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Tém tit

Bai bdo nay trinh bay két qua nghién ciru vé anh
hieong ciia ché d@é khai théac va géc phun sém dén
ddc tinh phat thai NO; cia dong co hai ky tau thuy
co lon, thong qua cdc thw nghiém dwoc thuc hién
trén dpng co MAN B&W 6S70ME-C8.2 véi ché dp
tai va goc phun nhién liéu som khac nhau . Pdc
tinh phat thai NO, da dwoc trinh bay va thado ludn.
Két qua thuwe nghiém cho thdy viéc tang géc phun
sém va tdai dong co trén 50% dan dén tang lwong
phat thai NOx. Luong phdt thdai NO, nhé nhdt khi
dong co lam viéc ¢ quanh ving 50% tdi. Khi tdi
dong dao dong trong vung 30-65% luwong phat
thai NOx luén nam trong gi6i han cho phép. Tuy
nhién, tai dong co nho hon 25% hay lon hon 75%
va goc phun som lon hon 15°, lwong phat thai NOx
16m hon 14,4g/kW.h. Céc két qua nghién ciru phit
hop véi cdc cong bé trude dé [5, 6, 8] va sé la tai
liéu 16t cho bo phdn khai thac va van hanh dong
co muon giam lwong khi thai dong co dé dap iimg
cdc quy dinh khi thai nghiém ngat hon cua IMO.
Tw khoa: Phat thai NO,, d‘éng co diesel tau thuy,
goc phun som, tai dong co, hoi quy.

Abstract

This paper presents research on the effects of the
operation mode and advance angle of fuel
injection on the emission characteristics NOy of a
two-stroke heavy-duty marine engine. The tests
were carried out on marine engine MAN B&W
6S70ME-CS8.2 with different load and different
advance angle of fuel injection. NOy emission
characteristic was presented and discussed. The
experimental results reveal that increasing
advance angle of fuel injection and engine load in
increase NO, emissions. NOy emissions in the
engine exhaust are the smallest when the engine is
working around 50% load. When the engine load
changes in the range of 30-65%, NO emissions

are always within the allowable limits. However,

when the engine load is less than 25% or more
than 75% and advance angle of fuel injection is
greater than 15°, NO. emissions are greater than
14.4g/kW.h. The results were in line with the
literature reviews [5, 6, 8] and would be good
material for operators who want to reduce the
engine exhaust gas emission in order to meet the
stricter IMO emission regulations.

Keywords: NO. emissions, marine diesel engine,

advance angle of fuel injection, engine load,
regression.

1. Pit van dé

Van tai bién 1a mot trong nhitng nhan té quan
trong dong gop vao su phat trién kinh té va xa hoi,
déng thoi tiéu thy mot lvgng nhién liéu dang ké va
c6 tac dong 16n dén méi truong [1]. Lién tuc gia ting
luong tiéu thu nhién liéu hydrocarbon dan dén phat
thai cac chat doc hai vao khi quyén pha hity qua trinh
lam sach ty nhién cua sinh quyén va de doa dén cudc
sdng ctia con nguoi.

Pong co diesel 1a ngudn phat thai khi gay 6 nhiém
16n nhat trén tau thuy. Van dé giam phat thai cac chat
gdy 6 nhiém do dong co diesel 1a mot trong nhing
nhiém vy quan trong nhét cta nganh van tai bién [2,
3]. Hién nay, cac chi s6 méi truong ciia dong co diesel
tau thuy duoc kiém soat theo nhirng yéu cau quy dinh
tai Phu luc VI "Quy dinh ngin ngira 6 nhiém khong
khi tir tau" thugc Cong uéc MARPOL 73/78 do Uy
ban Bao vé moi truong bién ciia IMO xay dung va c6
hiéu lyc tir ngay 01 thang 01 nam 2011.

Theo myc 13 Phy luc VI, ham lugng phat thai NOy
trong khi thai dong co diesel tau bién khi tau hoat
dong bat budc phai nam trong gidi han thé hién trong
Bang 1 [1].

Viéc siét chit cac tiéu chuan phat thai chat gay 6
nhiém khong khi nhu vay budc cac chu tau, cling nhu
cac cong ty dong tau, phai khong ngimg tim kiém
nhitng giai phap ky thuit méi nhim cai thién cac
thong s6 méi trudng cua dong co diesel [4, 5]. Nhiing
giai phap nady co ban dugc chia thanh hai nhom: So
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cap va thtr cip. Cac phuong phéap so cip thuc hién
thong qua viéc t6 chirc qué trinh hinh thanh hdn hop
va chay, cai tién hé thong phun nhién ligu, cling nhu
sir dung nhién liéu thay thé. Cac phuong phép thtr cap
bao gdm: Tuan hoan khi thai, 1am sach khi thai bing
XUc tac,... Trong d06, nhitng phuong phap nham thay
d6i qua trinh d6t chay nhién liéu trong xy lanh cua
dong co ddt trong dang duoc quan tim dic biét.

Két qua nghién ctru [6, 8] cho rang su hinh thanh
cAc oxit nito bi anh huéng manh nhéat bai géc phun
som nhién liéu, thong s6 c¢6 thé diéu chinh cta dong
co diesel. Pidu nay duoc giai thich, do khi giam goc
phun sém nhién li¢u, nhiét d§ chay cuc dai va thoi
gian tiéu chuan cho qua trinh @6t chay nhién liéu s&
giam xubng. Bén canh d6 nghién ctru [9] chi ra ché
do tai co anh huong truc tiép dén luong phat thai
NOy trong thanh phan khi thai. Vi thé, muc tiéu
nghién ctru ctia bai bao 1a danh gia tic dong dong
thoi cua cac yéu t6 trén, tir d6 giam sat lwong phat
thai NOy cling nhu xac dinh gia tri goc phun sém phu
hop v6i ché d6 tai dong co dé giam thiéu thanh phan
khi thai doc hai nay.

Bing 1. Cic quy dinh bdt buéc vé phdt thai NOx

Téng gi6i han phat thai
- Khu ) (g/kWh),
Z . Thoi diém n =v/ph
< | vwe ap
3 déng
= dung n< 130<n n=
130 <2000 2000
Toan
I N 01/01/2000 | 17,0 | 45.n? 9,8
cau
Toan
I . 01/01/2011 | 14,4 | 44.n"% 7,7
cau
Vung
bién
I 01/01/2016 | 3,4 9.n"? 2,0
dac
biét
2. Ngi dung

2.1. Co so tinh todn phdt thdai NOtrong khi thdi
dong co diesel

Giam sat luong phat thai oxit nito trong khi thai
cua dong co dugc thyc hién theo céc khuyén nghi
dugc néu trong muc 6.4 cia Bo luat Ky thuat NOy
nam 2008, dugc sira ddi vao nam 2012 va 2014.
Thyc hién giam sat oxit nito bao gém do nong do
oxit nito (NO + NO,) trong cac san pham tho ctia qua
trinh d6t chay nhién liéu.

Qua trinh theo doi ham lugng phat thai NOy trong
khi thai dong co diesel tau thuy can dong thoi xac dinh
cac thong s6 nhu: Tc do cua dong co, v/ph; cong suét
¢ ich N,, kW: tbc do dong co diesel, v/ph; nhiét 4o
khong khi nap trudce va sau tua bin tang ap, °C; nhiét
d6 khong khi buéng may, °C; nhiét 40 nudc lam mat
vao vara, °C; suét tiéu hao nhién liéu, g/kW.h.

Luong phat thai NOy trong thanh phan ctia cac san
pham dét chay nhién liéu chua dugc xtr Iy duoc tinh
theo cong thic sau [9]:

Trong do:

Cwox - Ndng d6 NO, trong khi thai chua xu 1y, ppm;

gk - Luu lugng khi thai, kg/h;

kna- Hé s6 tac dong cua do 4m khong khi dén phat
thai NOx.

Do ndng d6 NO, trong khi thai dong co ¢6 su phu
thudc vao nhiét do va do 4m khong khi nap, nén déi
véi cac dong co diesel ¢6 1am mat trung gian khi nap
trung gian, ndng do oxit nito phai dugc diéu chinh
theo nhiét do va do am, ¢6 tinh dén hé s [9]:

2)

hd

Q|+~

Trong do:
Q=1-0,012(H_ -10,71)-0,00275(T, — 298)
+0,00285(T . —T,

C Re f )

T, - Nhiét d6 khong khi vao bau loc gio, K;

H, - P6 am tuyét d6i khong khi vao bau loc gio,
tinh theo g/ kg khong khi kho;

Tsc - Nhi¢t do gio tang ap, K;

Tscrer - Nhiét d6 khong khi tang ap, tuong ung voi
nhiét 46 nudc bién & 25°C.

Ham luong phat thai NOy sau cung dugc tinh toan
theo cong thuc [9]:

Z(qNOX “We;)
1

NO, ==L ,0/kW.h (3
PAGRI
i=1
Trong do, P= Py + Paux

P,, - Cong suét dong co diesel, kW
P - Cong suit cac thiét bi phu lép dat trén dong
co, kW.

SO 76 (11-2023)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HQC - CONG NGHE

Bing 2. Théng sé ky thudt djng co 6S70ME-C8.2
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Bing 4. Két qud thie nghiém dpng co 6S70ME-C8.2

Cong Téc do Puong Hanh  Ap Thi Ché do Gée Ham luong
suét, dong co, kinh trinh suét - tai dong phun phat thai
nghiém
kW vong/phut xilanh, piston, Pe, S co, % som, °© NOx, g/kW.h
mm mm MPa 1. 8 7,82
19620 91 700 2800 L7920 25 12 11,73
3. 16 14,54
B(ing 3. Cac ché d.é thir nghlém d.o"ng co 4 .......................... 50 8 6,51
- 5. 12 9,75
me ol 6. 16 11,29
dong co, 9047 86,98 75,57 59,85 7 3 8.25
v/ph
75 12 13,54
Cong suét, 85% 75% 50% 25% . 16 15.61
kW 16.570 14.645 9.360  4.905 10. 8 .43
e b ¢ 11 ...................... " = 3
:'3 s0 trong 0,2 0,2 0,15 0,15 i >
s0 Wr 12. 16 15,87
2.2. Thir nghiém 2.2.2. Thiét bi do dac va ché dj thir nghiém

2.2.1. Poi twgng thir nghiém

Dbi tuong nghién ctru 1a dong co diesel tau thuy
6S70ME-C8.2 ctia haing MAN B&W trang bi trén tau
MV NSU KEYSTONE. 6S70ME-C8.2 1a dong co hai
ky 6 xy lanh c6 tang ap loai MITSUI-MAN TCAS8S-
21089. Cac thong sé ky thuat dong co thé hién trén
Béang 2.

Trén dong co 6S70ME-CS.2 toan bg truc cam diéu
khién phéan phdi khi, cam nhién liéu, cam dao chiéu,
dia chia gio,... da hoan toan dugc loai bé. Thay vao
d6 dong co sir dung hé théng thuy luc dugc didu khién
tlr xa dé thuc hién thay nhiém vu cac co cAu co khi
trén. Cac thong sb khai thac cia dong co do tai cac vi
tri twong tng thé hién ¢ Hinh 1.

Mo

lveri

t* khing khi
wio, ra tuabin

f— ——
Wyt o WO

s l:; Px | /
_ \.-@

Bing co Diesel

Bo céng suit, 16¢
Ad déng co

Hinh 1. So dé vi tri do dic théng sé khai thic

Vi muyc tiéu danh gia mirc d¢ anh huong cua goc
phun sém va cic ché do tai khac nhau cua dong co
diesel tau bién, thir nhiém can duge thuc hién trén
dong co 6S7T0ME-C8.2 ¢ nhiéu ché do tai va ung véi
mdi ché do tai 1a cac gia tri gbc phun sém khac nhau.
Céc ché do thir nghiém thyc hién theo quy trinh thir
loai E3 d6i v6i dong co lai chan vit (Bang 3).

Nong d6 NO trong khi thai dong co duoc do bang
méy phén tich khi thai Testo 350. Thiét bi duoc két
nbi voi may tinh tinh dé truyén va luu trit dit lidu véi
phan mém easyEmission. May Testo 350 xé4c dinh
ndéng d6 NO trong dai do tir 0 dén 4000ppm véi do
phan giai 1ppm, do NO; trong dai do tir 0 dén 500ppm
v6i d6 phan giai 0,1ppm.

Dé tinh toan lwong khi thai trung binh ctia dong co,
cong suat ciia dong co diesel hang hai dugc xac dinh
béng cac thiét bi sau: Tdc do truc khuyu cua dong co
chinh dugc thiét 1ap boi bo didu khién toc do dién tu,
dugc do bang may do do xoén, ciing nhu bang bo dém
tde d0 thong thuong; luu luong khi thai dugce do tu
dong bang cach sir dung éng Pito. Ong Pito cho phép
xac dinh van toc dong khi xa trong gidi han 0-40 (m/s).
2.2.3. Két qua thir nghiém

Thir nghiém thyc hién & 4 ché do tai va 3 gia tri
gdc phun sém tng v6i mdi ché d6 tai. Pong co hoat
dong trong didu kién moéi truong: Ap suét khi quyén
1,016bar; nhiét do khi nap 23,2°C; do Am khong khi
54%; Cac gia tri do dugc thé hién trén Béang 4.

Dé co thé xac dinh duoc tac dong déng thoi cia
hai yéu t6 tai dong co va goc phun som dén luong phat
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thai NOx can xay dyng mo hinh toan thé hién sy phu
thudc, qua d6 xac dinh gia tri goc phun sém tdi wu hoa
g v6i mdi ché do tai cua dong co.

Mo hinh toan tong quat mdi lién hé giira gia tri hoc
phun sém va tai dong co dén ham lugng phat thai NOy
c6 dang [7]:

K K
y=a5+ X aj.X+ 2 ajj XX j
=1 i=1 4)
k 2 k 9
+ 2 X + 2 a;iXj
iz = 1

Trong do,

vy - Luong phat thai NOy trong khi thai dong co,
g/(kW.h);

Xi, X; - Gia tri cua cac bién s6 goc phun sém va tai
dong co;

a;, @, ay, aj - Gia tri cac hé sd phuong trinh hdi quy.

Dir liéu thuc nghiém dugc xir 1y bang phan mém
Mathematica. Két qua thuc nghiém tinh toan duéi
dang céc loai mo hinh hdi quy phi tuyén dugc trinh
bay dudi day [7]:

y = -0.148933 - 7.46868 x|

+1.3279x, — 0.25345% Xy (5)

~12.1187x - 0.0191x5

Miuric d¢ phu hgp cua cac mo6 hinh thyc nghiém
dugc danh gia theo céc tiéu chi: Sai s6 tuong dbi trung
binh A, hé s6 x4c dinh R

Sai s6 tuong ddi trung binh A cho thdy d¢ léch
phan trim cua céc gia tri duoc tinh toan so voi cac gia
tri thur nghiém [7]:

A= %Z‘u 100% (6)
y

Trong do,

n - S6 lan thi nghiém;

y - Gia tri thyc nghiém;
¥: - Gia tinh toan.

Gi4 tri hé sb xac dinh [7]:

n —.2

) 2 (Y —Yp)

R =|:1,177 (7
2(y-y
=1

Két qua tinh toan cho thiy gia trj sai s§ trong dbi
trung binh cia mé hinh A =4,37, hé s6 xac dinh
R?=0,843. Dya trén két qua tinh toan cho thiy mirc
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sai s6 trung binh A < 5% va hé sb xac dinh gan 1, diéu
nay cho théy mé hinh toan hoc vé su phu thugc cua
lugng phat thai NOx vao gia tri goc phun sém va tai
cua dong co 1a tin cay.

2.2.4. Thdo ludn

Tuong quan cua cac thong sb khai thac dong co
6S70ME-C8.2 dén ndng d6 phat thai NO, thé hién
trén cac Hinh 2 va 3.

Tir d6 thi Hinh 2 va 3 ta thdy, gia tri goc phun sém
¢6 anh huong tryc tiép dén lugng phat thai khi doc hai
NO,, tang d¢ 16n géc phun sém phat thai NOy tang.
Pong thoi, & mdi truong hop goc phun sém khi tai
dong co tang tir 25% dén 50% lugng phat thai NOy c¢6
xu hudng giam va tang 1én khi tai dong co tang tir 50%
dén 75%.

BO
16 = 12°
16°

=
M

]
L

o
1

@
M

Luwong phat thai NOx, g/kWh

@

T T T
20 30 40 50 60 70 80 90

Tai dong co, %

Hinh 2. Anh hwéng ciia cdc thong sé khai théc dén
mirc phat thai NOx

Luong phat thai NOx, g/kW.h

Tai dong co

Hinh 3. M6 hinh 3D sw phu thujc ciia lwong phdt
thdi NOx

Luong phat thai NO, nhé nhit khi dong co lam
viéc & quanh vung 50% tai. Khi tai dong co diesel thay
d6i trong viing 30-65% lugng phat thai NO luén nam
trong gidi gian cho phép. Tuy nhién, khi tai dong co
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nho & khodng 25% va goc phun sém 16n hon 159,
lugng phat thai NOy 16n hon 14,4g/kW.h, vi thé khong
dap ung yéu cau Phy luc VI Coéng uwéc MARPOL
73/78. Ham lugng NOy trong khi thai cling vuot qua
ngudng quy dinh tai Cong wdc MARPOL 73/78 khi
ddng co hai ky thap toc hoat dong & dai cong suat trén
75% va goc phun sém 16n hon 16°.

3. Két luan

Nghién ctru cho thay dong co hai ky thap toc MAN
B&W 6S70ME-C8.2 co ban dap tmg gidi han vé ham
luong NOy trong khi thai dong co theo Quy dinh 13
cua Phu luc VI & muc d6 Tier II - 14,4 g/kW.h, khi
hoat dong trén ving qudc t& ndm ngoai khu vuc kiém
soat khi thai dac biét. Khi dong co lam viéc ¢ dai cong
suat phd bién tir 30%-75% ham lugng NOx khong
vuot qua gidi han cho phép. O cac ché do tai ¢ lwong
phat thai NOy tiém cén gidi han va c6 kha nang vugt
qua ngudi khai thac can c6 diéu chinh goc phun som
& gia tri phu hop.

Két qua nghién ctru di khang dinh tai cua dong co
va gbc phun sém c6 anh huong tryuc tiép dén thanh phan
phat thai NOx. M6 hinh toan vé su phu thudc ctia ham
luong phat thai NOy vao ché d6 tai dong co va goc phun
sém cho phép ngudi khai thac lua chon céc thong sb
khai thac phii hgp nhim giam lugng phét thai khi doc
hai, tuan tha cic quy dinh vé méi truong va hiéu qua
trong qua trinh tau hoat dong.

Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s: DT22-23.20.
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