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Tém tit

Bai bdo nay trinh bay viéc nghién cuu, xdy dung
mot mo hinh tinh toan nhién liéu theo thoi gian thuc
cho tau thuy sw dung phwong phap néi suy. Nhién
liéu tiéu thu dwoc tinh toan dua trén viéc tinh toan
cong sudt tiéu thu tirc thoi va sudt tiéu hao nhién
liéu tai méi thoi diém ldy mau. Cong sudt tire thoi
duoc tinh toan dya trén gia tri lyc can bé sung cua
tau tity vao timg diéu kién khai thac cu thé ciing nhu
cdc théng sé nhiéu méi truong. Gid tri lc can bo
sung cua tau duoc tinh toan sir dung cdc cong thirc
ban kinh nghiém. Trong khi dé, sudt tiéu hao nhién
liéu dwoc tinh bang phép néi suy tir dwong cong
sudt tiéu hao nhién liéu dwoc trich xudt cac diém
dit liéu méu tir diF liéu chay thwr tau thuc sau khi
déng méi. Két qua thir nghiém mé hinh cho thdy mé
hinh hoat dong tin cgy, co khad nang tinh toan nhién
liéu theo thoi gian thuwc véi sai s6 nhé. M6 hinh nay
6 thé duoc sik dung trong gidi phdp tim cdc tuyén
dwong cho tau thuy treée moi chuyén di sao cho toi
wu lwong nhién liéu tiéu thu dwa trén cdac thong tin
dur bdo thoi tiét dé ndng cao hiéu qua sir dung nhién
liéu, giam phat thai cdc khi doc hai ra moi truong.
Tw khoa: Mo hinh tinh toan nhién liéu, cong thirc
ban kinh nghiém, phwong phap ngi suy.
Abstract

This paper presents the research and construction
of a real-time fuel calculation model for the main
engine of ships using interpolation method. Fuel
consumption is calculated based on the
calculation of instantaneous power consumption
and the specific fuel consumption at each
sampling time. Instantaneous power is calculated
based on the added resistance acting on the ship
depending on different conditions, and this added
resistance is calculated using semi-empirical
Meanwhile,  the specific fuel
consumption is calculated by interpolation

formulas.

method from the specific fuel consumption curve
by extracting sample data points from the sea trial
data of the actual ship after new construction.
Model testing results show that the model
operates reliably and is capable of calculating
fuel in real-time with small errors. This model can
be used to find optimal routes for ships before
each trip based on weather forecast information
to improve fuel efficiency and reduce emissions
into the environment.

Keywords: Fuel calculation model, semi-
empirical formulas, interpolation method.

1. Mé diu

Van tai bang duong thuy 1a mot trong nhiing
phuong phap vén tai ré nhat khi van chuyén hang hoa
giita cac qudc gia va luc dia. Tuy nhién, chi phi nhién
liéu c6 thé chiém tir 50% dén 70% tong chi phi khai
thac mot tau tiy thudc vao timg loai tau va thong sb
cuano [1].

Hon nita, dé tuan thu cong udc qudc té vé ngin
ngira 6 nhiém do tiu gay ra (MARPOL), phu luc VI ciia
t6 chirc hang hai qudc t& IMO véi nhiing quy dinh vé
ngan nglra 6 nhiém tir tau. Cc cong ty van tai hién nay
d3 va dang tim nhimg giai phap dé cit giam luong nhién
liéu ti€u thu cho tau trong qua trinh khai thac.

Trong nhiing giai phap dé nang cao hiéu qua sir
dung nhién li¢u cho tau thi mdt md hinh tinh toan
nhiéu li€u hoat dong chinh x4c, tin cdy cod thé dugce st
dung trong viéc xdy dung ké hoach trude mdi chuyén
di cho tau dya trén cac thong s6 cia tau va cac thong
tin du bao thoi tiét.

Nhién li¢u ti€u thy cia may chinh khi tau hoat
dong trong mot ngay c6 thé duoc tinh nhu sau [2]:

24h
TFC = |

i=0

P.SFOC, dt (1)

Trong d6, TFC 1a nhiéu liéu tiéu thu tdng trong
mot ngay (tan), P;1a cong suét tirc thdi cia may chinh
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(kW), SFOC; 1a suét tiéu hao nhiéu li¢u (g/kW.h).

Nhu vay, mudn tinh duoce nhién liéu tiéu thu thi
can tinh dugc cong suét tirc thoi va suét tiéu hao nhién
lidu tai mdi thoi diém lay mau ;.

Trong cong bd [3], Barrass va cong sy di dé xuit
mdt cong thuc dé tinh nhién liéu tiéu thu theo luong
chiém nudc cua tau va tdc do tau. Mersin va cong su
trong nghién ctru [4] dé cai tién cong thire nay khi xem
xét sy thay doi thong s lugng choan nudc cua tau sé
thay d6i tly vao trong tai hang hoa cua tau va luong
nhién liéu con lai trong két chira diu. Tuy nhién,
nhitng cong thirc nay chi phut hop dé wéc lwong mirc
tiéu thu nhién liéu trung binh cho mdi chuyén di, néu
xét trong nhiing diéu kién thoi tiét cu thé thi d6 chinh
xac s€ khong cao.

Trong bai bao [5], Kim va cong su da dé xuat mot
phuong phép tinh nhién liéu tiéu thu cho tau thuy dya
trén tiéu chuan ISO 15016:2015. Trong nghién ctru
nay, phuong phap dé tinh toan gié tri lyc can b sung
khé phtc tap va phuong phap dé tinh suit tiéu hao
nhién li¢u khong dugce dé cap chi tiét.

Trong cac tai li€u [6, 7], cac tac gid st dung
phuong phap thong ké dé udc lugng nhién licu tiéu
thu. Trong khi d6, Le va cac cong su trong nghién clru
[8] st dung mot md hinh mang no-ron dé du bao
luong nhién li¢u ti€u thu. Nhitng phuong phap nay
déu yéu cau mot lwong dir liéu hoat dong trong qué
khir ctia tau da 16n va chwa noi dén nhimg dir liéu nay
thuong rat kho dé thu thap day du, chi tiét.

Trong cong trinh [9], Ailong Fan va cac cong su
da xay dung mot mo hinh tinh toan nhién li€u theo
thoi gian thuc ap dung cho cac tau ché hang roi. Tuy
nhién, nghién ctru nay khong xét dén anh huong cua
hudng song. Trén thuc té, hudng séng s& co anh
huong rat 16n dén luc can bd sung cia tau va lugng
nhién li¢u tiéu thu.

Ngoai ra, trong céng bd [10], nhom nghién ctru
cling dé xudt xay dung mot mé hinh tinh toan nhién
liéu sur dung phuong phap ndi suy. Tuy nhién, nghién
clru nay chi xét dén ché d¢ tau chay ballast chtr chua
dua ra phuong phap tinh toan cu thé véi cac tai trong
khai thac khac nhau cuda tau.

Tir nhitng van d& con ton tai nhu di chi ra & trén.
Bai bao nay dé xuat xdy dung mot mo hinh tinh toan
nhién li€u theo thoi gian thyc. M6 hinh dé xuét sur
dung cac cong thirc ban kinh nghiém dé tinh luc can
bd sung 1én tau, tir 6 s& tinh duoc cong sudt tic thoi
ciia may chinh. Ngoai ra, sut tiéu hao nhién liéu s&
duoc tinh toan dya trén phép ndi suy tur duong cong
suét tiéu hao nhién liéu dugc thu thap trong qua trinh

chay thu cua tau thuc sau khi dong méi.

Phan con lai ciia bai bao duoc sip xép nhu sau.
Phan 2 dua ra cic bude dé xay dung mé hinh tinh toan
nhién li€u. Qua trinh xay dung mé hinh cho mét tau
cu thé s& dugc trinh bay trong phan 3. Trong phan 4 1a
qua trinh thir nghiém mo hinh d& xuit va mot sé két
Iuan s€ duoc dua ra.

2. Xay dwng mo hinh tinh toan nhién liéu theo
thoi gian thuc

Khi tau hanh trinh trén bién, nhién liéu tiéu thu
tong clia tau phan 16n boi may chinh va méay phat dién.
Trong khi may phat hau nhu luén tiéu thy mot luong
nhién liéu khong di trong qua trinh tau chay bién thi
nhién li¢u ti€u thu cua may chinh phu thude rat nhidu
vao cac yéu td nhu tdc do dat cho may chinh, cac
nhiéu méi truong nhu séng, gio, va dong chay,... Boi
vay, nghién ctru nay chi xay dung mé hinh tinh toan
nhién li¢u cho may chinh. Nhién li¢u tiéu thu ciia may
phat s& gia dinh 13 mot hang s6 khi xét dén luong
nhién liéu tiéu thu téng cua tau.

V61 hudng nghién ctru 1a cac tau cho hang c6 budce
chén vit c¢b dinh, theo tai liéu [11], cong suit cia may
chinh s€ duogc tinh nhu sau:

P=cxn® )

V6i P 1a cong sudt may chinh (W), 7 13 téc d6 may
chinh (rpm), ¢ 1a mot hang sb. Hang s6 ¢ s& phu thudce
vao luc can bd sung tau khi hanh trinh trén bién.

Dua trén cac phuong trinh (1)+(2) va cac phan tich
trong phan 1, cic budc xdy dung mo hinh dé xuét
duoc thé hién nhu trén Hinh 1.

BUOC 1

Thu thip gi4 tri cia céc bién ddu vao: Hudng di,
thong s6 mdi trudng, tbe d6 dat may chinh, v.v.

BUGC 2
Tinh toan cong sut tre thoi dua vao gia tri luc can
thém vao su dung cac cong thirc ban kinh nghiém

BUOC 3

|.

Tinh suét tiéu thu nhién liéu dua trén duong dac
tinh SFOC tir dir liéu chay thir tau

!

BUOC 4

Tinh toan lugng nhién liéu tiéu thu téng

Hinh 1. Cac budc xdy duwng mé hinh tinh toan nhién

liéu tiéu thu cho mdy chinh
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Hinh 2. Cdc tham sé dwong nuwde xdic dinh luc cin bo sung

Tai bude 1, céc tin hiéu dau vao cho md hinh dé
xudt s& can dugc thu thap tai mdi thoi diém lay mau
khac nhau gom: Hudng di cua tau, trong tai tau, cac
thong sé méi truong, mén nude phia trude, mon nude
phia sau, tdc d6 dat may chinh.

Cac gia tri da thu thap sé dugc st dung dé tinh
gia tri lyc can ) sung tau. Khi tau van hanh trén
bién, téng lyc céan tac dung 1én tau co thé duoc tinh
nhu sau [12]:

Rtotal = Rcalm + Radded (3 )

Trong d6, R 12 tong luc can tac dong 1én tau (N),
Rean 12 Iyc can tac dong vao tau & didu kién thoi tiét
t6t (N) (khong song, gio, dong chay), va Ruuiea1a luc
can bo sung boi cac nhidu méi truong (N). Luc can bd
sung Raddeqs duge tinh nhu sau [13]:

4
Rasged = Rawm + Z Rawr + Ruing “)
i=1

Trong d6 Rama1a luc can bd sung do song boi hidu
g birc xa, Rawr 14 luc can bo sung do séng boi hiéu

4

ung phan xa, va Ryixq 13 luc can do gio. V§i nhiing tau
¢6 chiéu dai 16n, khi hoat dong trén bién thanh phan
luc can do hi¢u ung birc xa kha nho khi so sanh véi
hiéu tmg phan xa vi thanh phan séng anh huong dén
tau chu yéu la song ngan [14]. Vi trong tim nghién
ctru 13 nhirng tau ché hang c6 trong tai va chiéu dai
16n. Nghién ctru nay d& xuét viéc tinh toan xay dung
cho tau hoat dong & cac ché do song vira va nho so voi
tau khi dao dong trén séng cua tau 1a khong dang ké.
Do d6, gia tri luc can bo sung tau ciia mé hinh d& xuat
chi xét dén lyc can bd sung boi hiéu tmg phan xa va
luc can do gi6. Theo tai liéu [13], cac thanh phan lyc
can do hiéu tmg phan xa R,,, dugc tinh theo (5),
(6), (7) va (8).

Trong d6, o la goc toi cua song (d9), &, la
bién d6 song (m), U 1a van toc tau (knots), RLWR la
thanh phan lyc can dya trén tham s6 duong nudc S;
nhu trén Hinh 2. Cy thé dudng nude S; va dudng nudc
S, 6 bén trai va phai mii tau, duong nudc Sz va dudong
nudc S4 & bén trai va phai dudi tau. Cac thanh phan
luc can nay s€ tac dung vao tau khi goc toi cliia song

nam trong cac dai twong tmg. Cu thé 13, RY :

2.25 0.87 \"HH) 2a,U
Rf\WR:'—prgﬁaT*[' j {sinz(El—a)+ 0 [COSElcOS(El—a)—COSa]}(S)
g

CB

(1+4Fr)f(a)
2.25 0.87 . 2a,U
R% = TprgﬁaT* {—] {smz( E,+a)+ 5 [cosE, cos(E, +a )—cos a]} (6)

CB

2.25

Rem = _Tpr‘ff\“T* {sinz( E,+a)+

2.25

Raws = _.Tpré:f\aT* {Sinz( E,—a)+

20U

[cosE, cos(E, +a)—cosw]} @)

2a,U

[cosE, cos(E, —a)—cosa]} ®)
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E <a<rm , Ry : 7n-E<a<rz , Rl
0<a<rz-E,, vaR},: 0<a<E,. Trong khi do
a. 13 hé s6 mén nude. Chi tiét hon vé cac hé scf) trong
cac phuong trinh (5)+(8) dugc trinh bay cu thé trong
nghién ctu [13].

Tir cac cong thire tinh lyc can bd sung do song &
chc cong thirc trén, ta thdy rang luc can bd sung s&
tang cao khi chiéu cao song 16n. Mbi quan hé giita
chiéu cao song va van tdc gié voi phd song Pierson-
Moskowitz dugc thé hién nhu sau [13]:
_2.06

H, = _2V129.4

s )
Vi H, 1a chidu cao song (m), g 1a gia tdc trong trudng
(m.s2), V9.4 12 van toc gié & chidu cao 19.4 m so véi
mat nude bién (m.s™).

) =£ CX(yr )paVrZAT 10
o JQUH&WA} (
1
08
p=c.n® A
06 il : /
H /
o-04 / A
|
0.2 //VZ i
|
Z% :ni
0 0.2 04 06 0.8 1
n(p.u.)

Hinh 3. Do thi lam viéc ciia chin vit

%10°

10

Heavy running

0 10 20 30 40 50

SPEED (RPM)

60 70 80 90

Hinh 5. Cic dwong db thi lam viéc ciia chén vit

xdy dung cho tau The Prorsperity
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Trong khi d6, Iuc can bo sung do gid tac dong doc
(truc X) than tau va ngang (truc Y) than tau c6 thé
duogc tinh nhu phuong trinh (10) [14].

Véi C,,C, lacaché s6 Iye, chung s& phu thudc
vao gia tri cua goc tuong ddi gitra huéng gié va mii
tau, p, 1amatdo cuakhong khi(kg.m?), V, lavéan
toc gio tuong dbi (m.s™), L 1a chidu dai cta tau (m),
Ar va A; (m?) 1a dién tich ma gié thoi vao mit trude
va mat bén cua tau.

Hinh 3 thé hién dd thi 1am viéc ciia chan vit img véi
cac gia tr khac nhau ciia Iyrc can bd sung. Trong do thi nay,
tryc hoanh thé hién téc 6 méay chinh va truc tung thé hién
cong suat may chinh ¢ dang dai luong tuong dbi. Cac dd
thi lam viéc nay duoc xay dung dua trén viéc Kkét hop gitra
dix lidu do duogc vé cong suét dong co & trang thai bién
trong béo c4o budi trua va trong tmg 14 gia tri luc can bd
sung ciia tau theo cong thire ban thue nghiém ¢ nhiéu trang
thai tai trong khac nhau cua tau. Didu nay s& 1a co so dé
noi suy cong sudt tai cac trang thai bién trung gian.

[a—
(8%
»
Ll

—
J—

1
0.9 | |
4 S
4
02 04 06 08 T
Load (p.u.)

Hinh 4. Puwong cong sudt tiéu hao nhién li¢u tiéu chuin

SFOC (g/kWh)

ciia dpng co diesel tau thuy [15]

e
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Hinh 6. Pwong cong sudt tiéu hao nhién liéu

ciia tau The Prosperity
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Puong s6 3 1a dd thi lam viéc cua chan vit véi
thoi tiét tot. Puong nay c6 thé dugc xdy dung tir bang
dir liéu chay thir tau hodc dir li¢u trong bang bao cao
budi trua véi didu kién thoi tiét khong c6 nhiéu loan
(g v6i gié tri lyc can bd sung bang khong (Rudaea=0).

Trong khi d6, duong s6 1 14 d6 thi lam viéc ciia
chan vit vi thoi tiét xdu. Puong nay duge xdy dung
dwa trén bang thong sé ciia mdi hang may nhu mot
truong hop cu thé ciia hing may MAN duoc trinh bay
trong muc 3. Trong truong hop nay, luc can bd sung
dugc gia dinh 13 gia tri 16n nhat (Rugieq=max).

Gia tri lyc can bd sung tau R; tai thoi diém tinh

toan i bat ky s& tinh duoc tir cac cong thire ban kinh
nghiém tiy vao cac thong s6 hién tai cua tau va do 16n
ciing nhu huéng cua cac nhidu moi trudng nén
R, €[0,max]. Tur d6, hé s6 ¢ trong phuong trinh (2)
s€ duoc ndi suy tuy thude vao gia tri cua R; tai thoi
diém tinh toan. V&i mot tri cua ¢ thi dudng do thi lam
viéc s& 1a mot duong nao d6 nam giita dudng s6 1
(Raddea=max) va duong s6 3 (Rudaea=0). Tl 40, gia sir
nhu dd thi 1am viéc cta chan vit tai thoi diém tinh toan
1a dudng sb 2 thi véi gia tri tbe d6 dat cho may chinh
trén truc hoanh n;, gia tri cong suét tirc thoi P; ¢6 thé
dugc tinh ra véi gia tri tvong Gmg nam trén truc tung
nhu trén Hinh 3.

Tai budc 3 gia tri suét tiéu hao nhién liéu sé& tinh
duoc dya trén gia tri cong suét tire thoi da tinh duoc &
budc 2 dua trén dudng cong sut tiéu hao nhién lidu
nhu trén Hinh 4. Hinh 4 1d mot duong cong suét tiéu
hao nhién lidu tiéu chuén cta dong co diesel tau thiy.
Puodng cong nay v6i mot may chinh bat ky ¢ thé co

BLOCK 1: ADDED RESISTANCE CALCULATION
using SEMI-Empirical formulas

Ship_heading (HDG)
@O—

Ship_speed (STW)

A.P. Draft

A.P. Draft

F.P. Draft

Ship_heading (HDG)
Ship_speed (STW)
Radd

F.P. Draft
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duogc tir dir liéu chay thir tau cua tau do.

Vi gia tri cong sudt tirc thoi va suat tiéu hao nhién
lidu da tinh duge & bude 2 va bude 3 tai mdi thoi diém
14y mau. O budc 4, lugng tiéu hao nhién lidu téng s&
dugc tinh dya trén phuong trinh (1).

3. Xay duwng mo hinh tinh toan nhién liéu cho
tau The Prosperity

Vi trong tdm nghién ctru 1a nhiing tau ché hang
c6 trong tai 16n. Nhom tac gia lya chon tau The
Prosperity dé nghién ctru thyc nghiém. The Prosperity
la mot tau chd hang roi voi trong tai 82,000 tan. Dyua
trén 03 tép dir liu cua tau nay ma nhém nghién ctiru
da thu thap duoc bao gom: Ho so tau chira cac thong
s6 k¥ thuat va thong s thiét ké cua tau; Dir liéu chay
thir tau sau khi dong méi; Béo céo budi trua (noon
reports) trong khoang thoi gian 02 nam (12/2020 +
11/2022). Dya trén 02 tép dit liéu du tién, mot mod
hinh dé xut dé tinh toan nhién liéu s& duoc xay dung
theo cac budc di dé cap trong phan 2. Trong khi do,
tép dir liéu con lai dugc dung dé kiém chirmg mé hinh
da dé xuét.

May chinh trén tau The Prosperity la may
6S60ME-C8.2 cua hang MITSUI MAN B&W. Theo
tai lieu may MAN, khi tau van hanh trong thoi tiét xau
v6i khoang song cép 10/12 cua thang Beaufort dua ra
boi to chirc khi twgng qudc t& WMO, véi ciing cong
suét chan vit thi téc do cua chan vit c6 thé giam téi
12% [11]. Tir d6, v&i cac gia dinh rang:

BLOCK 2: PROPELLER CURVE SELECTION

(kW)

Wind_direction
Wind_direction
(6 )
Wind_speed
7
ME_revolution

BLOCK 4: TFC

TFC

(ton)

-

BLOCK 3: INTERPOLATION BLOCK
for caculating SFOC

1-D Lookup
Table2

Hinh 7. M6 hinh tinh todn nhién ligu dé xuit xdy dung trén phan mém Matlab/Simulink
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Very rough High

20.36
20.56
21.79
21.49
22.39
21.79
21.5

Rough Very high Very rough

10/5/2022  12/5/2022 14/5/22 15/5/22 16/5/22

M M6 hinh tinh toén dé xuat

Hinh 8. Nhién liéu tiéu thu thuwc va nhién ligu tiéu thu tinh bang mé hinh dé xudt trong 10 ngay tiéu biéu

e Song bién cap 10/12;

® D§ cao song 1a 9m;

e Goc tuong ddi gitra hudng mili tau va hudng
song 1a 180° (head sea);

e Tau day hang (laden);

e Toc d6 chan vit giam 12% véi cling cong suat
khi thoi tiét xau (10/12).

Nhém tac gia xay dung dugc dd thi 1am viéc cua
chén vit v6i thoi tiét xdu (heavy running) 1a duong sb
1 (mau d6) trén Hinh 5. Do thi 1am viéc cua chéan vit
v6i thoi t6t (light running) dwoc xdy dung 1a duong sb
3 (mau xanh). Puong dic tinh nay tmg véi lyc can bo
sung bang khong (khong co nhidu mdi trudng) duge
xdy dyng dua trén dit liéu tir bang bao cdo budi trua
trong ngay thoi tiét tot va tau chd day hang (ngay
09/4/2022). Dya trén gia tri Iyc can bod sung tai moi
thoi diém lay mau bt ky (dugc tinh nhu da dé cap
trong phé‘ln 2), dd thi 1am viéc cua chan vit s& duoc ndi
suy 14 dudng nét dit 2 (mau den) nam gitta dudng 1
va duong 3. Tir dudong 2 nay, cong sudt tire thoi cua
méy chinh sé& tinh dwoc duya trén toc do dit cua no.

Sau khi d tinh dugc gia tri cong suat tirc thoi, suét
tiéu hao nhién liéu theo nhu budc 3 trong phan 2 da
trinh bay s& dugc tinh toan bang phép ndi suy dia vao
dudng cong suét tiéu hao nhiéu liéu. Hinh 6 1 duong
cong suét tiéu hao nhién liéu dugc thu thap trong qua
trinh chay thir tau thuc The Prosperity.

Dua trén duong cong nay, 61 mau dit licu (P,
SFOC;) dugc trich xudt dé sir dung cho khdi ndi suy
trong md hinh tinh toan.

T céc co s trén, md hinh dé xuit duoc thiét ké
xdy dung trén phan mém Matlab/Simulink nhu Hinh
7. Trong d6, Block 1 1a khdi tinh toan gia tri lyc can
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bd sung tau véi cac bién dau vao 1a: Hudng di cia tau,
tbc do tau, van téc gid, hudng gid, mén nude phia
trude va phia sau tau, va tdc do dat cia may chinh.
Trong khi d6, Block 2 ¢6 vai tro tinh toan cong suat
tire thoi ctia may chinh dya trén gia tri luc can bo sung
tau da tinh toan ¢ Block 1. Tir gid tri cong suat tirc thoi
da tinh dugc, Block 3 c6 churc nang ndi suy ra gia tri
suit tiéu hao nhién liéu v6i 61 mau dir liéu da trich
xuat. Cudi cling, voi cong sudt tirc thoi va suat tiéu
hao nhiéu liéu tai mdi thoi diém ldy mau s& duoc dwa
dén Block 4 dé tinh toan lwong nhién liéu tiéu thu tong.
4. Thir nghi¢ém md hinh dé xuit

Dé thir nghiém mo hinh dé xuat, 10 ngay tiéu biéu
trong tép dir liéu bao cdo budi trua cua tau The
Prosperity tir 02/3/2022 dén 16/5/2022 duoc chon lua
1a nhimg ngay véi nhiing trang thai thoi tiét khac nhau
dugc thé hién nhu trén Hinh 8. Nhing ngay ndy tau
déu co toc do ddt cho may chinh 1a 70rpm. Chiéu cao
song va toc do gié trong 10 ngay tmg véi cac trang
thai mat bién khac nhau duoc dinh nghia theo thang
Beaufort cuia t6 chirc khi trong qudc t& WMO.

C6 thé thdy nhu trong Hinh 8, v6i nhitng ngay
thoi tiét x4u thi lugng nhién liéu ti€u thu cia tau
gitta mo hinh dé xuat va dir liéu that déu ting. Sai
s6 giita dit liéu tinh toan boi mo hinh dé xuét va dir
liéu thyc rdt nho ¢ nhitng ngay thoi tiét tot nhu ngay
09/4/2022 hay ngay 18/4/2022. Tuy nhién, khi thoi
tiét xau hon thi nhiing sai s nay tang Ién, cu thé
nhu trong Bang 1. Sai s6 16n nhat 1 -2,76% trong
ngay 15/5/2022. Thyc té di ching minh, trong
nhirng nghién ciru tinh lyc can bd sung tau, rit kho
dé tinh duoc gia tri nay véi sai s6 thap khi c6 nhiing
nhiéu loan 1én tac dong 1én tau.
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Bing 1. Sai so gifa mé hinh dé xudt va gid tri thuc

R Sea state (WMO) Wi. sp. I

No. Ngay Code M0 td (knots) Saiso (%)
1 02/3/22 4 Moderate 17 0.69%
2 09/4/22 1 Calm 3 -0.46%
3 17/4/122 4 Moderate 21 0.74%
4 18/4/22 1 Calm 3 -0.63%
5 23/4/22 5 Rough 25 1.15%
6 10/5/22 5 Rough 24.8 0.97%
7 12/5/22 6 Very rough 33 -1.39%
8 14/5/22 7 High 41 -2.43%
9 15/5/22 8 Very high 46 -2.76%
10 16/5/22 6 Very rough 33.2 -1.35%
Sai sb trung binh: 1.22%

Sai s6 trung binh trong qua trinh thir nghiém la
1,22%. Sai s6 nay 1a khong 16n va hoan toan c6 thé
chap nhan duoc khi so sanh v6i nhitng mé hinh tuong
tu trong cac nghién ctru khac. Pién hinh nhu trong
nghién cuu [5], cac tac gia ciing su dung dir li¢u thu
tau theo tiéu chuan ISO 15016:2015 dé xay dung mo
hinh tinh toan nhién lidu. Két qua thir nghiém mé hinh
d6 duoc so sanh v6i két qua tir thir nghiém mé hinh
Grey-box thay vi tir tép dir li¢u that dugc thuc hién
trong nghién ctru nay. Sai s trung binh trong qua trinh
thr nghi€ém mo6 hinh d6 1a 2,1%.

5. Két luan

Bai bao nay di trinh bay mot phuong phéap dé xay
dung mot mo hinh tinh toan nhién li¢u ti€u thu cho tau
thuy theo thoi gian thyc. M6 hinh dugc xay dung trén
phén mém Matlab/Simulink. Khi thr nghiém, so sanh
két qua tinh toan ctia mo hinh dé xuét va dir liéu thyc
trong 10 ngay v6i cac hinh thai thoi tiét tiéu biéu, két
qua cho thdy mé hinh hoat dong tin cdy véi sai s6 thap.

M5 hinh nay c6 thé duoc sir dung trong cac nghién
ctru vé nhitng giai phap ning cao hiéu qua sir dung
nhién liéu cho tau thiy nhu cac phan mém hd trg ra
quyét dinh hay lap tuyén dudng truéc mdi chuyén di
dua trén cac thong tin thoi tiét.

Hudng nghién ctru tiép theo cia bai bao 1 xay
dung thém céac dd thi lam viéc cta chan vit & nhiéu
trang thai tai trong khac nhau cua tau dé co thé ap
dung né dé tinh toan nhién liéu cho hau hét cac tinh
hudng khai thac khac nhau trén thuc té.

Loi cam on

Nghién ctru nay dugc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT23-24.59.
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