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Tom tat

Nghién ctru st dung nhién lidu diesel sinh hoc (biodiesel) va ethanol sinh hoc cho déng co dét trong la van
dé cap thiét nham gidi quyét vén dé thiéu hut ngubn nhién liéu khoang va é nhiém méi trromg. Bai béo nay
trinh bay két qua nghién cltu mé phdng tinh ndng ky thuat va phat thai cia déng co diesel 4 xy-lanh
Hyundai D4BB khi st¥ dung hén hop diesel-ethanol-biodiel ¢6 ty Ié ethanol Ién. M6 hinh déng co duoc hiéu
chuén bang thuc nghiém trén bang thir véi nhién liéu diesel khodng. Két quad cho thay khi st dung hén hop
DE10B5 (85% diesel-10% ethanol-5% biodiesel), DE30B5 (65% diesel-30% ethanol-5% biodiesel), DE50B5
(45% diesel-50% ethanol-5% biodiesel), theo duwdong déc tinh ngoai céng suét déng co gidm va suét tiéu
hao nhién liéu ting so v&i khi str dung diesel. Trong khi d6, ham lwong phat thai CO, NOx, mudi than trong

khi théi déu gidm & cac ché do lam viéc ciia déng co.

T khoéa: Nhién liéu sinh hoc, hén hop diesel-ethanol-biodiesel, khi thai, ddng co diesel

Abstract

Research on using biodiesel and bioethanol for an internal combustion engine is necessary to solve the
shortage of mineral fuels and environmental pollution. This paper presents the results of simulating the
engine performance and emissions of a Hyundai D4BB 4-cylinder diesel engine when using high ethanol
content diesel-ethanol-biodiesel blends. The model of engine fueled by fossil diesel was calibrated and
validated by experiment which was carried out on engine test benches. The result shows that, when using
blends including DE10B5 (85% diesel-10% ethanol-5% biodiesel), DE30B5 (65% diesel-30% ethanol-5%
biodiesel), DE50B5 (45% diesel-50% ethanol-5% biodiesel), engine power decreases and fuel consumption
increases at full load whereas the concentration of CO, NOx, soot emissions decreases at all operation
loads as compared to that when using fossil diesel.
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1. Pit vin dé

Hién nay ngudn nhién liéu hoa thach dang dan
can kiét va 6 nhiém méi truong tir khi thai dong co
dbt trong ngay cang ting nén viéc tim kiém va tmg
dung céc loai nhién li¢u thay thé su dung cho déng co
dét trong, dac biét 1a nhién li€u sinh hoc, 14 xu huéng
chung ciia nhiéu nudc trén thé gisi. Nhién lidu sinh
hoc, trong d6 phd bién nhat 1a diesel sinh hoc
(biodiesel) va ethanol sinh hoc (bioethanol), c6 nguon
géc tir dong, thyc vat 1a nhién liéu cé kha nang tai tao
va than thién vdi mdi truong. Do biodiesel co tinh
chit tuong tu voi diesel khoang va ethanol tuong tu
xing khoang nén thong thuong biodiesel dugc phdi
tron véi diesel khoang sir dung trén dong co diesel,
con ethanol phdi tron véi xang khoang sir dung trén
dong co xing. Bén canh d6, mot sé nghién ctru budc
dau da phdi tron ethanol véi diesel khoang va
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biodiesel lam nhién li€u cho dong co diesel. Suhan
Park nghién ctru thudc tinh cua hén hop nhién li¢u
diesel-ethanol-biodiesel [1] cho thdy biodiesel dong
vai tro nhu chat phu gia chong tach pha, ting do bén
va tang tri sO Xé-tan ciia hon hop. T. Krishnaswamy
nghién ctru hon hop 85% diesel-15% ethanol, 80%
diesel-10% ethanol-10% biodiesel va 65% diesel-
15% ethanol-20% biodiesel [2] thy rang cac hdn hop
nay c6 do nhdt twong tu nhu diesel va cé 4o bén tach
pha t&t hon hdn hop diesel-ethanol. Thir nghiém céc
hdn hop nhién liéu nay trén dong co diesel 4 xy-lanh
¢6 lap bo xir 1y xtic tic 6-xy hoa cho thiy suat tidu
hao nhién liéu ting khoang 5% do nhiét tri hon hop
giam, tuy nhién hiéu suat nhiét khong thay doi, phat
thai do khoi giam manh, t&i khoang 20%, NO giam
khoang 5% & ché d¢ tai 16n, trong khi HC va CO cb
xu hudéng tang nhe. Nadir Yilmaz thir nghiém véi ty
1€ phéi tron cao hon, 45% biodiesel - 10% ethanol -
45% diesel va 40% biodiesel - 20% ethanol - 40%
diesel trén dong co diesel 2 xy-lanh, phun tryc tiép tai
cung ché do tai [3] cho thdy suat tiéu hao nhién liéu



Tap chi Khoa hoc va Céng nghé 145 (2020) 064-069

tang khoang 25%, phat thdi HC va CO tang manh &
ché d¢ tai nhe nhung ting it & tai 16n, trong khi NO
giam trung binh khoang 25% khi ting nong do
ethanol trong hon hop. Nhu vdy hon hop diesel-
ethanol-biodiesel c6 thé 1a giai phap tot dé giam NO,
tuy nhién chat lugng khi thai néi chung phu thudc
nhiéu vao ché d6 lam viéc cua dong co va ty 1€ tron
ethanol. O Viét Nam, nghién ctru va su dung cac loai
nhién li€u co nguén géc sinh hoc than thién v&i moi
truong cling da dugc quan tam. Nam 2007, Chinh pha
da phé duyét Dé an phat trién nhién lidu sinh hoc dén
nim 2015, tdm nhin dén nim 2025 [4]. Theo do,
nhién lidu sinh hoc s& dap tng 1% nhu cau xing dau
qudc gia vao nam 2015 va 5% vao nim 2025. Vi thé
manh 16n vé cdy sin nén Viét Nam c6 kha ning dam
bao dii ngudn nguyén liéu cho cac nha may san xuit
cdn ethanol nhién liéu [5]. Tuy nhién dbi voi diesel
sinh hoc hién chwa dat duoc nhiéu két qua nhu mong
mudn do viéc phat trién ving nguyén lidu doi hoi thoi
gian cling nhu kho khan trong nghién cuu lya chon
cong nghé, thiét bi phu hop [6]. Do vdy, viéc phdi
tron ethanol véi diesel khoang s€ ting kha nang su
dung nhién liéu sinh hoc thay thé cho nhién liéu
khoang. Bai bao niy danh gia anh hudng ciia hon hop
nhién liéu diesel-ethanol, diesel-ethanol-biodiesel téi
tinh nang k¥ thuat va phat thai cta dong co diesel
dang luu hanh ¢ Viét Nam.
2. Phuong phap nghién ciru

Nghién ctru duoc thuc hién theo phuong phap
tinh to4an mo phong bang phin mém AVL Boost, md
hinh dugc kiém chimg bang thyc nghiém trén bing
thr dong co tai Trung tdm nghién ctru Pong co, nhién
li¢u va khi thai thuoc Vién Co khi dong lyc, Trudng
Pai hoc Bach khoa Ha Noi.
2.1. Co s¢ Iy thuyét tinh todn trong phian mém AVL
Boost

Trong phin mém AVL Boost mé hinh dong co
diesel dugc xay dung va tinh toan thong qua cac mo
hinh chinh sau: M6 hinh nhiét dong, m6 hinh chay,
mo hinh truyén nhiét, mé hinh hinh thanh phat thai.

- M6 hinh nhiét dong

Trang thai nhiét dong cua moi chét cong tac
trong xy-lanh ddng co dugc xac dinh trén co sé can
bang ning lugng trong xy-lanh dong co [7].

Theo phuong trinh nhiét dong hoc thir nhét, ta co:

d(m . dv d d d
A A0, s d0,

da da  do da da
dm dm dm
+) ——h-) —h-q, f[—=
X=Xk

Trong o, m. 1a khdi luong moi chat bén trong xy-
lanh,7u la ndi nang, p. 1a ap suat bén trong xy-lanh,
la the tich xy-lanh, Or 1a nhiét lugng cua nhién liéu

cung cép, Ow la nhiét luong ton that cho thanh vach,
hgg 12 enthalpy cua khi lot, mpg 14 lwgng khi lot, m; 1a
lugng khi di vao xy-lanh, 4; 1a enthalpy cua khi di vao
xy-lanh, m. la lugng khi di ra khoi xy-lanh, %, 1a
enthalpy cua khi di ra xy-lanh, g., 1a nhiét bay hoi ctua
nhién liéu, /13 phin nhiét bay hoi cia méi cht, m., 1a
luwong nhién li¢u bay hoi, a 1a goc quay truc khuyu.

Bién thién vé khéi lugng moi chit trong xy-lanh
duoc tinh bang tong khdi lugng moi chét di vao trir
khéi lugng di ra khoi xy-lanh
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Két hop cing véi phuong trinh trang thai:

1
pc = ;mL‘RO]—:‘,

giai dugc phuong trinh nhiét dong dé xac dinh ap suat
va nhiét d9 trong xy-lanh dong co.
- M6 hinh chay

Qua trinh chay trong dong co diesel dugc chia
thanh bon giai doan: chdy tre, chdy nhanh, chay
chinh va chay rét [8]. Tuy nhién, nhiét luong toa ra
trong qua trinh chdy chi yeu trong giai doan chay
nhanh va chay chinh nén qué trinh chay dugc mo ta
nhu sau [7,9,10]:

dQ/nlu[ — dQPMC + dQM(‘(_'

da da da
- M6 hinh truyén nhiét
Qua4 trinh truyén nhiét tir trong budng chiy qua

thanh xy-lanh, piston, nap may ra ngoai dugc tinh
toan dua vao phuong trinh truyén nhiét sau.

0, =4.a (T -T,)

Hé $6 truyén nhiét thuong dugc xac dinh theo
mo hinh Woschni [7, 11].
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el el
- M6 hinh hinh thanh phat thai
Mo hinh tinh toan phat thai NOx

Phat thiéii NOx dugc tinh toan dya trén cac phan
ung cua chuoi Zeldovich [7, 12]

Mo hinh tinh todan phat thai CO
Téc d6 phan tmg tao thanh CO dugc tinh theo
cong thuce [7]:

M:(Rl"'Rz) [I_MJ

dt [co].
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Mo hinh tinh toan phat thai mudi than (soot)

Tdc do gia tang khdi lugng mudi than 1a hiéu s6
cua toc do hinh thanh va toc d¢ 6-xy hdéa mudi than
[13]:

s dm ;o

4

dm

S, ox

dt

dm
dr

Mo hinh nhién liéu

) Nhién li¢u duge xac dinh thong qua cac tinh
chat ly, hoa, nhiét va dugc dinh nghia theo céc
phuong trinh sau day [7]:
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nhiét dung riéng dang ap; H° va S° 1a entanpy va
entropy; a; dén ay 1a cac hang so dugc xac dinh riéng
cho moi loai nhién liéu.

2.2. Nhién li¢u nghién ciru

Nhién liéu nghién ctru 1a hon hop diesel khodng,
ethanol va biodiesel gdm cac hdn hop 85% diesel-
10% ethanol-5% biodiesel (DE10BS), 65% diesel-
30% ethanol-5% biodiesel (DE30BS5), 45% diesel-
50% ethanol-5% biodiesel (DE50B5). Tai Viét Nam
chua c6 ngudn nguyén liéu di 16n dé dap tmg yéu cau
san xuét biodiesel nhién liéu, trong khi nguyén lidu dé
ché bién ethanol lai kha doi dao. Do vay, nghién ciru
nay chi st dung 5% biodiesel véi vai tro nhu phu gia
trong hdn hop, con ethanol dugc st dung véi ty 18 16n
dé phat huy tiém ning vé san xuét ethanol nhién liéu.

Mot sb tinh chit co ban cua nhién lidu trude khi
phoi tron thé hién & Bang 1.
Bang 1. Thong s cac tinh chat 1y hoa ciia cac nhién
liu [14,15]:

Biodiesel
Cicchititu | Diesel | Ethanol | tir diu
co

Ty trong & 15°C
(ke/m’) 837 789 869
bo nhét dong
hoc & 40°C, 3,14 - 4,1
mm?/s
Tri s6 Xé-tan 53 - 65
Trj s6 Oc tan - 110 -
Nhiét tri
(MJ/ke) 43 26,8 39,9
Ham lugng luu
huynh, % khéi | 0,05 - 0,004
luong
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2.3. Dong co nghién ciru

bong co nghién ctu 1a dong co diesel Hyundai
D4BB. Pay la dong co diesel 4 xy-lanh thang hang
dugc st dung kha phd bién trén xe tai Hyundai
1,25 tan dang luu hanh ¢ Viét Nam. Thong s ky
thudt co ban ctia dong co D4BB duoc trinh bay &
Béang 2.

Bang 2. Thong s6 ky thuat dong co diesel D4ABB

Théng s6 ky thuat Gia tri
Kiéu dong co Diesel, 4 xy-lanh,
thing hang, khong
tdng ap
Thr tu nd 1-3-4-2
Thé tich cong tac (lit) 2,607
Puong kinh xy-lanh (mm)
x Hanh trinh piston (mm) 91,1x100
Cong suat dinh muc/tde do
) ’ 59/4000
dong co (kW/v/ph)
Moémen 16n nhat/tdc do
’ 165/2200
dong co (Nm/v/ph)
Ty s6 nén 22
Kiéu hé thong nhién liéu | Co khi truyén thong

2.4. Xay dwng va hi¢u chudn mé hinh djng co

V6i co so ly thuyét tinh toan nhu trén, mo hinh
dong co diesel hyundai D4BB dugc xdy dyung trén
phin mém mé phong AVL Boost (Hinh 1).

3
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Hinh 1. M6 hinh d6ng co D4BB

Pé dam bao d6 tin cay cta md hinh, dong co
diesel D4BB khi st dung diesel dugc thir nghiém trén
bang thir voi cac trang thiét bi chuyén dung gém
phanh dién APA 100, cac thiét bi do ap sudt xy-lanh,
tbc do dong co... Két qua thir nghiém duoc sir dung
dé hiéu chuan mo hinh dong co. Sau khi mo hinh
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dong co dugc hi¢u chuén, Két qué md phoéng va thuc
nghiém & cac ché do lam viéc khac nhau dugc so
sanh. O ché do toan tai, tbc d6 2000 v/ph, sai 1éch vé
cong suit 1a 4,41%, suat tiéu hao nhién lidu 1a 4,23%,
din bién 4p suat trong xy-lanh theo goc quay truc
khuyu phu hop véi nhau (Hinh 2). Két qua nay cho
thiy mé hinh dam bao do tin c@y dap Umg yéu cau cho
ca% élghlen ctru mo phong tiép theo.

—— MP_Di tai 2000v/p
| = TN_Di tai 2000v/p

~1
[=]

() = wh (=)
< (=] = [=]

Ap suit trong xylanh (bar)

(3=
[=]

360
Géc quay truc khuyu (do)

540

Hinh 2. Dién bién 4p suét trong xy-lanh mé phong
(MP) va thuc nghiém (TN)

3. Nghién ciru tinh niang ky thuit va phat thai
dong co diesel D4BB sit dung hon hgp nhién liéu
diesel-ethanol-biodiesel

3.1. Ché dp mé phong

Pong co dugc md phong ¢ cac cheé do lam viée
nhu sau:

- Theo duong dac tinh ngoai: ché do tai 100%, toc
do tr 1000 v/ph dén 3500 v/ph

- Theo duong dic tinh tai: ché do tuong Gmg voi
25%, 50%, 75% tai (mbémen) khi sir dung diesel va
100% ga tai toc do 2000 v/ph.

3.2. Két qui mé phéng tinh ning ky thudt va phdt
thdi dong co

- Két qua tinh todn tinh ning ky thudt dong co

Cong sudt dong co & ché d6 100% tai v6i cac
hén hop nhién liéu dugc tinh toan tai cac tc do khac
nhau theo duong dic tinh ngoai (Hinh 3). Cong suat
ddng co 16n nhat tai timg toc do dat dugc khi st dung
nhién li¢u diesel. Ty 1¢ ethanol trong nhién liéu tang
1én ¢6 xu huéng lam giam cong suat dong co. Trung
binh trén toan dai téc d9, khi su dung DE10BS3,
DE30B5, DE5S0B5 cong suat dong co giam twong ting
6,88%, 13,40%, 19,77% so voi khi st dung diesel. Su
giam cong suat ndy giy ra boi ethanol ¢ nhiét tri nho
hon dang ké so voi diesel (27 Ml/kg so véi
45,8 MJ/kg) nén khi tang ty 1& ethanol thi nhiét tri cua
hén hop giam xudng dan t6i giam cong suat. Sut tiéu
hao nhién liéu khi st dung hdn hop nhién liéu ting
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1én (Hinh 4) phu hop véi sy giam cong suét dong co.
Véi hon hgp DE10B5, DE30BS, DESOBS, trung binh
sudt tiu hao nhién liéu ting twong tmg 6,56%,
12,37%, 19,73%.

Tuong ty, theo dac tinh tai tai 2000 vong/pht,
sudt tiéu hao nhién lidu ting trung binh 1a 6,85%,
12,33%, 18,42% v6i DE10BS, DE30B5, DES5S0BS5
(Hinh 5).

- Két qua tinh todn phat thai

Khi sir dung nhién liéu hdn hop diesel-ethanol-
biodiesel, thanh phan CO trong khi thai c6 xu hudng
giam. Tang ty 1¢ ethanol trong hdn hop, mirc giam
CO cang 16n. So véi diesel, hdn hop DEI10BS,
DE30BS5, DESOB5 giam CO trung binh tuong ung
37,04%, 53,29%, 65,87% theo dudng déc tinh ngoai
(Hinh 6) va 21,9%, 31,15%, 39,45% trung binh theo
duong ddc tinh tai (Hinh 7). Him luong 6-xy c6 trong
ethanol va biodiesel 1am luot khoang 34,7% and
8,4%. Diesel phéi tron ethanol va biodiesel dugc bd
sung thém 6-xy lam giam cac ving thiéu 6-xy trong
budng chay, thuc ddy qua trinh hoan toan hon dan téi
lvong CO trong khi thai giam. Bén canh d6, ham
luong thanh phan C trong nhién liéu hdn hop ciing
thdp hon so véi diesel ciing gop phan giam sy hinh
thanh CO trong khi thai.
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Hinh 5. Suét tiéu hao nhién li¢u tai 2000 v/ph
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Hinh 7. Ham lugng CO tai 2000 v/ph

Ham Iwgng NOx khi su dung DEI10BS,
DE30B5, DE5S0B5 déu giam so v6i nhién liéu diesel
khoang. Cu thé theo dudng dic tinh ngoai ham lugng
NOx lan lugt giam trung binh 14,63%, 21,21%,
21,13% cta DE10BS, DE30B5, DES5S0BS so véi
diesel (Hinh 8). Tuong tu theo dac tinh tai tai
2000 v/ph, ham lugng NOx giam trung binh 13,75%,
18,42% va 21,03% (Hinh 9). Sy hinh thanh NOx phu
thudc nhiéu vao nhiét do cuc dai cia qua trinh chdy
va lugng 6-xy sin co trong moi chat chay. Mic du
ham lugng 6-xy cao hon, tuy nhién hon hop DE10BS,
DE30B5, DES0B5 c6 tri s6 Xé-tan thap hon diesel
nén thoi gian chay tré kéo dai, ciing voi nhiét tri thép
hon lam giam nhiét d6 cyc dai trong chu trinh téi
lwong NOx giam.
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Ham lugng mudi than (soot) giam dang ké khi
st dung DE10B5, DE30BS, DESOBS trung binh trén
toan dai toc do theo duong dic tinh ngoai mirc giam
tuong Ung la 17,91%, 22,80%, 22,15% (Hinh 10).
Tuong tu theo dac tinh tai tai 2000 v/ph ham lugng
soot giam lan luot 3,94%, 15,65%, 7,12% (Hinh 11).
Diéu nay duogc giai thich bai luong 6-xy san c¢é trong
nhién liéu dd lam giam nhimg ving hdn hop giau,
thiéu 6-xy, dong thoi nhién liéu DE10BS5, DE30BS5,
DESOBS c6 ty 1€ C/H nhé hon so véi diesel thong
thuong dan téi giam sy hinh thanh mudi than.
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Hinh 11. Ham lugng soot tai 2000 v/ph

4. Két luan

Két qua nghién ctiru mé phong di danh gia dugc
anh huéng ctia hdn hgp nhién lidu c6 ty 1¢ ethanol 16n
toi tinh nang ky thudt va phat thai dong co diesel
dang Iuvu hanh & Viét Nam. V6éi hon hgp DE10BS,
DE30B5, DE50B5, cong suat dong co ¢6 xu hudng
giam va sut tiéu hao nhién lidu cua dong co ting.
Mirc do thay doi cang rd rét khi ting ty 1¢ ethanol
trong hon hop. Chét lugng khi thai dugc cai thién thé
hién qua két qua giam cac thanh phan CO, NOx va
mudi than khi st dung hdén hop nhién lidu so voi
diesel. Cac két qua budc dau di cho thay vu diém cia
viéc phéi tron ethanol véi diesel khoang va biodiesel,
g6p phan thuc day sir dung ethanol 1am nhién liéu cho
phuong tién giao thong néi riéng va dong co dot
trong ndi chung.

Loi cam on

Nghién ctru nay dugc tai trg boi Truong Pai hc_)g
Bach khoa Ha No6i (HUST) trong dé tai ma so
T2018-PC-041.
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