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LOI CAM DOAN

T61 xin cam doan day 1a cong trinh nghién cttu cta riéng 161 va khong co
bat Ky sy tring 13p nao véi cac cong trinh khac da duoc cong bd. Céc s6 lidu, két
luan néu trong ludn 4n 1a trung thuc, 6 ngudn gdc rd rang. Nhitng két luan khoa

hoc cta ludn an chua timg dugc cong bd.

Hai Phong, ngay thang nam 2024

Nghién ctru sinh

Tran Qudc Chuan



LOI CAM ON
Trudc hét, t6i mudn bay to6 long biét on dén Truong Pai hoc Hang hai

Viét Nam vi d3 tao diéu kién cho viéc thuc hién Lun an nay.

T6i cling rat cam kich sy hd trg caa Khoa Hang hai, Vién Dao tao Sau dai
hoc va Trung tam Huan luyén thuyén vién, cling nhu sy giup d& cua cac gido
vién va dong nghiép cta minh tai Trudng Pai hoc Hang hai Viét Nam.

T6i mudn gui 1oi tri 4n t6i PGS.TS. Nguyén Kim Phuong va PGS.TS.
Tran Ngoc Ta vi di hd trg va huéng dan toi trong subt qua trinh nghién ctru va
thuc hién Luan an tién si. Toi cling mudn cam on cac thanh vién trong cac Hol
d6ng bao vé, hoi thao khoa hoc va danh gid Luén 4n dd dong goép v kién va hd
tro toi trong viéc tiép thu kién thuc khoa hoc va lam 16 cac van dé lién quan.

Cubi cung, t6i mudn giri 161 cam on sau sic dén gia dinh, ban bé va dong
nghiép vi di ludn dong vién, khich 18 va gitp d& t6i trong suét qua trinh hoan
thanh Luan 4n tién si nay.

Hai Phong, ngay thang nam 2024

Nghién ciru sinh

Tran Quédc Chuan
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Cha viét tit Tén ddy dii bang tiéng Anh | Tén day di bang tiéng Viét
CFD Computational Fluid Dynamic gﬁg{l todn dong Iy hoc Iwu
DNV-GL Det Norske Veritas Germany Pang kiém DNV — GL
Loyds
DTMB David Taylor Model Basin M6 hinh tau DTMB
DWT Deadweight Tonnage Trong tai toan phan
EEDI Energy Efficiency Design Index ﬁhl >0 qthlet k¢ nang luong
Iéu qua
Energy Efficiency Existing Ship | Chi s6 ning luong hiéu qua
EEXI RV o
Index Va1 cac tau dang khai thac
Energy Efficiency Operational | Chi s khai thac ning lwong
EEOI : . )
Indicator hiéu qua
IMO Interne_ltlopal Maritime Té chire hang hai thé gii
Organization
EFD Experimental Fluid Dynamics Th}rc qnghle_:m dong luc hoc
chat long
KCS Kriso containership M0 hinh tau container KCS
LES Large Eddy Simulation Mo phong xody 16n
International Convention for the Cone wéc auée t& va phon
MARPOL Prevention of Pollution from ng ot Juoc te Ve phong
. ngua 6 nhiem tur tau
Ships
The  Marine  Environment | Uy ban bao vé méi truong
MEPC : : %
Protection Committee bién
PBCF Propeller Boss Cap Fins Mii chan vit ¢6 canh
RANSE Reynolds-Averaged Navier- | Phuong trinh Navier-Stokes
Stokes Equations Véi so Reynolds trung binh
Ship Energy Efficiency | Chi sé quan 1y niang luong
SEEMP - \
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Ky hiéu | Pon vi Tén ky higu
Lep [m] | Chiéu dai hai tru

L [m] | Chiéu dai tau
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B [m] | Chiéu rong tau tai mén nudc thiét ké

H [m] | Chiéu cao man cua tau

d [m] | Mén nudc cua tau
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MO PAU
1. Tinh cap thiét cia dé tai

M6t trong nhitng mong mudn cua chi tau thuong mai hay cua cac cong ty
van tai thay 1a tiét kiém duoc nhién lidu tiéu thy cho tau tir d6 giam chi phi khai
thac tau boi chi phi cho nhién liéu thuong chiém khoang 40 - 60% tong chi phi
khai thac tau. Ngoai ra, viéc tiét kiém nhién liéu cho tau con 13 yéu cau bat budc
ciia IMO va MEPC lién quan dén yéu cau st dung ning luong tiét kiém, hiéu
qua trén tau nham bao vé moéi truong, giam hiéu tng khi nha kinh va ndng 1én
toan cau. Dé giai quyét duoc bai toan ndy, cic nha thiét ké tau, khai thac tau can
phai dam bao duoc cac yéu cau lién quan dén cac chi s6 do IMO dua ra gdm: chi
s6 thiét ké ning luong hiéu qua (EEDI), chi s6 khai thac ning luong hiéu qua
Energy (EEOI), ké hoach quan 1y ning luong hiéu qua caa tau (SEEMP), va chi
s6 nang luong hiéu qua dbi voi cac tau dang khai thac (EEXI) bat dau c6 hiéu
luc ngay 01 thang 01 nam 2023. Chinh vi vay, bai toan nghién ctru cac giai phap
dé tiét kiém, str dung niang lwong hiu qua trén tau 1a mot trong nhitng doi hoi
can thiét ngay cang c6 tinh thoi sy dudi nham nang cao hiéu qua kinh té ciing

nhu bao vé moi trudng trong van tai bién.

Péi véi nhitng tau hién c6 (dang khai thac), dé nang cao hiéu qua sir dung
nang luogng trén tau, trén thé gidi ngudi ta dua ra cac giai phap nhu: Cat giam
tiéu hao cong suat phu (reduction of auxiliary power consumption); ning cao
hiéu qua khi thuc hién chuyén di (improvement in voyage execution); lya chon
huéng va toc do tau hop 1y dua trén diéu kién song gid trén bién (weather
routing); lam sach vo tau va chan vit (cao ha) theo dinh ky; sir dung cac loai son
chéng ha cho vo tau va chan vit; tai sir dung nudc thai lam mat may trén tau
(waste heat recovery systems), lap thém vao tau cac thiét bi tiét kiém niang luong
nhu chéan vit PBCF, dng dao luu hudng dong, va chay tau ¢ hiéu s6 mén nudc
t6i uu (trim optimization) [5, 20, 31]. Bon giai phap dau tién 1a cac giai phap
duogc thuc hién thuong xuyén trén tau. Giai phap thir sau (giai phap chay tau ¢

hiéu s6 mén nudce toi wu) 13 giai phap méi duoc IMO khuyén nghi ap dung. Pay



1a giai phap don gian khong yéu cau phai thay d6i két cu tau gidng nhu giai
phap s6 nim ma chi can diéu chinh ballast va phan bd hang héa trén tau thong
qua ké hoach xép hang dé dat dugc hiéu sé6 mon nuéc dwa ra. Co s& phuong
phap luan cho giai phap nay d6 la: Thong thudng, tau chi dugc thiét ké toi uu
(duong hinh dang va chan vit) & mot diéu kién nhit dinh (thuong 13 tai toc do
thiét ké va mén nudc toan tai). Tuy nhién, trong thyc té khai thac, tau s& thudng
chay ¢ cac ché do tai va téc do khac nhau. Véi cung mat ché do tai va toc do
nhung khi tau chay & hiéu sé mén nude khac nhau s& dién ra sy thay doi cac
thong s6 hinh dang tau gom: hinh ddng phan ngam dudi nudc cua vo tau dic
biét 1a tai phia mlii va phia lai cua tau; dién tich mat w6t va chiéu dai duong
nuéc, dong chay dén chan vit. T4t ca cac yéu to nay déu la cac tac nhan anh
hudéng dén swrc can tau cling nhu hi¢u suét cua chan vit sau vo tau tai cung mat
tbc d6 va trang thai tai cia tau. Nhu vay, trong trudng hop ndy viéc nghién ctu
anh huong cua hiéu s6 mén nude dén sy thay doi suc can va hiéu suat cua chan
Vit s& cung cap cho thuyén truong thong tin vé viéc ung véi trang thai tai va tdc
d6 du dinh chay tau thi tau can phai chay & hiéu s6 mén nude 1a bao nhiéu dé

cong suit may 1a nho nhat tir d6 1am giam nhién liéu cho tau.

Trén thé gidi, nhiéu cong ty van tai bién dang ap dung chay tau ¢ hiéu sé
mén nudc t6i wu cho doi tau cta ho théng qua viéc s dung phan mém thuong
mai “ECO Assistant - effective trim optimisation” [30] do t6 chtc Pang kiém
DNV-GL phat trién. Phan mém duoc xay dung riéng cho timg tau. Thong sd dau
vao cta chuong trinh 1: téc do tau, mon nwée trung binh (hay heong chodn
nuoc), hiéu s6 mén nwde ban ddu; thong sb dau ra 1a: Hiéu s6 mon nuwéc toi wu,
lwong nhién liéu tiet kiém dwoc so véi tw thé hién thoi cua tau, mikc giam CO.,.
Can ctr trén cac tinh toan cta to chirc dang kiém DNV-GL va di duogc cac cha
tau xac nhan khi ap dung giai phap nay trén tau cho 13000 TEU, hiéu qua dat
duogc d6 1a tau tiét kiém duoc khoang 5% nhién liéu tung ang véi 1.9 dén 4.0 tan
nhién liéu mdi ngdy tuy thudc vao trang thai tai va toc do tau [30]. Giao dién

ctia phan mém nay duoc trinh bay trén Hinh 1.
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Hinh 1. Giao dién cua chuong trinh ECO Assistant 4 [30]

O trong nudc, Viée xac dinh mén nudc tdi wu cho tau trong qué trinh khai
thac con chua duoc trién khai ap dung. Giai phap chay tau & mén nuéc tdi uu
nham tiét kiém nhién liéu trong SEEMP cua mdi tau hang con mang tinh chat
dinh tinh, chua cy thé va dinh luong. Thuc té, viéc xép hang dé tau dat & mot
trang thai chai nhat dinh dugc cac thuyén truong hau hét 1am theo kinh nghiém.

Cho dén hién tai, nghién ctu khoa hoc vé van dé nay con rét han ché.

Tir cac van dé néu trén, NCS thuc hién dé tai “Nghién ciru xac dinh hiéu
s6 mén nwéc toi wu nhim ning cao hiéu qua sir dung nhién liéu trén tau
bién” gbp phan nang cao hiéu qua khai thac cho ddi tau bién Viét Nam ciing
nhu dam bao cac yéu cau cua Cong wdc quoc té va Viét Nam lién quan dén van
dé bao vé moi trudng.

2. Muc dich nghién ciru

Muc dich nghién cttu cta luan an la xac dinh ban chat moi quan h¢ gitra
hiéu s6 mén nudc — toe d6 tau — cong suat may chinh. Trén co sé do, xay dung
mo hinh bai toan tinh toan, xac dinh hiéu s6 mén nudc t6i wu cho tau ung Voi
ting ché do tai va tdc do tau khi trién khai 1ap ké hoach xép hang nham tiét kiém
nhién liéu cho tau trong qua trinh khai thac. Ap dung mé hinh tinh dua ra vao
trong tinh toan xac dinh dinh hiéu s6 mén nudc téi vu cho Series tau hang trong
tai 12500 DWT duoc dong tai Viét Nam tir nim 2000 dén nay, hién dang duogc

khai thac tai nhiéu cong ty van tai tau & trong nudc.



3. Pdi twong va pham vi nghién ciru

- béi twong nghién curu caa luan an 1a cac tau bién, ap dung vai Series tau
hang trong tai 12500 DWT duoc dong va khai thac tai cic cong ty van tai bién

cua Viét Nam.

- Pham vi nghién ctru cta luan an 1a tap trung vao nghién ctru, tinh toan
anh huong cua hiéu s6 mén nude dén sy thay doi cong sudt may chinh hoat
dong trong diéu kién bién ém; ¢ ving nude c¢d do sau khong han ché (ving bién
ho) tir d6 xdy dung duoc hiéu sé6 mon nude tdi wu khi 1ap ké hoach xép hang
nham tiét kiém nhién liéu trén tau bién.

4. Phuong phap nghién ctru

Pé dat duoc myc tidu nghién ctru dat ra, luan an st dung cac phuong phap
nghién ciru gém: phuong phap tdng hop, phén tich théng ké dé nghién ciru téng
quan; st dung 1y thuyét chung vé thiy dong luc hoc tau thiy dé nghién ctru co
s& 1y thuyét; phuwong phap s6 CFD dé xay dyng mo hinh bai toan tinh toan anh
huong caa hiéu s6 mén nude dén su thay d6i cong sut may va thuc hién hién
tinh toan cho mot ddi tuong tau cu thé; phuong phap thuc nghiém dé kiém tra

két qua mo phong tinh toan.
5. 'Y nghia khoa hoc va thuc tién ciia luin 4n

> Y nghia khoa hoc:

- Giai thich duoc ban chat mdi quan h¢ gifra hi¢u sb mén nude — toc do tau
— cong suat may trén tau trong qua trinh khai thac.

- Xay dung duoc mo hinh bai toan tinh toan méi quan hé giira hiéu s6 mén
nuéc — tbe do tau — cong sudt may bang phuong phap CFD, phuc vu cho bai
toan mo phong tinh toan cho mot dbi twong tau cu thé.

- P& xuat duoc quy trinh thuc nghiém trong viéc danh gia anh huong cua
hiéu s mon nude dén murc tidu hao nhién liéu trén tau tng Vai ting tée do va

ché do tai khac nhau cua tau.



> Y nghia thuc tién:

- Giai phap k¥ thuat xac dinh hiéu sé mén nuéc téi wu cho tau trong khai
thac khi xay dung va diéu chinh ké hoach xép hang nham tiét kiém nhién liéu tir
d6 nang cao hiéu qua kinh té cho tau ciing nhu bao vé méi trudong bién 1a giai
phap rat don gian nhung rat hiéu qua khi 4p dung vao thuc té cho cc tau van tai
bién cua Viét Nam. Giai phap nay gitp mang lai hiéu qua kinh té thiét thuc (du
kién co6 thé giam dugc tir 3 dén 5% lugng nhién liéu ma tau tiéu thu tuy thudc
vao loai tau va tdc d6 khai thac cua tau). Pay 1a muc tiét kiém rat 16n, giup cac
cong ty van tai co thé tiét kiém duoc hang ty ddng tién chi phi nhién liéu cho doi
tau khai thac cia minh. Ngoai ra giai phap con gitip phan dam bao cho tau thoa
min dugc cac yéu cau ngay cang khat khe cua to chie Hang hai quéc té IMO
lién quan dén viéc str dung ning luong hiéu qua trén tau.

- Két qua nghién ctru cua dé tai vira co ¥ nghia ap dung vao trong thuc té
vira c6 y nghia 1a ngudn tai liéu tham khao bo ich cho hoat dong hoc tap, nghién
ctru cua hoc vién chuyén nganh Piéu khién tau bién; cho hoat dong khai thac va
quan 1y tau.

6. Nhitng diém méi ciia ludn 4n

Nhitng diém méi caa luin an co gia tri vé mat khoa hoc va thyc tién gom:

- Xay dung dugc mo hinh bai toan tinh todn mdi quan hé giira hiéu so

mén nudc — tée do tau — cong suit may bang phuong phap CFD.

- Lap luan mot cach khoa hoc vé méi quan hé gita hiéu s6 mén nudc —
tdc do tau — cong suat may khi tu chay & cac hiéu s6 mén nude khac nhau.

- Giai thich dugc ban chat sy thay d6i cong suat may cia tau khi chay &
cac hiéu s6 mén nudce khac nhau thong qua viée phén tich sy khac nhau vé dong
chay bao quanh vo tau khi tau chay & trang thai tai trong véi cac hiéu s6 mén

nudc va toc do khac nhau.



- Pé xuat duoc quy trinh thuc nghiém trong viéc danh gia anh huong caa
hiéu s6 mén nude dén mirc tiéu hao nhién liéu trén tau.

- Ap dung mo hinh bai toan dwa ra dé xac dinh hiéu s6 mén nudc téi vu
cho mot tau cu thé; két qua md phong tinh toan co sai s6 khong quéa 5% S0 V6i
két qua thuc nghiém.

7. Cau truc cua luan an

Pé dat dugc muc tiéu nghién ctu dat ra, luan an co ciu trac gdbm 04
chuong cung véi phan két luan va kién nghi véi tén va ndi dung va nhiém vu

nghién ciu cu thé nhu sau:
Chuwong 1. Tong quan

Noi dung cia Chuong 1 di nghién ctu tong quan vé cac quy dinh cua to
chac hang hai thé gigi IMO lién quan dén yéu cau vé viéc st dung nang lugng
hiéu qua trén tau; tong quan vé cac nghién ciru lién quan dén giai phap chay tau
& hiéu sé6 mén nudc t6i wu. Trén co sé do, tién hanh phan tich, lya chon huéng,
muc tiéu nghién ctru, phuwong phap nghién ctru va dit ra cac bai toan can phai

giai quyét dé dat duoc muc tiéu nghién ctru dit ra.
Chuong 2. Co s& 1y thuyét phuc vu lwa chon phwong phap mé phéng

Noi dung Chuong 2 trinh bay so s¢ 1y thuyét anh huéng cua hiéu sé6 mén
nude dén su thay doi cong suat may chinh; co sé 1y thuyét cua phuong phap sd
CFD; phuong phap md phdong chan vit sau vo tau phuc vu cho bai toan tinh toan

anh huong caa hiéu s6 mén nudc dén cong suat may chinh.

Chwong 3. Xay dung moé hinh bai toan va mo phéng tinh toian anh hwéng

ciia hiéu s6 mén nwée dén sy thay doi cong sudt may chinh

Noi dung Chuong 3 di vao nghién ctu xay dung mo hinh bai toan mo
phong anh huong cua hiéu sé6 mén nude dén cong suat may chinh nhim dam
bao do tin cay vé két qua mo phong tinh toan. Trén co s& do, tién hanh ap dung

mo hinh nay vao trong md phong tinh toan cho ddi tugng tau cu thé 1a Series tau



hang 12500 DWT dé danh gia dinh lwong anh huong cua hiéu sé6 mén nude dén
su thay ddi cong suat may cua tau.
Chuwong 4. Thuc nghiém danh gia d¢ tin cay cia két qua mé phéng

Noi dung Chuong 4 di vao nghién cuu xay dung quy trinh thir tau ¢ cac
hiéu s6 mén nudc khac nhau bao do tin cay vé két qua tha. Trén co sd do,
tién hanh 4p dung quy trinh ndy vao thuc nghiém do dac anh huéng cua hiéu
s6 mén nude dén cong suat may cua Series tau hang 12500 DWT nham kiém
tra o tin cay ctia mé hinh tinh cing nhu két qua mé phong tinh toan thu duoc

¢ Chuong 3.
Két luan va kién nghi

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

hudng nghién ctu tiép theo.



CHUONG 1. TONG QUAN

1.1. Tong quan Vvé cac yéu ciu cia IMO ddi véi viéc sir dung niing lwong
hiéu qua trén tau

“V4n dé bao vé moi truong dang 1a mot trong nhitng van dé nong duoc ca
thé giGi quan tdm. Chinh vi vay vao nam 2011, t6 chirc Hang hai quéc té (IMO)
va Uy ban bao vé moéi trudong bién (MEPC) di thong qua nghi quyét vé st dung
nang lwong hiéu qua, tiét kiém trén tau ddi voi cac tau chay tuyén qudc té thong
qua 4 chi s6 ma tau can phai dat dugc gom: chi sé thiét ké nang luong hiéu qua
(EEDI), chi sb khai thac niang lwong hiéu qua (EEOI), ké hoach quan 1y ning
lwong hiéu qua caa tau (SEEMP) va chi s6 ning luong hiéu qua déi véi cac tau
dang khai thac (EEXI) bat dau c6 hiéu lyc ngady mung 1 thang 1 nim 2023. O
day 2 chi sé EEOI va chi s6 SEEMP 14 hai chi s6 lién quan dén qué trinh khai
thac tau.”[4]
1.1.1. Téng quan vé chi sé thiét ké néing lwong higu qud EEDI

“Chi s6 thiét ké nang luong hiéu qua (EEDI) 1a yéu cau bt budc ddi voi
cac tau dong mai tir naim 2015 dugc théng qua boi Uy ban bao vé mdi truong
bién vao thang 7 nam 2011( MEPC 62) véi viéc ap dung sira ¢6i cho MARPOL
Phu luc VI (nghi quyét MEPC.203 (62)).”[20]

Chi s6 EEDI duoc hiéu 1a lugng gram carbon dioxide (CO2) ma tau thai ra
trén lrgng hang ma tau chuyén ché nhan vai tée d6 tau (xem Hinh 1.1 va cong
thire 1.1). Chi s6 EEDI cang nho thi cang chtng t6 tau thiét ké cang dat hiéu qua

nang lugng hon.

EEOn

Hinh 1.1. Khai niém veé chi s6 EEDI

_ CO,emission Y PxC.xSFC

EEDI = : : .
Benefitof ship  CapacityxSpeed

[gram CO,/(TonxNautical Mile)]  (1.1)



Trong d6: P - 13 cong suat ciia may chinh, may phy, may phat dién...trén tau; Cr
—1a chi s phat thai nhién liéu, chi s6 nay phu thudc véao loai nhién liéu; SFC —
Suét tiéu hao nhién liéu ctia may chinh.

Theo yéu cau cia IMO chi sé EEDI cua tau duoc tinh theo cong thirc (1.1) can
phai nhé hon hoic bang chi sé EEDI yéu cau duogc xac dinh theo cong thirc (1.2).

Required EEDI =(1- X /100) x reference line value (1.2

Trong d6: X = 0 ddi véi cac tau duge dong sau ngay 1/1/2013; X=10 ddi véi cac
tau dugc dong sau ngay 1/1/2015; X=20 dbi véi cac tau duoc dong sau ngay
1/1/2020 (6 mot s6 tau cho phép X=15) va X=30 dbi véi cac tau dugc dong sau
ngay 1/1/2025; reference line value (duong tham chiéu) duoc xac dinh theo

cong thuc 1.3.
reference line value = a-b™° (1.3)

trong d6 a, b, ¢ 1 cac tham sd phu thudc vao loai tau va trong tai tau.

EEDI

Capacity

Hinh 1.2. Yéu cau vé mirc giam chi s6 EEDI ciia IMO theo 19 trinh

Nhu vay, theo yéu cau cia IMO, ké tir ngay 1 thang 1 nim 2013, cac tau
duogc thiét ké mai can thoa man duong tham chiéu cho mdi loai tau twong ung.
Mtc d6 yéu cau s& duoc thit chat theo huéng ting dan sau méi nim nam. Muc
giam CO2 cho giai doan dau tién 13 10% va duoc that chit sau mdi nim niam
trén co s& c6 tinh dén su bét kip cua phat trién khoa hoc cong nghé. Ty 1& giam
da duoc yéu cAu tr ndm 2025 tr& di 1a 30% cho céc loai tau so voi luong khi

thai trung binh ciia tat ca cac loai tau dugc dong tir nam 2000 dén nam 2010.



Viéc ap dung EEDI cho cac tau dong méi 1a yéu cau ky thuat quan trong
nham muc dich thiic day viéc nghién ctu giai phap khoa hoc cong nghé nham
tiét kiém nang luong, giam 6 nhidém va thic day viéc thiét ké téi wu tau nham
giam tiét kiém nhién liéu cho tau thiét ké bing viéc téi vu hoa vo tau va hé dong
luc trén tau.

1.1.2. Téng quan vé ké hoach qudn Iy ning lweng hiéu qudé SEEMP

“Ké& hoach quan 1y hiéu qua ning lugng cho tau (SEEMP) 1a mét bién phap
hoat dong nham thiét 1ap mot co ché dé cai thién hiéu qua viéc sir dung ning
luong cua tau theo cach tiét kiém chi phi, giam thiéu luong khi thai cho cac tau
dang trong qua trinh khai thac. Yéu cau SEEMP duoc 4p dung cho tat ca cac tau
c6 tong dung tich GT tir 400 trd 1én hoat dong tuyén trén qubc té [16]. Theo phu
luc VI MARPOL stra doi, yéu cau vé SEEMP c¢6 hiéu luc tir ngay 1 thang 1 nim
2013.7[20]

SEEMP 1a mot ban ké hoach cho mdi con tau cy thé dua theo chung loai
tau, loai hang hoéa chuyén chd, tuyén hoat dong, kich thudc va cac yéu té lién
quan khac. Do vdy SEEMP khong thé dung chung cho tat ca cac tau trong mot
cong ty hay dung cho doi tau caa mot qudc gia, ké ca 2 tau giéng hét nhau cua

cing mot cong ty ciing khong thé dung chung mét ban SEEMP.

Ké hoach thyc hién SEEMP 1a mot vong lip lién tuc véi 4 budc gom: “1ap

ké hoach”, “ap dung”, “kiém soat” va “danh gia va cai tién”, cu thé nhu sau:

“Lap ké hoach”: 1a budc khoi dau quan trong dé xay dung SEEMP ciing
gidng nhu 1ap ké hoach cho mot chuyén hang hai. Can c&r dau tién dé xay dung
SEEMP 1a can xac dinh trang thai tiéu thu ning luong hién tai cua tau, sau do
vach ra cac phuong 4n nham giam luong tiéu thu nang luong, dong thoi dat muc
tiéu cy thé giam bao nhiéu. Cac phuong an nay gan lién voi cac yéu td co ban
nhu: loai nhién liéu ti€u thy, loai dong co cua tau, tinh trang than vo hién tai,

hiéu suat hé dong luc, di lidu lan vao da cudi cing....
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“Ap dung”: Sau khi 1ap ké hoach cho SEEMP, budc quan trong tiép theo
1a x4c dinh cac cach khac nhau dé thyc hién cac bién phap da duoc lua chon
trong qua trinh 1ap ké hoach. Ké& hoach quan 1y hiéu qua ning luong tau sé bao
gom cac phuong thuc thuc hién va trach nhiém caa cac bén lién quan (Thuyén

vién, dai dién cong ty quan ly doi tau, v.v.).

“Kiém soat”: Sau khi SEEMP duoc thuc hién trén mdt con tau, viéc kiém
soat ké hoach s& duoc kich hoat dé theo ddi hiéu qua ctia SEEMP dang duoc
thuc hién. Mot trong cac cac tiéu chuan qudc té dung 1am cong cu chinh dé kiém
soat hiéu suat cia SEEMP d6 1a EEOI (theo Hudng din duoc phat trién boi
IMO - MEPC.1/ Circ.684).

Ngay trong giai doan 1ap ké hoach, phuong phap kiém soat di duoc dinh
san va cach st dung phuong phap nay ciing duoc thiét 1ap dé nguoi dung dé
dang thuc hién hé théng hon va nhan biét dugc trach nhiém cua minh trong hé
théng.

“Péanh gia va cai tién”: Thuc hién viéc danh gia phan tich cac két qua thu
duoc trong qua trinh “kiém soat” dé cai tién SEEMP dat hiéu qua cao hon. Néu
muc tiéu dat dugc ding nhu ké hoach da dat ra thi tiép tuc duy tri, dong thoi
chuyén sang muc tiéu cao hon. Néu khong dat duoc nhu ké hoach thi can dua ra
phuong an cai tién, va chuyén sang ap dung.

1.1.3. Téng quan vé chi sé khai thdc ning lwong hiéu qua EEOI

Chi s6 khai thac nang luong hiéu qua (EEOI) 1a chi s6 ma cac tau dang
trong qua trinh khai thac can tuén theo, mac du hién tai chi s6 nay chua phai 13
chi s6 yéu cau bat bugc. Chi s6 EEOI cia tau duoc tinh theo céng thiic nhu sau
[47]:

EEOI cho mdi chuyén di

ZJ_F(:J.X(:Fj
m xD

cargo

EEOI = (1.4)
EEOI trung binh trong chu ky tinh todn bao gom nhiéu chuyén di:
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ZiZijFCii ><CFJ’
Z(mcargoi X Di )

Trong d6: j - 1a loai nhién liéu; i - 1a s6 chuyén hanh trinh; FCij: Luong nhién

Everage EEOI =

(1.5)

ligu j tiéu thu trong chuyén di i; CF; - hé¢ s chuyén doi khdi lugng nhién liéu ra

CO2; Meargo - luong hang chuyén cho (tan); D; - quang duong mdi chuyén di.

Tir cong thuc (1.4) ta thay rang, khi tau khai thac ¢ ché do khong tai (chay
ballast), khi d6 gia tri EEOI tién dén vo6 cung do luong hang chuyén chd
Meargo = 0. Do do can tinh EEOI trong khoang thoi gian bao gdm cac chuyén di

cho hang.

Nhu vay, d6i véi cac tau dang trong qua trinh khai thac thi nguoi khai
thac can phai dic biét quan tim dén chi sb khai thac nang luong hiéu qua EEOI
dé dat duoc hiéu qua khai thac tau 1a cao nhat dudi goc do tiét kiém nhién liéu
va bao vé moi truong. Dé dat duoc muc tiéu nay, ngudi khai thac can phai tim
hiéu vé cac giai phap giam chi s6 EEOI di va dang duoc ap dung trong thuc té
khai thac tau.

1.1.4. Téng quan vé chi sé nang lweng higu qud trén cdc tau dang khai thdc
EEXI

Chi s6 nang luong hiéu qua trén céac tau dang khai thac (EEXI) nam trong
Phu lyc VI cia MARPOL. Yéu cau vé chi s6 EEXI bat dau c6 hiéu luc tir ngay

1/1/2023 va 1a yéu cau bat budc véi cac tau dang khai théc.

“Chi s6 EEXI dat duoc cua tau s& chi ra mic d6 hiéu qua sir dung ning
lurong trén tau so voi duong co so. Sau d6, EEXI dat duoc sé dugc so sanh voi
Chi s6 EEXI yéu cau dya trén hé s6 giam duoc biéu thi bang phan trim so véi
duong co sd caa chi sé thiét ké ké nang luong hiéu qua (EEDI). Chi sé EEXI ap
dung cho cac tau c6 tong dung tich tir 400GT tro 1én. Chi s6 EEXI dat duoc
dugc tinh toan cho ting tau can phai thdp hon chi s6 EEXI yéu cau. Chi sb
EEXI tuong ddng véi chi sé EEDI & giai doan 2 va 3 ddi véi cac tau dong
mai.”[20]
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Tas trong

Hinh 1.3. Yéu cau vé mic giam chi s6 EEXI ciaa IMO theo 1§ trinh
1.1.5. Téng quan vé cdc gidi phdp giam chi sé EEOI

Pé giam chi s6 EEOI, cac nha nghién ctru va t6 chtrc hang hai thé gigi IMO
da khuyén nghi str dung cac giai phap sau [5, 20, 31, 46]:

+ T6i uu héa tuyén duong chay tau;

+ T6i wu hoa téc d6 chay tau;

+ Hang hai khi tuong;

+ Str dung banh 1i va cac ché d¢ lai hiéu qua;

+ Bao dudng va stra chira tau;

+ Nang cao nhan thiic ciia thuyén vién vé quan 1y nang luong trén tau;

+ T6i wu hoa hiéu s6 mén nudc.

+ Nang cao hiéu qua khi thyc hién chuyén di (improvement in voyage
execution).

Gidi phdp t6i wu héa tuyén dwong chay tau, theo huéng dan cua IMO,
viéc 1én phuong an 1ap ké hoach chuyén di bao gdm céac budc chinh nhu sau:
- Thu thap, nghién ctru thong tin;
- Lap ké hoach — Planning;
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- Thue hién ké hoach — Execution;

- Theo doi, giam sat — Monitoring.

MJi giai doan trong viéc 1ap ké hoach hanh trinh déu c6 tdm quan trong
riéng va diéu dic biét quan trong la phai thyc hién tirng giai doan mdt cach can
than va cap nhat nhat dé dam bao mot chuyén di an toan.

Viéc ap dung giai phap 1ap ké hoach chuyén d3 va dang dugc cac cong ty
van tai, thuyén vién 4p dung thuong xuyén trén mdi chuyén hanh trinh cua tau
boi viéc ap dung giai phap nay kha don gian, khong ton kém va viéc ap dung
giai phap nay gitp cho chuyén hanh trinh dugc an toan hon va co thé tiét kiém
dugce tir 1 dén 4% nhién liéu cho tau.

Gidi phdp téi wu héa toc dp (Speed Optimization and JUST-IN-TIME)

Viéc khai thac tau & toc do tau cao s& gitip 1am giam thoi gian hanh trinh
clia tau, tdu quay vong nhanh, tir 6 lam tang hiéu qua khai thac trong mot sd
truong hop. Tuy nhién, viéc chay tau ¢ toc do cao din dén mirc tiéu thu nhién
lidu cling tang theo rat nhanh. Chinh vi vay khi thuc hién giai phap ndy can dam
bao tau chay vai tbec d6 phu hop dé vira cho phép tau tiét kiém duoc nhién liéu
nhung van dam bao cho tau c6 mit tai cang dén dung thoi han. Phuong phap nay
dugc goi chung 1a Tdi wu téc do tau (Speed Optimization) bang k¥ thuat JUST-
IN-TIME (kip luc). Tuy nhién, khi 4p dung giai phap nay, can tinh dén thoi gian
dur trit thich hop, dé phong trudng hop tau bi phat vi dén muén.

Viéc ap dung giai phap chay tau ¢ téc d6 t6i wu ludn dugc cac cong ty van
tai, thuyén vién trén mdi chuyén hanh trinh cta tau béi viée ap dung giai phap
nay kha don gian, khong tén kém va viéc ap dung giai phap nay gitp tau c6 thé
tiét kiém dugc tir 1 dén 3% nhién lidu cho tau.

Gidi phdp hang hdi khi twong. Giai phap hang hai khi tuong c6 thé duoc
dién giai nhu mot phuong phap dic biét dé xay dung 19 trinh t6i wu cho tau.
Phuong phap nay dua trén su két hop giita dir liéu vé diéu kién khi twong thay
van va cac ddc tinh riéng cua tau trong mot hanh trinh cu thé.

Twr thong tin vé moi truong khi hdu va thuy van, 1o trinh t61 vu dugc xéac
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dinh nhu mot 16 trinh giup tau di chuyén mot cach an toan. Hon nira, 1o trinh nay
con giup giam thiéu luong nhién liéu tiéu thy va thoi gian di chuyén xudng muc
it nhét c6 thé.

Pé tinh toan 10 trinh tdi wu, nhiing nguoi lam viéc trén tau can dua trén céac
ngudn dit liéu co ban, dic biét 1a nhimg thong tin lién quan dén thoi tiét. Nhimg
ngudn thong tin nay bao gdm Hudng din Hang hai (Sailing Directions) va Ban
d6 tuyén duong thoi tiét (Weather Routeing Charts).

Nhitng ngudn dit liéu nay khong chi cung cap thong tin vé tan s6 huéng va
tbc do gid, ma con cho chung ta biét vé tan suit ctia nhitng do cao song. Nhimg
thong tin ndy déu rat quan trong, gitp tau di chuyén mot cach an toan va hiéu
qua, dong thoi tiét kiém nhién liéu va thoi gian trong qua trinh hanh trinh.

Viéc ap dung giai phap gitip cho chuyén hanh trinh dugc an toan hon va ¢
thé tiét kiém dugc tir 1 dén 4% nhién lidu cho tau.

Gidi phdp siv dung bdnh ldi va cdc ché dp ldi hi¢u qud. Banh 1i, d6 1a
mot thiét bi quan trong, chiu trach nhiém tao ra mo-men can thiét gitp cho tau
c6 thé quay tré. Tuy nhién, trong khi thuc hién viéc quay tré, viéc st dung banh
14i s& tao ra mot sd hau qua khong mong mudn. Cu thé, nd s& lam tang thanh
phan cua stic can bo sung, diéu nay dan dén viéc 1am ting tong strc can dang tac
dong 1én tau.

Theo cac phép tinh va phén tich, thanh phan stc can bd sung nay c6 kha
nang lam ting tong strc can cua tau 1én toi muc 5% (ddi v6i loai tau hang, con sd
nay la 2%). Hau qua cua vi¢c nay la viéc lién tuc bé 1ai s€ lam gidm tdc do cua
tau, dan dén viéc tiéu hao nhién liéu tang 1én dang ké.

Vi ly do d6, trong qua trinh van hanh va khai thac tau, nguoi diéu khién can
can nhic cach st dung banh 1ai mot cach hop 1y. Muc tiéu 1a dam bao tau di
chuyén theo duong di da dinh mot cach nhanh nhat hodc v6i mic tiéu hao nhién
ligu t6i thicu.

Pé dat dugc muc tiéu nay, hi¢n tai trén tau da dugc &p dung mot sb giai

phap do61 maéi1 nham cai thién chat lugng diéu khién. Pang chu y nhat 1a viéc su
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dung may 1ai tu dong, ddy 12 mot budc tién quan trong trong céng nghé diéu
khién tau. Hién nay c6 mot sé cong nghé méi khac dang duoc nghién ciru va ap
dung, déu hudng t6i viéc giai quyét van dé nay mot cach hiéu qua nhat:

- May lai diéu khién thich nghi;

- May 1ai sir dung mé hinh chuyén dong cua tau (Model — reference);

- May 1ai diéu khién tau chay theo tuyén (track — control).

Gidi phdp bdo dwong va sira chita tau. Trong qua trinh khai thac tau, bé
mit ngdm nudc cua than tau va chan vit s& thay ddi so voi thoi diém dong méi,
boi do cac nguyén nhan nhu: sy an mon; hu hong vé co hoc; sy hu hai 16p son
phti; su tich tu cta 16p son cii sau moi lan dua tau 1én da son lai; do rong réu ha
bam; cac vét xude trén bé mit 16p son do viée cha bo cac rong réu ha bam (su 6
nhiém bé mit)...Hé qua dan dén trang thai bé mit vo tau va chan vit tré nén
nham (g6 ghé) hon (xem hinh 1.4). Pay chinh 13 nguyén nhan lam thay doi dic
tinh cua than tau va chén vit so véi thoi diém dong méi tir 46 dan dén thay doi
mdi quan hé giita tbc d6 va vong quay ctia chan vit va cong suat mdy chinh (tau
khong dat duoc toc to nhu thiét ké tir d6 dan dén giam hiéu qua sir dung ning
lugng trén tau). Chinh vi vay, giai phap bao dudng, cao ha, son cac loai son
chéng ha...cho tau nham gidm suc can tau, tang hiéu suét cua thiét bi déy tor do
lam tang hi¢u qua sir dung nang lugng trén tau thuong xuyén dugc cic cong ty

van tai ap dung.

chat nhét (do sén, dc nha ra): lam Rong réu bam vao vo tau): lam tang

tang 1~ 2% luc can vo tau 10% lue can vo tau

Hinh 1.4. Trang thai bé mit thin tau sau mét thoi gian khai thac
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Gidi phdp néing cao nhgn thirc ciia thuyén vién vé vé siv dung ning
lwong higu quad, tiét kiém trén tau. Trong qua trinh 1ap ké hoach sir dung ning
lwgng hiéu qua trén tau bién, mot yéu té quan trong ma khong thé bo qua 1a viéc
quan ly nang lugng. Pay khong chi 1a viéc quan 1y nang luong ma con 1a viéc
quan 1y cach thirc va mirc d6 str dung ning luong trong cac hoat dong hing ngay
trén tau, tir chiéu sang cho dén sinh hoat hang ngay. Muc tiéu la dam bao rang
viéc sir dung ning luong duoc tién hanh mot cach hiéu qua va tiét kiém nhat c6
thé. Piéu nay doi hoi su quan sat, kiém soat va diéu chinh lién tuc dé dam bao
rang moi hoat dong déu tuan thu theo dung ké hoach va muc tiéu vé sur dung

nang lugng.

Gidi phdp Téi wu héa hiéu sé mén nwéc (trim optimization). Trong sb
cac giai phap néu trén thi 06 giai phap dau tién 13 06 giai phap duoc ap dung
trén tau thudng xuyén. Giai phap thir 7 “toi wu hoa hiéu s6 mén nudc cua tau” 1a
giai phap méi duoc t6 chic Hang hai thé giéi khuyén nghi ap dung. Giai phap
nay dugc danh gia 1a d& dang trién khai trén tau do khong can phai thay doi két
CAU VO tau, thay d6i chan vit hay lap dit thém cac thiét bi bo sung. Toi uu hoa
hiéu s6 mén nude co thé dugc hién don gian bang cach diéu chinh phan bd
ballast hoic hang hoa trén tau. Theo cac két qua nghién ctru cua haing FORCE
[27] tién hanh thuc nghiém trén 300 tau hang chay bién chi ra rang, viéc chay
tau ¢ hiéu s6 mon nudc tdi wu cho phép giam tiéu hao nhién lidu cho tau trung
binh tir 2 dén 3%, trong mot sb truong hop khai thac dac biét, né cho thé cho
phép giam murc tiéu hao nhién liéu dén 10% so Véi trang thai khai thac thong
thuong. Chinh vi vy, giai phap nay da va dang duoc dua vao ap dung rat phd
bién & cac cong ty van tai tau trén thé gidi. Trong d6 phai ké dén phan mém toi
vu hoa hiéu s mén nusc “ECO Assistant - effective trim optimisation” do to
chic Pang kiém DNV-GL phat trién nhu da duoc NCS dé cap trong phan mo

dau cua luan an.

Gidi phdp néng cao hiéu quad khi thue hi¢n chuyén di (improvement in

voyage execution) bao gom viéc lya chon hudng va téc do tau hop 1y duwa trén
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diéu kién song gi6 trén bién (weather routing); lam sach vo tau va chan vit (cao
ha) theo dinh Ky; st dung céc loai son chéng ha cho vo tau va chan vit; tai st

dung nudc thai lam mat may trén tau (waste heat recovery systems).

1.2. Tong quan vé tinh hinh nghién ctu giai phap chay tau & hi¢u sé6 mén
nu6c tdi wu nham ning cao hiéu qua sir dung ning lweng trén tau
1.2.1. Tinh hinh nghién civu trén thé gigi

Do giai phap chay tau ¢ hiéu sé6 mén nudc tdi vu 1a giai phap méi duoc
IMO khuyén nghi ap dung nham ting hiéu qua sir dung ning lwong cho tau nén
cac nghién ctru trén thé giGi lién quan dén giai phap nay khong nhiéu. Dudi day
s& tién hanh t6ng hop, phén tich cac nghién ctru trén thé gidi (gom cac bai bao
quéc té thuoc danh muc ISI va Scopus, cac béo céo trong hoi thao Québc té co
phan bién) lién quan dén giai phap nay dé tir d6 co duoc cai nhin tong quan vé
giai phap nay, mac tiét kiém nhién liéu ma giai phap mang lai, phuong phap
nghién ciru di duge cac tac gia sir dung, nhitng van dé ma cac nghién ctu di trugc

da giai quyét dugc ciing nhu nhitng van dé can phai bd sung nghién ciru thém:

Nhom cac tac gia Tu T.N [36], Sherbaz [33], lakovatos [26] cung cac cong
su d4 tién hanh nghién ctu anh huéng cua hiéu sé mén nude dén su thay doi sic
can tau dudi dang mé hinh 4p dung véi nhiéu loai tau khac nhau gom: tau cho
container, tau hang roi, tau Ropax,...Phuong phap nghién cttu dugc céc tac gia
ap dung trong nghién ciru ciia minh 1a CFD (Computational Fluid Dynamics) két
hop vai thar nghiém moé hinh trong bé thir. Két qua nghién ctu cia céc tac gia
chi ra rang, vaéi toc d6 cho trudce, khi tau chay & cac hiéu s6 mén nude khac nhau
s& dan dén sy thay doi stc can tau. Mirc do thay doi phu thudc vao hinh dang vo
tau, toc do tau, ché do tai va hiéu s6 mén nudc cia tau, mirc thay doi dao dong

trong dai tir 1%-5% Stc can tau so vai tu thé can bang mii 1ai.
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Hinh 1.5. M6 hinh tau DTMB ciia My diing dé nghién ciu [13]

B/, ——

Hinh 1.6. Thir mé hinh DTMB tai bé thir cia CTO, Ba Lan [14]
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Hinh 1.7. Sy thay déi sitc can tau & cac dd chii khac nhau khi sir dung hai
phwong phap tinh khac nhau (thuc nghiém va CFD) khi tau chay tai toc do
V=2.987m/s [10]

Nhom tac gia Hansen [15], Larsen [28] cung cac cong sy di tién hanh
nghién cttu anh huong cua hiéu sé mén nudc dén sy thay doi suc can va hiéu
suat ciia chan vit khi tau chay trén nudc tinh 4p dung tinh cho mé hinh tau bién

ché hang ¢& lon tai cac toc dd va mon nude khac nhau cia tau. Ket qua tinh toan
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ciia nhom tac gia chi ra rang, c6 thé giam dugc 10% cong suat may khi tau chay
& hiéu s6 mén nudc tdi vu so vai khi chay ¢ tu thé can bang miii 1ai (even keel).
Yéu té tac dong lam giam cong suat may nhiéu nhat (chiém 80%) 1a lién quan
dén viéc giam sic can tau, 20% con lai 1a lién quan dén viéc gia ting hiéu suat
ctia chan vit sau vo tau khi tau chay & mén nudce tdi vu so voi even keel. Phuong
phap nghién ctru dugc nhom tac gia st dung & day 1a thir mo hinh trong bé thu
cong véi md phong sé CFD.

Nhom tac gia Islam H. va Carlos G.S. di tién hanh nghién ctu anh huong
ctia d6 chii dén sirc can tau tai cac toc do6 va mén nude khac nhau (tai 3 tbc do
va mén nudc khac nhau) &p dung véi mo hinh tau container KCS [14]. Phuong
phép ma cac tac gia st dung trong nghién ciru ¢ day la phuong phap CFD. Gidi
han nghién ctu cua cac tic gia ¢ day 1a nghién ctru trén nudc tinh. Két qua
nghién ciru chi ra rang stc can tau c6 thé giam dugce kha nhiéu néu chay tau &
hiéu s mén nudc toi wu so véi tu thé evel keel. Hiéu sé6 mén nuédc toi vu sé
thay doi s& thay d6i khi thay ddi tbc d6 va mén nudce tau. Do vay viéc lya chon
hiéu s6 mén nudce téi vu 13 qué trinh dong phu thude vao téc d6 va mén nudc

tau thuc té trong qué trinh khai thac.

Possible savings, Fn=0.128

= ART, RANS CFD 20%
=== ART. Model test +5%—|
e===ART. Potential theory CFD
APD. Model test 10%—
5%

-10% |

5%

Hinh 1.8. Két qua tinh toan mic tiét kiém nhién liéu thu dwoc theo céc
phwong phap khac nhau khi tau chay é cac hiéu so mén nwéc khac nhau tai
toc do twong doi Fn=0.128
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a) thuc nghiém b) mé phéng bang CFD
Hinh 1.9. Két qua mé phéng hinh dang s6ng tai miii tau

Hinh 1.10. M6 hinh tau container dwoc Nhom tac gia Islam H. va Carlos
G.S. sir dung trong nghién ciru

Nhom tac gia Emil S. va cac cong sy [11] di tién hanh nghién ctu anh
huong cua hiéu s mén nude dén su thay doi suc can tau tai toc do khac nhau
bang phuong phap thir mé hinh trong bé thir va phuong phap s CFD. Déi tuong
nghién cru ctia nhom tac gia & day Ia mo hinh tau container KCS véi ty I¢ mo
hinh 1/75m so v&i tau thyc. Cac thong sd hinh hoc cia mé hinh tau container

KCS duoc thé hién trong Bang 1.1.

6,00

4.00

o0 II o ll I ! (] . I
-2.00 I I

-4,00

Difference (%)

mFr0.26 wFr0.195 Fr(.108
6,00
0.50 0.40 0.30 0,20 0.10 0.00 0.10 0.20 0.30 0.40 0,50

Trim angles (degree)

Hinh 1.11. So sanh sy thay doi sic can tau container KCS khi chay é cac
hiéu s0 mén nwéc va toc do khac nhau
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Két qua nghién ctru ctia nhom tac gia chi ra rang, suc can tau phy thudc
kha 16n vao hiéu s6 mén nude va toe do tau. Két qua két qua tinh bang phuong
phap sb rat gan vai két qua thtr trong bé ther. Mot sé két qua nghién ctu cua
nhom tac gia dugc thé hién trén cac Hinh 1.12 va 1.2. Trén d6 biéu dién két qua

thir mo hinh trong bé thir tai cac hiéu s6 mén nude va tbe do khac nhau.

Bdng 1.1. Théng so ky thudt ciia tau container KCS

Ciic thong s Pon vi Gid tr
Tau thuc | Tau mo6 hinh

Ti 1&6 mo hinh ) - 1 75
Thé tich chiém nuéc A m3 | 52030 0.1203
Mén nuée d m 10.8 0.144
Chiéu dai hai try Lo m | 230.0 3.0667
Chiéu rong B m 32.2 0.4293
Chiéu cao man H m 19.0 0.2533
Hé s6 béo thé tich Ce - 0.651 0.651
Hé sb béo suon gitra Cwm - 0.985 0.985
Téc do Vs knots | 24 1.426
Téc do twong ddi Fr % 0.26

RT (N)

FROUDE NUMBEF

Hinh 1.12. Quan hé giira sic can véi toc do tau tai dd chii 0.25 do
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Nhom téc gia Jianglong Sun va cac cong su [21] di tién hanh nghién cau
t61 wu hoa hiéu s mén nude cho tau container 4250 TEU (xem Hinh 1.14) dua
trén viéc nghién cttu anh hudng cua hiéu sé mén nude dén su thay ddi sic can
tau bang phuong phap thir mé hinh trong bé thir va phwong phéap s CFD, sau d6
kiém tra thuc nghiém trén tau thyc dé danh gia do tin cdy cua phuong phap tinh.
Két qua thuc nghiém trén tau thyc chi ra rang, vai viéc ap dung giai phap tdi vu
hoa hiéu s6 mén nudce cua tau trong khai thac, co thé tiét kiém duoc 9.2% luwong
nhién liéu tiéu thu. Cac két qua chinh cua nghién ctru ndy duoc trinh bay trén

Hinh 1.17.

Level trim Trim: 1 deg by bow Trim: 1 deg by stemn
9
8
7
6
g 5
= 4
3
2
1
0
0.16 0.18 0.2 0.22 0.24 0.26 0.28

FROUDE NUMBER

Hinh 1.13. Quan hé giira sic can véi toe do tau tai do chai 1.0 do
= = i |

Witk WM LINE
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Stern transom plate "

———— ——— >l"?.5

Hinh 1.14. M6 hinh tau container 4500 TEU dwgc Sir dung trong nghién
curu

-]}C;murs of Z-Coordinate (mbure) (m)

Hinh 1.16. Hinh dang séng tai miii tau trong thir thuc

a) Tau chui miii, b) tau chui ldi
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Hinh 1.17. Quan hé giira toc d6 va cong suit may ciia tau tai cac hiéu so
mMon nwdc khac nhau

Duéi gbc d6 nghién cttu ung dung vao trong thuc té khai thac tau. Vién
nghién ciru “FORCE Technology” ctia Pan Mach va Pang kiém DNV-GL 1a
mot trong hai nha tu van ndi tiéng thé gidi trong linh vuc t6i uu hoéa hiéu sb
mén nudc cia tau trong khai thac nham nang cao hiéu qua sir dung ning luong

trén tau.

Vién nghién ciru “FORCE Technology” di tién hanh nghién cuu téi uu
héa hiéu s6 mén nude cho hon 300 tau cac loai gém: tau dau, tau hang ro1, tau
container, tau LNG, Ro-Ro va pha. Theo cac két qua nghién ctru ma cong ty
cong bd, muc tiét Kiém nhién liéu co thé dat duoc 1én t6i 15% & mot sb diéu
kién khai thac dac biét. Muc tiét kiém nhién liéu binh quin cho ca di tau & vao
khoang tir 2 d¢én 3% khi chay tau & hiéu sé mén nudce tdi vu [27].

“Ping kiém DNV-GL dang gi6i thiéu va thwong mai héa phan mém ECO
Assistant 4. Day 1a phan mém t6i wu hoa hiéu s6 mén nude cua tau trong khai

thac nhdm nang cao hiéu qua st dung ning luong trén tau.”[30]
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Hinh 1.18. Giao dién cua chwong trinh ECO Assistant 4
Phan mém ECO Assistant dugc xay dung cho timg tau cu thé. Trén hinh

1.18 1a giao dién phan mém tbi wu hoa hiéu sé mén nude cho tau container
13000TEU. Trong phan mém nay, théng sé dau vao 1a: toc do tau, mon nudc,
hiéu s6 mon nude ban dau; thong sé dau ra cua phan mém la: hiéu sé6 mén nuéc
ti wu, lugng nhién li¢u tiét kiém duoc so voi tu thé hién thoi cua tau, mic gidam
co2.

“Duya trén két qua tinh toan, do dac thuc t& ma DNV-GL cong bd va da
duoc xac nhan boi cac chu tau dang khai thac tau 13000 TEU, thi gid tri ma
phan mém ECO Assistant 4 mang lai cho tau container strc ché 13000 TEU nhu
sau:”’[30]

- Vi trang thai chd 13000 TEU + 10000 tdn nude din bo sung thi tau:

+ Tiét kiém 5 % nhién liéu hay 4 tAn nhién liéu mdi ngay;

+ Trén hanh trinh 14 ngay, tau tiét kiém duoc 36000 USD (véi van tdc tau 17
knots, mén nudc 13.5m véi do chai khong doi va gia dau du kién 1a 650
usd/tan).

-V6i trang thai 4100 TEU +5000 tan nudc dan bo sung thi tau: Tiét kiém
dugc 5% nhién liéu hay 1.9 tan dau nhién liéu mdi ngay (van téc 16 knots; mén

nudc 11m véi do chii khong doi).
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“Trung tam bé thir mo hinh tau SSPA cua Thuy Dién cling da thuc hién rat
nhiéu cac nghién ciu vé toi wu hoéa hiéu sé mén nudc cia tau trong khai thac
trén cac tau hang roi va tau chd dau ¢& 1on. Két qua nghién ctu chi ra ring, c6
thé giam cong suat may xudng tir 10%-15% khi tau chay & ché do ballast va 5%-
8% khi tau chay ¢ ché do toan tai” [14]

“Hiép hoi sir dung nang lugng hiéu qua toan cau (Global Maritime Energy
Efficiency Parnerships GLOMEEP) dénh gia, viéc toi wu hoa hiéu s6 mén nuéc
cta tau co thé giam muc tiéu hao nhién liéu cua tau xubng tir 0.5%-3% d6i véi
phan 16n cac loai tau van tai bién, d6i véi cac tau véi ché do tai dac thi nhu tau
container, tau Ro-Ro muc tiét kiém nhién liéu c6 thé dat duoc 1a trén 5% [13]

Required Power (constant speed surfaces)

Req'dg-
Power

15kn

Hinh 1.19. Két qua ciia phan mém toi wu héa hiéu s6 mén nwéc

1.2.2. Tinh hinh nghién Ciru trong nwoc

“V& tinh hinh nghién ctru trong nudc lién quan dén giai phap chay tau &
hiéu s6 mén nudc toi vu nham ning cao hiéu qua st dung ning lugng trén tau
con kha méi mé va chua duoc dé cap dén nhiéu trong cac bai bao khoa hoc va
tai liéu chuyén nganh. Cu thé, & day, trén co s& tham khao cac tap chi chuyén
nganh hang hai gom: Tap chi Khoa hoc Cong nghé Hang hai, thudc trudong Dai
hoc Hang hai Vi¢ét Nam; Tap chi Khoa hoc Cong nghé Giao thong van tai, thudc
truong Pai hoc Giao thong Van tai Thanh Phdé H6 Chi Minh; Tap chi Giao
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thong Van tai, thuoc Bo Giao thong; tap chi Mai truong cua Tong cuc moi
truong, va cac giao trinh, tai liéu tham khao dang giang day cho sinh vién
chuyén nganh di bién, chuyén nganh thiét ké tau dang duoc giang day tai
Truong Pai hoc Hang hai Viét Nam, Pai hoc Giao thong Van tai Thanh phd Ho
chi Minh, chi tim thdy duy nhat bai viét vé giai phap nay, d6 1a bai bao “Hé
thong cung cdp gidi phdp ky thudt nham si dung hiéu qud nhién liéu trong vdn
hanh tau bién” cta nhém tac gia PGS.TS. Nguyén Cong Vinh va PGS.TS.
Nguyén Kim Phuong trén tap chi Méi truong cia Téng cuc moi trudng” [2].

Trong bai viét ndy nhom tac gia da dé cap dén 03 giai phap nham ning cao
hiéu qua str dung ning lugng trén tau trong qua trinh khai thac gom: Lya chon
tdc do téi wu cho tau; Lua chon phuong an nuéc dan khi tau nhe tai va lya chon
hiéu s6 mén nuéc toi vu cho tau. Trong d6 nhom tac gia da tién hanh thyc
nghiém kiém tra anh huong cia su thay doi hiéu s6 mén nudc, toc do tau dén su
thay d6i mic tiéu thy nhién lidu trén tiu FORTUNE NAVIGATOR chay chuyén
tuyén tir Hon D4u dén Viing Tau va nguoc lai véi quing duong 738 hai ly. Két
qua nghién cttu ctia nhom tac gia dua ra 1a vai viée thay doi hiéu s6 mén nuéc
va toc do tau mot cach hop 1y, tau s& tiét kiém duoc 70 tan dau/nam (khoang
26000 USD) va giam phét thai duoc 210 tan CO2/nam vao moi truong. Nhu
vy, v6i hon 1400 tau bién cta Viét Nam hién dang khai thac thi con sé tiét
giam duoc sé 14 rat 16n.

Dué6i goc do nghién ciru tng dung giai phap chay tau & hiéu s6 mén nudc
t6i wu vao trong thuc té khai thac tau & cac cong ty van tai bién cua Viét Nam.
Theo khao sat cia NCS duoc tién hanh ¢ Tong cong ty Hang hai Viét Nam,
Cong ty Co phan Van tai Bién Viét Nam (VOSCO), Cong ty C6 phan Hang hai
Lién Minh...thi hién tai chua c6 don vi nao rng dung giai phap chay tau & hiéu

s6 mon nudce tdi vu trong khai thac tau.
1.2.3. Nhdn xét ddnh gid vé cdc nghién ciru di truéc
Qua tong hop, phan tich, théng ké ¢ trén vé tinh hinh nghién ctru trén thé

gidi va trong nudc lién quan dén giai phap chay tau ¢ hiéu s6 mén nuéc tdi wu

28



nham nang cao hiéu qua str dung niang luong trén tau, c6 thé dua ra mot s nhan
x€t sau:

V& tinh hinh nghién ctru trong nudc. Viée nghién ctru Vé giai phap chay tau
& hiéu s6 mén nudce toi wu nham nang cao hiéu qua sir dung ning luong trén tau
1a con kha méi mé va chua duoc dé cap dén nhiéu trong cac bai bao khoa hoc va
tai liéu chuyén nganh ¢ trong nudc. Dudi goc dd nghién citu tng dung thi giai
phap nay hién van con 1a giai phap rit méi mé va chua duge cac cong ty Van tai
bién & trong nude ap dung.

Lién quan dén cac nghién ctu & nudc ngoai cd thé rut ra mot sé két luan
Sau:

+ Vé mit tong quan, cac nghién clru cla cac tac gia trén thé gidi vé anh
huong ctia hiéu s6 mén nude dén luc can tau cling nhu hiéu suét caa thiét bi day
hay nhin rong ra 1a murc tiéu hao nhién liéu cua tau da cung cap cho ching ta
mot cai nhin tong thé vé mdi quan hé gitra hiéu s6 mén nuéc cua tau voi hiéu
qua st dung nang luong trén tau tai ting tbe do va ché do tai.

+ V& ddi tuong nghién ctu. Poi twong nghién ctru ma céc tac gia trén thé
gioi hudng dén 13 cac miu tau van tai bién khac nhau (tau dau, tau container, tau
hang roi,...). Pa phan cac nghién ctu sir dung tau mo hinh dé tinh toan va sau
d6 so sanh vai két qua thtr trong bé thir.

+ V& phuong phap nghién ctru: Phuong phap ma cac tac gia st dung trong
nghién ctru 1a thir md hinh trong bé thir va mé phong sé CFD.

+ V& gi6i han nghién ctru: tit ca cac nghién ctru cia céc tac gia trén thé
gidi déu gisi han & viéc nghién ciru anh huong cua hiéu sé mén nude dén sic
can tau trong diéu kién nudc tinh.

+ Vé két qua nghién ciru thu duoc: D3 chi rd muc do anh huéng cua hiéu
s6 mén nude dén su thay doi suc can tau. Két qua tinh toan bang CFD kha gan

véi két qua thir mo hinh trong bé thir. Ung voi mdi loai tau khac nhau, ¢ téc do
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va ché do tai khac nhau thi mac giam stc can tau hay muc tiét kiém nhién lidu
thu duoc 1a khac nhau, mic giam trung binh vao khoang tir 1-5%.

+ V& ton tai cta cac nghién ctru: Mat ton tai 16n nhét cia cac nghién ctu
néu trén ctia cac tac gia d6 1a phan 16n sir dung mo hinh tau dé nghién ciru va so
sanh v&i két qua thr mo hinh trong bé thtr. Viéc tinh toan trén tau thuc va so
sanh voi két qua thtr thuc ¢ ngoai bién con chwa dugce dé cap dén nhiéu. Trong
khi d6, nhu chung ta da biét viéc thir mo hinh trong bé thir c6 mot sé diéu kién
khong thé dam bao dugc so véi khi do dac trén tau thuc khi chay thuc té ngoai
bién, chinh vi vay dé tinh chuyén sang tau thuc nguoi ta phai sir dung mot sé céac
gia thiét, tir d6 s& anh huong dén d6 chinh xac vé két qua thu dugc trén tau thuc.
Chinh vi vdy, trén thuc té, khi dong xong tau bao gio nguoi ta ciing tién hanh
thir trén bién (sea trial) trudc khi dua né vao khai thac dé kiém tra do tin cay cua
cac két qua tinh toan trong thiét ké. Tuy nhién, hau nhu cac don vi thiét ké tau,
cac hang Pang kiém khong cong bd rong rai cac két qua thir thue nay bai né lién
quan dén bi mat trong thiét ké va trong tinh toan cia ho cling nhu phuong phap
do ma ho trién khai trong qu4 trinh thtr tau.

Ton tai thir hai ctia cac nghién ciru ndy d6 1a da phan cac nghién ciru moi
chi tap chung vao nghién cttu anh huéng caa hiéu sb mén nude dén sic can tau.
Viéc nghién ctiru anh hudng dong thoi caa hiéu sé mén nude dén stc can va hiéu
suat caa chan vit sau vo tau con kha han ché.

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

han nghién ctru
1.3.1. Lwa chon hwong va muc tiéu nghién ciru

Dua trén viéc tong hop phan tich thong ké cac két qua nghién ciru trén thé
gidi va Viét Nam lién quan dén giai phap chay tau ¢ hiéu s6 mén nuéce tdi wu
nham nang cao hiéu qua sir dung ning luong trén tau & trén. NCS xin dé xuat

hudng va myc tiéu nghién cuu trong luan an nhu sau:
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Muc dich nghién ciwu cua ludn dn: di vao giai quyét ton tai thir 2 cua cac
nghién ctru di trudc da dugc chi ra ¢ trén do 1a luan an s€ di vao xay dung mo
hinh bai toan md phong tinh dén anh huang cua hiéu sé mén nudc dén dong thoi
hai thanh phan d6 1a sic can va hiéu suat cua chan vit sau vo tau (ng véi ting
ché d6 tai va tdc d6 tau. Trén co s& d6 co dua ra cac khuyén cdo khi trién khai
lap ké hoach xép hang nham giam dam bao an toan va tiét kiém nhién liéu cho
tau trong qua trinh khai thac. Ap dung mé hinh tinh dua ra vao trong tinh toan
xac dinh dinh hiéu s mén nuéc téi wu cho Series tau hang trong tai 12500
DWT duogc dong tai Viét Nam tir nim 2000 dén nay, hién dang duoc khai thac

tai nhiéu cong ty van tai tau ¢ trong nudc.
1.3.2. Phén tich lya chon phwong phdp nghién ciru

Pé dat dugc muc tiéu nghién ctru dit ra, luan an sé sir dung cac phuong
phép nghién ctru gdm: phuong phéap tong hop, phan tich théng ké dé nghién ctu
tong quan; sir dung 1y thuyét chung vé thiy dong luc hoc tau thuy dé nghién ctu
co so 1y thuyét; phuong phap sé CFD dé xay dung mé hinh bai toan tinh toan
anh huong caa hiéu s6 mén nude dén sy thay doi cong suat may va ap dung
chung vao trong thuc hién hién tinh toan cho Series tau hang trong tai 12500
DWT; phuong phap thuc nghiém dé kiém tra két qua mo phong tinh toan.

Co s dé NCS Ilua chon phuong phap sé6 CFD dé xdy dung mé hinh bai
toan tinh toan anh huang cua hiéu s6 mén nude dén su thay doi cong suat may
va ap dung chung vao trong thuc hién tinh toan cho Series tau hang trong tai
12500 DWT @6 1a nhu trong muc 1.2.3 & trén da trinh bay, hién chi c6 2 phuong
phap cho phép ta tinh toan duoc anh huong caa hiéu sé6 mén nude dén sy thay
d6i cong suat may chinh do 1a:

+ Phuong phap thuc nghiém;
+ Phuong phép s6 CFD.

- Pdi véi phuong phap thuc nghiém gdm c6 hai phuong phap 1a: thir mo
hinh trong bé thir (xem Hinh 1.20) sau d6 tinh chuyén sang tau thuc va phuong
phap thir thuc 6 ngoai bién (sea trial) (xem Hinh 1.21).
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Uu diém: Pay 1a phuong phap cho két qua tin ciy nhat.

Nhurge diém: phuong phap nay c6 gia thanh rat cao, mat nhiéu thoi gian do
phdi ché tao md hinh (néu thr md hinh), khé khin khi tién hanh thtr thuc ngoai
bién (d6i voi thir thyc).

Hién tai, phuong phap dugc ap dung phd bién nhat trong nhém nay 1a thu
mo hinh trong bé thi con thir thuc ngoai bién chi st dung dé khéng dinh lai d6
tin cay cua két qua thir mé hinh trong bé thir. Do viéc thir thuc ngoai bién rat
phtic tap (lién quan dén thiét bi do, diéu kién méi trudng) va tén kém nén trén
thuc té viéc thu thuc ngoai bién chi duogc tién hanh sau khi tau dugce dong xong
va dugc thu tai ché do chay ballast.

Hinh 1.21. Phwong phap thir thwe ngoai bién (sea trial)
- Déi véi phuong phap s6 CFD. Pay la phuong phap di va dang duoc rat

nhiéu cac tac gia trén thé gisi sir dung (nhu da dé cap trong phan tong quan) trong
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viéc giai quyét cac bai toan thiy dong luc hoc ndi chung va bai toan t6i vu hoa
hiéu s mén nudc cha tau nodi riéng bai phuwong phap ndy co cac uu diém sau:

+ Uu diém: Phuong phap s6 CFD mang lai két qua kha chinh xac, tiét
kiém thoi gian va chi phi hon so v&i viéc thir nghiém mé hinh trong bé thu.
Thém vao d6, mot lgi thé khac ctia CFD 1a kha ning tinh toan cho ca mé hinh ty
I& va tau thyuc té. Hon nita, viéc Xt Iy sau khi tinh toan CFD cung cap mot lugng
l6n thong tin chi tiét vé dong chay xung quanh vo tau, phuc vu cho viéc quan sat
cac hién tuong vat Iy xay ra khi tau chuyén dong, phuc vu cho nhiéu bai toan
khac nhau trong linh vuc hang hai va thiét ké tau.

+ Tuy nhién, phuong phap CFD ciing ton tai nhuwrgc diém d6 1a: Po chinh
xéac cua két qua tir cac tinh toan sur dung phuwong phap CFD rat I6n phu thuoc
vao nhiéu yéu t6 khac nhau. Pau tién va quan trong nhat, 1 cach chia luéi ciing
nhu viéc lya chon s6 luong luéi phu hop. Thém vao dé, viéc chon lya mé hinh
vat 1y cling anh huong khong nho toi két qua cudi cung. Diéu kién bién ciing 1a
mét yéu té can duoc can nhac can than. Nhirng yéu té nay déu doi hoi mot hiéu
biét sau rong va k¥ ning viing chac tir ngudi tién hanh cac phép tinh nay. Do do,
nang lyc va k¥ nang cua ngudi thyuc hién cac phép tinh CFD déng mot vai tro
quan trong trong viéc dam bao do chinh xé4c ctia két qua thu dugc.

Chinh vi vy, dé chung minh két qua tinh toan bang CFD 1a chinh xac thi
nguoi ta s& so sanh két qua tinh toan ra véi két qua thir mo hinh, sau do6 sé& ap
dung mo hinh tinh biang CFD nay vao tinh toan cho ddi tugng tiu nghién ctu.
Pay ciing 1a mot trong nhimg hudng giai quyét van dé ma cac tac gia trén thé
gioi da va dang ap dung nhu da dugc NCS chi ra ¢ Muc 1.2.

1.3.3. Co 6 gi6i han déi twong va pham vi nghién ciru

- Co sé cua viéc giéi han doi tuong nghién ctru 4p dung vao trong viéc
tinh toan (ra con sé dinh luong) anh huéng cua hiéu s6 mén nude dén sy thay
d6i cong suat may chi 1a Series tau hang trong tai 12500 DWT, d6 1a day chi 1a
vi du minh hoa tinh cho mét ddi tuong tau cu thé dé khang dinh mé hinh tinh

toan ma NCS dé xuit 1a dung va tin cdy. Thir nita Series tau hang trong tai
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12500 DWT da c6 két qua thir thuc ngoai bién (sea trial) véi su tham gia cua 3
bén gdm: Cha tau — Pang kiém — nha mdy. Do vdy NCS c6 thé kiém tra, doi
sanh duoc két qua mé phong tinh toan véi két qua thir dé khang dinh do tin cay
cta mo hinh tinh.

Co s6 lya chon pham vi nghién ctru cta luan an 1a: tinh toan anh huong caa
hiéu s6 mén nude dén sy thay d6i cong suat may hoat dong trong diéu kién bién
ém & vung bién hd co do sau khong han ché, dé la:

+Tht nhit d6i v6i tau bién thi thoi gian chay ¢ vang bién hd co6 do sau
khong han ché 1a cha yéu;

+ Diéu kién bién ém 1a thich hop nhat cho viéc 4p dung giai phap chay tau
& hiéu sb mén nudéc tdi wu, cac nghién ctru di trude trén thé gidi va cac phan
mém t6i wu hoa hiéu s6 mén nudc trén tau ciing dang chi dung lai ¢ viéc ap
dung khi chay trong diéu kién bién ém.

1.4. Két luan chwong 1

Trong chuong nay, cac van dé sau day da duoc giai quyét:

- Toéng hop duge cac Quy dinh caa IMO lién quan dén viéc s dung ning
lugng hiéu qua trén tau.

- Tong hop, phan tich duoc cac giai phap nang cao hiéu qua st dung ning
luong trén cac tau dang khai thac.

- Tong hop, phén tich va danh gia duoc cac cong trinh nghién ctru di trude
c6 lién quan. Trong d6 chi ra nhiing van dé con ton tai cua cac nghién ctu di
trudc gom:

+ Pa phan sir dung tau ¢ dang ty 1é mo hinh dé nghién cuu;

+ Pa phan cac nghién ciru mai chi tap chung vao nghién citu anh huong
cua hiéu s6 mon nude dén sic can tau.Viéc nghién cu anh huéng dong thoi
cua hi¢u s6 mén nude dén stc can va hiéu suat cia chan vit sau vé tau con kha
han ché;

+ Céac nghién ctru trong nudce li€n quan con rat han che.
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CHUONG 2. CO SO LY THUYET PHUC VU LUA CHON PHUONG
PHAP MO PHONG

2.1. Co sé phwong phép luan trong nghién ciru anh hwéng caa hiéu sé6 mén

nuwée dén su thay doi suat cong suat may chinh
2.1.1. Khdi nigm vé higu sé mén nwéc

Trong qua trinh khai thac tau, hoanh d¢ trong tam tau LCG lién tuc thay
d6i do viéc xay dung va diéu chinh ké hoach xép hang trén tau, do su tiéu hao
nhién liéu du trir trong cac két nhién liéu, do viéc nhan dan vao cac két... tir d6
dan dén hién tuong tau c6 thé bi chai (chti mii hodc chui l4i tiy thudc vao mbi
tuong quan gitta hoanh d6 tdm nbéi LCB va hoanh d6 trong tim cua tau LCG

(xem Hinh 2.1)

LCG
) » ﬂl LCF
da | ‘ 7—.

J
>4 LCH —

TRIMMING LEVER B

L/2 L/2

Hinh 2.1. Pd thi xdc dinh hi¢u s6 mén nwée trén tau
Hiéu s mén nudc caa tau 1a hiéu sé gitta mén nude 1ai va mén nude mii.
Hiéu s6 mon nuéc cua tau duoc xac dinh theo cong thic sau:
Trim = dA - d|: (21)
Trong d6: dx — 1a mén nudc cua tau do tai duong vuodng goc lai; dg — 1a mon
nuéc cua tau do tai dudng vudng goc mili. Theo quy wdc, hiéu sé6 mén nude 1a

duong khi tau chui 1ai va am khi tau chui miii.
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Nhu ta ¢6 thé quan sat thdy trén hinh 2.1, khi tau chay véi hiéu s6 mén
nuéc khac nhau, cac thong sé hinh hoc sau cia tau sé thay ddi so véi trang thai
chay ¢ tu thé can bang miii 14i [36]:

- Dién tich mat uét vo tau;

- Chiéu dai duong nuéc cua tau (length of waterline);

- Hinh déng phan ngdm nudc cua tau, diac biét 13 tai phan phia mii va phia
lai tau.

Khi cac thong sb hinh hoc cua tau thay doi, s& dan dén sy thay d6i vé stc
can ciing nhu hiéu suat cua chan vit sau vo tau [27], tir 46 dan dén sy thay doi vé
cong suat may va cudi cung la mrc tiéu hao nhién liéu tai ting tdc do va ché do
tai caa tau.

2.1.2. Anh hwéng cia higu sé mdn nwéce dén sw thay doi sudt cong sudt mdy
chinh

Quan hé giita cong sudt may chinh cia tau v4i sic can va hiéu suat cua
chan vit sau vo tau, vong quay va mo men cia chan vit duoc xac dinh qua biéu
thac sau [7]:

RV
Tl

P, =—T" =27nQ (2.2)

O day: Ps — 1a cong suat may chinh [KW]; V — téc d6 tau [m/s], Ry — 1a stc can
tau [kN]; 7, hiéu suat ciia chan vit sau vo tau [-]; n — la vong quay cia chan vit
[rps]; Q —1a m6 men cua chan vit [KN.m].

Theo cong thuc (2.2) ta thay rang, khi tau chay & cac hiéu sé6 mon nudc
khac nhau s& dan dén sy thay d6i cong suat may do co su thay doi Vé sic can va
hiéu suat ctia chan vit sau vo tau. Phan trim thay ddi sc can tau va hiéu suat
ctia chan vit khi chay & cac hiéu s6 mén nuée khac nhau ciing chinh 1a % thay
d6i cong suat may chinh cia tau.

Duéi day 1a co s6 phuong phap luan trong nghién ciru anh huong caa hiu

s6 mén nude dén su thay doi suat cong suat may chinh thong qua viéc sir dung
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cac 1y thuyét chung vé thuy dong luc hoc tau thay dé giai thich sy thay doi vé
sStC can tau va hiéu suat cua thiét bi day khi tau chay ¢ cac hiéu s mén nudc

khac nhau.
2.1.2.1. Anh hwéng cia hiéu s6 mén nwée dén sy thay doi sic can tau

Theo 1y thuyét vé thay dong luc hoc tau thuy, cong thuc tong quat trong

tinh toan strc can tau c6 dang nhu sau [7], [23]:
R, =1/2-p-C,-V?-S (2.3)

O day: Ry — 1a suC can toan bo cua tau, kN; p - 1a trong luong riéng ctuia nudc,
t/m3; V — 14 van tbe tau, m/s; Ct — Heé s6 luc can téng cua tau; S — la dién tich
mit w6t cua vo tau, m.

Theo cong thuc (2.3) ta thay rang, khi trong luong riéng nudc (p) va tde do
tau (V) khong doi thi sc can toan bd Ry cua tau 1a mot ham sé phu thude vao

dién tich mat wot (S) ciia vo tau va hé s6 sic can toan bo cia tau (Cy).

“Khi tau chay & cac hiéu s6 mén nudc khac nhau s& dan dén sy thay doi
chiéu dai duong nuéc, dién tich mat wét vo tau, ciing nhu cic thong sd hinh
dang phan ngam nudc cua tau tir d6 dan dén sy thay d6i hé sd sic can tong (Cr)

ctia tau va cudi cling 13 SGc can tong cia tau.”’[14]

Pé nghién ciru dinh tinh két hop nghién ciru dinh luong vé anh huong cua
hiéu s6 mén nude dén su thay doi sic can vo tau bang 1y thuyét chung vé thuy
dong luc hoc tau thuy néu trén, Serries tau hang trong tai 12500 DWT dong tali
Viét Nam tir nam 2000 dén nay do cong ty KITADA cia Nhat Ban thiét ké dugc
lya chon [1]. Cac thong sb vé kich thudc va hinh dang cta Serries tau hang
12500 DWT dugc thé hién trén Hinh 2.2 va trén Bang 2.1.

O day sy thay doi vé suc can tau tai cac hiéu s6 mén nuéc khac nhau so
Véi ¢ tu thé can bang miii 14i duoc xac dinh theo biéu thic:

AR,% = (R =Ruim) 10094 (2.4)

0
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& day: Ry — 13 strc can vo tau tai tu thé can bang mili 14i; Ryim — 13 SGC can vo tau

tai cac hiéu s6 mon nudc khac nhau.

Hinh 2.2. Hinh dang Serries tau hang trong tai 12500 DWT [24]
Bdng 2.1. Cdc théng sé hinh hoC Ciia Serries tau hang trong tai 12500 DWT

Théng s6 hinh hoc Pon vi Gi4 tri
Chiéu dai hai duong vudng goc clia tau Lpp m 126.00
Chiéu dai dudng nudc cia tau L m 130.51
Chiéu rong tau B m 20.20
Chiéu cao man H 11.30
Mén nuéc theo thiét ké d 8.30
Thé tich chiém nudc 1% m? 16050
Hé s6 béo thé tich CB - 0.742
Dién tich mat wot vo tau S m? 3857

Dé khao sat anh huong cua hiéu s6 mén nude dén sy thay d6i sic can tau
theo 1y thuyét thiy dong luc hoc tau thuy, NCS tién hanh khao st tai 3 mén
nude khac nhau cua tau gom:

- Tai mén nuéc thiét ké (dgesign = 8.3 M) V6i hidu s6 mén nuéc dao dong
trong dai 1.5 m;

- Tai mén nuéc bang 75% mén nudc thiét ké (d = 0.75 dyesign) Vi higu s6
mén nudc dao dong trong dai -1.0 m dén +2.0 m;

- Tai mén nudc bang 50% mén nuéc thiét ké (d = 0.5 dgesign) VOi hiéu sb

mén nudc dao dong trong dai -0.5 m dén +3.0 m.
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Cac dai dao dong vé hiéu sé mén nuéc tng vai titng mon nude khac nhau

& trén dugc xac dinh trén co sé kha ning khai thac thuc té ¢6 thé c6 cua tau.
a) Anh hwéng cia sy thay d6i dién tich mit w6t dén sic can tau khi chay &
cac hiéu s6 mén nuée khac nhau

Anh huong cua su thay d6i dién tich mat w6t dén stc can tau khi chay &
cac hiéu s mén nuéc khac nhau trén Serries tau hang 12500 DWT tng véi 3
trang thai tai trong khac nhau duoc thé hién trén Bang 2.2. (véi gia thiét hé sb
stc can tau 1a khong doi).
Bdng 2.2. Anh hurong cua Sy thay doi dién tich mat wét dén sirc cdn tau khi chay

o cac hiéu so mon nwoc khac nhau

Tai mén nudc thiét ké dyesign = 8.3m
Hiéu s6 mén nwéc, m -1,5 0 1,5
Dién tich mat wét: S, m? 3837 3857 3873
Sy thay d6i dién tich mat u6t AS, % +0.52 0.00 -0.41
% thay d6i strc can tau AR +0.52 0.00 -0.41
Tai mén nudc d = 0.75dgesign = 6.15m
Hiéu s6 mén nwéc, m -1.0 0 2.0
Dién tich mat wét: S, m? 3231 3239 3275
Sy thay doi dién tich mit udt AS, % +0.25 0.00 -1.11
% thay d6i strc can tau AR +0.25 0.00 -1.11
Tai mén nudc d = 0.5dgesign = 4.10m
Hiéu s6 mén nwéc, m -0.5 0 3.0
Dién tich mat uét: S, m? 2684 2681 2669
Sy thay d6i dién tich mat u6t AS, % -0.11 0.00 +0.45
% thay ddi stc can tau AR -0.11 0.00 +0.45

Tur két qua thu duogc trén Bang 2.2, ta thay rang sy thay ddi cua dién tich

mat w6t do hiéu sé mon nude gy ra tng vai mdi trang thai tai, dao dong trong
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dai tir -1.11% dén +0.52% & tat ca 3 mén nude xem xét va su thay doi nay phu
thudc vao tirng mén nudc cu thé cia tau. O day, néu bo qua su thay doi vé hé sb
luc can téng cla tdu & cac hiéu s6 mén nude khac nhau, thi sy thay ddi vé dién
tich mat udc cua tau ciing chinh bang su thay doi vé luc can tau (xem cong thirc
2.3). Nghia 13 anh huéng cua dién tich mat u6t khi tau chay & cac hiéu sé6 mén

nuée khac nhau dén sirc can tau & vao khoang tir 1.11% dén +0.52%.
b) Anh hwéng caa hiéu s6 mén nuée dén su thay dodi dén su thay hé sé luc
can than tau
Pbi voi cac tau van tai bién thong thuong, hé sb sic can tong cia tau co
thé chia ra thanh cc hé s6 sic can thanh phan nhu sau [7]:
Cr=Cg+Cp+Cy+Cpr+Cpp+ Cpn (2.5)

Trong d6: Cg — 1a hé s6 thanh phan sic can ma sat; Cyp — hé s6 thanh phan stc
can hinh dang; Cw — hé s6 thanh phan stc can song; Ca — hé s6 thanh phan st
can nham; Cap — hé s6 thanh phén Suc can phén nhd; Caa — hé s thanh phén suc

can khong khi.
- Hé sé thanh phan sirc cdn ma sdt

“Ddi vai tau van tai bién, hé so thanh phan luc can ma sat 1 thanh phan
dong vai tro chu yéu. N6 chiém ty trong xap xi 50-70% tong hé sd luc can tau
Cr khi tau chay & toc do twong d6i véi s6 Froude dao dong trong dai tir 0.19-
0.257[14]

Dua trén cong thuc do Hiép hoi bé thir quéc té ITTC-57 [7] dua ra, Hé s6
thanh phan sic can ma sat cia tau ap dung cho ban phang duoc xac dinh theo
cong thirc sau:

0,075

P (log,, Re—2)? 29)

Trong do, Re 1a sb Reynolds dugc xac dinh theo cong thuc:
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VL
Re= UWL (2.6)

O day: Ly, - 12 chiéu dai duong nudc cua tau; V- 1a van tée tau, U - 13 ¢ nhét
dong hoc cua chat long (nudc).

Trong cong thic 2.6 ta thiy ring, do nhét dong hoc cua chat long (nudc
bién) U 1a dai lugng chi phu thudc vao nhiét do cua nude. Nhu vay, tir cong thic
2.6 va 2.7 ta thay rang, voi van tdc tau cho trudc, hé sb Sic can ma sat clia tau s&

1a mot ham s6 phu thudc vao chiéu dai duong nudce cua tau.

Két qua tinh toan dinh luong anh huong cua hiéu s6 mén nudc dén su
thay d6i stc can tau do su thay do6i chiéu dai duong nuéc ap dung dbi voi
Serries tau hang 12500 DWT duoc trinh bay trén Bang 2.3. O day sy thay doi vé
chiéu dai duong nudc tai cac hiéu sé6 mén nudc khac nhau so véi ¢ tu thé even

keel duoc xac dinh theo biéu thuc:

AL 0% = (LWLO — LWLTrim) 100% 2.7)

WL
LO

& day: Lwio - 1a dién tich chiéu dai duong nudc cioa tau do tai even keel;
Lwiim - 1a chiéu dai duong nudc cua tau tai cac hi¢u s& mén nude khac nhau.
Bdng 2.3. Anh hurong cua hiéu s6 mén nude dén sw thay doi sirc cdn tau do thay

doi thanh phan sirC can ma sat

Tai mén nuée thiét ké dgesign = 8.3m
Hiéu s6 mén nwéc, m -1,5 0 1,5
Chiéu dai duong nuéc: Ly, m 130.68 | 130.51 | 131.54
% thay d6i chiéu dai duong nuéc ALy, % -0.13 0.00 | -0.79
% thay ddi hé sb stc can ma sat ACg, % 0.02 0.00 | 0.10
% thay ddi suc can tau AR 0.02 0.00 | 0.10
Tai mén nudc d = 0.75dgesign = 6.15 m
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Hiéu s6 mén nwéc, m -1.0 0 2.0
Chiéu dai duong nudc: Ly, m 128.13 | 130.99 | 134.17
% thay ddi chiéu dai duong nudc ALw, % 2.18 0.00 | -2.43
% thay ddi hé sb stc can ma sat ACg, % -0.28 0.00 | 0.30
% thay ddi stc can tau AR -0.28 0.00 | 0.30

Tai mén nudc d = 0.5dgesign = 4.10m

Hiéu sé6 mém nwéc, m -0.5 0 3.0
Chiéu dai duong nudc: Ly, m 126.74 | 126.75 | 127.72
% thay ddi chiéu dai duong nudc ALw, % 0.01 0.00 | -0.77
% thay ddi hé sb stc can ma sat ACg, % 0.00 0.00 0.1
% thay d6i strc can tau AR 0.00 0.00 0.1

Tir két qua thu duoc trén Bang 2.3, ta thay rang su thay ddi suc can tau do
su thay doi thanh phan hé s6 sic can ma sat khi tau chay & cac hiéu s6 mén
nudc & vao khoang +£0.28% day ciing chinh 1a % thay doi sic can tau. Nhu vay,
c6 thé thay rang anh huéng cua hiéu s6 mén nude dén hé sé sic can ma sat cua
ban phang 1a khong déng ké.

- Hé s6 sirc can hinh ddng

“Hé s6 thanh phan luc can hinh ddng Cyp 12 hé sb tinh dén sy khac nhau
giira lyc can vo tau c6 hinh dang 3D va lyc can ctia ban phang tuong duong.
Trong thir mo hinh tau trong bé thir, dé tinh chuyén ra tau thuc sy khac nhau nay
duoc goi 1a “form factor”. Hé sé Form factor dugce xac dinh bang cach do luc
can tau khi cho né chay ¢ cac tdc d6 nhoé bai tai cac toe dod nay thi thanh ph?m
lyc can song cua tau tién dén 0 [24]. Dya trén cac gia tri luc can thu duoc tai cac
gia tri van toc nhd, nguoi s& st dung cic phuong phap gin dung cua
PROHASKA [24] dé xac dinh From factor. Hién tai khong c6 cong thuc giai
tich dé xac dinh hé s6 nay. Viéc xac dinh hé s6 nay ¢ cac hiéu s6 mén nuédc khac
nhau chi c6 thé dugc thuc hién bang phuong phép thir mé hinh trong bé thir
hoac bang phuong phap sé CFD.”[11]
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Hinh 2.3. Phwong phap Prohaska [26]

- Hé sé suc can song

Hé sb strc can song cua tau phu thudc vao van tdc tau va dic diém hinh
dang vo tau, dac biét 1a hinh dang phan mii va 1ai. Sy thay doi hiéu s6 maén
nudc cua tau sé c6 anh huong dang ké dén hé sé stc can song. Hién chua c6 bat
ky cong thuc giai tich hay ban thuc nghiém nao c6 thé xac dinh hé sé suc can
song cua tau khi tau van hanh & cac hi¢u s6 mén nudce khac nhau. Viéc xac dinh
su thay doi hé sd stc can song cua tau khi hoat dong ¢ cac hiéu s6 mén nudc
khac nhau chi c6 thé thyc hién thong qua thir nghiém mé hinh trong bé thir hoic

dwa trén phuong phap sé CFD. [7].
- Hé s6 sirc can phan nhé

Phan nhé cta tau 1a cac bo phan gdm: banh 14i, ky giam chanh... Hé s6 nay
tuong dbi nho, né chiém tir 3 dén 7% swc can tau [7]. Khi tau chay ¢ cac hiéu s6
mén nude khac nhau s& 1am thay doi dong chay bao quanh cac phan nho nay tir
d6 dan dén su thay doi sic can tau. Dic biét néu cac phan nho cia tau nam gan
mat nude khi d6 nod sé twong tac voi bé mit thoang tu do va dan dén sy thay doi
dang ké thanh phan sic can ndy & cac hiéu 6 mén nude khac nhau. Hién nay,
chi c6 hai phuong phap dé danh gia su bién doi cua hé sé stc can khi tau van
hanh & cac hiéu s6 mén nudc khac nhau, d6 1a thuc hién thir nghiém mé hinh
trong bé thi nghiém hoic st dung phuong phap sé CFD. Vi khéng c6 cong thic

giai tich nao cho phép xac dinh sy bién doi nay.
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Hinh 2.4. Sy thay ddi dong chay khi di qua banh 14i cia tau
- Hé sé suc can nham va gié
Hé s suc can ké dén d6 nham vo6 tau lién quan dén do nham bé mit vo tau
va chiéu dai dudong nuéc thiét ké. Po nham nay cé thé xac dinh bang cach xur
dung cong thic gan dung cua ITTC-57:

1/3
C,= 105(“—5) 064107 2.8)

L

Trong d6: ks — dd nham bé mat vo tau, m;
Lwe — chiéu dai dudng nudc caa tau, m.

Trong qua trinh khai thac tau, do rong réu ha bam, ¢ nhdm bé mat vo tau
sé tang s& lam tdng SC can tau. SC can tau c6 thé ting lén tir 30 dén 40% néu
tau bi ha bam 16n [3].

Mic du chiéu dai duong nudc cua tau thay doi khi tau hoat dong & cac
hiéu s6 mon nudc khac nhau, dd nham bé mat vé tau van giit nguyén. Su bién
d6i cua chiéu dai dudng nude khi tau hoat dong ¢ cac d6 chui khac nhau chi roi
vao muc thap hon 2.5%. Piéu nay dan dén viéc thay ddi phan tir cia hé s6 suc

can nham chi ndm dudi mot phan nghin (tham khao Bang 2.4).
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Hinh 2.5. Bé mit vé tau sau mét thoi gian khai thac

Bdng 2.4. Anh hirong cua hiéu sé mén nueée dén s thay doi sirc can tau do thay

doi do nhdm Vo tau

Hiéu s6 mén nwéc, m -1,5 0 1,5
Chiéu dai duong nuéc: Ly, m 130.68 | 130.51 | 131.54
% thay d6i chiéu dai duong nuéc ALy, % -0.13 0.00 | -0.79
% thay ddi hé sb stc can nham ACa, % 4,2.10° 0 |1,2.10"
% thay d6i stc can tau AR 4,2.10° 0 |1,210"
Tai mén nudc d = 0.750egign = 6.15 M
Hiéu sé6 mén nwéc, m -1.0 0 2.0
Chiéu dai duong nuéc: Ly, m 128.13 | 130.99 | 134.17
% thay ddi chiéu dai duong nudc ALw, % 2.18 0.00 | -2.43
% thay d6i hé s strc can nham ACa, % 3,8.10* | 0.00 |4,21.10"
% thay d6i stc can tau AR 3,8.10" | 0.00 |4,1.10"
Tai mén nudc d = 0.5dgesign = 4.10 M
Hiéu s6 mén nwéc, m -0.5 0 3.0
Chiéu dai duong nuéc: Ly, m 126.74 | 126.75 | 127.72
% thay d6i chiéu dai duong nuéc ALy, % 0.01 0.00 | -0.77
% thay ddi hé s6 strc can nham AC,, % 6,5.10° | 0.00 |29.10°
% thay d6i stc can tau AR 6,5.10° | 0.00 |2,9.10°
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- Hé s6 sirc can khong khi
Hé s6 suc can khong khi dua trén dién tich bé mat u6t S va dién tich phia

trén mit nudc cla tau. Ta co thé xac dinh hé sb nay théng qua coéng thic gan

dang theo ITTC-57:
Cua = 0.001% (2.9)

Trong d6: S: 1a dién tich mit u6t, Ar — dién tich hinh chiéu ngang cua tau phia
trén dudng nudc.

Khi tau hoat ddng ¢ cac hiéu s6 moén nuéc khac nhau véi lugng chiém
nuéc khong thay doi, su thay doi dién tich mat wdt cia tau rat nho (chi 16n nhat
13 0.45% theo bang 2.1). Dién tich hinh chiéu ngang cua tu ndm trén mit nudc
dugc xem 1a khong thay d6i. Tir cong thire (2.11), ta co thé thay sy thay doi hé
sb suc can khong khi cta tau khi hoat dong & cac hi¢u sb mén nude khac nhau
cling rat nho va co thé khong can xem xét.
2.1.2.2. Anh hwéng ciaa hiéu s6 mén nwée dén sw thay déi hiéu suat cia
chan vit sau vé tau

Hiéu suét caa chan vit sau vo tau dugc cau thanh bai cac thanh phan sau [7,
27]:

Th =1y Tl " TR (2.10)
Trong d6: 7, 1a hiéu suat ciia chan vit sau vo tau; 7, 1a hiéu suat cua vé tau; 7,
1a hiéu suat cta chan vit khi lam viéc & diéu kién tu do (open water condition);
17 14 hé s6 ké dén anh huéng cua dong theo khong déu dén moé men thiy dong

cua chan vit.
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Chén vit lam viéc sau thin tau

Chén vit 1am viéc & diéu kién tw do

Vv
D speed of ship
T, < <
Q Q > < V,=const O Q T t\l seonst
cons
Q, ng < < A8
<« Q n

Hinh 2.6. Minh hoa dong dén chén vit khi lam viéc & diéu kién tw do va lam
Viéc sau vo tau
- Higu sudt vé tau

Hiéu suat vo tau 7, dugc xac dinh theo cong thuc sau [7, 27]:

1-t
=— 2.11
UM T—w ( )

Trong d6: t —1a hé s6 lyc hit, w — 12 hé s6 dong theo.

Hé sd luc hat va hé sd lue déy duogc xac dinh theo cong thic (2.12) va
(2.13):

=1 _TRT (2.12)
Wzl—\i

(2.13)

o day: T —1a luc déy cua chan vit sau vo tau, Ry 1a stc can toan bo cua tau; Va —
1a van toc dong chay dén chan vit; V — 1a toc do tau.

- Hé s6 ké dén dnh hwong ciia dong theo khong déu dén mé men thiy
dong Cua chdn vit

Hé s6 ké dén anh huong cia dong theo khong déu dén méd men thuy dong
cua chan vit duogc xac dinh theo biéu thic:

K
Mg = 2

(2.14)
KQship
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Trong do: K,-1a h¢ s6 m6 men cua chan vit khi 1am viéc & ché do tu do (open
water condition); Ko, 14 hé s6 m6 men ctia chan vit khi lam viéc sau vo tau.

Hién tai khong c6 cac cong thic giai tich dé xac dinh cac dai lugng trong
cac cong thuc (2.13), (2.14) va (2.15). Viéc xac dinh cac dai lugng nay chi ¢co
thé thyuc hién dugc thong qua viéc thir mo hinh tau hodc tinh toan bang phuong
phap sé CFD.

- Hiéu sudt ciia chdn vit lam viéc trong diéu Kién tw do

Hiéu suat cta chan vit 1am viéc trong diéu kién tu do dugc xac dinh theo

cong thuc [7]:
o=t (2.15)
¢ day: Kr, Kg lan luot 14 hé s6 lyc ddy va hé s mo men cua chan vit; J — 13

buéc tién twong ddi cua chan vit. Cac hé sé nay duoc xac dinh theo cac cong

thac (2.17), (2.18) va (2.19) nhu sau:

T
Q
Vv
J=—2 2.18
D (2.18)

Trong d6: T, Q — lan luot 13 lyc day va mo men cta chan vit; n — 1 sb vong quay
ctia chan vit; p — 13 khéi lugng riéng ciia nudc; Va — van toc dong chay dén chan

vit; D —1a duong kinh chan vit.

Nhu vdy dé xac dinh duoc hiéu suat cua chan vit 1am viéc trong diéu kién
tu do, ta can phai xac dinh duoc luc diy va mdé men cia chan vit tai cac vong

quay va téc do dong chay dén chan vit. Hién tai dé xac dinh duoc hai dai luong
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nay thi ta can phai tién hanh thtr nghiém trong bé thir hoic tinh toan bang

phuong phap s6 CFD.
2.2. Co s& ly thuyét phwong phap s6 CFD

“M6 phong sé6 CFD (computational fluid dynamic) 1a mot nhanh cua co
hoc chat luu, str dung phuong phap sb dé giai cac bai toan lién quan dén chuyén

d6ng cua dong chay ciing nhu twong tac giita dong chay véi vat thé (tau).”[21]

Trong phuong phap s6 CFD c6 mét s cach tiép can trong viéc tinh toan
cac bai toan thuy dong luc hoc gém: Phuong phap dong chay thé, phuong phap
s6 Reynold trung binh RANSE (Averaged Navier-Stokes Equations); phuong
phap LES (Large Eddy Simulation). O thoi diém hién tai, phuong phap RANSE
van 1a phuong phap dugc ap dung pho bién nhat trong tinh toan thuy dong luc
hoc tau thuy dudi goc do do tin cay cua két qua tinh toan va thoi gian tinh toan.
Chinh vi vay tit ca cic nghién ciru vé t6i uvu hoa hidu sé6 mén duge déu sir dung
phuong phéap nay trong nghién ctu [14, 21, 36]. Dudi day, NCS sé trinh bay vé
co s6 1y thuyét ciia phuong phap RANSE.

2.2.1. H¢ phwong trinh Navier-Stokes

Hé phuong trinh lién tuc va dong lugng cua phan tir chat long khong nén

duoc chuyén dong trong hé toa do Descartes ba chiéu dudi dang chi s6 dugc viét

nhu sau [5]:
Apw) _, (2.19)
OX;
opa) o ( - o\ _ P OF
T+&(puiuj + pUlU] ) = _a_xi+a_xj (2.20)

J
Trong do: T, - 1a vector van tdc trong hé toa d Descartes theo 3 phuong X, y, z;
X, - 1a vitri; t—1a thoi gian; puu’ 1a 1a tmg suét roi Reynolds; P - 1a ép suat
trung binh; p 1a khéi luong riéng cua chat long 7, 1a ung suat nhét trung binh,

dugc xac dinh theo biéu thic (2.3).
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T —y[%+%] (2.21)
I ox;  0OX

Trong d6 p — 1a 6 nhdt dong hoc caa chat long.

Hai phuong trinh (2.20) va (2.21) két hop thanh hé phuong trinh RANSE
mo phong chuyén dong rdi cua phan tir chit long khong nén dugc phu thudc ca
khong gian va thoi gian. Dé giai phuong trinh trén, ta can phai sir dung mé hinh
dong chay roi.

Hién tai vin chua c6 mé hinh rdi chung ap dung cho viéc giai quyét tt ca
cac bai toan thiy dong luc hoc [17]. O day, trong ludn an nay s& xir dung mo
hinh dong réi SST K-  bai viéc sir dung mé hinh dong réi nay cho két qua
tuong ddi chinh xac (80% cac tinh toan thuy dong luc hoc tau thity trén hdi nghi
qudc té vé CFD duoc t6 chic & Gothenburg 13 st dung mo hinh dong rdi nay
[44]).

2.2.2. M6 hinh dong réi SST K- @

Mo hinh dong rdi SST K- ® 1a mé hinh dong rdi hai phuong trinh véi viéc

giai phuong trinh van chuyén doi véi nang luong dong ning réi k va ty 1& suy

giam o dé xac dinh do rdi nhét g, duoc xac dinh qua biéu thirc [34]:
= pkT (2.22)
& day: T 1a ty 1& thoi gian rdi (turbulent time scale), dugc xac dinh theo cong

thirc (2.5):

r =min(a—*,i] (2.23)

@ SF,

Trong d6: a*, a; - 1a cac hé s6 mo hinh, F, 1a ham hdn hop; S 1 ty 1& bién dang

trung binh.

Céc phuong trinh van chuyén d6i véi niang luong dong nang k va ty 1& suy

giam o duoc xac dinh dinh theo biéu thuc sau:
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%(pk) +V - (pkV)=V [ (1 + 0,44 ) VK |+ P, = pB* £ 1 (ko — ko) + S, (2.24)

%(pa)) +V-(paV)=V - [(,u+ o 1 )Va)] +P, - pBf,(0° —w;)+S, (2.25)

¢ day: o, 1a h¢ so mo hinh; Py vaP, la so hang san pham, f,,, f 1a cac thong so

ing suat kéo tu do va xody kéo dai, S, 1a sb hang ngudn ly thuyét, ky va ay 1a
gia trj dong rdi bao quanh tai nguon.

Céc s6 hang san pham Py va P, dugc xac dinh qua phuong trinh sau:
2 2,0 2] 2 o o

& diy a, a* va Y'1a cac hé s6 mo hinh.
2.2.3. Co 56 Iy thuyét trong kiém tra danh gid két qud mé phéng

Trong qué trinh mé phong CFD, rat nhiéu thong sb thiét lap tac dong dén
két qua tinh toan. Pau tién, kich thudc khong gian tinh toan, mot yéu té quan
trong, co thé anh huong dén d6 chinh x4c cia mod phong. Tiép theo, mo hinh vat
ly dugc chon ciing quyét dinh cach mod phong tuong tac gitta cac yéu to trong
mo phong. Diéu Kién bién, loai ludi, cach chia ludi, mat do ludi va cac thiét 1ap
ban dau ciing déu gop phan quan trong trong két qua cudi cung.

Bén canh d6, budc thoi gian cling 13 mot yéu t6 khong thé bo qua. N6 quyét
dinh tdc d6 va do chi tiét cuia moé phong. Vi tat ca nhiing yéu td trén, dé dam bao
d6 tin cay cua két qua tinh toan CFD, nguoi thuc hién can thuc hién kiém tra
(Verification) va xac nhan (Validation) két qua theo cac chi dan caa Hiép hoi bé
thir quoc té ITTC.

Bang cach tuan thu cic hudng din ndy, ngudi thuc hién c6 thé dam bao
rang két qua cua minh cung cap muac d6 do tin cay can thiét, dic biét khi mo
phong CFD duoc sir dung trong cac tng dung quan trong nhu thiét ké tau bién
tiét kiém ning luong [18].
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Theo huéng dan caa ITTC [18] ddi véi qua trinh kién tra va xac nhan két
qua mé phong bang CFD, sai sb trong md phong Js duoc dinh nghia 1a su khéc
nhau giita gia tri thuc té T va gid tri mé phong S. Sai s6 trong moé phong gdm hai
thanh phan: tap hop cac sai s6 do mé hinh hoa Sgy va tap hop cac sai sé do sb
héa sy, Sai s6 do mo hinh héa 13 cac sai sb do cac gid dinh toan hoc
(mathematical assumption) va viéc Xap xi hoa cac van dé vat 1y (thong sé hinh
hoc, cac phuong trinh todn hoc, cac didu kién bién, tuong tic giita nudc va
khong khi, mé hinh dong rdi) va su két hop cua cac sb lidu trude (cac tinh chat
cua chét long) trong md hinh. Sai s6 do s6 hoa 1a céac sai s6 do viéc roi rac hoa,
cac phép lap va su hoi tu cua ludi...

E=5,=S-T=05,, +04 (2.27)

Tinh khong chac chan (uncertainty) trong md phong duge xac dinh theo

cong thuc:
U32:U52M +U32N (2.28)
Trong d6 U, - 1a tinh khong chac chan trong mo phong; U,, va Uy, tuong

g 13 tinh khong chic chan trong mé phong do viéc mé hinh héa va sé hoa gay

ra.
Gia tri ciia U, duoc xic dinh bang qua trinh kiém tra nghiém thu duoc.

Céc sai s6 do viéc thiét lap cac thong s6 dau vao gom: sb vong lip §,, kich
thude ludi o, budc thoi gian 61 va cac tham sb khac, chung duoc biéu dién bai

phuong trinh (2.30) va (2.31) biéu din tinh khong chac chan trong mé phong.

Ogy =0, +05 + 6, +0, (2.29)
Ug =U, +Ug +U; +U, (2.30)

Tinh khong chac chin trong md phong do viéc mé hinh hoa gy ra U, va

sai 56 do viéc md hinh hoa nam trong thuat giai cua phan mém mé phong CFD.

52



Do vay hai thanh phan nay khong dugc xét dén trong qué trinh kiém tra két qua
mo phong.
- Quy trinh kiém tra

Qua trinh kiém tra dbi véi cac tham sé dau vao (vi du kich thudce luéi va
budc thoi gian) duoc tién hanh véi viéc st dung cach tiép can da nghiém (m).
Pé lam dugc diéu nay, chiing ta can sir dung téi thiéu 3 nghiém (m=3) dugc tinh
chinh ddng nhét véi mirc ting dan AX, , trong d6 hé s6 ty 18 1am min duoc xéac
dinh theo biéu thuc:

r=Ax /A (2.31)

Theo khuyén nghi caa ITTC [18] hé s6 ty 1& lam min c6 gia tri 1a 2 hoic
2. Tiép dén ty 18 hoi tu (Ry) duoc dinh nghia dé cung cép céac thong tin vé su hoi

tu hoic phan ky caa nghiém theo biéu thuc:

&io

R, =22 (2.32)
€32
Trong cong thtr (2.33), €21 Va €31 12 14 su khac nhau vé két qua mo phong
vai viéc sir dung tham s dau vao 1a min, trung va manh. g, = Sj,-Sj; 1a su khac
nhau giira két qua khi sir dung tham s6 dau vao 13 min (Iudi min) va trung (ludi
cd trung). iz = Siz-Si» 1a su khac nhau gitra két qua khi s dung tham sb dau

vao la trung (ludi ludi €& trung) va manh (Iudi manh).
Tuy thudce vao dau va bién do cua Ry, s& ¢ 3 trudng hop xay ra gom:

Hoi tu don diéu O<R\<1;
HGI tu phan ky R<O0;
Khong hoi tu Re>1.

Dbi véi hoi tu phan ky, tinh khong chic chan cia nghiém duoc xac dinh

qua biéu thuc:

U, =%(sU +S,) (2.33)
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Trong d6: Sy 1 gia tri 16n nhat cia su phan ky;
S, 14 gi4 tri nho nhat cua sy phan ky.
Déi véi truong hop khong hoi thy, sai s va tinh khéng chic chin cua
nghiém s& khong thé xac dinh duoc.
Déi véi truong hop hoi tu don diéu, viéc ngoai suy theo Richardson s&
duoc st dung dé xac dinh tinh mtc do chinh xé4c p;, sai 6 dge va thong sé hiéu

chinh C; theo céac cong thirc sau:

_ Ir](‘C"i,32 /gi,21)

. 2.34
P, In(r) (2.34)
&
5REL1 = piI’21 (235)
"1
rh -1
C =- 2.36
L ripiesl _l ( )

& day Piest 1a mirc do chinh xac gidi han c6 gia tri la 2 [12].

Tinh khong chac chan trong mo phong theo cach tiép can ding (Ui) va sai

(U;)) duoc xac dinh nhu sau:

[9.60—C,)° +1.1|5 |, 1—C|<0.125

- (2.37)
(21— C|+1][5,| 1-C|>0.125
2.41-C)?+0.1|5, |, 1-C|<0.25

_Jipaa-e 1|6, | LL-C| 2.38)
[1-Ci[l|S,,| 1-C|>0.25

- Quy trinh xac nhan

Tong cua tinh khong chic chan trong md phong theo cach tiép can ding va

sai duoc xac dinh dua trén biéu thuc:

UZ=U2 +U2 (2.39)
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Ug =Ug +U7 +U7 +U? (2.40)

& day: Up — la tinh khong chac chan caa két qua thuc nghiém (thong thuong gia
tri nay bang 0); Ug — tinh khong chic chan cua luéi; Ur- tinh khéng chac chan
ctia budc thoi gian; U, — tinh khong chac chan cua vong 13p; Up — tinh khong

chéc chan cua cac yéu tb khac.

Sau khi c6 duoc cac két qua tinh toan tinh khong chac chan caa két qua mo
phong thu duoc, nguoi ta s& di tién hanh xac nhan két qua mo phong (két qua
mo phong dat duoc ddy du do tin cay) bang viéc so sanh tinh khéng chic chin

UV véi sai s6 |E|va yéu cau vé mie do khong chac chan cia két qua mo phong.

Khi d6 s€ c6 6 kha nang sau ra nhu sau:

1. |E|<y, <U

reqd

2. |E|<U e <Y,
3. U,y <|E|<U,
4. Uy, <[E|<U
5. U, <U., <|E|
6. U,q<U, <|[E|

Truong hop 1, 2 va 3 ‘E‘ <U, ting véi truong hop qua trinh xac nhén la dat
dugc ¢ muc UV; Truong hop 4,5 va 6 U, <|E|tng véi trudng hop qua trinh xéc
nhan la khong dat.

2.3. Phuwong phap mo phéng chan vit sau vé tau

Pé md phong chan vit 1am viéc sau vo tau bang phuong phap RANSE hién

¢6 hai phuong phap gom:

Mo phong truc tiép dua trén chan vit thuc [29, 37, 45] (xem Hinh 2.7).
Mo phong gian tiép bang phwong phap luc khdi vai chan vit duoc thay thé
bang dia 40 [25, 42, 43] (xem Hinh 2.8).
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Poi véi phwong phap mé phéng truc tiép. Phuong phap mo phong nay
dua trén chan vit thuc. Pay 1a mot phuong phap tuong tu nhu viéc tién hanh cac
thi nghiém trong mot moi truong Kiém soat nhu bé thu, hoic tién hanh thu
nghiém thyc té ngoai bién. Khi str dung phuong phap mé phong truc tiép nay, co
mot yéu cau quan trong 1a phai chia mién chat 16ng can tinh toan thanh hai phan
riéng biét.

Phan dau tién 1a mién chat long tinh, bao quanh toan bd mién can tinh
toan. Mién nay bao gém tau va chan vit. Phan tha hai 1a mién chit long quay,
dit ngay bén trong mién chat long tinh va bao quanh chan vit. Piéu quan trong
1a ca hai mién chat long nay phai c6 su lién két véi nhau.

Trong qua trinh mé phong, ludi trugt dugc ap dung nham moé phong
chuyén dong quay cua chan vit sau phan vo tau. Mot trong nhitng vu diém cua
phuong phap mo phong truc tiép 1a né mang lai két qua rat dang tin cay, so sanh
véi két qua thu duoc tir cac thi nghiém thuc té. Thém vao d6, viéc s dung
phuong phéap nay con cé thé cung cap cho nguoi dung hinh anh chi tiét vé dong

chay xung quanh chan vit.

Tuy nhién, mic du c¢6 nhiéu vu diém, phuwong phap mé phong tryc tiép
nay ciing c6 nhuge diém cua riéng minh, d6 1a thoi gian tinh toan ting 1én dang
ké. Piéu nay co thé tao ra mot so kho khan véi viéc ap dung phuong phap nay

trong mot s6 tinh hubng cu thé.

Stationary region
surronnding the
whole computational
domain

Cylindrical rotating

sub-region JH
~ 7

Hinh 2.7. Phwong phap md phéng truc tiép dwa trén chan vit thuc
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Poi véi Phuong phap mo phong gian tiép. Phuong phap mo phong gian
tiép duoc str dung trong nghién ctru ndy 1a mot phuong phap mé phong si dung
luc khdi d@é thay thé chan vit thuc té dang hoat dong phia sau vo tau bang mot
dia 40. Loi ich dang ké cua viéc sir dung phuong phap nay 1a khong can thiét
phai x4y dung mo hinh 3D cua chén vit, tiét kiém duoc thoi gian va cong suc.
Hon nita, n6 ciing cho phép thu duoc két qua mé phong nhanh hon rat nhiéu so

vé6i phuong phap mé phong truc tiép, gitip ting hiéu suat cong viéc.

Tuy nhién, ciing nhu bat ky phuwong phap nao, phuong phiap méd phong
gian tiép ciing c6 nhuge diém caa nd. Cu thé 1a n6 khong thé cung cap thong tin
chi tiét va chinh xac vé dong chay bao quanh chan vit sau v6 tau. Diéu nay rat
quan trong trong qua trinh thiét ké tau, khi ma viéc t6i wu hoa tuong tic giiia

chén vit va vo tau c6 thé mang lai nhiéu loi ich.

Tuy nhién, néu nhin tir géc d6 ctia ngudi khai thac tau, viéc quan sat dong
chay bao quanh vo tau khong thuc sy quan trong bang do tin cay cua két qua
tinh toan va thoi gian tinh toan. Piéu ndy c6 nghia 13 nguoi diéu hanh tau
thuong coi trong viéc c¢6 két qua tinh toan nhanh va chinh xac hon 13 viéc nam
bat duoc tat ca chi tiét cia dong chay xung quanh vo tau.

Chinh vi vy, trong nghién ctru nay, phuong phdp mo phong gian tiép
duoc st dung. Muyc tiéu chinh 1a kham pha va nghién ctru sau hon vé tuong tac

gitra chan vit va vo tau, ddng thoi tim kiém cach t6i wu hoa tuong tac nay.

One computational
domain: stationary
region

Virfupl Digk

Hinh 2.8. Phwong phap mé phéng gian tiép dya trén phuwong phap luc khoi

S7



2.4. Co sé ly thuyét phwong phap mé phéng gian tiép

Pé mb phong chan vit 1am viéc sau vo tau bang phuong phap phap luc
khi, chan vit s& duoc thay thé bang 6 dia 40, ¢ day luc khéi s& duoc tao ra trén
dia 40, luc nay s& thay d6i theo hudng xuyén tam (radial direction).

Sy phan bd xuyén tdm cac thanh phan luyc theo phwong doc truc va

phuong tiép tuyén dugc xac dinh nhu sau [35]:
f=Arvi-r (2.41)

ryl1-r

f,=AX——"-—— 242
=Ry @-r)+r, (2:42)
* rI - rr.;
_r-f 2.43
1-r, (243)
I, = R andr=- (2.44)
R, R,

& day: f, 1a lyc khoi thanh phan theo phuong doc truc; f,, 1a lyc khéi thanh
phan theo phuong tiép tuyén; r 1a toa do xuyén tdm Ry 1a ban kinh cua ca chan
vit; Rpis 1a ban kinh cta chan vit.

Cac hang s6 A, va A, duoc xac dinh qua biéu thuc sau:

105 T
A="g 7GR, +4R )R, —R.,) (2.45)
p =10 Q (2.46)

8 mR.(3R, +4R)(R,-R,)
O day: T 1a luc day, Q 1a md men; A 13 chiéu day cta dia a0.

Pé str dung dia 4o thay thé cho chan vit thuc, chung ta can phai xac dinh
duogc cac yéu td sau:

Can xac dinh duoc vi tri va chiéu quay cua dia ao (chinh 1a vi tri ctia chiéu

quay cua chan vit thuc sau vo tau);

58



- Can ¢6 duoc cac thong sd thiy dong ciia chan vit 1am viéc trong diéu kién
tu do gom: hé sb luc day Ky, hé s6 mé men Ko, hiéu suat chan vit 0o dudi
dang ham sé phu thudc vao budc tién trong dbi J.
- Van téc quay cua dia 40 (chinh 14 gia tri van téc quay cua chén vit).
2.5. Két luan chwong 2

Trén co s& nghién ctu co sd 1y thuyét, Chuong 2 nay di dat duoc cac két
qua sau day:

- Hé thdng hoa co sd phuong phap ludn trong nghién ciru anh hudéng cua
hiéu s mén nudc dén su thay ddi cong suat may va cudi cing 1 sudt tiéu hao
nhién liu trén tau.

- Phan tich, lva chon duoc phwong phép tinh toan anh huong cua hiéu sé
mén nudc dén sy thay doi cac thong sb thuy dong cia tau (gom suc can va hiéu
suat cta chan vit).

- Hé thong hoa co so 1y thuyét trong moé phong tinh toan cac thong sé thuy
dong cua tau bang phuong phap sé CFD.

- Hé théng hoa co s 1y thuyét cua phuong phap kiém tra va xac nhan két
qua tinh toan bang CFD.

- Phan tich, lya chon dugc phuong phap mo phong chan vit sau vo tau phuc

vu cho bai toan xac dinh hiéu s6 mén nuée tdi wu cho tau.
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CHUONG 3. XAY DUNG MO HINH BAI TOAN VA MO PHONG TiNH
TOAN ANH HUONG CUA HIEU SO MON NUGC PEN SU THAY POI
CONG SUAT MAY CHINH

3.1. Xay dung md hinh bai toan tinh toan anh hwéng cia hiéu s6 mén nuwéc

dén sy thay ddi cong suit may chinh

Nhu d trinh bay & Chuong 2 phan co s& 1y thuyét. Khi tau chay ¢ cac hiéu
s6 mon nudce khac nhau tai cing mot mén nude trung binh va tée do s& dan dén
su thay ddi khéng nhiing vé sic can tau ma con dan dén ca su thay ddi vé hiéu
suat cuia chan vit sau vo tau. Chinh vi vay, dé danh gia duoc day du anh huong
cua hiéu s mén nudc dén su thay d6i cong sudt may cua tau, ta can phai tinh
toan dugc su thay doi sirc can tau cling nhu hiéu suat ctia chan vit sau vo tau khi
thay d6i hiéu s6 mon nudc. Nghia 1a can phai thuc hién bai toan mo phong tu
day cho tau (self-propulsion) hay mé phéng chan vit 1am viéc sau vo tau ¢ cac
hiéu s6 mén nude khac nhau. Bé thuc hién moé phong nay, nhu di phan tich &
chuyén dé 1, nghién ctu sinh st dung phuong phap mé phong gian tiép (chan
vit dugc thay thé bang 6 dia 40). Theo phuong phap nay, ta can phai thyuc hién 2

budc mo phong:

Buéc 1. Mo phong chan vit hoat dong trong nudc tu do dé xac dinh cac
thong s6 thay dong cia chan vit lam viéc trong diéu kién tu do gom: hé sb luc
day Kr, hé s6 mo men Koq, hi¢u suat chan vit no dudi dang ham sé phu thudc vao
budc tién twong doi J. Pay 1a cac thong s6 dau vao trong mod phong chan vit sau

V6 tau bang phuong phap mo phong gian tiép.

Bwéc 2. M6 phong, tinh toan su thay ddi cong suat may cua tau khi tau
chay & cac hiéu s6 mon nuée khac nhau.

So d6 khéi mo hinh bai toan tinh todn anh huéng caa hiéu sé6 mon nudc
dén su thay doi cong suat may chinh duoc trinh bay trén Hinh 3.1, bao gom 4

muc Vi noi dung chi tiét ¢ cac muc nhu sau:
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Dit liéu dau vao

Thiét lap cac truong hop tinh

“Trim — Mén nudc — toc do tau”

Tinh toan cac théng s thiy dong
cua chan vit ¢ dieu kién tu do

Tinh toan mo6 phong chan vit
hoat d6ng sau vé tau dé xac dinh
méi quan hé “Trim — Ps” (ng Voi
ting mén nudce va toc do khai thac
Cua tau

Xac dinh hiéu s6 mén nuéc t6i vu
cho tau trng véi tirng mén nude va
toc do khai thac cua tau

Két qua dau ra

Hinh 3.1. So' @6 khdi mé hinh bai toan tinh toan dnh hwéng cia hiéu s6 mén
nwéce den sy thay doi cong suat may chinh
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3.1.1. Cdc di ligu diu vio

Cac dit liéu dau vao trong mé hinh bai toan tinh toan anh hudng cua hiéu

s6 mon nude dén sy thay d6i cong suit may chinh gom:

+ Hb so tau véi cac thong sd ki thuat cua tau gdm dai tbe do khai thac cua
tau; cac trang thai tai ma tau thuong xuyén khai thac. Cac thong sb nay 1a thong
s dau vao phuc vu cho viéc lua chon s lugng cac phuong an can tinh dé sao
cho st véi diéu Kién khai thac thuc té cua tau.

+ Ban v& tuyén hinh tau va ban vé& chan vit. Hai ban vé& nay phuc vu cho
viéc xay dung md hinh 3D cho tau va chan vit (xem Hinh 3.2) dé dua véo trong
chuong trinh tinh toan. Trong trudng hop khong ¢ cac ban vé trén thi ¢6 thé sir
dung phuong phap quét 3D tau va chan vit dé dung lai mo hinh tau va chén vit.
Viéc xay dung mé hinh 3D cho tau va chan vit voi d6 chinh xé4c cao 1a hét sirc

quan trong boi né s& anh huong dén két qua mo phong tinh toan.

.,_\
Y

Hinh 3.2. M6 hinh,3D ciia tau va chan vit dwoc xay dwng dua trén ho so
ban vé tuyén hinh va chan vit ciaa serries tau 12500 DWT

4

oy
<

+ Céc thong sd ctia moi truong tau khai thac gdm: ty trong ciia nudc va
khong khi, d6 nhdt dong hoc cua nudc va khong khi (duge 1ay theo ving hoat

dong cua tau).
3.1.2. Thiét ldp cdc trwong hop tinh

Dua vao diéu kién khai thac thuc té cua tau & phan dix liéu dau vao, & budc
nay ta s& di tién hanh thiét 1ap cac truong hop tinh toan bao gom lua chon dai
hiéu s6 mén nude tinh toan ¢ng véi ting mén nudc trung binh va téc do khai
thac & tirng mén nudéc, tir d6 thiét 1ap duoc ma tran cac phuong an tinh “Mén
nuée — Toc do - Hiéu s6 mén nude” sau: “a; — b; — ¢,”. Trong d6 a — 1a mén

nudc trung binh cua tau, b —1a tdc do, ¢ — 13 hiéu sb mén nudc cua tau. Cac chi
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SO 1, J, k — lan luot 1a s0 Iwgng cac mén nudc, toc do va hi€éu soO mudn nudc s€

trién khai tinh to4n.

3.1.3. Tinh todn cdc théng sé thiiy dgng Ciia chdn vit é diéu kién tw do va Mo
phéng chdn vit hoat déng sau Vé tau dé xdc dinh méi quan hé “Trim — Ps”
1#NQ V41 ting mén nwde va téc d khai thdc ciia tau

Viéc tinh toan cac thong sb thiy dong cua chan vit & diéu kién tu do va Mo
phong chan vit hoat dong sau vé tau dé xac dinh mdi quan hé “Trim — Ps” ung
Vi timg mén nuéde va tde do khai thac cta tau bing CFD sé& dugc tién hanh theo
quy trinh tinh bao gém 4 budc chung nhu trén Hinh 3.3 d6 1a [7], [22]:

+ Thiét lap tinh toan;

+ Lya chon phép giai;

+ Dién giai két qua;

+ Phan tich va danh gia két qua thu dugc.
O day noi ham cua timg budc tng véi hai bai toan & trén 1a khac nhau cy thé:

Phan Thiét lap tinh toan. Thiét lap tinh toan 1a budc dau tién can phai
trién khai khi mo phong tinh toan cac thong so thity dong cua tau bang CFD. O
budc nay ta s& dua vao cac thong sb gom:

Poi véi md phéng chan vit 1am viéc & ché do tw do gom: Piéu kién vé
moi truong; cac thong sd hinh hoc cua chan vit (duong kinh chan vit), vong
quay chan vit; kich thudc bé thir 40; lva chon diéu Kkién bién; lya chon ludi va
chia ludi; lya chon moé hinh vat 1y.

Diéu kién vé méi trudng; cac thong sé hinh hoc cua chan vit (dudng kinh
chan vit), vong quay chén vit duoc Iy tir cac dit lidu dau vao co trong hd so tau.
Trong mo phong chan vit 1am viéc & ché do ty do, hinh déng va kich thuéc
bé thtr 40 theo hudng dan caa Hiép hoi bé thir quéc té (ITTC), s& duoc xac dinh
nhu sau [19]: bé thir 4o c6 dang hinh lang try véi duong kinh gap 8 lan duong

kinh chan vit, bién phia trudc cach chan vit mot khoang bang 4 lan duong kinh
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chan vit, phia sau cach chan vit mot khoang béng 6 lan duong kinh chan wvit.
Piéu kién bién duoc thiét 1ap nhu sau: te d6 dong dén (velocity inlet) dugc ap
dung tai mit phia trude (inlet); ap sudt dau ra (pressure outlet) duoc ap dung tai
mit phia sau; mit doi xing (symmetry plane) duoc ap dung tai mat hong (outer
boundary); tuong khong truot (No-slip wall) dugc ap dung cho chan vit (xem
Hinh 3.4).

Loai ludi khéi dugc sir dung trong mé phong chan vit hoat dong tu do luéi
luc dién va ludi lang tru. Day 1a hai loai lugi cho két qua mé phong tin cdy nhat
so vai két qua thar mo hinh [39]. Dé s6 lugng ludi sir dung 1a it nhét trong khi
van duy tri dugc do chinh xac can thiét vé két qua tinh toan, ludi s& dugc lam
min tai cac khu vuc gan chan vit dic biét 13 tai cac khu vue c¢6 dudng cong phic
tap (canh va mép canh). Cac khu vuc cach xa chan vit ludi sé co6 kich thudc 16n

hon.

Mo hinh vt 1y duoc st dung trong moé phong chan vit hoat dong & ché do
tu do dugc trinh bay trén Bang 3.1.

Bdng 3.1. M6 hinh vdt ly dwoc sur dung trong mé phong chan vit hoat dong o

ché dé tuw do
Cac tham s6 Lwa chon, thiét 1ap
Hinh thirc mé phéng Three demensional
Mo hinh dong chay Steady RANSE
Mo hinh dong rdi SST K-Omega
Ham tuong All Y+ Wall Treatment
Hinh thai dong chay Segregated flow
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Thiét
1ap

Phép

qua Y

Hién thi duong dong, phan
bo ap suat, cac gia tri thuy
dong trén than tau

l

[ DANH GIA KET QUA l
THU PUQC

Hinh 3.3. Quy trinh tinh toan thity dong luc hoc tau thily bang CFD
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Symunetry plase
(outer boundary)
-

No slip wall

Pressure outlet &
{outhet boumdary)

Velocity inlet
(mdet bovniary)

= -
-

Hinh 3.4. Bé thir 40 va diéu kién bién dwoc sir dung trong mé phéng chan
vit hoat dong tw do

Poi véi bai toan md phéng chan vit hoat déng sau vé tau dé xac dinh
méi quan hé “Trim — Ps” #ng véi titng mén nwée va tde do khai thac ciia tau
gom: biéu kién vé moi trudng; Ma tran cac phuong an tinh “Mén nudc - Toc do -
Hiéu s6 mén nude”, vong quay chan vit so bd; cac thong sb vé khéi luong va
trong tam cta tau; kich thudc bé thir 40; lya chon diéu kién bién; thiét lap cac
tham sé cho 6 dia 40; lya chon ludi va chia luéi; lua chon mo hinh vat 1y.

Diéu kién vé moi truong; Ma tran cac phuong an tinh “Mén nuéc — Toe do
- Hiéu s6 mén nude”, vong quay chan vit; cac thong sd vé khoi luong va trong
tam cua tau duoc xac dinh dya trén théng s6 dau vao va dya trén viée tinh toan

tir mo hinh 3D cua tau.

Trong bai toan md phdong chan vit hoat dong sau vo tau, hinh dang va kich
thudc bé thir 4o theo hudng dan cua Hiép hoi bé thir qudc té (ITTC), duoc xac
dinh nhu sau [40, 41]: Bién phia trude (inlet boundary) va bién phia sau (outlet
boundary) nam cach phia mii va lai tau mot doan lan luot bang 1.5 va 2.5 lan
chiéu dai tau; bién hai bén hong cua bé thir 40 (lateral boundaries) nam cach mit
phang doc tdm ciia tau mot doan bang 2.5 lan chiéu dai tau; bién phia trén (top
boundary) va bién phia dudi (bottom boundary) cua bé thir 40 ndm cach tau mot
doan lan luot 14 2.5 va 1.25 1an chiéu dai tau. Diéu kién bién dugc thiét [ap nhu
sau: dong dén (velocity inlet) dugc ap dung tai bién trudc, bién trén va bién dudi

cua bé thir ao; ap sudt dau ra (pressure outlet) duoc ap dung tai bién sau; hai
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bién hong sir dung diéu kién bién mat ddi xing (symmetry plane); tuong khong

trugt (No-slip wall) dugc ap dung cho vo tau (xem Hinh 3.5).

Top (valocky inled Top (velocity inlet)
5L
v >
’ .
wir
g —— 1.25L =
Virtual Digs g Yirksal Disk 2_
Bl 1 ¥ e — y LR
E £ 3 25L 5L | F
g E g
3
25L - 25L
(5]
\d water ‘
Bottom (velocity inlet) Bottom (velocity inlet)
Top: Velocity inlet 1. Side left: Symmetry plane

. | Ship: No slip wall

Outlet:|
Pressure

Inlet: Velocity inlet

Bottom: Velocity inle.f“‘n_

" Side right: Symmetry plane

Hinh 3.5. Kich thuéc bé thir a0 va diéu Kién bién trong mé phéng chén vit
sau vé tau bing phwong phiap mé phéng gian tiép

Loai ludi duoc str dung trong mo phong chan vit hoat dong sau vo tau bang
phuong phap mo phong gian tiép 1a luéi luc dién va ludi lang tru [40]. Dé sb
luong ludi st dung 14 it nhét trong khi van duy tri duoc d6 chinh xéc can thiét vé
két qua tinh toan, ludi s& dugce lam min tai cac khu vuc gan tau, tai mit thoang

chat long va tai khu vuc 6 dia ao.

Mo hinh vat ly dugc st dung trong mé phong chan vit hoat dong sau voé tau

bang phuong phap mé phong gian tiép duoc trinh bay trén Bang 3.2.
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Bdng 3.2. M6 hinh vat ly dwoc su dung trong mo phong chan vit hoat dong hoat

déng sau Vo tau bang phirong phdp mé phéng gian tiép

Cic tham sb Lwa chon, thiét lap
Hinh thirc m6 phong Three demensional
MO0 hinh dong chay Unsteady RANSE
Mo hinh dong rdi SST K-Omega
Ham tudng All Y+ Wall Treatment
Hinh thai dong chay Segregated flow
Mo hinh da pha The volume of fluid (VoF) method
Mo hinh dia 40 Virtual disk

Lwa chon phép giai 1a cong doan tht hai can phai trién khai khi mé phong
tinh toan cac thong sb thuy dong cua tau bang CFD. O budc nay ta sé thuc hién
cac cong viec sau:

Ddnh gid tiéu chi hdi tu: POi V6 ¢ 2 bai todn “mé phong chédn vit hoat
dong ¢ ché dé tw do” va “mé phong chan vit sau vé tau bang phwong phdp mé
phong gidn tiép” ngudi tinh toan can xét dén sy hoi tu vé ludi, nghia 1a phai loai
trir dugc sai s6 do ludi gay ra dén két qua mo phong, ludi dugc coi 1a hoi tu néu
viéc giam tiép kich thudc ludi xudng khong lam thay ddi két qua thu dugc. Chi

tiét cach xac dinh su hoi tu cta ludi di duoc trinh bay & muc 2.3.3 & trén.

So d6 roi rac héa: So d6 rodi rac hoa ciing 1a mot trong cac yéu td anh
huong dén két qua mo phong. D4i v6i bai toan mé phong chan vit hoat dong &
ché do tu do, bai todn moé phong chan vit sau vo tau bang phuong phap mo
phong gian tiép so do roi rac hoa dugc sir dung 1a first order.

Dién giai két qua

Theo khuyén nghi cua ITTC sau khi két qua tinh CFD d4 hoi tu, nguoi tinh
toan can hiém thi dudng dong bao quanh vo tau nhu: hinh danh séng do tau tao
ra khi chuyén dong, phan bd ap suat tinh va ap suat dong trén vo tau... Trén co
s d6 ta co thé danh gia duoc so bo két qua thu duoc thong qua viéc quan sat

duong dong bao quanh vo tau (xem Hinh 3.6, 3.7).
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Position[Z] (m)
0.047000 -0.021400 00042000 0.029800 0.055400 0.081000

Hinh 3.6. Hinh dang séng do tau tao ra khi chuyén déng

EE————— :
Total Pressure Coefficient
-43.161 1443.0 2929.2 4415.3 5901.5 7387.7

Hinh 3.7. Phan b6 ap suat trén bé mit vé tau
Panh gia két qua thu dwoc

Panh gia két qua thu duoc 1a budc cudi cung cua viée tinh toan cac thong
s6 thiy dong cua tau bang CFD. Tai budc niy chung ta sé di danh gia sai sb cua
két qua mo phong so véi két qua thuc nghiém sau do sé tién hanh danh gia tinh
khong 6n dinh cta nghiém thu duogc theo quy trinh néu ¢ Muc 2.3.3 (quy trinh
xac nhan). Can ct trén mdi tuong quan gitra sai $6 véi tinh khéng 6n dinh cua
nghiém ta s& danh gia duoc mo hinh tinh toan bang CFD cua ta 13 dang hay can

diéu chinh.

Két qua mé phong tinh toan chan vit 1am viéc ¢ ché d6 tu do s& 1a cac
thong sb thiy dong cia chan vit gom hé sé luc day (Ky), hé sé mo men (Ko),
hiéu suat cua chan vit () tng vai timg budc tién twong ddi (J) khac nhau (xem
Hinh 3.8).



Hinh 3.8. Pudng cong cac thong sé thity dong ciia chén vit hoat dong
¢ ché d¢ tw do

Két qua mo phong chan vit sau vo tau bang phuong phap moé phong gian
tiép tng Véi cac phuong an 4n tinh “Modn nudc trung binh - Toe d6 - Hiéu sb
mén nude” s& 14 moi quan hé gitta “hiéu s6 Mén nudc VSi cong suat may cua
tau” @ng Vai ting mén nudc trung binh va tde do tau.
3.1.4. Xdc dinh hiéu sé mén nwéc t6i wu cho tau ¥ng Véi tieng mén nuwéc va
téc do tau

Trén co so két qua mo phong tinh toan thu dugc vé méi quan hé gitra
“hiéu s6 mdn nudc voi cong suat may cia tau” (ng véi ting mén nudc trung
binh va téc do tau, ta sé tién hanh xdy dung do thi quan hé giita hiéu s6 mén
nudc Véi sy thay d6i cong sudt may cia tau. O day s& lay phuong an ma tau
thuong xuyén khai thac 1am phuong an dé so sanh véi cac phuong an hiéu s6
M&n nude khac nhau, trén co s¢ d6 sé xac dinh dugc phuong an hi¢u sb mon

nudc to1 vu cho tau.

3.2. M6 phéng tinh toan hiéu s6 mén nwéc toi wu cho Serries tau hang
12500 DWT

3.2.1. Gidi thigu vé Serries tau hang 12500 DWT

Dé nghién ctru anh hudng cia hiéu sé6 mén nude dén su thay doi cong suat
may chinh va cubi cling 13 xuét tiéu hao nhién liéu cho tau ¢ ting ché do tai va

tbc d6 khac nhau cia tau, Serries tau hang trong tai 12500 DWT dugc dong tai
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Viét Nam tir nam 2000 dén nay duoc lya chon. Pay 1a Serries tau duogc thiét ké
boi Vién thiét ké KITADA caa Nhat Ban [1]. Cu thé trong nghién ctru nay 1a tau
hang Truong Minh Ocean thuoc Serries 12500 DWT. Cac thong sd vé kich
thudc va hinh dang cua tau hang Truong Minh Ocean ciling nhu chan vit cia tau

nay duoc thé hién trén Bang 3.3 va Hinh 3.9 [1].
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Hinh 3.9. Hinh dang tau hang Trwong Minh Ocean trong tai 12500 DWT

Bdng 3.3. Cdc théng sé hinh hoc Ciia tau hang Trwong Minh Ocean va chén vit

cua tau

Théng s6 hinh hoc Pon vi Gia tri
Chiéu dai hai try cia tau Lep m 126.00
Chiéu dai dudng nudc cia tau L m 130.51
Chiéu rong tau B m 20.20
Chiéu cao man H m 11.30
Mdn nudce theo thiét ké d m 8.30
Thé tich chiém nuéc Y m? 16050
Hé sb béo thé tich CB - 0.742
Dién tich mat udt vo tau S(m2) m? 3857
;Ir?éa;lghsi%;agli;sl Cua tau (tinh tor mat LCBf\EVQ_I;PP), YoLop, fvd+| +0.804

Thong s6 hinh hoc cta chan vit

Duong kinh chén vit Dp m 3.60
Ty sb dia Ae/A - 0.622
Duong kinh ctii/duong kinh chan vit Dy/Dp - 0.175
Sé canh chan vit z - 4

Ty s6 budc Po+/D - 0.618
Goc nghiéng canh - bo 25
Chiéu quay cta chan vit - - Quay phai
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3.2.2. Thiét Igp cdc trwong hop va diéu Kién tinh todn

Déi voi bai toan thir nhat “mé phong chén vit hoat déng ¢ ché dé tir do”.
Viéc tinh toan duoc thuc hién véi cac bude twong ddi J khac nhau thay ddi trong
dai tir 0.4 dén 0.6 (dai hoat dong cua chan vit) véi bude 1a 0.05. Chan vit quay

Vvéi toe d6 khong doi 1a 215 vong/phut. D6 nham cua canh chén vit 13 30 pm.

D4i Vi bai toan tht 2 “Mé phéng, tinh todn suw thay doi cong sudt mdy cua
tau khi tau chay & cdc hi¢u s6 mén nuée khac nhaw”. Viée tinh toan s& dugc tién
hanh tai cac hiéu s6 mén nude nhu sau (ng voi tiing mén nude trung binh va tdc

do tau nhu sau:

- Tai mén nuée thiét ké (dgesign = 8.30 m) s& tinh todn sy thay doi cong
suat may cia tau khi tau chay & cac hiéu s6 moén nudc dao dong trong dai
+1.5 m tai 3 toc d6 13 9.5 knots, 10.5 knots va 11.5 knots.

- Tai mén nudc bang 75% mén nuéc thiét ké (d = 0.75 dgesign) V6i hiéu sb
mén nudc dao dong trong dai -1.0 m dén +2.0 m tai 2 toc do tau gom 10.5 knots,

va 12 knots.

- Tai mén nude khi tau chay ballast (dpaiest = 3.76 M) véi hidu sé6 mén
nudc dao dong trong dai tir +2.2 m dén + 4.2 m, tai 2 téc d6 tau 1a 11.05 knots,
12.75 knots.

Céc dai dao dong vé hiéu sb mon nudc ang véi timg mén nude khac nhau
& trén dugc xac dinh trén co s kha ning khai thac thuc té c6 thé co cua tau.
Tong s6 phuong an can md phong 1a 51 phuong an.
Piéu kién méi trudong duogc thiét 1ap trong moé phong gidng nhu diéu kién
tau tién hanh thir thuc (sea trial) ngoai bién nhu sau:
- Trang thai bién ém (song khong dang ké);
- Tau dao dong tu do theo phuong thang dung (Heave motion) va chong
chanh séng chinh (pith motion);

- P06 nham bé miat vo tau 1a 150 pm;
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- Khéi lugng riéng cua nuée bién 1.025 /m?;
- Nhiét d6 moéi truong nuée 25°C.
3.2.3. Thiét ldp mé phéng

Ddi véi viéc md phong chan vit hoat dong & ché d6 tu do, kich thudc bé
thir a0 duoc lua chon nhu sau: Bé thir 4o c6 dang hinh lang tru véi dudng kinh
30m, phia trudc (inlet) cach chan vit mot khoang bang 15m, phia sau (outlet) bé
thir 40 cach chan vit mot khoang bang 22m. Loai diéu kién bién dugc lua chon
nhu trén Hinh 3.4.

Dbi voi viec md phong chan vit sau vo tau bang phuong phap mo phong
gian tiép, bé thir 40 bao gém 1 mién chat long trong d6 chua tau va 6 dia 40. Bé
thir ao ¢6 kich thudc nhu sau: Bién phia trudce (inlet boundary) va bién phia sau
(outlet boundary) nam cach phia mii va 1ai tau mot doan 1an luot bang 190m va
315m; bién hai bén hong cua bé thur ao (lateral boundaries) nam cach mat phang
doc tdm cua tau mot doan bang 315m; bién phia trén (top boundary) va bién
phia duéi (bottom boundary) cua bé thir 40 nam cach tau mot doan lan luot 13

315m va 158m. Loai diéu Kién bién duoc lya chon nhu trén Hinh 3.5.

Két qua chia ludi d6i voi bai toan md phong chan vit hoat dong & ché do tu
do va md phong chan vit sau vo tau bang phuong phap mé phong gian tiép duoc
trinh bay lan luot trén Hinh 3.10 va 3.11.

Hinh 3.10. Két qua chia lw6i d6i véi bai toan mé phéng chén vit
hoat dong tw do
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Hinh 3.11. Két qua chia ludi d6i véi bai toan mod phéng chén vit hoat djng
sau vé tau bang phwong phap s dung o dia a0

“Mo hinh vat Iy duoc lua chon nhu Bang 3.1 va 3.2 cho hai bai toan mé
phong. M6 hinh chét long duoc sir dung trong mo phong tinh toan 14 mé hinh
chat l16ng thuc RANSE (Reynolds-Averaged Navier-Stokes Equations). M6 hinh
dong 1di dugc sir dung dé dong phuong trinh RANSE ¢ day duoc lya chon 1a
mo hinh dong r6i SST K-o. Pay 1a mé hinh dong rdi thuong dugc sir dung trong
mo phong céac thong sd thiy dong hoc caa tau noéi chung va cua chan vit noi

riéng boi n6 cho két qua tin cay hon so v6i cac mo hinh dong réi khac”. [39]

Pdi véi bai toan mod phong chan vit hoat dong tu do, do dong chay dén
chan vit 12 dong chay déu nén s& str dung mé hinh steady RANSE dé mé phong
[39].

Déi véi bai toan mo phong chan vit sau vo tau bang phuong phap 6 dia 4o,
do dong chay dén tau 1a dong chay phu thudc vao thoi gian nén s& sir dung mé
hinh unsteady RANSE, phuong phap thé tich chat long (VOF) duoc st dung dé

mo phong mit thoang chat long, tau s& dao dong véi 2 bac tu do (tinh tién theo
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phuong thang ding Heave va chong chanh séng chinh Pitch). Cac thong sb cua
6 dia 40 (thay thé cho chan vit) duogc thiét 1ap dua trén cac khuyén nghi cia tai
liéu [34] dugc thiét 1ap nhu trén Bang 3.4.

Bdang 3.4. Thiét ldp cdc théng s6 cua 6 dia o

Céc thong sb cua 6 dia 4o can thiét 1ap Ponvi | Gia tri
Bén kinh trong Rn m 0.315
Bén kinh ngoai Rp m 1.800
Do day cua 6 dia a0 t m 0.3Rp
Mt phang ban kinh dong chay dén R m 1.1Rp
V. t ’ th h.)\ d\- va A dN 5 t/ h t\

1‘ Tl CAO C 1,eu “317 cu‘ 0O dia ao tun u XVD m 3.95
duong vudng goc lai cua tau
Vi tri theo chiéu cao cua o dia 40 SO VGi mat

1 1r1 th€o cnic ud O dia a (¢} a XVD m 280

phang co ban cua tau

3.2.4. Xdc dinh s hdi tu Ciia lidi va kiém tra dg tin c@y cia két qud mé phong

tinh toan

Nhu d3 dé cap trong phan co s¢ 1y thuyét vé CFD, budc dau tién trong tinh
toan mo phong bang CFD 1a ta can phai xac dinh su hoi tu cua lugi dé triét ticu
cac sai s6 ¢o thé co do luéi gy ra. Ludi duoc coi 1a hoi tu khi viéc tang tiép s6
luong ludi 1én van khong 1am thay doi két qua mod phong hoic thay doi trong dai

rat nho cho phép.

Déi véi viec mo phong chan vit hoat dong tu do, viée nghién ciru sy hoi tu
cua ludi dugc tién hanh tai bude twong ddi J = 0.5 véi viéc str dung 3 kich thudc
lu6i (1udi tho, ludi ¢& trung va ludi min) khac nhau voi sy thay doi 6 min 1a
J2 twong tng voi s6 luong ludi lan luot 14 0.721, 1.405, 2.984 tridu ludi. Két
qua nghién ctu su hoi tu cia ludi duge trinh bay trén Bang 3.5. Tur két qua thu
duogc trén Bang 3.5 ta thdy rang két qua da hoi tu don diéu. Do vay, trong tinh
toan tiép theo s& str dung ludi min dé tinh toan cac thong sé thity dong cia chan

vit hoat dong trong nudc tu do & cac budc tién twong d6i khac. Két qua tinh toan
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cac thong sé thuy dong cua chan vit hoat dong & ché do tu do ¢ cac budce tuwong

d6i khac nhau khi str dung ludi min duoc trinh bay trén Bang 3.6 va Hinh 3.12.

Bdang 3.5. Két qua nghién civu su héi tu Ciia ludi tai budc tién tong doi J=0.5

Mat do ludi

, A ) ] . . 0 0
Céc thong s Lu6i | Lugicd | Lugi | €270 | &2,% | Re

tho trung min

Hé s6 luc day Ky 10.099 | 0.0952 | 0.0936 | 0.0038 | 0.0016 | 0.421

Hé s6 mo men 10. Kq | 0.117| 0.1154 | 0.1141 | 0.0016 | 0.0013 | 0.813

Hiéu suat chan vit Mo |0.673|0.65648 | 0.653 | 0.0169 | 0.0163 | 0.965

Bdang 3.6. Két qud tinh todn cdc théng sé thity dong cuia chan vit tai cdc J khdc

nhau
J KT 1OKQ Mo
0.40 0.1374 0.1556 0.562
0.45 0.1150 0.135 0.610
0.50 0.0936 0.1141 0.653
0.55 0.0710 0.0933 0.666
0.60 0.0477 0.07115 0.640
K1, 10Kg, no [-]
0.7
0.3 KT
0.4 10KQ
03 ——10
0.2
0.1
0
0.35 0.4 0.45 0.5 0.55 0.6 0.65
J[
Hinh 3.12. Két qua md phong cac thong so thity dong ciia chén vit tai cac J
khac nhau
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Céc hinh anh vé phan bd van toc doc truc phia sau chan vit, phan bd ap suat
trén bé mat canh phia trudc va sau chan vit tai cac J khac nhau khi hoat dong &

ché do tu do dugc trinh bay trén Hinh 3.13 va 3.14.

Axial Velocity (m/s)

5.7

Hinh 3.13. Hinh anh vé phan bé van toc doc truc phia sau chéin vit tai cac J
khac nhau khi lam viéc & che do tw do
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Mat san ' == Absolute Total Pressure (Pa)

1.08e+06
.>

6.92e+05

3.05e+05

<-8.32e+04

e) J=0.60

Hinh 3.14. Phan b ap suit trén bé mat canh chan vit tai cac J khac nhau
khi hoat dong ¢ dieu kién tw do
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Péi Vi viec md phong chan vit hoat dong sau vo tau bang phuong phap str
dung 6 dia 40, viéc nghién ctu su hoi tu cta luéi duoc tién hanh tai tbe do
Vs =11.05 knots va vong quay chan vit 1a 171 v/p Gng vai trang thai chay
ballast cua tau (mdén nudc trung binh d = 3.76m, mén nudc lai da = 5.36 m, mon
nudc mii dp = 2.16 m) vai viéc st dung 3 kich thudce Iudi (Iudi tho, ludi co
trung va lugi min) khac nhau véi su thay d6i do min 1a 2 twong ung véi sb
luong luéi lan luot 13 1.812, 3.725, 6.838 triéu ludi. Két qua nghién cau su hoi
tu cua ludi dugce trinh bay trén Bang 2.3. Tur két qua thu duoc trén Bang 3.6 ta
thay rang két qua da hoi tu don diéu. Do vay, trong tinh toan tiép theo s& sur
dung ludi min dé moé phong tinh toan qua trinh tu day cua tau ¢ cac trang thai tai

trong va toc do khac nhau cua tau.

Bdng 3.7. Két qua tinh toan sy hoi tu Cua lwoi trong bai toan tir dcfy Cuia tau tai

V=11.05knots va vong quay chan vit n,=171 rpm

Mat do ludi

Céc thong so €3 % | €12, % | Rg

Lu6icd | Ludi

Ludi tho
trung min

Staccantau | Ry [kN] | 161.47 | 160.80 | 160.50 | 0.67 | 0.30 | 0.448

Luc day cua

A T[KN] | 158.70 | 157.50 | 157.20 | 1.20 0.30 | 0.250
chan vit

Pé khang dinh két qua tinh toan mo phong bang CED 1a ding, NCS & day
s& so sanh két qua tinh toan mo phong véi két qua sea trial (1a két qua tha tau
duogc thyc hién boi Dang kiém, cha tau va nha may dong tau khi tau dong xong,
day 1a két qua do co thé néi 1a tin cay). Viéc so sanh s& duoc thuc hién dudi
cung mot diéu kién giong nhau tai trang thai chay ballast cua tau & 2 téc do khac
nhau (Mén nudc trung binh d = 3.76 m, mén nudc lai da = 5.36 m, mén nudc
mili de = 2.16 m, téc do tau lan luot 1a 11.05 va 12.75 knots). Trang thai bién
giong véi diéu kién thir.
Trong tinh toan CFD, viéc xac dinh diém ty dy cua tau (tc 1a xac dinh

vong quay chan vit dé tau dat duoc téc do dé ra) duoc xac dinh bang cach xac
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dinh vong quay cua chan vit ma tai d6 luc day cia chan vit bang véi stc can cua
tau. Trong thuc té tai bé thir tau ngudi ta can phai thuc hién it nhét hai lan chay
tau voi tde d6 vong quay chan vit thay ddi khi van giir nguyén téc do tau, sau do
s& dung phuong phap ndi suy dé xac dinh dugc vong quay chan vit ma tai do luc
day bang vai stc can tau. Quy trinh xac dinh diém tu day cua tau bang CFD
cling twong ty nhu trong bé thir a0 [37]. Bang 3.8 va Hinh 3.15 trinh bay quy
trinh va két qua xac dinh diém tu dy cho tau ng Vai trang thai chay ballast tai

hai toc do khac nhau.

Bdng 3.8. Két qua mé phong s6 hai truong hop vong quay chén vit ing Véi 2

toc do tau

Vong quay chan vit n Swrc can tau Ry [KN] Lwc day ciia chén vit
[rpm] [KN]

Truwong hop 1: Tai téc dé tau Vs =11.05 knots

171 160.80 157.50

175 162.40 166.50

Triong hop 1: Tai toc dg tau Vs =12.75 knots

195 192.10 220.05
180 186.02 175.16

R, T [kN] R, T [kN]

EHyd : =

Self-propulsion

Self-propulsion point
point ‘ —
n [rpm] | n [rpm]
a) Truonghopl b)  Truong hop 2

Hinh 3.15. Quy trinh xac dinh diém tu day cia tau
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Diém tu day cua tau dugc xac dinh dua trén viéc noi suy tuyén tinh nhu
trén Hinh 3.15. O day diém ty day cua tau ¢ng voi 2 truong hop tinh toan 1a
n=172.8 rpm va 184.2 rpm.

Bang 3.9 trinh bay so sanh gitra két qua mo phong tinh toan (CFD) véi két
qua sea trial (EFD). Tur két qua thu duoc tai Bang 3.9, ta thay rang két qua mo
phong thu duoc rat gan véi két qua sea trial, sai s6 1a tir 1.05% dén 5.53% day l1a
sai 6 c¢6 thé chap nhan duoc. Sai s6 nay xuat phat tir nhiéu nguyén nhan nhu sai
s6 vé két qua mo phong sb (sai s6 do ludi, do mo hinh dong réi...gay ra) sai sb
Xuat phat tir thiét bi do trong qua trinh sea trial, sai s6 do sy khac nhau vé mo
hinh tau trong thiét ké véi thuc té ché tao vo tau...Khi sir dung mé hinh tinh nhu

nhau thi sai so S€ 1a sai s0 twong doi gitra cac phuong an.

Céc hinh anh vé phan b6 dudng dong bao quanh V6 tau trong qua trinh tau
chuyén dong nhu: Hinh dang séng; mit thoang chat long; truong toc do tai mat
phang doc tam tau; truong toc do tai duong vudng goc lai va tai dia chan vit
duogc trinh bay trén cac Hinh tir 3.16 dén Hinh 3.20. Hinh anh vé cac duong
dong bao quanh Vo tau phuc vu cho viéc quan sat, giai thich cac hién tuong vat
Iy xuat hién khi tau chuyén dong, giai thich sy khac nhau vé suc can ciing nhu
diém tu day cta tau khi tdu chay & cac hiéu s6 mén nudc khac nhau, kiém tra

dinh tinh tinh dung dan cua két qua mo phong sb. ..

Bdng 3.9. So sdnh giira két qua mé phéng va két qua sea trial

Truwong hop tinh EFD [47] CFD E%D
Truong hop tinh thir nhat, n [rpm] 171.0 172.8 1.05%
Truong hop tinh tha hai, n [rpm] 195.0 184.2 5.53%
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a) V=11.05knots b)V=12.75knots

Hinh 3.16. Hinh dang séng do tau tao ra khi chuyén dong & cac tbc dd
khac nhau

Volume Froction of air
Y. 40000 0.60000 0. SGOOD 10000

_
a) Vs =11.05 knots

Valume Fraction of oir
0.00000 0.20000 0.40000 0.60000 050000 1.0000

[ T - T
b) Vs =12.75 knots

Hinh 3.17. Hinh anh mat thoang

o

00000 20245 nns s;om 10,124
t “ ]

a) Vs =11.05 knots b)Vs =12.75 knots
Hinh 3.18. Hinh anh phan bé trudng téc dé tai mit phang doc tAm tau
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a) Vs =11.05 knots b)Vs =12.75 knots

Hinh 3.19. Hinh anh phan bé trudng téc dé tai mit phang hai dwong vudng
goc lai tau

] [vev
002 B 1.A2%0
0.01 7 e
062828
0 0sens
a
'2 001 | c035560
N
0.28550)
-0.02
003
004
AL N ——/ 980
€03 002 001 0 00t 002 oM 003 o002 om0 001 002 0M
Yilpp YiLpp
a) Vs =11.05 knots b)Vs =12.75 knots

Hinh 3.20. Hinh anh phan b trwong toc df tai dia 6 dia ao

3.2.5. Két qud tinh todn dnh hwéng cia higu sé mén nwéc dén sw thay doi
céng sudt mdy chinh

Két qua moé phong tinh toan anh huong cua hiéu sé mén nudc khac nhau
dén sy thay doi cong suit cia may chinh tai 3 mén nudc va tde do khac khac
nhau caa tau dugc trinh bay trén cac Bang 3.10, 3.11 va 3.12 va cac Hinh tu

3.21 dén 3.23. O day su thay d6i cong suit may chinh khi tau chay & cac hiéu sb
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mon nudc khac nhau dugce so sanh véi trang thai even keel (xem cong thuc 3.1).
Con ddi véi trang thai tau chay ballast, su thay doi cong suat may chinh s& duoc
so sanh voi trang thai hiéu s6 mén nuéce Trim = 3.2 m (day 1a trang thai thir sea

trial sau khi tau dong xong).

PSO _ PTrim

AP %= =) 1009 (3.1)
S PO
S

& day: P°— la cong suat may ciia tiu khi chay & even keel hoic tai higu s6 mén
nuéc Trim = 3.2m; P/ - 14 cong suat may cia tau khi chay & cac hi¢u s6 muén
nudc khac.

Cong suat may tau trong cong thuc (3.1) dugc xac dinh theo cong thirc
Sau:

P, =27nQ (3.2)

Trong d6: Q — 1a md men X04n cua chan vit sau vo tau, KN.m; n — 1a vong quay
cua chan vit [rps].

Bdng 3.10. Két qud mé phong tinh todn anh hweng cua hiéu s6 mén nede dén

Su thay doi cong sudt may chinh tai mén nuée trung binh d =8.30 m

Vs Trim [m] Két qua mé phéng tinh toan CFD
[knots] n [rpm] | R[KN] | Q [KN.m] | Ps[KW] | AP, [%)]
Truwong hop 1: (d =8.30 m; toc d6 V=9.5 knots)

-1.50 159.0 | 157.8 88.1 1467 1.54
-1.00 1585 | 156.7 87.4 1450 2.68
9.5 -0.50 159.2 | 158.2 88.3 1472 1.14
knots | g 09 159.7 | 159.2 89.0 1489 0.00
0.50 160.2 | 160.2 89.8 1506 -1.14
1.00 160.5 | 160.8 90.1 1515 -1.74

Truwong hop 2: (d = 8.30 m; téc d6 Vs = 10.5 knots)
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-1.50 1825 | 207.9 116.4 2225 2.67
-1.00 181.9 | 206.5 115.1 2193 4.06
10.5 -0.50 1832 | 209.5 116.8 2242 1.92
knots | g 09 1842 | 211.8 | 1185 2286 0.00
0.50 185.1 | 213.8 119.7 2320 -1.49
1.00 1854 | 2145 120.2 2334 -2.11
Trwong hep 3: (d =8.30 m; téc d6 Vs = 11.5 knots)
-1.50 201.1 | 252.25 141.1 2971 3.10
-1.00 200.2 | 250.05 139.6 2926 4.57
115 -0.50 201.6 | 2536 141.7 2990 2.46
Knots 0.00 2032 | 2576 144.1 3066 0.00
0.50 2042 | 260.3 145.9 3119 -1.75
1.00 2048 | 2618 146.7 3147 -2.67

Bdng 3.11. Két qud mé phong tinh todn anh hweng cua hiéu s6 mén nuede dén

Sw thay doi céng sudt mdy chinh tai mén nwée trung binh d =7.0 m

Vs

Két qua mé phéng tinh toan CFD

Trim [m]
[knots] n [rpm]| RIKN] | Q[KN.m] | Ps[kW] | AP, [%]
Truong hop 1: (d =7.0 m; toc do Vs = 9.5 knots)
-1.00 | 151.81 | 1455 81.05 1288 -0.77
050 | 151.62 | 145.1 80.84 1284 -0.39
05 0.00 151.43 | 144.8 80.63 1279 0.00
knots 0.50 151.30 | 1445 80.49 1275 0.26
1.00 151.30 | 144.5 80.44 1275 0.32
1.50 151.34 | 144.6 80.51 1276 0.22

Trwong hgp 2: (d=7.0m

: tdc @6 Vs = 10.5 knots)
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-1.00 167.78 177.7 98.97 1739 | -1.27
-0.50 167.45 177.0 98.58 1729 | -0.66
105 0.00 167.08 176.2 98.14 1717 0.00
knots 0.50 166.66 175.3 97.65 1704 0.76
1.00 166.39 174.8 97.33 1696 1.24
1.50 166.50 175.0 97.43 1699 1.07
Truwong hop 3: (d = 7.0m; téc d6 Vs = 12.0 knots)
-1.00 191.9 232.4 130.03 2613 | -2.15
-0.50 191.2 230.9 129.17 2587 | -1.14
12.0 0.00 190.5 229.1 128.20 2558 0.00
knots 0.50 189.8 227.5 127.14 2528 1.19
1.00 189.7 227.1 126.86 2520 1.49
1.50 189.7 227.3 126.98 2523 1.36

Bdang 3.12. Két qud mé phéng tinh todn dnh hieong cia hiéu 6 mén nuede den sue

thay d6i cong sudt mdy chinh tai ché dé ballast véi mén nuée trung binh d = 3.76 m

Vs

Két qua mé phéng tinh toan CFD

Trim[m]
[knots] n [rom] | R[KN] | Q[KN.m] | Ps[kW] [AO/Pi
(0]

Truong hop 1: (d = 3.76m; téc do Vs = 9.5 knots)
2.20 137.66 104.2 72.42 1044 -2.67
9.5 knots 2.70 136.96 103.2 71.70 1028 -1.13
3.20 136.45 102.4 71.16 1017 0.00
3.70 135.94 101.6 70.63 1005 1.12
4.20 135.53 101.0 70.20 996 2.01

Truwong hop 2: (d =3.76 m; toc d6 Vs = 11.05 knots)
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2.20 174.30 165.9 115.2 2103 -3.29
2.70 173.40 163.7 113.9 2068 -1.60
11.05
3.20 172.80 161.5 112.5 2036 0.00
knots
3.70 172.00 159.4 111.3 2005 1.52
4.20 171.20 157.0 110.5 1981 2.69
Truwong hop 3: (d =3.76 m; tbc do Vs = 13.5 knots)
2.20 187.8 199.2 135.1 2657 -4.34
" 2.70 186.9 196.5 133.2 2607 -2.38
3.20 185.2 193.3 131.3 2546 0.00
knots
3.70 184.0 190.8 129.4 2493 2.09
4.20 182.8 187.9 127.7 2445 4.00
5.00
4.00
3.00 —&—V =9 5 knots
——V==10.5 knots
200
= ——Vs=11.5 knots
:T]?:
-2.00 -1.50 -1. -0.5 . 5 1.00 1.50

-2.00
-3.00

-4.00
Trim [m]

Hinh 3.21. Sy thay déi cong suit may chinh khi tau chay & cac hiéu s6 mén
nwoc khac nhau so véi tw the Even keel tai mén nwée trung binh d = 8.3m
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—&—V s=9 5 knots 150

——V=10.5 knots

—8— =120 knots

APS [%]

-1.50 -1.00 -0.50 ).00 2 1.50 2.00

Trim [m]

Hinh 3.22. Su thay d6i cong suat may chinh khi tau chay & cac hiéu s6 mén
nwéc khac nhau so véi tw the Even keel tai mén nwéc trung binh d =7.0 m

5.00

4.00 —8—V =95 knots

3.00 ——V5=11.05 knots
2.00 ——Vs=13.5 knots

1.00

0.00

2.00
-1.00

APg |'_Jf71|

4.50

-2.00
-3.00
-4.00

-5.00

Trim [m]

Hinh 3.23. Sy thay doi cong suit may chinh khi tau chay & ché @é ballast
nhau so véi tw the ¢ hiéu s6 mén nwéc Trim = 3.2 m tai mén nwéc trung
binh d =3.76 m

Tur két qua md phong anh hudng caa hiéu s6 mon nude khac nhau dén sy
thay doi cong suat may chinh thu duoc trén Bang 3.10, 3.11 va 3.12, Hinh 3.21,
3.22 va 3.23, ta co thé dua ra cac nhan xét sau:

- M6t cach tong quan, ton tai mdi quan hé gitra hiéu sé mon nude va cong

Suit mdy cua tau tai mdi trang thai tai va tbc do tau cho trude. Khi tau chay &
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cac hiéu s6 mén nuéc khac nhau s& dan dén sy thay doi cong suat may. Xu
huéng va phan trim thay d6i cong suat may chinh ctia tau phu thudc vao 03 yéu
t6 gém: trang thai tai trong cua tau; hiéu sd mén nude va toe do tau.

- Tai cung mgt mot trang thai tai va hiéu sd mén nude, thi toc do tau ¢6 anh
huong kha 16n dén sy thay d6i cong suit may. Toc do tau cang 1on thi mac do

anh hudng cang cao va nguoc lai.

- Khi tau chay ¢ hiéu sé mén nudce trung binh 13 8.3m, toc do 9.5, 10.5 va
11.5 knots, cong sudt may cua tau s& giam dan déu khi hiéu s mén nuéce cua tau
thay doi tir chuai 141 +1.0 m dén chti mili -1.0 m. Trong dai hiéu s6 mén nuéc tir
-1.0 m dén -1.5 m, cong suat may cua tau lai ting 1én & ca 3 téc do tau. Hiéu s6
mén nudc tdi wu cua tau (tai d6 cong suat may 1a nho nhat) 1a -1.0 m (tau chui
mili). Khi d6 so véi tu thé Even keel, thi mirc giam cong sudt may ung véi toc
d6 9.5, 10.5 va 11.5 knots 1an luot 1a 2.64, 4.03 va 4.55%. Nghia la mac giam

cong suit may s& ting dan khi ting toc do tau.

- Khi tau chay & hiéu sé6 mén nudc trung binh 1a 7.0 m, toc d6 9.5, 10.5 va
12.0 knots, cong suat may cua tau sé giam dan déu khi hiéu sé mén nuéc cua tau
thay doi tir chti mili -1.0 m dén chui 1ai +1.0 m. Trong dai hiéu s6 mén nuéc tir
+1.0 m dén +1.5 m, cong sudt may cua tau lai tang 1én & ca 3 toc do tau so voi &
hiéu s6 mén nuéc +1.0 m. Hiéu s6 mén nuéc tdi wu cua tau (tai d6 cong suat
may 14 nhé nhat) 1a +1.0 m. Khi d6 so véi tu thé Even keel, thi muc giam cong
suat may ung véi tée do 9.5, 10.5 va 12.0 knots lan luot 14 0.32, 1.24 va 1.49%.
Nghia 12 muc giam cong suat may sé ting dan khi ting toc do tau.

- Khi tau chay & ché do ballast véi hiéu sé6 mon nuée trung binh 1a 3.76 m,
tbc do tau 9.5, 11.05 va 13.5 knots, cong sudt may cua tau giam dan déu khi hiéu
s6 mén nude tang dan tir +2.2 m dén +4.2 m. So voi tu thé chui 14i +3.2 m (tu
thé thir dudng dai cua tau), khi ting hiéu s6 mén nudc 1én 4.2m sé& gitp tiét kiém
dugc 2.01, 2.69 va 4.00% cong suat lan luot tng Vvéi cac toc do cua tau 1a 9.5,

11.05 va 13.5 knots.
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3.2.6. Gidi thich ban chdt vt Iy dén téi sw thay doi cong sudt mdy ciia tau khi

tau chay & cdc hiéu sé mén nwdc va cdc téc dp khdic nhau

Sy thay doi cong sudt may cua tau khi chay & cac hiéu sé mén nudc khac
nhau c6 thé giai thich duoc théng qua viéc phan tich sy khac nhau vé dudng
dong (dong chay) bao quanh vé tau khi tau chay ¢ cung mot mén nudc trung

binh nhung khac nhau vé hiéu s6 mén nudc va toc do.

Tai mdi trang thai tai va téc do tau, khi tau chay & cac hiéu s6 mon nudc
khac nhau s& dan dén sy thay d6i vé strc can tau va hiéu suit cta chan vit sau vo
tau (nhu da chi ra & phan co s& 1y thuyét). Su khac nhau vé stc can tau say ra
khi tau chay ¢ cac hiéu s6 mon nude khac nhau 1a do sy khac nhau vé hinh dang
song bé mit do tau tao ra khi chuyén dong; su khac nhau trong phan b ap sut

dong va tng suat tiép trén bé mat vo tau...

Phan tich sy khac nhau vé dong chay bao quanh vo tau & mot vai truong

hop cu thé nhu sau:

Trén cac Hinh tir 3.24 dén 3.32 biéu dién su khac nhau vé song bé mit do
tau tao ra khi chuyén dong, profile song doc vo tau, volume fraction air, phan b
ap sudt dong trén bé mat vo tau va dong theo phia sau vo tau & vi tri 6 dia 4o tai

mén nudc trung binh 8.30m va tdc do tau twong tmg 14 10.5 knots.

Trén Hinh 3.24, ta c6 ta thé quan sat thay su khac nhau vé hinh dang song
bé mit do tau tao ra khi chay ¢ cac hiéu sé6 mén nude khac nhau. Cu thé, nhu
ching ta c6 thé quan sat duoc trén Hinh 3.25, tai vi tri dinh song phia mii tau &
vi tri chiéu dai tau Ly, =115m tinh tir 14i, chiéu cao séng do tau tao ra ting dan
déu khi hiéu sé6 mon nuéc cua tau chuyén tir chai 1ai sang chai mii. Cu thé,
chiéu cao song dat gia tri 16n nhét & hiéu s6 mén nude +1.00m va cé gia tri nho
nhat tai hiéu sé6 mon nuéc -1.50m. Tai khu vuc chiéu dai tau Ly, tir 95.00 dén
110m, do sdu ctia bung song giam dan déu khi hiéu s6 mén nuéc cua tau chuyén
tir chui miii sang chii 1ai. Cu thé, chiéu cao bung séng dat gia tri 1on nhat ¢ hiéu

$6 mén nudc -1.50m va nho nhat tai hidu s6 mon nudc +1.00m. Xu thé nay ciing
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tuong tu tai Khu vuc phia 1ai tau tir vi tri c6 chiéu dai Ly, =0m dén 10.00m. O

cac vi tri con lai sy khic nhau 13 khéng dang ké.

FositicolZ] (m)
055000 OMN0  0.26600 0.67400
E @ o=

Hinh 3.24. Sy khac nhau vé hinh déng séng Kkhi tau chay ¢ cac hiéu s6 mén
nwéc khac nhau tai méi nwéce trung binh d = 8.3 m, toc d¢ Vs = 10.5 knots

Z [m]

1.60

1.40 | . | | — Trim=-1.50m | | | . |
1.20 | | ——trim=-1.00m

—— Trim=-0.50m

B ——Ttim=0.00m

0.80 v - —Trim=+0.50m

0.60 | | | | ——Trim=+1.00m

Lpz [m]

Hinh ;5.25. Sw khac nhau vé profile song doc voé tau khi tau chay 6" cac hiéu
so0 Mén nwéc khac nhau tai méi nwée trung binh d = 8.3 m, toc do
Vs =10.5 knots
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-109 05 104 20 0 3 4 { ) , : 20 130

N |

: —Trim=-1.50m
025 ——trim=-1.00m
030 » - - ~ ——Trim=-0.50m
035 - - | - — Trim=0.00m

-0:40 i - - ~ —Trim=+0.50m

045 - - - i —Trim=+1.00m

L [m]

Hinh 3.26. Su khac nhau vé profile song doc vo tau tai vi tri cach mit phing
doc tim tau y/Lpp = 0.10 khi tau chay & cac hi€u s0 mén nuée khac nhau tai
Mé&i nwéde trung binh d = 8.3 m, toc d§ Vs = 10.5 knots

Tai vi tri cach mat phang doc tim tau mot doan y/Ler = 0.1 (xem Hinh
3.26), ta c6 thé thay sy khac nhau vé profile song (dinh song va day song) khi

tau chay & cac hi¢u s6 mén nudce khac nhau.

Hinh 3.27. Su khac nhau vé volume fraction air khi tau chay & cac hiéu 50
Mén nwée khac nhau tai méi nwée trung binh d = 8.3 m, toc do
Vs = 10.5 knots
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Dynamic pressure
-23800. -15940. -8080.0 -220.00 7640.0 15500.

Hinh 3.28. Sw khac nhau vé phén bé ap suit dong trén bé mit vé tau khi
tau chay ¢ cac hiéu so mén nwéc khac nhau tai méi nwée trung binh
d =8.3m, toc do Vs = 10.5 knots

Trén Hinh 3.28, ta c6 ta thé quan sat thay sy khac nhau vé phan bé ap suit
dong trén bé mat vo tau, day chinh 1a mot trong nhitng nguyén nhan gay ra su
khac nhau vé sic can tau ciing nhu su thay d6i hiéu suat chan vit khi tau chay &
céc hiéu s6 mén nudce khac nhau véi cung mot trang thai tai va tdc do tau. Vi dy,
tai vi tri Z/T = 0.5 (xem Hinh 3.29, ta c6 thé quan sat thay sy khac nhau vé phan
b ap suat dong gitra cac phuong an. Cu thé, tai vi tri chiéu dai tau tir 120 dén

130 m (chi tiét c6 thé xem Hinh 3.30), ap suat dong duong trén bé mit vo tau
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tang dan déu khi tau chuyén tir chti mili sang chui l4i , 4p suat dong dat gié tri
I6n nhét tai hiéu sé mén nuéc Trim = -1.50 m va dat gia tri nho nhat tai hiéu sd
mén nudc Trim = +1.00 m. Tai vi tri chiéu dai tau tir 10 dén 35 m (chi tiét co thé
xem Hinh 3.31), ap sudt dong 4m trén bé mit vo tau giam dan déu khi tau
chuyén tir chui 14i sang chéi miii, 4p sudt dong 4m dat gia tri 16n nhat tai hiéu
s6 mén nudc Trim = +1.00 m va c6 dat gia tri nho nhat tai hiéu sé mén nudc

Trim=-1.50 m.

Trén Hinh 3.32, biéu dién phan bd duong dong theo phia sau vo tau & vi
tri 6 dia 4o khi tau chay ¢ cac hi¢u sb mén nude khac nhau tai mén nudc trung
binh d =8.3 m, téc do Vs =10.5 knots. Tir Hinh 3.32 ta c6 thé dé dang quan sat
thay su khac nhau vé duong dong ung véi cac phuong an khac nhau. Piéu nay
giai thich cho sy khac nhau vé hiéu suat cua thiét bj day sau vo tau khi chay &

cac hiéu s6 mén nudc khac nhau.

Ap suat dong [N]

5000
4000 —Trim=-1.50m
s —trim=-1.00m
3000 — Trim=-0.50m
2000 — Trim=0.00m
— Trim=+0.50m
1000 —Trim=+1.00m
5
-10 ) 90 00 20 0
_11(000 ,\:X 100 1 13
-2000
-3000
-4000 ‘
25000 v

L [m]

Hinh 3.29. Sw khac nhau vé phan bo ap suat dong trén bé mit vé tau tai vi
tri Z/T = 0.5 khi tau chay é cac hiéu so mén nwéc khac nhau tai méi nwoc
trung binh d = 8.3 m, toc do¢ Vs = 10.5 knots
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Ap suat dong [N]
5000

— Trim=-1.50m
—trim=-1.00m
— Trim=-0.50m
— Trim=0.00m
3000 — Trim=+0.50m
— Trim=+1.00m

4000

2000

1000

0
122 124 126 128 130
L [m]

Hinh 3.30. Sy khac nhau vé phan bé ap suat dong tai & phia miii tau tai ]
Z/T = 0.5 tai doan cé chiéu dai tir 120 den 130m khi tau chay 0 cac hiéu so
Mén nwéc kKhac nhau tai méi nwéc trung binh d = 8.3 m, toc d¢ Vs =

10.5 knots
L [m]
0
10 15 20 25 30 35
—Trim=-1.50m
-5 / P .
00 , —trim=-1.00m
— Trim=-0.50m
— Trim=0.00m
g -1000
Ap’( —Trim=+0.50m
al}\at —Trim=+1.00m
ong
o -1500
[N]
-2000
-2500

Hinh 3.31. Sw khac nhau vé phéan bo ap suat dong tai & phia miii tau tai
Z/T = 0.5 tai doan c6 chiéu dai tir 10 dén 35m khi tau chay é cac hiéu so
mén nwée khac nhau tai méi nwée trung binh d = 8.3 m, toc do
Vs = 10.5 knots
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N Irim =-1.00m _

S

N Trim=+0.50m =

Vx/vV
-0.66680 -0.10087 0.46507 1.0310

-

Hinh 3.32. Phan b trudong dong theo phia sau vé tau & vi tri 0 dia a0 khi
tau chay é cac hiéu so mén nwéc khac nhau tai mén nwéc trung binh
d =8.3m, toc do Vs = 10.5 knots

Trén Hinh 3.33 dén Hinh 3.40 biéu dién sy khac nhau vé hinh dang song,
profile song doc tau, volume fraction air va phan bd ap suit dong trén bé mat vo

tau tai mén nudc trung binh 7.00m va tée do tau twong Gmg 1a 12.0 knots.
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. B

Position[Z] {m)
-0.72000 0.20400 0.31200 0.82800 1.3440 1.8600

@ n - am
Hinh 3.33. S khac nhau vé hinh dang séng khi tau chay ¢ cac hiéu so moén
nwéc khac nhau tai méi nwéce trung binh d = 7.0 m, toc d¢ Vs = 12.0 knots

Z [m]
190

170 ——Trim=-100m

150 - Trim=20 $0m

130 ——Trim=0.00m

110 —Trim=+0 50m

0.90 —Tnm=+100m

070 —Trim=+150m

0.

030

0.10 > i & N

10010 10 w\f\y 90 110 130
030
050
£0.70
L [m]

Hinh 3.34. Sw khac nhau vé Profile song doc vé tau khi tau chay & cac hiéu
s0 mén nwéec khac nhau tai mén nwée trung binh d = 7.0 m va toc d
Vs = 12.0 knots
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Z [m]

1.90
1.70 — Trim=-1.00m ,
/ /
1.50 — Trim=-0.50m /
1.30 ,
— Trim=0.00m //
1.10 ff
— Trim=+0.50m /] /
0.90 1/
—Trim=+1.00m
0.70 i
—Trim=+1.5
G5B Trim=+1.50m :
0.30
010 [ —
-0.10110 112 122 124 126 128 130

L [m]

Hinh 3.35. Su khac nhau vé Profile séng doc vé tau tai doan c6 chiéu dai tir
110 dén miii tau khi tau chay ¢ cac hiéu S0 mén nwée khac nhau tai mén
nwoc trung binh d = 7.0 m va toc d¢ Vs = 12.0 knots

Trén Hinh 3.33, ta c6 ta thé quan sat thay su khac nhau vé hinh dang song
bé mit do tau tao ra khi chay ¢ cac hiéu s6 mon nude khac nhau, dic biét 1a tai
khu vuc phia miii tau. Cuy thé, nhu chiing ta c¢6 thé quan sat duoc trén Hinh 3.34,
va chi tiét tai Hinh 3.35, tai mili tau (doan tir L = 120 m dén 126 m) chiéu cao
song mili do tau tao ra khi chuyén dong dat gia tri 16n nhat & hiéu sé mén nuéce -
1.00m va c6 gia tri Ion nhat tai Trim = +1.50 m. Tai vi tri dinh séng tha 2 (doan
tr L =110 m dén 120 m) chiing ta lai quan sat thdy xu huéng nguoc lai, chiéu
cao song giam dan déu khi tau chuyén tir chui 1ai sang chti miii. Chiéu cao song
I6n nhat tai Trim = +1.50 m va nhé nhat tai Trim = - 1.00 m.

Trén Hinh 3.36 biéu dién hinh anh volume fraction air khi tau chay & céc
hiéu s6 mén nude khac nhau. Chung ta c6 thé dé dang quan sat thiy su khéc
nhau vé mén nudc mili va mon nude 1ai cua tau khi chay ¢ cac hidu sé6 mén

nudce khac nhau.
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Volume Fraction of air
0.00000 0.20000 0.40000 0.60000 0.80000 1.0000

Hinh 3.36. Su khac nhau vé volume fraction air khi tau chay & cac hi¢u 50
mMén nwéc khac nhau tai méi nwéc trung binh d = 7.0 m, toc d
Vs = 12.0 knots
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Dynamic pressure
<-2.14e+04 7.35e+03 >3.61e+04

Hinh 3.37. Sw khac nhau vé phan b6 ap suit dong trén bé mit vé tau khi
tau chay é cac hiéu so mén nwéc khac nhau tai méi nwée trung binh
d=7.0 m, toc do Vs = 10.5 knots

Trén Hinh 3.37, ta c0 ta thé quan sat thiy sy khac nhau vé phan b ap suit
dong trén bé mat vo tau khi tau chay ¢ cac hiéu s6 mén nudc khac nhau tai moéi
nuéc trung binh d = 7.0 m, téc do Vs = 10.5 knots, ddy chinh 13 mot trong

nhitng nguyén nhan giy ra sy khac nhau vé sc can tau ciing nhu sy thay doi
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hiéu suét chan vit khi tau chay & cac hiéu s6 mén nudc khac nhau. Vi du, tai vi
tri Z = 4.5 m tinh tir mat phang co ban cua tau (xem Hinh 3.38, ta c6 thé quan
sat thay sy khac nhau vé phan b ap suit dong giita cac phuong an. Cu thé, tai vi
tri chiéu dai tau tir 120 dén 130 m, ap suat dong duong trén bé mat vo tau ting
dan déu khi tau chuyén tir chui mii sang chui 14i, 4p suat dong dat gia tri 16n
nhat tai hiéu s6 mén nude Trim = -1.00 m va dat gia tri nho nhat tai hiéu sé mon
nudc Trim = +1.50 m. Tai vi tri chiéu dai tau tir 90 dén 110 m (chi tiét c6 thé
xem Hinh 3.31), 4p sudt dong 4m trén bé mat vo tau giam dan déu khi tau
chuyén tir chui 14i sang chti mili, 4p suat dong am dat gia tri I6n nhat tai hiéu sb
mén nudc Trim = -1.00 m va dat gid tri nho nhat tai hiéu s6 mén nuéc
Trim= +1.50m.

Ap suat dong [N]

5000
4066 —Trim=-1.00m
—trim=-0.50m
3000 —Trim=-0.00m
2000 — Trim=+0.50m
— Trim=+1.00m
1000 —Trim=+1.50m
3 130
-l POOO
-2000
-3000
-4000
-5000

L [m]

Hinh 3.38. Sw khac nhau vé phan b(f) ap suat dong trén bé mit vé tau tai
Z = 4.5 m khi tau chay ¢ cac hi€u s6 mén nwéc khac nhau tai moi nwoéc
trung binh d =7.0 m, toc d¢ Vs = 10.5 knots

Trén cac Hinh tir 3.39 dén 3.46 biéu dién su khac nhau vé hinh dang song,
profile song doc vo tau, volume fraction air, phan b ap suat dong trén bé mat vo
tau va dong theo phia sau vo tau ¢ vj tri dia 6 dia 40 khi tau chay & ché do

ballast véi mon nude trung binh d =3.76 m va toc d6 Vs = 11.05 knots.
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Position2] {m)
031000  0MNX0  OIMO0  0.74600 10880 1.4500

Hinh 3.39. Su khac nhau vé hinh dang song khi tau chay & cac hiéu s6 mén
nuéc khac nhau tai méi nwéc ballast trung binh d =3.76 m,
toc do Vs = 11.05 knots

Ta c6 thé quan sat thay trén Hinh 3.39 sy khac nhau vé hinh dang song bé
mit do tau tao ra khi chay & cac hiéu s6 mén nude khac nhau, dic biét 1a tai khu
vuc phia mili tau. Cy thé, nhu trén Hinh 3.40, va chi tiét tai Hinh 3.41 va Hinh
3.42, chiéu cao dinh song do tau tao ra tai khu vie miii tau (doan c6 L = 129 m)
giam dan déu khi ting hiéu s6 mén nude 14i. Chiéu cao song miii dat gia tri 16n
nhat ¢ hiéu sé mén nudc Trim = +2.20 m va c6 gia tri nho nhat ¢ hiéu sé mon

nuéc Trim = +4.20 m. Tai vj tri day song thir 2 (doan tir L =90 m dén 110 m)
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chung ta cling quan sat duoc xu hudng tuong ty, tic 1a chiéu cao day soéng giam
dan déu khi ting hiéu sé6 mén nude lai. Chiéu cao day song dat tri 16n nhat &
hiéu s6 mén nudc Trim = +2.20 m va c6 gia tri nho nhat & hiéu sé mén nudc
Trim = +4.20 m.

Z [m]
1.50

1.30

— Trim=2.2m
1.10

~

— Trim=2.Tm

0.90 b
—Trim=3.2m

0.70 .
, — Trim=3.7m

—Trim=42m

0.30

0.10

110 130

0.10 ¢ 120

60 0

70 80

0.30

L [m]

H‘!nh 3.40. Su khac nhau vé Profile séng doc vé tau khi tau chay & céc hi§u
so mMén nwée Khac nhau tai mén nwéc ballast trung binh d =3.76 m va toc
do Vs =11.05 knots

Z [m]
1.5
/_‘\
15 —Trim=22m :\\
1.1 ———Trm=2_7m
0.9 ——Trnim=32m
——Trim=3.7m
0.7
—Trim=42m
0.5
03
0.1
-0.1120 24 128 130

L [m]

Hinh 3.41. Su khac nhau vé Profile séng doc vé tau tai doan c6 chiéu dai tir
120 dén miii tau khi tau chay & cac hiéu S0 méon nwée khac nhau tai mén
nwoc ballast trung binh d = 3.76 m va toc d¢ Vs = 11.05 knots
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Hinh 3.42. Sw khac nhau vé Profile song doc vé tau tai doan c6 chiéu dai tir
90 dén 120m Kkhi tau chay ¢ cac hiéu so mén nuwée khac nhau tai mon nwoc
ballast trung binh d = 3.76 m va toc d¢ Vs = 11.05 knots

0.0000 0.20000 0.40000 0.60000 0.80000 1.0000

Hinh 3.43. Su khac nhau vé volume fraction air khi tau chay & cac hiéu )
Mén nwée khac nhau tai mén nwéc ballast trung binh d = 3.76 m, toc do
Vs = 11.05 knots
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Trén Hinh 3.43 biéu dién hinh anh volume fraction air khi tau chay & cac
hiéu s6 mén nude khac nhau. Chung ta c6 thé dé dang quan sat thay su khéc
nhau vé mén nudc mii va mén nude l4i cua tau khi chay & céac hi¢u sb6 mén

nudc khac nhau.

;—7 =

Dynamic pressure
-1.17e+04 -2.43e+03 6.83e+03 1.61e+04

Hinh 3.44. Su khac nhau vé phan bé ap sqé‘it dong trén bé mit vé tau tai
khu vwe mili tau khi tau chay 6 cac hiéu so mén nuwée kKhac nhau tai mon
nwoc ballast trung binh d = 3.76 m, toc d§ Vs = 11.05 knots

Ap suat déng [N]

14000

12000 —Trim=220m

—Trim=2.70m

10000 :

—Trim=3.20m

8000 —Trim =3.70m

6000 —Trim=4 20m
4000
2000
0

120 122 124 126 128 130

Hinh 3.45. Su khac nhau vé phén bd ap suit dong trén bé mit vé tau
tai Z =2.70 m & doan c6 chiéu dai tir 120 dén 129 m khi tau chay ¢ cac hiéu
s6 mén nuwéce khac nhau tai nwée ballast trung binh d = 3.76 m, téc dd
Vs = 11.05 knots

Trén Hinh 3.45, ta c6 ta thé quan sat thay sy khac nhau vé phan bé 4p suat
dong trén bé mat vo tau tai khu vuc mii tau khi tdu chay ¢ cac hiéu s6 mén
nuéc khac nhau so voi tai moéi nude ballast trung binh d = 3.76 m va téc do
Vs = 11.05 knots. Cu thé, tai vi tri chiéu cao Z = 2.7m so véi mit phang co ban

cua tau (xem Hinh 3.45), gi4 tri ap suat dong ting dan déu tai doan c6 chiéu dai
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L = 126 dén 129 m khi giam hiéu sé6 mén nudc 1ai cta tau. Trong trudng hop

nay gia tri 4p sut dong dat gia tri cuc dai tai hiéu s6 mén nuéc Trim = 2.20 m

va co gia tri nho nhat tai hiéu sé mén nude Trim = 4.20m. O tai doan c6 chiéu

dai tir L = 120 m dén 126 m, chung ta lai quan sat dugc xu hudng nguoc lai. Gia

tri 4p sudt dong giam dan déu khi giam hiéu sé mén nuée lai cia tau. Trong

truong hop ndy gia tri ap sudt dong dat gia tri nho nhat tai hiéu sé6 mon nuée

Trim=2.20 m va ¢6 gia trj 16n nhat tai hiéu s6 mén nudc Trim = 4.20m

Trim =+3.70m
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= ‘--\ = . --.

Vxiv
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0.53000

0.16500

/ . -0.20000

Hinh 3.46. Phéan b6 trudng dong theo phia sau vé tau & vi tri 6 dia a0 khi
tau chay ¢ cac hiéu s0 mén nwéc khac nhau tai che do ballast c6 mén nwéc
trung binh d = 3.76m, toc d¢ Vs = 11.05 knots

Trén Hinh 3.46, biéu dién phan bd trudng dong theo phia sau Vo tau ¢ Vi tri

6 dia 4o khi tau chay & cac hiéu s mén nudce khac nhau tai ché do ballast véi

mén nudce trung binh d = 3.76 m, téc do Vs = 11.05 knots. Tir Hinh 3.46 ta co

thé dé dang quan sat thdy sy khac nhau vé truong dong ung véi cac phuong an

khac nhau. Bac biét 1a & hiéu s6 mén true Trim = 4.20 m. Piéu nay giai thich
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cho sy khac nhau vé hiéu suit cua chan vit sau vo tau khi chay ¢ cac hiéu sb

mon nude khac nhau.
3.3. Két luan chwong 3
O Chuong 3 nay, cac két qua nghién ctru da dat dugc nhu sau:

- Xay dung dugc mo hinh bai toan tinh toan anh huéng cua hiéu sé mon
nudc dén su thay ddi cong suat may chinh cia tau bang phuong phap sé CFD.

MO hinh tinh toan dugc xay dung la rd rang va tuong minh.

- Do tin cay cua két qua mo phong tinh toan da duoc kiém ching thong qua
viéc so sanh két qua tinh toan véi két qua sea trial (thar duong dai) & ché do
ballast. Pay 1a két qua thtr co thé noi 1a tin cay nhat duoc thuc hién bai su c6
mit cta 3 co quan gom: Pang kiém — Chi tau va Nha may. Sai s6 gitra két qua
tinh toan va két qua do dac khoang 5%. Piéu d6 khang dinh két qua mo phong

tinh toén 1a tin cdy.

- Két qua mo phong tinh toan cho Serries tau hang 12500 DWT chi ra rang:
khi tau chay & cac hiéu s6 mén nudc khac nhau s& dan dén sy thay doi cong suét
may; Xu hudng va phan trim thay d6i cong sudt may chinh ciia tau phu thuoc
vao trang thai tai trong cua tau, hiéu sé mon nude va tdc d6 tau; mac giam cong
suat may khi tau chay & hiéu s6 mén nuéc tdi wu so vai khi chay ¢ tu thé khai
thac thong thuong dao dong trong dai tir 0.5% dén 4.5% tuy theo trang thai tai
va toc do tau.

- Giai thich duoc ban chét sy thay doi cong suat may cia tau khi chay ¢
cac hiéu s6 mén nudc khac nhau thong qua viéc phan tich su khac nhau vé
duong dong bao quanh vo tau khi tau chay & cac trang thai tai trong véi cac hiéu
s6 mén nudc va toc dd khac nhau. Su khac nhau vé duong dong bao quanh vé
tau khi chuyén dong & cac hiéu s6 mon nude khac nhau 1a nguyén nhan dan dén

sy thay doi stc can, hiéu suat cta chan vit va cudi cung la cong suat may.
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CHUONG 4. THUC NGHIEM PANH GIA PO TIN CAY CUA KET QUA
MO PHONG
4.1. Xay dung quy trinh thir tau khi chay & cdc hiéu s6 mén nuwée khac

nhau

Nhim kiém tra danh gia do tin cay cta két qua mo phong tinh toan hiéu sb
mén nudc t6i wu cho Serries tau hang 12500 DWT dwa ra & Chuong 3. Trong
chuong nay, NCS sé& tién hanh trién khai thuc nghiém trén tau thyc.

Do giai phap chay tau & hiéu sé mén nudc tdi vu 1a giai phap méi duoc
IMO khuyén nghi ap dung. Chinh vi vay, hién tai cac tai liéu huéng dan vé quy
trinh thtr tau khi chay & cac hiéu s6 mén nudce khic nhau tai cing ché do tai
khong thdy duoc cong bo trén mang. Trong khi viéc xdy dung quy trinh ddi voi
viéc thir tdu & cac hiéu sé mén nudc khac nhau 1a rat quan trong boi né sé lién
quan dén d tin cay cua két qua thuc nghiém. Duéi day, NCS xin dé xuat trinh
tu cac bude trong quy trinh thir tdu & cac hiéu s6 mon nudc khac nhau. Trinh tur

nay dugc trinh bay trén Hinh 4.1.
4.1.1. Lwa chon tuyén hanh trinh va thoi diém dé tién hanh thir

Budc dau tién trong quy trinh thir tau ¢ cac hi¢u s6 mén nude khac nhau la
viéc lya chon tuyén hanh trinh va thoi di€ém dé tién hanh thir tau. O day tuyén
hanh trinh va thoi diém duoc lya chon can ¢ trén viéc thdéa man cac yéu cau va

cac tiéu chi sau:

- Tiéu chi vé ké hoach khai théc ciia tau: K& hoach khai thac du kién ctia
tau can phai nam trong 3 trang thai tai trong (todn tai, mot phan tai va trang thai
chay ballast) v6i cac tbc do nhu trong két qua mo phong tinh toan. Muc dich cta
viéc nay la nham so sanh danh gia muc tiéu hao nhién li€u thuc té cua tau khi
chay & cac hiéu s6 mon nudc khac nhau tmg véi 3 trang thai tai trong xem xét

v6i két qua md phong tinh toan.
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Lua chon chuyén hanh trinh va thoi diém dé tién hanh thu

~

J

Yéu cau vé tuyén thir co
thoa man

Xay dung cac phuong an thir du kién

(Trang thai tai trong + tbc d6 + hiéu s6 mon nudc)

Kiém tra tinh kha thi cta
phuong an thtr du kién

Tién hanh xép hang, diéu chinh ballast, nhién liéu..
trong cac két dé dat dugc dé diéu chinh hiéu s6 mén
nudc cho tau

No

Hi€u s6 mén nude da thoa
man phuong an thu?

[ Tién hanh chay tau va ghi két qua thu duoc }

Hinh 4.1. Quy trinh cic buéc thir tau ¢ cac hiéu s6 mén nwée khac nhau
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- Tiéu chi vé diéu kién méi truong khai thac: Céac diéu kién vé méi trudng
can phai phai tuong dong véi diéu kién tinh toan. Nghia 1a ¢ day can phai dam
bao dugc chuyén hanh trinh dy kién cua tau 1a chay trong ving nudc sau, diéu
kién vé song, gi6 va dong chay 1 nho.

+ D4i véi yéu cau vé& do sau cua tuyén thi. Tri sd chiéu sdu tdi thiéu cua
vung thur tau phuy thudc vao tdc dd va mén nude cua tau, tri sb nay dugc dua tra

trong Bang 4.1.

Bdang 4.1. Tri $6 d¢ sdu toi thiéu cia viing thir tau

Toc do MON NUOC CUA TAU (m)
tau
20 30| 40 | 50 | 6,0 7,0 8,0 9,0 | 10,0
(knots)
10 - - | 25 | 30 40 50 65 75 90
15 - | 25| 30 | 40 50 65 75 90 105
20 - | 40 | 45 | 55 70 80 95 115 | 125

+ D4i v6i yéu cau vé dieu kién song, gié va dong chay: Tinh hinh thuy van
trong thoi gian thir nghiém, anh huong dang ké dén do tin cay cua cac két qua
thu dwoc. Thoi diém thuc hién thir nghiém can c6 luc gioé va song bién 1a nho
nhat. Theo céc tai liéu cua Lién X6 cii yéu cau cudng do song khi thir tau noi
chung khong 16n hon cap 3. Trong qui pham cuaa nhiéu nudc, luc gioé va trang
thai bién khong duoc qui dinh nghiém ngat, ma chi dé ra su can thiét ghi lai cac
dai luong dic trung cho tinh hinh thuy van. Theo tiéu chuan OH 9 — 792 — 68
cta Lién X6 cil, luc gié duoc gisi han dén cap 2 ddi vai cac tau co luong choan
nudc dén 1000 tan, cip 3 cho tau c6 luong choan nudce tir 1000 dén 2000 tan va

cap 4 d6i véi cac tau lwong choan nudc I6n hon.

Mt khac, trong tién hanh tht téc d6 va dé st dung tiép cac so liéu da thu

dugc ching ta can biét téc do cua tau so véi nudc bao quanh no, tic 1a khi
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khong c6 dong chay. Do d6 cac diéu kién va noi tién hanh thir nghiém duoc lua
chon véi tinh toan dé anh huong cua dong chay 1a nho nhat hoac dong chay
dugc chon hudng doc theo dudng mic do theo kha ning c6 thé. Vi vay, can
chon nhitng ving c6 dong chay it bién doi theo thoi gian va vi tri dé anh huong

ctia dong chay dén két qua do 1a nho nhét.
4.1.2. Xay dung cac phwong dn thw

Sau khi lva chon duoc tuyén hanh trinh va thoi diém dé thi, buée tiép theo
s& 1a x4y dung cac phuong an thir && xem phuong an thir ¢6 kha thi hay khong.
Nghia 1a & budc nay sé tién hanh tinh toan va kiém tra so bd xem cac phuwong an
thir (hiéu s6 mén nude, tbe do tau) cé kha thi dé tién hanh chay thir nghiém

trong chuyén hanh trinh nay khong.
4.1.3. Tién hanh diéu chinh hiéu sé mén nwéc cho tau

Trén co s& phan b6 thé tich, khéi luong va vi tri cta cac két nhién li¢u, dan,
khoang hang tr chuwong trinh loading computer trén tau, ta s& tién hanh phan b
lai mot phﬁn ballast, hodc nhién li¢u, hodc hang tur vi tri ket nay sang két khac dé
diéu chinh hiéu s6 mén nude cho tau. O day viéc phan bd lai ballast hodc nhién
liéu hodc hang can phai dam bao dugc viéc di chuyén 1a hidu qua nhat (di
chuyén mét khéi lugng nho nhung dat duge hidu sé6 mén nudc 16n) va khong

anh hudng dén cac tinh nang khac cta tau nhu tinh 6n dinh, d0 bén than tau...

Vi du vé cach phan bo lai tai trong cho tau dé€ diéu chinh hi¢u s6 mén nudce

cho tau trén phan mém loading computer dugc trinh bay trén Bang 4.2.
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Bing 4.2. Phirong phdp phdn bé lai tdi cho tau dé diéu chinh hiéu s6 mén nudc

dua trén phan mém loading computer trén tau

Load condition Timean [M] trim [m]
Full (~98% of DWT) 10.14 1.07

Trim scenario A Weight [t] A Tiean [m] A trim [m]
1. Cargo (re-)allocation Not feasible -

2. HFO to fore tanks 266t -0.47

3. Technical fresh water to fore tanks 458 t -0.96

4. Ballast water Not feasible -

Load condition Tmean [M] trim [m]
Partial (~70% of DWT) 10.14 1.07

Trim scenario A Weight [t] A Tinean [m] A trim [m]
1. Cargo (re-)allocation 1113t -0.83

2. HFO to fore tanks 266t -0.50

3. Technical fresh water to fore tanks 458 t -1.04

4. Ballast water 900 t +0.14 -1.01

Viéc diéu chinh hiéu s6 moén nudc duoc coi la két thiuc khi thiét bi do hiéu

s6 mén nudc trén tau bao 1a da thoa man phuong an thir.
4.1.4. Tién hanh thir

Sau khi di diéu chinh dugc hiéu s6 mon nudc cho tau diing nhu phuong an
du kién thtr. Ta s& tién hanh chay thir tau. Trong qua trinh chay thir tau s& ghi lai
miurc ti€u hao nhién liéu cho tau tng vai tung truong hop thur khac nhau ¢ day sé€

co hai cach thuc hién:

- Giir nguyén vong quay ctia may o tat ca cac phuong an hiéu sé mén nudc
khac nhau trong qué trinh chay thur (tng v&i mdt trang thai tai cia tau). Trén co
s& d6 tién hanh do dac sy thay d6i toc d6 tau (ng vai ting hiéu s6 mén nude
khac nhau.

- Giit nguyén téc d6 khai thac cho tau & tat ca cac phuong an hiéu s6 mon
nudc khac nhau trong qua trinh chay thir (tng véi mot trang thai tai caa tau),
trén co s& do sé tién hanh do dac vong quay va cong suat may tng vai ting hiéu

SO0 mMén nude khac nhau.
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Do trong thuc té khai thac tau rat kho thuc hién dugc phuong an 2 (duy tri
tbc d6 va thay doi vong quay ctia may). Chinh vi vy, & day phuong an thir thi
nhat (duy tri vong quay cua may la khong dbi khi chay tau & cac hiéu s6 mén
nuédc khac nhau) duoc lya chon. Trén co sé do, tién hanh do dac cong sudt may
va mirc tiéu hao nhién liéu cua tau Gng véi timg truong hop thir. Thoi gian tién
hanh thtr nghiém cho mdi phuong 4n hiéu s6 mén nude 1a 01h khi d6 s& dam
bao duoc diéu kién ngoai canh 1a twong dbi nhu nhau khi tau chay & cac hiéu s6

mo&n nudce khac nhau.
4.2. Thuc nghiém do dac

Nghién ctu sinh (NCS) da phdi hop cung voi thuyén truéng va méy
truong cia tiu TRUONG MINH OCEAN 12500 DWT tién hanh thuc nghiém
do dac anh huong caa hiéu s6 mén nude dén sy thay ddi cong suit may va muc
ti€u hao nhién liéu cho tau. Can cur vao tinh hinh khai thac thuc té cua tau, yeu
cau d6i vai viéc thir tau & cac hiéu 6 mén nude khac nhau nhu da dé cap o trén,
nghién ctru sinh di tién hanh lia chon tuyén thir va phuong an thir nhu sau:

4.2.1. Lwa chen tuyén thi

Tuyén thir duoc lya chon dé tién hanh thyc nghiém 14 tuyén NGHI SON-
FUZHOU. Pay la tuyén hanh trinh dap tng duoc yéu cau dat ra vé diéu kién

moi trudng, cu thé:
+ Do sau cua nudc: Lén hon 70 m;

+ Trang thai bién: Chiéu cao séng nhé hon 0.55 m, téc d6 gié nho hon
8 knots.

4.2.2. Lya chon phwong dn thir

Cin ctr vao tinh hinh khai thac thuc té cta tau, NCS da tién hanh lua chon
phuong an thuc nghiém cho 2 trang thai tai trong cia tau Gng voi hiéu s6 mén

nude va tbe do nhu trén Bang 2.2. Ngay tién hanh thyc nghiém & trang thai toan
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tai 1a ngay 10/11/2021 va ngiy tién hanh thuc nghiém ¢ trang thai ballast 1a
ngay 10/3/2022 (xem Phu luc 1).

Bdng 4.3. Cac truong hop thu

Trang thai tai trong _ , _ A aa g
° Hiéu s6 mén nwéc, Trim [m] Toc dp tau

cua tau [Knots]
Trang thai toan tai

-0.50 0.00 +0.50 10.50
(d=8.30m)
Trang thai  chay

+2.70 +3.20 +3.70 11.05
ballast (d = 3.70m)

Pé dat duoc hiéu s6 mén nude nhu trén Bang 4.3, NCS tién hanh phan bd
cac thanh phan khéi lugng (ballast, nhién liéu, hang héa...) cho tau nhu trong
Phu luc 1.

4.2.3. Cdch thirc tién hanh thuc nghiém

Do diéu kién ngoai canh (séng, gié va dong chay) cua tau thay doi lién tuc
theo thoi gian. Chinh vi vay, dé diéu kién ngoai canh 1a gan nhu nhau khi tién
hanh thtr nghiém do dac anh huéng caa hiéu s6 mén nude dén sy thay doi cong
suat may cua tau, NCS lya chon thoi gian tién hanh thir nghiém cho mdi phuong
an hiéu s6 mén nudc 1a 01h khi d6 s& dam bao duoc diéu kién ngoai canh 1a

tuong dbi nhu nhau khi tau chay & cac hi¢u sb6 mén nuée khac nhau.
4.2.4. Két qud therc nghiém

Két qua thuc nghiém do dac danh gia anh huong caa hiéu s6 mén nudce dén
su thay do6i cong suat may tau d6i véi Series tau hang 12500 DWT & hai trang
thai tai thuc nghiém duogc trinh bay trén Bang 4.4 va 4.5. O day cong suit may
cua tau (ng Véi ting hiéu s mén nudc khac nhau dugc lay theo gid tri trung
binh trong thoi gian mot gid. Vong quay ciia may, md men xoan cua dong co

dugc do bang dong hd van toc ké va mo-men ké.
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Bdng 4.4. Két qua thyc nghiém tai trang thdi toan tai voi téc do 10.5 knots

Céc thong s6 Ky hiéu HICU 56 mon nudc, m
-0.50 0.00 +0.50

Vong quay trung binh ctia may n, [rpm] 187.0 187.0 187.0
Téc do tau Vs, [knots] | 10.52 10.50 10.49
% thay ddi toc do tau so Vi

A Vs, [%] | +0.190 | 0.000 -0.095
trang thai even keel
M6 men x04n Clia may Q[kN.m] | 117.8 | 120.2 122.0
Cong suat may trung binh, kW Ps, [KW] 2306 2353 2389
% thay doi cong suat may so véi

APs, [%0] +2.00 0.00 -1.53
trang thai even keel

Bdng 4.5. Két qud thuc nghiém tai trang thdi chay ballast véi téc dg 11.05 knots

’ Hiéu s mén nudc, m
Céc thong so Ky hi¢u
+2.70 | +3.20 | +3.70
Vong quay trung binh ctia may n, [rpm] 174.0 174.0 174.0
Téc do tau Vs, [knots] | 11.04 | 11.05 11.06
% thay doi toc do tau so voi
_ AVs,[%] | -0.09 | 0.000 | +0.09
trang thai Trim = +3.2m
M6 men quay cla may QLkN.m] | 1157 | 113.9 112.2
Cong sudt may trung binh, kW | P, [KW] 2109 2075 2044
% thay d6i cong suat may so
_ _ APs, [%] -1.64 0.00 +1.49
V6l trang thai Trim = +3.2m

Tur két qua thuc nghiém thu duoc trén Bang 4.4 va 4.5 ta thay rang, ¢ trang

thai toan tai, cong sut may cua tau giam 2.00% khi tau chay chai miii (-0.50 m)
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va tang 1én 1.53% khi chay chui l4i (+0.50 m) so véi tu thé can bang miii 1ai.
Bén canh d6 téc do tau khi chay chai mii (-0.50m) ting 1én 0.19% va giam
0.095% khi chay chui 1ai (+0.50m) so véi tu thé can bang mii lai.

O trang thai tau chay ¢ ché do ballast, cong suat may cua tau giam di khi
tang hiéu sé6 mén nudc 14i. Cu thé, khi tau chay & hiéu sé6 mén nudc +2.70 m
cong sudt may cua tau ting 1én 1.64% so véi khi chay tai mén nudc ballast
thuong xuyén khai thac 12 3.20 m, con khi tau chay & hiéu sé6 mén nudc +3.70
m, cong suit may cua tau giam 1.49% so véi khi chay & hiéu sé6 mén nuée
3.20m. Con sé nay hoan toan khop véi cac két qua thuc nghiém cua cac cong ty
Van tai bién trén thé gigi khi str dung phan mém thuong mai t6i wu hoa hiéu s6
mdén nude trén tau 1a tir 3 dén 5%. Bén canh d6 toc do tau khi chay & hiéu sb
mén nudc +2.7m giam 0.09% va ting 0.09% 1én khi tau chay & hiéu sé6 mén

nuéc +3.70 m so véi khi chay & hiéu s6 mén nudc 3.20m.
Nhu vay, tir két qua thuc nghiém thu duoc & trén, c6 thé thay rang:

- V& xu huéng thay d6i cong suat may cta tau khi chay & cac hiéu s6 mén
nuédc khac nhau hoan toan khap vai két qua tinh toan. Cu thé, o trang thai toan
tai, cong suat may can thiét dé tau dat duoc téc do dit ra ting dan khi hiéu sb
mén nudc cua tau thay doi tir chii mii (-0.50 m) vé chii 14i (+0.05 m). O trang
thai chay ballast, cong suat may cua tau giam dan déu khi ting hiéu s mén
nuéc lai 1én. Diéu d6 khang dinh két qua tinh toan 1a tin cay khi xét dudi dang
xu hudng thay doi.

- Viéc chay tau & hiéu sé mén nuéc ti uu ngoai viéc giam duoc cong suét
may con cho phép ta ting duoc tdc d6 tau véi mire ting khong dang ké.

- Vé so sanh dinh lugng sy thay doi cong suat may khi tau chay ¢ cac hiéu
s6 mon nudce khac nhau gitra tinh toan va thuc nghiém thi c6 su khac nhau. Tuy
nhién mirc do sai s6 khong 16n, dudi 4.0% (xem Bang 4.6 va 4.7). Su khac nhau

nay co thé giai thich boi mot sé cac nguyén nhan sau:
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Bdng 4.6. So sdnh két qud tinh todn véi Két qud thiee nghiém ¢ ché dé toan tdi
tai toc dé Vs =10.5 knots

. _ So sanh gitra tinh Hiéu sé mén nude, m

Cac thong so Ky hiéu toan va thuc
Vong quay cia Tinh toan 183.2 | 184.2 | 185.1
méy nfreml nghiem | 187.0 | 187.0 | 187.0
% thay adi cong Tinh toan +1.92 0.00 -1.49
SUAt ma si| APs [

ab may so Vol Thyuc nghigm | +2.00 | 0.00 | -1.53
phuong an khai
thac thong thuong % sai 56 [%)] 400 | 0.00 | 261

Bang 4.7. So sdnh két qud tinh todn véi két qud thuc nghiém ¢ ché dé ballast tai
toc do Vs =11.05 knots

So sanh gitra tinh Hiéu s mén nuéc, m

Cac thong s6 Ky higu todn va thuc
nghiém +2.70 | +3.20 | +3.70
Vong quay cua - Tinh toan 173.4 | 172.8 | 172.0
. n, [rpm
may Thuc nghiém 174.0 | 174.0 | 174.0
SUAt may so voi APs, [%] :
y . Thuc nghiém -1.64 | 0.00 | +1.49
phuong 4n khai
thac thong thuong % sai s6 [%] 244 | 0.00 | 201

+ Do khi thir nghiém khong thé dam bao duoc su tuong dong tuyét déi vé
diéu kién ngoai canh giéng nhu trong tinh toan;

+ Do sai s6 cua thiét bi do trén tau ciing nhu sai s6 trong tinh toan;

+ Do anh huong cia sy khac nhau vé trang thai bé mit ngdm nudc cia vo
tau. Trang thai v tau trong tinh toan khac so vai trang thai bé mit vo tau & trang
thai hién tai khi thir do anh huéng cua rong réu, ha bam. Dan dén vong quay cua

may dé tau dat dugc toe do thir I6n hon so véi tinh toan.
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M6t s6 hinh anh so sanh giita tinh toan va thuc nghiém lién quan dén
hinh déng séng phia mili tau do tau tao ra khi chay & cac hiéu s6 mén nudc khac
nhau dugc trinh bay trén Hinh 4.2. Pay 14 cac hinh anh co thé giai thich mot
phan cho su khac nhau vé sic can tau khi chay ¢ cac hiéu s6 mén nudc khac
nhau tir 46 dan dén sy thay d6i cong suat may va cudi cing 1a mic tiéu hao
nhién li¢u cua tau.

Trén Hinh 4.2 ta c¢6 thé quan sat thdy su khac nhau vé hinh dang song do
tau tao ra tai mii tau khi chay ¢ cac hiéu s mén nudc khac nhau. Nhin mot
cach truc quan ta co thé quan sat thay, chiéu cao séng tai mili tau ting dan déu
khi hiéu s6 mon nudc cua tau thay doi tir chéi mii (-0.50 m) vé chui lai
(+0.05 m). Piéu nay giai thich cho mot phan nguyén dan dén cong suit may can
thiét dé tau dat duoc tdc do dit ra tang dan khi hiéu sé mén nudc cua tau thay
d6i tir chai miii (-0.50 m) vé chui 14i (+0.05 m). Va trén Hinh 4.2 ta c6 thé thay

rang, profile song giita thuc té va mo phong tinh toan kha gidng nhau.

b) Trim = 0.0 m (Even keel)
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c) Trim=+0.50m
Hinh 4.2. Hinh dang song tai miii tau do tau tao ra khi chay é cac hiéu so
mMén nwéc khac nhau véi toc d§ 10.5 knots tai trang thai toan tai

4.3. Két luan chuong 4

Bang phuong phap thuc nghiém, Chuong 4 da giai quyét dugc cac van dé

Sau.

- Xay dung dugc quy trinh cac budc thuc nghiém do dac su thay ddi cong
suat may cta tau khi chay o cac hiéu s6 mén nudc khac nhau d¢é dam bao két
qua thuc nghiém la tin cay va khoa hoc.

- Ap dung quy trinh thuc nghiém dé xuét vao trong viéc do dac anh hudng
cua hiéu s6 mén nude dén sy thay doi cong suat may cho tau TRUONG MINH
OCEAN ¢ hai ché d tai (toan tai va ballast). Két qua gitta thuc nghiém va tinh
toan dong nhat véi nhau vé xu hudng thay d6i cong suat may tau khi chay & cac
hiéu s6 mén nude khac nhau. Cu thé, & trang thai toan tai, cong suit may can
thiét dé tau dat duoc tdc do dit ra tang dan khi hiéu sé mén nudc cua tau thay
d6i tir chai mii (-0.50m) vé chui 1ai (+0.50m). O trang thai chay ballast, cong
Suit may cua tau giam dan déu khi ting hiéu s6 mén nude 14i 1én. Diéu d6 khing

dinh két qua tinh toan 1a tin cdy khi xét dudi dang xu hudng thay doi.
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KET LUAN VA KIEN NGHI
1. KET LUAN

Luan an “Nghién ciru xdc dinh higu sé mén nudc t6i wu nham ndng cao
hiéu qua sir dung nhién liéu trén tau bién” da dat duoc muc tiéu nghién ctru dat
ra va thu dugc cac két qua quan trong co ¥ nghia vé mit khoa hoc ciing nhu vé

mat thuc tién, cu thé nhu sau:

- Pi tong hop, phan tich duoc cac yéu cau cua T6 chic hang hai thé gioi
IMO va ctia Hiép hoi bao vé moi trudng bién MEPC lién quan dén viéc st dung

hiéu qua nang luong trén tau.

- Pa tong hop, phan tich dugc cac giai phap trong viée ning cao hiéu qua
st dung ning luong trén tau dé giam chi sé6 EEOI di va dang duoc ap dung trén
tau. Day 1a co sd gitip cho thuyén vién, cac cong ty van tai bién tham khao trong

Viéc nang cao hi¢u qua st dung nang lugng trén tau trong qua trinh khai thac.

- PB4 hé thong hoa co s& phuong phép luan trong nghién ctru anh hudng cia
hiéu s mén nudc dén su thay ddi cong suat may va cudi cing 1 sudt tiéu hao
nhién liéu trén tau. Trén co s& do da giai thich ro dugc duoc ban chat mbi quan
hé giita hiéu 6 mén nudc — toc do tau — cong sudt may trén tau trong qua trinh
khai thac. Pay 1a can ctr d& NCS dit ra muc tiéu va ndi dung nghién ciru trong

luan an cua minh.

- Pi xay dung duoc mo hinh bai toan tinh todn méi quan hé giira hiéu sb
mén nudc — toc do tau — cong suat may bang phuong phap CFD, phuc vu cho
bai toan md phong tinh toan cho mot dbi twong tau cu thé. Pay 1a mot trong

nhitng d6ng gop chinh vé khoa hoc cua luan an.

- PB4 4p dung md hinh bai toan dua ra vao trong mé phong tinh toan hiéu s6
m&n nudc tdi wu cho Series tau hang 12500 DWT. Két qua md phong tinh toén
rat gan so voi két qua thuc nghiém. V& con sé dinh tinh da xac dinh duoc, xu
huéng va phan trim thay doi cong suat may chinh cua tau phu thudc vao 03 yéu

t6 gom: trang thai tai trong cua tau; hiéu sé mon nudc va tde do tau. Vé con sb
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dinh luong d3 xac dinh duoc, mic giam cong suat may khi tau chay ¢ hiéu sb
mén nudce tdi vu so voi khi chay ¢ tu thé khai thac thong thuong dao dong trong

dai tir 0.5% dén 4.5% tuy theo trang thai tai va toc do tau.

- Pai giai thich dugc ban chat sy thay doi cong suat may cta tau khi chay ¢
cac hiéu s6 mén nudce khac nhau thong qua viée phén tich sy khac nhau vé dong
chay bao quanh vo tau khi tau chay & trang thai tai trong véi cac hiéu sé mén
nudc va téc do khac nhau. Su khac nhau vé duong dong bao quanh vé tau khi
chuyén dong & cac hiéu sé6 mon nuée khac nhau 1a nguyén nhan dan dén su thay
d6i strc can, hiéu suat cia chan vit va cudi cing 13 cong suat may. Pay 1a mot

trong nhitng dong gop quan trong vé mat khoa hoc cua luan an.

- Pé xuat duoc quy trinh thyc nghiém trong viéc danh gia anh huong cua
hiéu s6 mén nude dén mirc tiéu hao nhién liéu trén tau tng Véi ting toc do va
ché do tai khac nhau cua tau.

- Khang dinh dugc giai phap k¥ thuat xac dinh d6 hiéu s6 mén nudc toi wu
cho tau trong khai thac khi xay dung va diéu chinh ké hoach xép hang nham tiét
kiém nhién liéu tir d6 nang cao hiéu qua kinh té cho tau cling nhu bao vé méi
truong bién 1 giai phap don gian nhung hiéu qua khi ap dung vao thuc té cho
cac tau van tai bién cia Viét Nam. Giai phap nay néu ap dung trén Serries tau
hang 12500 DWT s& mang lai hiéu qua kinh té thiét thuc (cho phép giam cong
suat may tau xudng 0.5% dén 4.5% tuy theo trang thai tai va toc do tau). Pay 1a
muc giam kha 16n, gitp cong ty van tai co thé tiét kiém duoc hang ty dong tién
chi phi nhién liéu cho ddi tau khai thac cua minh. Ngoai ra giai phap con giap
phan dam bao cho tau thoa min dugc cic yéu cau ngay cang khat khe cua to
chic Hang hai quéc té IMO lién quan dén viéc st dung ning lwong hiéu qua

trén tau. Pay duoc coi 1a dong gop vé mit thuc tién caa luan an.
2. KIEN NGHI

Viéc tinh toan hiéu 6 mén nudc tdi wu cho tau trong luan an nay méi chi
xét dén dudi goc do giam cong sudt may cho tau, ma chua tinh dén anh huong

cta hiéu s6 mén nude dén su an toan ciing nhu cac tinh nang khac cua tau trong
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qua trinh khai thac nhu: Tinh niang didu dong cua tau, kha niang nuéc hat 1én mit

boong tur phia miii tau, kha nang quan sat tir dai chi huy...vi du:

Khi tau chay véi trim 4m (chai mii), phan chim trong nuéc cia banh 14i s&
nho hon dan dén giam hiéu suat ctia banh 14i. Hon nira, khi tu chay véi trim am,
chan vit ¢6 thé kém hiéu qua hon do phﬁn chim trong nudc it hon. Mat khéc, khi
tau chay véi trim 4m, phan miii tau sé& bi séng tac dong nhiéu hon, dan dén anh
hudéng dén cac tinh niang quay trd va tinh nang on dinh trén hudéng di cia tau.
Mot vin dé nira, trong truong hop chay tau véi trim am, khi tau bi “chong
chanh” chan vit c6 xu hudng bi nhé 1én khoi mit nuéc din dén rung lic manh
hé truc chan vit gdy nguy co hu hong hé théng. Cudi cung, cac 6ng hit vét cia
cac két nhién lidu, ballast, nuéc ngot trén tau thong thudng duoc bo tri vé phia
vach lai, do d6 s& khong thé hat vét triét dé néu tau chui vé phia mii. Trudng
hop tau chay chui 1ai qua 16n, tinh nang diéu dong cua tau s& bi anh hudng, gy
bat loi cho cong tac diéu khién tau, cu thé nhu: Dién tich dén gié phan miii qua
I6n dan dén viéc kho diéu chinh hudng di (dic biét trong diéu kién gié manh);
Che khuat tam nhin tir buong 14i, gy kho khan cho viéc canh gidi va diéu diéu
dong tau.

Tir cac phan tich néu & trén, NCS kién nghi dé co thé ap dung giai phap toi
rru hoa hidu s6 mén nude vao trong thyc té, can thiét phai co cac nghién cau bd
sung vé anh hudng cua hiéu sb mén nude dén cac van dé ma NCS dé cap 6 trén,
tir d6 méi c6 thé danh gia duoc tong thé anh huong caa hiéu sé6 mén nude dén

hiéu qua sir dung nang lugng va an toan cho tau trong qua trinh khai thac.
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PHU LUC 1: QUY TRINH TIEN HANH THU NGHIEM TREN TAU
LIEN QUAN PEN VIEC CHAY TAU O CAC HIEU SO MON NUGC
KHAC NHAU

PON V[: TAU TRUONG MINH OCEAN CONG HOA XA HQI CHU NGHIA VIET NAM
Dgc lap - Ty do - Hanh phic

Hai Phong, ngay £s. thang 42 ndm 2024

QUY TRINH TIEN HANH THU' NGH[EM TREN TAU LIEN QUAN DEN
CHAY TAU O CAC HIEU SO MON NUGC KHAC NHAU

1. Déi twgng dwgre thir nghiém: TAU TRUONG MINH OCEAN
2. Quy trinh thir nghi¢m

Quy trinh thir nghi¢m dugc thyce hién véi trinh tu cac buée nhu trén Hinh 1.
- Tuyén hanh trinh dugc lya chon & day 1a tuyén; ..M Cr!*f&(?’/\) Fu2i0u......
N FUBMGR U . CLLR. L O.... (st Ll S5......
Tuyén hanh trinh théa man tiéu chi vé didu kién moi truong (do sau khong han ché, diéu
kién bién ém).
- Phuong én thir dugc Iya chon la:
+ Trang théi chay toan tai, lugng gidn nuéc A= 16738 Mts, mén nude: 8.30 (m), the dd
10.5 knots
+ Trang thdi chay ballast, lugng gidn nuéc A= 6709.55 Mts, mén nude: 3.70 (m), ), toc
do 11.05 knots
- Diéu chinh hiéu s6 mén nuée cho tau

Can ¢l vao tinh hinh khai thac thyuc té cla tau va yéu cdu ctia NCS Tran Quéc
Chuéin, chiing tdi da tién hanh lya chon phuorng an thyuc nghiém cho 2 trang thai tai trong
clia tau {mg véi hiu sé mon nuée va tée do nhu trén Béng 1.

Bang 1. Cac truong hop thir

Trang thai ti trong ciia tau Hiéu s6 mém nwée, Trim [m] Téc d§ tau
Trang thai toan tai (T=8.30m) | -0.50m 0.00m 0.50m 10.50 knots
Trang théi chay ballast
(T=3.70m)
Dé dat dugc higu s mon nuée nhu trén bang 1, ching t5i tién hanh phan bb cac thanh
phén khéi lugng (ballast, nhién liéu, hang héa...) cho tau nhu trén cac Bang tir 2 dén 7.

2.70m 3.20m 3.70m 11.05 knots
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Lua chon chuyén hanh trinh va thoi dién dé tién hanh thir

No

Yéu cdu vé tuyén thir ¢6 thda
man

Xay dung cdc phuong an thir dy kién
(Trang théi tai trong + toc d + hiéu s6 mén nudc)
Kiém tra tinh kha thi cta

phuong an thir du kién

Tién hanh xép hang, diéu chinh ballast, nhién li¢u.. trong cac
két dé dat dugce dé diéu chinh hi¢u s6 mén nuée cho tau
No

Hiéu sé mén nuée da thoa
man phuong an thi?

| Tién hanh chay tau va ghi két qua thu duogc j

Hinh 1. Quy trinh cdc buéc thir tau & cde hiéu sé mén nude khédc nhau
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Bang 2. Phuong dn phan bé tai cho tau ¢ trang thai toan tai dé tau c6 higu s6 mém nuée

0.00m -y
NO.1 CARGO HOLD 2630,00 -41,14 -108198,20
NO.2 CARGO HOLD 3230,00 -18,32 -59173,60
NO.3 CARGO HOLD 3230,00 5,78 1866940
NO.4 CARGO HOLD 3100,00 29,92 92752,00
CARGO GRAND TOTAL 12190,00 | 4,59  -55950,40
FORE PEAK TANK 75 -59,83 -4487.25
NO 1 W.B.T (P )&(S) 0 0,00 0,00
NO 2 W.B.T (P)&(S) 0 0,00 0,00
NO 3 W.B.T (P)&(S) 0 0,00 0,00
NO 4 W.B.T (P)&(S) 0 0,00 0,00
NO 5 W.B.T (P)&(S) 0 0,00 0,00
NO 6 W.B.T (C) 75 65,02 4876,50
WATER BALLAST TOTAL 150 2,60 389,25
AP.T(P) 124,21 60,12 746751
AP.T(S) 118,79 60,50 7186,80
FRESH WATER TOTAL 243,00 6031 14654,30
AFT FUEL OIL TANK 1 (C) 199,89 8,44 1687,07
AFT FUEL OIL TANK 2( C) 199,70 28,51 5693,45
FUEL OIL TOTAL 399,59 18,47 7380,52
DIESEL OIL TANKI ( P) 16,97 46,74 793,18
DIESEL OIL TANKI ( S) 17,34 46,72 810,12
DIESEL OIL TANK 2 (P/S) 75,86 55,89 4239.82
DIESEL OIL TOTAL 110,17 53,04 5843,12
LIGHT WEIGHT 3574,98 7,61 27205,60
PROVISION 7,00 62,40
CREW & EFFECT 3,36 47,70
STORE 12,00 -57.80
WATER & OIL IN E.R 31,00 49,10
COOLING WATER TANK 6,43 58,80
D.W CONSTANTS 59,79 30,17 1803,86
L.O.S.T 10,52 48,76 512,96
DISPLACEMENT 16738,05 0,11 1839,20
SUMMARY
Displacement T 16738
Equivalent M 8,30
Draft
Fore M 8,30
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VDG
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-

ITEM % | WEIGHT(T) | | o | Towm
Aft M 8,30
Mean M 8,30
o M 0.00

Biing 3. Phuong dn phan bé tai cho tau 6 trang thai toan téi dé tau cé hiéu sé mén

. nude -0.50m
ITEM % | WEIGHT (T) M(%G g M gMMF;N %

NO.1 CARGO HOLD 2630,00 -41,14 -108198,20
NO.2 CARGO HOLD 3230,00 -18,32 -59173,60
NO.3 CARGO HOLD 3230,00 5,78 18669.40
NO.4 CARGO HOLD 3100,00 29,92 92752,00
CARGO GRAND TOTAL 12190,00 -4,59 -55950,40
FORE PEAK TANK 150 -59,83 -8974,50
NO 1 W.B.T (P)&(S) 0 0,00 0,00
NO 2 W.B.T (P)&(S) 0 0,00 0,00
NO 3 W.B.T (P)&(S) 0 0,00 0,00
NO 4 W.B.T (P)&(S) 0 0,00 0,00
NO 5 W.B.T (P)&(S) 0 0,00 0,00
NO 6 W.B.T (C) 0 65,02 0,00
WATER BALLAST TOTAL 150 -59,83 -8974,50
AP.T (P) 124,21 60,12 7467,51
A.P.T (S) 118,79 60,50 7186,80
FRESH WATER TOTAL 243,00 60,31 1465430
AFT FUEL OIL TANK 1 ( C) 199.89 8,44 1687,07
AFT FUEL OIL TANK 2( C) 199,70 28,51 5693,45
FUEL OIL TOTAL 399,59 18,47 7380,52
DIESEL OIL TANK1 ( P) 16,97 46,74 793,18
DIESEL OIL TANKI ( S) 17,34 46,72 810,12
DIESEL OIL TANK 2 (P/S) 75,86 55,89 4239,82
' DIESEL OIL TOTAL 11017 5304 5843,12
LIGHT WEIGHT 3574,98 7,61 27205,60

PROVISION 7,00 62,40

CREW & EFFECT 3,36 47,70

STORE 12,00 -57,80

WATER & OIL IN E.R 31,00 49,10

COOLING WATER TANK 6,43 58,80
D.W CONSTANTS 59,79 30,17 1803,86
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ITEM % MID.G MOMEN
i e ) ™) @M
L.O.S.T 10,52 48,76 512,96
DISPLACEMENT 16738,05 -0,45 -7524,55
SUMMARY
Displacement T 16738
Equivalent M 8.30
Draft Fore M St
Aft M 8.09
Mean M 8.30
Trim M -0.50

Bing 4. Phuong dn phén bé tdi cho tau ¢ trang thai toan tai dé tau cé hi¢u sé mén nuéc

+0.50m , = =

ITEM % WEIGHT(T) e M&G L Mg‘mq
NO.1 CARGO HOLD 2630,00 -41,14 -108198,20
NO.2 CARGO HOLD 3230,00 -18,32 -59173,60
NO.3 CARGO HOLD 3230,00 5,78 18669.40
NO.4 CARGO HOLD 3100.00 29,92 92752,00
CARGO GRAND TOTAL 12190,00 4,59
FORE PEAK TANK 0 -59,83 0,00
NO I W.B.T (P )&(S) 0 0,00 0,00
NO 2 W.B.T (P)&(S) 0 0,00 0,00
NO 3 W.B.T (P)&(S) 0 0,00 0,00
NO 4 W.B.T (P)&(S) 0 0,00 0,00
NO 5 W.B.T (P)&(S) 0 0,00 0,00
NO 6 W.B.T (C) 150 65,02 9753,00
WATER BALLAST TOTAL 150 65,02
A.P.T (P) 124,21 60,12 746751
AP.T(S) 118,79 60,50 718680
___ FRESH WATER TOTAL 243,00 60,31
AFT FUEL OIL TANK 1 (C) 199,89 8.44 1687,07
AFT FUEL OIL TANK 2( C) 199,70 28,51 5693.45
FUEL OIL TOTAL 399,59 18,47
DIESEL OIL TANKI ( P) 16,97 46,74 793,18
DIESEL OIL TANK]1 ( S) 17,34 46,72 810,12
DIESEL OIL TANK 2 (P/S) 75,86 55,89 423982
_ DIESEL OILTOTAL _ e D 53,04
LIGHT WEIGHT I 3574,98 7,61 27205,60
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ITEM % | WEIGHT (T) M&G : ng\g.)N %
PROVISION 7,00 62,40
CREW & EFFECT 3,36 47,70
STORE 12,00 -57,80
WATER & OIL IN E.R 31,00 49,10
COOLING WATER TANK 6,43 58,80
D.W CONSTANTS 59,79 30,17 1803,86
L.O.S.T 10,52 48,76 512,96
DISPLACEMENT 16738,05 0,67
SUMMARY
Displacement T 16738
Equivalent M 8.30
Fore M 8.06
Draft
Aft M 8.5.81
Mean M 8.30
Trim M +0.5

Bing 5. Phuong dn phdn bé tdi cho tau ¢ trang thdi ballast dé tau cé hi¢u s6 mén nude

 ITEM ; MEN
NO.1 CARGO HOLD -41.14 0.00
NO.2 CARGO HOLD -18.32 0.00
NO.3 CARGO HOLD 5.78 0.00
NO.4 CARGO HOLD 29.92 0.00
CARGO GRAND.TOTAL e 0.00
FORE PEAK TANK 347 -59.83 -11966.00
NO 1 W.B.T (P)&(S) 195 -55.46 -5546.00
NO 2 WB.T (P)&(S) -40.08 -14608.76
NO 3 W.B.T (P)&(S) -18.38 -11124.68
NO 4 W.B.T (P)&(S) 3.92 1611.86
NO 5 W.B.T (P)&(S) 263 29.31 7327.50
NO 6 W.B.T (C) ——— 1507 65.02 1987.01
WATER BALLAST TOTAL | 62| 1648 | = -32319.06.
A.P.T (P) 60.12 7467.51
APT (S)‘ . S—— 60.50 7186.80
_ FRESH WATER TOTAL 60.31 14654.30
AFT FUEL OIL TANK 1 (C) 8.44 1687.07
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%

.~ WEIGHT (T)

MID.G

| ,ITEM Lo (M) .
AFT FUEL OIL TANKV 2(0) 199.70 28.51 5693.45
FUEL OIL TOTAL 399.59 | 18.47 738052
DIESEL OIL TANKI ( P) 16.97 46.74 793.18
DIESEL OIL TANKI ( S) 17.34 46.72 810.12
DIESEL OIL TANK 2 (P/ S) 75.86 55.89 4239.82
DIESEL OIL TOTAL 110.17 53.04 5843.12
LIGHT WEIGHT 3574.98 7.61 27205.60
PROVISION 7.00 62.40
CREW & EFFECT 3.36 47.70
STORE 362.00 -57.80
WATER & OIL IN E.R 31.00 49.10
COOLING WATER TANK 6.43 58.80
D.W CONSTANTS 409.79 -44.97 -18426.34
L.OS.T 10.52 48.76 512.96
DISPLACEMENT 6709.55 0.72 4851.08
SUMMARY
Displacement Il 6710
Equivalent M 3.65
Fore M 237
Draft
Aft M 5.03
Mean M 3.70
Trim M 2.70

Bing 6. Phuong dn phan bé tdi cho tau ¢ trang thdi ballast dé tau cé hiéu sé mém nuée

o MID.G MOMEN
NO.1 CA i -41.14 0.00
NO.2 CARGO HOLD 0.00|  -18.32 0.00
NO.3 CARGO HOLD 0.00 5.78 0.00
NO.4 CARGO HOLD 0.00 29.92 0.00
| CARGO GRAND TOTAL 0.00 0.00
FORE PEAK TANK 347 140.00 | -59.83 -8376.20
NO 1 WB.T (P)&(S) 195 100.00 | -55.46 -5546.00
NO2 W.B.T (P)&(S) 364.49 | -40.08 -14608.76
NO 3 W.B.T (P)&(S) 60526 |  -18.38 -11124.68
NO 4 W.B.T (P)&(S) 411.19 3.92 1611.86
NO 5 W.B.T (P)&(S) 263 250.00 2931 7327.50
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ITEM % | WEIGHT( | VUS| MOME
(M) A T Yald
NOG6WB.T (C) 150 90.56 65.02 5888.21
WATER BALLAST TOTAL 1962  -12.66 -24828.06
AP.T (P) 124.21 60.12 7467.51
AP.T(S) 118.79 60.50 _7186.80
FRESH WATER TOTAL  243.00 60.31 14654.30
AFT FUEL OIL TANK 1 (C) 199.89 8.44 1687.07
AFT FUEL OIL TANK 2( C) 19970 28.51 5693.45
FUEL OIL TOTAL . 399.59 18.47 | 7380.52
DIESEL OIL TANK1 ( P) 16.97 46.74 793.18
DIESEL OIL TANKI ( S) 17.34 46.72 810.12
DIESEL OIL TANK 2 (P/S) 75.86 55.89 4239.82
DIESEL OIL TOTAL 110.17 53.04 5843.12
LIGHT WEIGHT 3574.98 7.61 27205.60
PROVISION 7.00 62.40
CREW & EFFECT 3.36 47.70
STORE 362.00|  -57.80
WATER & OIL IN E.R 31.00 49.10
COOLING WATER TANK 6.43 58.80
D.W CONSTANTS 409.79 -44.97 -18426.34
L.O.S.T 10.52 48.76 512.96
DISPLACEMENT 6709.55 1.84 12342.08
SUMMARY
Displacement T 6710
Equivalent M 3.65
Fore M 2.11
Draft
Aft M 5.31
Mean M 3.71
Trim M 3.20

Bang 7. Phuong dn phdn bé tai cho tau ¢ trang thdi ballast dé tau cé hiéu sé mém nuéce
+3.70m

NO.1 CARGO HOLD 0.00 -41.14 0.00
NO.2 CARGO HOLD 0.00 -18.32 0.00
NO.3 CARGO HOLD 0.00 578 0.00
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ITEM 0 MID.G MOMEN
: % | WEIGHT (T) o (M)
NO.4 CARGO HOLD 0.00 29.92 0.00
CARGO GRAND TOTAL 0.00 0.00
FORE PEAK TANK 80.00 -59.83 -4786.40
NO 1 W.B.T (P)&(S) 100.00 -55.46 -5546.00
NO2 WB.T (P)&(S) 364.49 -40.08 -14608.76
NO3 WB.T (P)&(S) 605.26 -18.38 -11124.68
NO 4 W.B.T (P)&(S) 411.19 3.92 1611.86
NO 5 W.B.T (P)&(S) 250.00 29.31 7327.50
NO 6 WB.T (C) 150.56 65.02 9789.41
~ WATER BALLAST TOTAL 1962 -8.84 -17337.06
AP.T (P) 124.21 60.12 7467.51
AP.T(S) 118.79 60.50 7186.80
FRESH WATER TOTAL 243.00 60.31 14654.30
AFT FUEL OIL TANK 1 (C) 199.89 8.44 1687.07
AFT FUEL OIL TANK 2( C) A 199.70 28.51 5693.45
7. FUELOILTOTAL 0 39959( 1847  7380.52
DIESEL OIL TANK!1 (P) 16.97 46.74 793.18
DIESEL OIL TANKI ( S) 17.34 46.72 810.12
DIESEL OIL TANK 2 (P/S) 75.86 55.89 4239.82
~ DIESEL OIL TOTAL 110.17 53.04 5843.12
LIGHT WEIGHT 3574.98 7.61 27205.60
PROVISION 7.00 62.40
CREW & EFFECT 3.36 47.70
STORE 362.00 -57.80
WATER & OIL IN E.R 31.00 49.10
COOLING WATER TANK 6.43 58.80
D.W CONSTANTS 409.79 -44.97 -18426.34
L.O.S.T 10.52 48.76 512.96
DISPLACEMENT 6709.55 2.96 19833.08
SUMMARY
Displacement T 6710
Equivalent M 3.65
Dt Fore M 1.85
Aft M 5.60
Mean M 3.72
Trim M 3.70
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- Ciich thire tién hanh thyc nghi¢m

Do diéu kién ngoai canh (song, gio va dong chay) cua tau thay déi lién tuc theo thoi
gian. Chinh vi viy. dé diéu kién ngoai canh la gan nhu nhau khi tién hanh thir nghiém do dac
anh hudng cua hiéu s6 mon nudce dén su thay doi cong sudt may cua tau, nhém nghién clru
lua chon thoi gian tién hanh thir nghiém cho mdi phuong an hiéu s6 mén nude 1a 01h l;(hi (‘ié
s€ dam bao dugc diéu kién ngoai canh la trong ddi nhu nhau khi tau chay & cac hi¢u so mon
nuée khac nhau.

Sau khi da didu chinh duge hiéu sé mén nuée cho tau ding nhu phuong dn thu r}hu
trén, ching tdi tién hanh chay thir tau. Trong qua trinh chay thu tau s& ghi lai sy thay doi co‘ng
sudt mdy va murc tiéu hao nhién li¢u cho tau tmg voi timg trudng hop }h(r khéc nhau. O day,
chiing t6i Giir nguyén vong tour ctia mdy ¢ tat ca cac phuong dn hi¢u s6 mén n'uérc khéc nhau
trong qua trinh chay thir (img voi mot trang thai tai cua tau). Trén co SO d(‘)’ tién hanh do dac
su thay ddi cong suat may va mire tiéu hao nhién ligu ddi voi timg hi¢u s6 mén nude khac
nhau.

THUYEN TRUONG
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PHU LUC 2. GIAY XAC NHAN KET QUA THU NGHIEM TREN TAU

Y

PON VI: TAU TRUONG MINH OCEAN CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap - Ty do - Hanh phiic

Hai Phong, ngayla. thang 2. nam 2022

XAC NHAN KET QUA THU NGHIEM TREN TAU

1. Tén tau dwoc thir nghiém: TRUONG MINH OCEAN
2. Chuyén di, thoi gian, vi tri
2.1.Chuyén i R S e eSS

sl R SSION. U EBTL. ..o oo

3. Nhén sy thwe hién thir nghiém
3.1. Chi huy thuc hién: -
Thuyén truong; ?Pﬂ///&/ﬁ/lrfb@dﬂ/
3.2. Thyc hién: .

51 R N T = U ¢
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4. Quy trinh thwe hi¢n thir nghi¢m: tuin theo cac bude trong phu luc dinh kém.
5. Thong s6 do dac, tinh todn: tée do tau, vong tua may chinh, mén nude, hi¢u sb
v'/ mén nude (trim), cong suat may chinh, lugng tiéu hao nhiéu liéu.
6. Diéu ki¢n thir nghiém
6.1.  Truong hop tau chay ballast

6.1.2. Diéu kién méi truémg
+ D9 sdu cua nude: Lon hon 70m
+ Trang thai bién: chiéu cao séng nho hon 0.5m, tc do gi6 nhé hon
8.7 knots.
6.1.3. Thoi gian do cho mdi truomg hop thir: 01 giv
6.1.4. Trang thai tai trong cua tau
Trang théi chay ballast, lugng gian nudc A= 6709.55 Mts, mdn nude:

6.2. Truodng hop tau chay toan tai

-------------- NGHIS ON. e UL o PASTER

HONG - VIET N

6.2.2. Diéu kién méi truong

+ D¢ sdu ctia nude: Lon hon 70m

+ Trang théi bién: chiéu cao séng nhé hon 0.55 m, tée do gi6 nho

hon 8.0 knots.
6.2.3. Thoi gian do cho mdi truong hop thir: 01 gidy
6.2.4. Trang théi tai trong cua tau

Trang théi chay toan tai, lvgng gian nuée A= 16738 Mts, mén nudc:

8.30 (m)
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7. Két qua thir nghi¢m

7.1 Két qua do dac tai trang thai toan tai khi cho tau chay & toc dd 10.5 knots

Céc thong sb

Hiéu s6 mén nudc, m

-0.50 (chti mii) 0.00 +0.50 (chui lai)

Vong tour ctia may [rpm] 187.0 187.0 187.0
Cong suit may chinh [kW] 2306 2353 2389
Lugng nhién liéu tiéu hao [kg/gio] 478 495 508

7.2 Két qua do dac tai trang théi ballast tai toc do 11.05 knots
, Hiéu s6 mén nudc, m

Clerhongs +2.70 +3.20 +3.70

Vong tour cia may [rpm] 174.0 174.0 174.0

Cong suit may chinh [kW] 2109 2075 2044
Luwong nhién ligu tiéu hao [kg/gio] 435 419 405

THUYEN TRUONG
M/V TRUONG MINH OCEAN
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PHU LUC 3. GIAY XAC NHAN CUA CONG TY CO PHAN QUOC TE
TRUONG MINH

CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phic

Hai Phong, ngay 08 thang /Onam 2021

GIAY XAC NHAN

Céng ty Cb phan Quéc té TRUONG MINH xac nhén ring:

Ngay 0 thang 46. nim 2021 nhém nghién ctu gom: ThS. Tran Qudc Chuén,
PGS.TS. Tran Ngoc T, PGS.TS. Nguyén Kim Phuong — Can bd gidng day truong Dai
hoc Hang hai Viét Nam, da lién hé véi Cong ty dé duge phdi hop nghién ctru khoa hoc
v6i cde ndi dung sau day:

1. Thu thip céc tai liu, thong sd ky thudt, ban vé&, s liéu cén thiét cua tau
TRUGNG MINH OCEAN, trong tai 12500 DWT phuc vu cho vén dé thuc hién lun
an tién T “Nghién citu xdc dinh hiéu s6 mén nude téi wu nham néng cao hiéu
qua str dung nhién liéu trén tau bién”, ma sb 9840106..

2. Trién khai thue nghiém khoa hoc kiém chiing két qua tinh toan cua luén 4n noi
trén; ghi hinh qué trinh thuc nghiém; téng hop cic két qua thue nghiém va mot sb noi
dung khac phuc vu vin dé nghién ciru.

Tréan trong xac nhan./.
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