.1 02 0.3 04 0.5 0.6 0.7 0.8 0.9 1 1.1

XL []
Hinh 4.28. Sw khic nhau vé gia tri Cr giira phwong an ban dau va phwong

an t0i wu Kkhi tau chay trong ludng Cam Pha & toc do 9,0 knots tai vi tri
Z=2,5m

4.5. Két luan Chwong 4

Trén co s& 4p dung md hinh bai toan cai tién tuyén hinh tiu mang cap VR-
SB ¢ Chuong 3 vao trong cai tién tuyén hinh tau trong tai 4600 tin, Chuong 4 da

giai quyét dugc cac ndi dung sau:

- Pi x4y dung dugc 25 phuong an tuyén hinh tau, mdi phuong an tuong ing
1a su két hop gia tri ciia 5 bién thiét ké.

- ba ap dung phuong phap CFD vao trong tinh toan luc can tau tng voi 25
phuong an xay dung & 02 diéu kién khai thac khac nhau gém chay ngoai bién

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

- b3 ap dung phuong phap Taguchi két hop phan tich mdi twong quan xam
dé xac dinh xu hudng va mac d§ anh hudéng dudi dang dinh luong cua tirng bién
thiét ké dén két qua dau ra ciing nhu xac dinh duoc su két hop gia tri cia cac bién
thiét ké cho ra két qua t&i uru nhat vé luc can.

- So sanh luc can tau giita phuong an t6i uvu va phuong an ban dau dé xac chi
ra rang, phuong an t6i uu cho luc can nho hon 4,8% so v&i phuong 4n ban dau.

- Viéc phan tich dong chay bao quanh than tau gitta cac phwong an hinh dang

than tau khac nhau nham giai thich ban cht vat 1y dan dén su thay doi luc can tau
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gilta cac phuong an va gitta phuong an tdi wu va phuong an ban dau. Piéu 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 sd trong tinh todan ma do su khac nhau vé dong chay bao

quanh vo tau gitra chiing.
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KET LUAN VA KIEN NGHI

1. KET LUAN

Luan an “Nghién cteu cdi tién hinh ding tau hang cip VR-SB phit hop véi
tuyén dwong thity néi dia Viét Nam nham giam lyc cdn tauw” d3 dat dugc muc
tiéu nghién ciru dit ra va thu dugc cac két qua co ¥ nghia gia tri vé mit khoa hoc

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

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

vao phuc vu cho viéc t8i wu hoa tuyén hinh tau cép VR-SB.

- Pa tong hop, phan tich, théng ké duoc cac nghién ctru dién hinh trén thé
gidi va trong nudc lién quan dén thiét ké t6i wu tuyén hinh tau. Pay 14 co sd gitp
NCS déat ra muc ti€u, ndi dung nghién ctru va luya chon phuong phap nghién cuu

phu hop dé dat duoc muc tiéu nghién ctru dit ra trong luan an.

- PBa phan tich, 1ap ludn mot cach khoa hoc vé anh hudng cta diéu ki¢n khai
thac dén luc can tau; vé ham muc tiéu, v€ trong sO cua cac ham muc tiéu thanh

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

- Pa xay dung dugc md hinh bai toan cai tién hinh dang than tau hang cap
VR-SB nhim giam strc can tau trén co sé c6 tinh dén dic diém tuyén duong khai
thac thong qua viéc str dung trong sé6 ham muc tiéu tinh dén thoi gian tau hanh
trinh ¢ cac doan c6 dd sau khac nhau. Bén canh d6 m6 hinh bai toan con cho phép
danh gia dugc mirc d6 anh hudng cua timg thong s hinh dang than tau dén luc
can tau, tir d6 cho phép nguoi thiét ké biét can tac dong vao thong s6 nao dé giam
lyc can tau mot cach hi¢u qua nhat.

- Pi 4p dung md hinh bai toan dua ra vao trong cai tién tuyén hinh tau hang
c6 trong tai 4600 tin mang cdp VR-SB (dang duoc khai thac phd bién trén tuyén).
Két qua tuyén hinh cai tién cho phép giam luc can tau xudng 4,8% so voi tuyén

hinh ban dau. Néu bo qua su thay doi vé hiéu suat cta thiét bi day sau than tau &
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cac phuong an hinh ddng khac nhau, thi mac gidm luc can tau s€ tuong trng voi
mirc giam cong suat may cua tau va ciing 1a mac giam nhién liéu cho tau. Nhu
vy, voi cong suat may cua tau 13 2x949 HP, suit tiéu hao nhién lién riéng cta
may 1a 180 g/kW/h, thi mdi ngay s& tiét kiém dwogc 0,27 tdn dau twong Gng voi
165 USD/ngay (v6i gia thiét may tau hoat dong & 85% cong suat dinh mirc va mdi

tan dau c6 gia 1a 600 USD).

- Phan tich muac d6 anh hudng cua timg théng s6 hinh dang than tau dén lyc
can tau, chira réng muc d§ anh hudng cua %2 goc vao nudce (1/2ag), hé s6 chiéu
dai mili qua 1& Crpg, hé s dién tich mit cit ngang mii qua 18 Cysr, hé s6 thé tich
C,,, clia miii qua 18 va vi tri hoanh d6 tAm n6i (LCB) lan luot 14 0,8%, 1,1%, 2,0%,
1,0% va 95,1%. Tir két qua nay ta thdy rang, tham s LCB c6 anh hudng 16n nhat
dén lyc can tau con tham sb % goc vao nude (1/20g) co anh hudng nhé nhéat dén

luc can tau.

- B3 phén tich va giai thich duoc ban chat nguyén nhin dan dén su thay doi
luc can tau khi thay doi cac thong sb hinh dang than tau bang viéc dwa ra cac hinh
anh rat true quan lién quan d&én su khac nhau vé dong chay bao quanh than tau &

cac phuong an hinh dang khéac nhau.

2. KIEN NGHI

- POi Vi thiét ké tuyén hinh tau: Can dic biét luu y dén viéc lya chon LCB
t61 uu vi day 1a tham s6 c6 anh hudng 16n nhat dén luc can tau.

- Doi véi viée si cong cu tinh toan lyc can tau: Cac co so thiét ké tau trong
nudc nén tang cudng ing dung mod phong CFD trong tinh toan luc can tau trong
giai doan thiét ké phuong an dé dy bao chinh xac lyc can tau, thay thé dan phuong
phap str dung céc cong thirc ban thuc nghiém.

- Vé hudng nghién ciru tiép theo: Viée cai tién tuyén hinh tau tir tuyén hinh
tau mau trong luan 4n nay méi chi xét dén dudi goc do giam luc can tau trén nudc
tinh va khong c6 dong chay khi tau chay & ché d6 toan tai cling chua tinh dén anh
hudng cua viéc thay d6i hinh dang nay dén hé sb luc hat va hé s6 dong theo phia

sau than tau khi c6 chong chong lam viéc sau than tau. Tur cdc 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 ctru mo rong vé:

- Anh hudng cua song gié va dong chay dén cac thong sé hinh dang tdi wu
cua tau;

- Anh hudng cua trang théi tai trong dén céc tham s6 hinh dang t6i wu cua
tau.

- Anh huéng cua viéc thay doi hinh déng than tau dén su thay doi hé sb luc
hat va hé s6 dong theo phia sau than tau, tir d6 mai c6 thé danh gia duoc tong thé
mure tiét kiém nang luong ¢ phuong 4n tuyén hinh cai tién so voi tuyén hinh ban

dau.
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