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Panh gid nh hudng cdia hon hop nhién liéu ethanol-diesel
dén chi tiéu kinh té va mdi truong dong co diesel
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TOM TAT: Van dé 6 nhidm mai trudng do phuong
tién giao thédng gay ra dang trd nén ngay cang cép
bach, doi hdi cac hang san xudt déng co phai tim ra
cac gidi phap co6 thé gidm & nhiém mai truong, dac
biét 13 v&i déng co diesel. Trong thoi gian gan day,
van dé nghién ciu s dung nhién liéu ethanol trén
déng co diesel duoc quan tAm nhiéu vi cé nhiéu loi
thé so vdéi nhién liéu truyén théng nhu gidm duoc
phat thai déc haiva la ngudn bd sung nhién liéu thay
thé cho nhién liéu héa thach dang trd nén can kiét.
Bai bao trinh bay két quad nghién clu danh giad anh
hudng clia hén hgp ethanol-diesel dén chi tiéu kinh
t& va madi trudng cla déng co diesel. Nghién clu
nay duoc thuc hién trén phan mém AVL-BOOST.
D8i tuong nghién ctu 1a déng co diesel 4 xy-lanh
phun truc tiép va ethanol duoc phun ngoai clta nap
nhdm tao ra hdn hop ddng nhat. Ché d6 mé phang
tai t6¢c d6 déng co ti 1.600 dén 3.200 vong/phut
va tai ché dé lugng nhién liéu cdp 1a 0,017 [g/chu
trinh]. Ung véi méi ché d6 téc d6 1y |é ethanol dugc
thay thé cho diesel tuong ung 1a 0% (DEO), 10%
(DE10), 20% (DE20), 30% (DE30), 40% (DE4O),
50% (DE50). Két qua nghién ciu cho thay khi tang
1y 1& ethanol thay thé, phat thai Soot va NOx va suét
tiéu hao nang luong gidm.

TU KHOA: Diesel, ethanol, ludng nhién liéu, déng
co diesel.

ABSTRACT: The problem of environmental
pollution caused by vehicles is becoming
increasingly urgent, requiring engine manufacturers
to find solutions that can reduce environmental
pollution, especially with diesel engines. In recent
times, research into the use of ethanol fuel in diesel
engines has received a lot of attention because
it has many advantages compared to fossil fuels,
such as reducing toxic emissions and being an
alternative fuel source to replace fossil fuel that
is becoming depleted. This paper presents the
results evaluation of the influence of ethanol-diesel
blend on economic and environmental indicators
of diesel engines. This study was carried out using
AVL-BOOST software. The research object is a
4-cylinder diesel engine with direct injection, and
ethanol is sprayed outside the intake to create a
homogeneous mixture. Simulation mode at engine
speed from 1600 to 3200 RPM and the mode the

amount of fuel supplied is 0.017 [g/cycle]. For each
speed mode, the percentage of ethanol replaced
for diesel is 0% (DEO), 10% (DE10), 20% (DE20),
30% (DE30), 40% (DE40O), and 50% (DE50),
respectively. Research results show that Soot and
NOx emissions and energy consumption decrease
with increasing ethanol substitution ratio.

KEYWORDS: Diesel, ethanol, dual-fuel, diesel engine.

1. DAT VAN BE

Hién nay, & phan khuc xe du lich va xe hang nhe, cac
loai xe st dung déng co diesel dang dan bi thay thé bai
dong co xang va xe dién do déng co diesel phat thai ra
moi trudng nhiéu phat thai doc hai [3]. Tuy nhién, trén cac
phuang tién hang trung va hang nang kho c6 thé thay thé
hoan toan dugc dong co diesel vi nhiing thiét bi nay yéu
ciu céng suat I16n va hiéu suat nhiét cao [2]. Hon niia, viéc
st dung nhién liéu diesel can phai trang bi thém hé théng
luan hoéi khi xa, hé thng phun amoniac va bo xt ly xtc tac 3
dudng dé han ché dé phat thai dong ca 6 thé dap Uing cac
tiéu chuan khi thai nghiém ngat [4]. Cac thiét bi x( ly khixa
nay chia cac chat xdc tac dat tién nén chi phi phuong tién
tang dang ké. Cac gidi phéap ky thuat nay cé thé kiém soat
dugc cac phat thai nhu CO, HC, NO, va PM, nhung khong
kiém soat dugc phat thai CO,- mot trong nhiing khi gay
ra hiéu (ng nha kinh va gay ra bién déi khi hau [7]. Cing
vi ly do nay, cac qudc gia trén thé gidi da ky Thoa thuan
Paris vao nam 2015 cam két n6 luc han ché lugng khi thai
CO, va dat dugc muc trung hoa carbon vao nam 2050 [6].
Tang hiéu suat nhiét clia ddng cd cé thé gidm phan nao
lugng khi thai CO,, tuy nhién cac cong nghé tién tién dé cai
ti€én hiéu suat déng co gan nhu da bao hoa nén giai phap
nay khé thuc hién dugc. Do dé, si dung nhién liéu thay
thé& khong c6 carbon hoac it carbon la cach t6t nhat dé
gidm dang ké lugng khi thai CO,, déc biét la trong linh vuc
st dung déng co d6t trong, loai nhién liéu nay bao gém
LPG, CNG, ethanol, hydro va amoniac. Trong cac loai nhién
liéu dé thi s dung ethanol thay thé mot phan cho nhién
liéu diesel truyén thong da dugc ching minh la ¢ hiéu
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qua cao trong viéc tang dugc hiéu suat nhiét va giam dugc
phat thai doc hai cho dong co diesel do trong thanh phan
ethanol c6 chua oxy va it carbon hon nhién liéu diesel.
Thém niia, nhién liéu ethanol hoan toan c6 thé san xuéat
dugc ti nhiéu nguén khac nhau tir cac sdn phadm trong
néng nghiép va sinh khai, nén cé thé ddm bao duoc van
dé an ninh nang lugng clia moi qudc gia. S& dung nhién
liéu ethanol trén dong co diesel ngoai viéc giam dugc phat
thai doc hai né con gép phan thay thé mét phan cho nhién
liéu c6 ngudn géc tir héa thach dang dan can kiét. Vi vay,
nghién ctu sir dung ethanol trén dong co diesel la rat can
thiét. Trong nghién ctu nay, tac gia tap trung danh gia anh
hudng cla ty 1é ethanol thay thé cho nhién liéu diesel dén
chi tiéu kinh té va méi trudng dong co diesel.

2. MO HINH HOA PONG CG DIESEL SU DUNG HON
HOP NHIEN LIEU ETHANOL-DIESEL

2.1. Ly thuyét xay dung mé hinh mé phéng

M6 hinh m6 phong dong ca dugc xay dung trén phan
mém AVL BOOST. Tac giad s&r dung mo6 hinh chay AVL-MCC,
mo hinh truyén nhiét ctia Woschni 1978 [8]. Theo ly thuyét
nhiét dong hocl, thong s6 toc d6 toa nhiét dQ,/dg ciia mo
hinh chdy AVL-MCC dugc xac dinh nhu sau:

dQ
d'PF = Cnod TMp- Q-G V) M
M-
[(MEQ=Mg- - Q)
Vi
f2 &k, V)= CxP(Cralc'T\/V )

Trong dé:

C,...~ M6 hinh khong d6i [k)/kg/°TK];

C.... - Hang s6 t6c d6 hoa tron [s];

K - Mat dé clia ddng nang chuyén déng cuc bd [m?/s?;

M. - Khéi lugng nhién liéu phun [kg];

LCV - Nhiét tri thap [kJ/kg];

Q- Nhiét tich Gy [kJ];

V - Thé tich xy-lanh tdc thai [m?];

@ - Goc quay truc khuyu [°TK].

M6 hinh téa nhiét Woschni 1978 dung cho dong co
phun truc ti€p, budng chay théng nhat. Hé s6 truyén nhiét
clia mo hinh Woschni 1978 tinh cho qua trinh nén va chay
gian né theo phuong trinh sau:

0.8
Vi, T
D
oy 1300025281093 | ¢ ey 4. V°’1 Pc -Pe.o) 4)
pcl' ol
Trong doé:

C,=2,28+0,308.c/c_;
C,=0,00324 dong ca phun truc tiép;
C,=0,00622 dong ca phun gian tiép;
D - budng kinh xy-lanh;
P, - Ap sudt méi chét trong xy-lanh;
T., - Nhiét d6 méi chat khi déng xu-pap nap;
C., -Toc do trung binh cla piston.
¢ =mDn /60;
-Toc do x0ay clia moi chat;
- Thé tich cdng tac clia 1 xy-lanh;
pC Ap suat khi troi;
P, - Ap suat méi chat khi déng xu-pap nap.
2, 2 Péi tuong mé phéng
D6i tugng moéd phdng la déng co diesel 490QZL 4 xy-
lanh 4 ky véi dudng nap dugc cai tién 1ap thém voi phun
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dé cung cdp ethanol bén ngoai xy-lanh. Cac théng s6 ky
thuat cda déng co dugc trinh bay cu thé trong Bdng 2.1.
Bang 2.1. Théng sé ki thuat cda déng co

Théng sé Gia tri
Tén dong co 490 QZL, 4 xy-lanh
Céng suat 16n nhat 80 HP/3.200 (v/p)
M6-men xo0an cuc dai 180 Nm/2000 (v/p)
Puodng kinh xy-lanh 89,5 mm
Hanh trinh piston 89,5 mm
Dung tich xy-lanh 2,545 lit
Ty s6 nén 17:1
S6 vong quay dinh muic 3.200 v/p

M& sém 12°TK

Xu-pap nap Pbéng muodn 38°TK

A o
Xu-pap thai M@ sé&m 50°TK

Ddéng muodn 14°TK

Nhién liéu dugc st dung trong mé phéng la diesel va
ethanol v6i mot s6 tinh chat héa ly co ban nhutrong Bang 2.2.
Bang 2.2. Tinh chat nhién liéu

Théng sé Diesel Ethanol

Hé s6 khong khi ly thuyét (kg,,/kg, ) 14,7 8,96
Nhiét tri thap (MJ/kg) 41,66 26,8
Nhiét héa hoi (kJ/kg) 270 840
Nhiét @ tu chay (K) 500 665
Tri 56 xé-tan 45-50 5-8
Phan tram khéi lugng carbon 87 52,2
Phan tram khéi lugng hydro 13 13

Phan tréam khai lugng oxy 0 34,8

2.3. Xay dung mé hinh déng co diesel sit dung hén
hop nhién liéu ethanol-diesel
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Hinh 2.1: Mé hinh déng co diesel str dung hén hop nhién liéu
ethanol-diesel
Dua vao théng sé ky thuat clia dong co thir nghiém
490QZL dé xay dung mé hinh déng co nay trén phan mém
AVL-BOOST nhu trong Hinh 2.1. Trong md hinh trén, cac
phan tu L0, thé hién cac voi phun ethanol bén ngoai
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duong 6ng nap déng ca. Ché do lam viéc clia déng ca khi
tinh toan: Téc d6 déng co thay déi tir 1.600 vong/phut
dén 3.200 vong/phat véi budc thay déi la 400 vong/phut,
déng co chay & ché dé lugng nhién liéu cap la 0,017 [g/
chu trinh]. Ung véi méi ché do téc do ty 1& ethanol dugc
thay thé tuong ting la 0% (DEO), 10% (DE10), 20% (DE20),
30% (DE30), 40% (DE40), 50% (DE50). Tai moi ché dé chay
mo phdng, suat tiéu hao nang lugng va phét thai dong co
dugc khdo sat va phan tich so sanh vdi truong hop déng co
chay 100% nhién liéu diesel.

2.4. Kiém chiing tinh xac thuc cia mé hinh

Dé kiém chiing tinh xac thuc mé hinh mé phéng phai
xay dung dudng cong thuc nghiém vé déc tinh ngoai dong
€0. SG d6 bédng tht nghiém dugc chi ra nhu trong Hinh 2.2.
M6t s6 théng sé chinh cda thiét bi thir nghiém gom: Phanh
thay luc va do mo-men kich ¢& 13 inches hang san xuat
Land & Sea - USA. Do mé-men theo nguyén ly do bién
dang, cap chinh xac 0,5% FS. Diéu khién tai bang van nudc.
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Hinh 2.3: Budng dac tinh déng co mé phéng va thuc nghiém

Cac dau do bao gém: Bau do &p suat, dau do ap suat
nhién liéu, dau do tiéu hao nhién liéu, dau do nhiét dé dau
déng co, dau do nhiét d6 nuéc lam mat, thiét bi do khi thai,
dau do ap suat budng dét dong co diesel. Dua vao dé thi
Hinh 2.3 ta thdy dudng dac tinh mo6 phong va thuc nghiém
sai khac nhau rat nho (sai léch trung binh la 3,2%), vi vay
md hinh ¢6 thé st dung dugc dé tinh toan mé phoéng.

3. KET QUA VA THAO LUAN

3.1. Anh huéng hén hop nhién liéu ethanol-diesel
dén suat tiéu hao nang lugng déng co

Hinh 3.1 chira két qua tinh todn anh huéng ctia ethanol
dén suat tiéu hao ndng lugng trén toan bé dai hoat déng
cla déng co. Ty 1é ethanol thay thé cho dau diesel ¢ anh
hudng rat I6n dén hiéu suat chdy clia dong co va ty lé
ethanol thay thé cang nhiéu thi hiéu qua chay ctia nhién
liéu cang cao. Piéu nay dugc thé hién rd trén Hinh 3.1, khi
tang ty lé ethanol thay thé cho dau diesel thi suat tiéu hao
nang lugng cda dong cd cang gidm (diéu nay thé hién Ia
nhién liéu chdy triét d€ hon nén hiéu qua st dung nang
lugng clia ddng ca cao hon). Két qua nghién ctu nay cling
tuong tu nhu trong cac nghién ctu [1, 5].
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Hinh 3.1: Anh huéng cda hén hop nhién liéu ethanol-diesel
dén suét tiéu hao nang luong

Ngoai ra, & ché dé dai vong tua may thap tir 1.600 -
2.000 vong/phut, lugng ethanol thay thé anh hudng dén
hiéu suat chay nhé nén suat tiéu hao nang lugng giam it
hon so vai trudng hop 100% diesel. Tuy nhién, khi tang s6
vong tua may tir 2.000 - 3.200 vong/phut thi suat tiéu hao
nang lugng gidm dang ké. Khi thay thé lugng ethanol cho
dau diesel c6 thé lam tang hiéu suat chay dugc gidi thich 1a
do trong phan tirethanol c6 chiia oxy nén né dé bi oxy hoa
hoan toan. Thém n(a, ethanol dé bay hai va hoa trén hon
dau diesel nén hén hop hoa trén déu han so véi st dung
100% nhién liéu diesel.

3.2. Anh huéng hén hop nhién liéu ethanol-diesel
dén phat thai Soot déng co diesel
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Hinh 3.2: Anh huéng cda hén hop nhién liéu ethanol-diesel dén
phat thai Soot
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Phat thai Soot trén déng co diesel dugc cac hdng san
xuat déong co quan tam nhiéu vi né thudng nghiém trong
hon so vai ddng co xang. Khi thay thé luong ethanol cho
dau diesel c6 thé lam gidm dugc nhiéu phat thai Soot, day
la mot loi thé I6n khi st dung ethanol thay thé cho dau
diesel. Diéu nay dugc thé hién trén Hinh 3.2, lugng ethanol
thay thé cho dau diesel c6 thé lam gidm dugc phét thai
Soot, khi cang ting ty lé ethanol thay thé cho dau diesel
thi phat thai Soot gidam cang nhiéu. Thém nia, & vong tua
may cang cao thi phat thdi Soot cang gidm manh. Phat thai
Soot gidm khi tang ty lé ethanol thay thé la do ethanol c6
kha nang hoéa hoi nhanh hon so véi dau diesel nén lugng
bé hong hinh thanh it hon. G ché d6 vong tua may 16n thi
kha ndng van déng réi ctia dong khi trong xy-lanh manh
nén nhién liéu héa hai tot hon dan dén giam phat thai Soot.

3.3. Anh huéng hén hop nhién liéu ethanol-diesel
dén phat thai NO_

Hinh 3.3 chi ra két qua tinh toan anh hudng cua ty 1é
ethanol thay thé dén phat thai NO . Két qua tinh toan chira
rang, khi thay thé ethanol cho dau diesel phat thai NO, c6
xu huéng gidam manh. Lugng ethanol thay thé cang nhiéu
thi phat thai NO, cang gidm manh. Thém n(a, khi tang
toc d6 vong tua mdy thi phat thai NO, ¢ xu hudng giam.
Phat thai NO_hinh thanh trong dong ca la do cac diéu kién
nhiét dé va ndbng dé 6 xy trong buéng d6t cao. Khi thay thé
ethanol cho dau diesel thi nhiét d6 chay trong budng dot
dong co gidm (do nhiét tri ethanol thap hon nhiéu so vGi
nhiét tri dau diesel), diéu nay dan dén phat thai NO c6 xu
hudng gidm khi tang ty 1é ethanol thay thé.
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Hinh 3.3: Anh huéng cta hén hop nhién liéu ethanol-diesel dén
phat thai NO,

4, KET LUAN

Két qua nghién ctu anh hudng clia lugng ethanol thay
thé cho dau diesel khi chuyén déi déng co diesel sang chay
ludng nhién liéu rat ra mot sé két luén sau:

- Lugng ethanol thay thé cho dau diesel cang nhiéu
thi suat tiéu hao nang lugng dong co cang giam, diéu nay
chiing t6 rdng lugng ethanol thay thé ¢ thé lam tang hiéu

m

sudt chay cta nhién liéu va tang dugc kha nang chay hoan
toan nhién liéu.

- Phat thai Soot gidm manh khi tang ty 1é ethanol thay
thé, day la mét Igi thé 16n khi sit dung ethanol thay thé
mot phan cho nhién liéu diesel. Phat thai Soot giam la do
ethanol c6 kha nang hoa hai t6t hon dau diesel nén chat
luong hén hgp hinh thanh trong buéng chay tét hon.

- Phét thai NO_gidm manh khi tang ty 1& ethanol thay
thé cho dau diesel. Phat thai NO,_ giam la do nhiét tri cla
ethanol thap hon nhiéu so véi nhiét tri nhién liéu diesel
nén nhiét do chay trong buéng dét gidm manh khi tang ty
|& ethanol thay thé.
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