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Tom tit. Viée sir dung nhién liéu ¢6 ngudn gdc dau mo trén dong co d6t trong da gop phan gly ra 6 nhiém
moi truong. Ung dung nhién liéu ethanol trén dong co xe gan may 1a mét giai phap tiém nang trong viéc
giam khi thai dong co, da dang hoa cac ngudn ning luong tai tao va gop phan giam khung hoang nang
lwong. Bai bao nay nghién ctru cai tién dong co xing dung hé théng nhién liéu kiéu ché hoa khi sang dong
co phun nhién liéu dién tir str dung hoan toan nhién liéu ethanol (E100). Mot hé thong diéu khién dién tu
dugce str dung dé doc 1ap diéu khién lugng phun ethanol twong tmg voi su thay doi cac toc d6 dong co. Két
qua thtr nghiém cho thdy dong co khi str dung nhién liéu ethanol hoat dong 6n dinh ¢ ché d6 khong tai, dap
g t6t & cac dai tbc do dong co tir 1500 vong/phut téi 7500 vong/phut, cac ndng do khi thai doc hai giam
so voi khi dong co hoat dong voi nhién lidu xing. Dé tai nay 1a nghién ctru bude dau dé tién téi danh gia
anh huong phat thai ctia nhién liéu E100 trén dong co xe gan may.

Keywords. Nhién liéu sinh hoc, Ché hoa khi, Phun nhién li¢u dién tir (EFI), Khi thai dong co xing, Nhién
liéu ethanol.

A MODIFICATION STUDY ON THE FUEL SUPPLY SYSTEM OF MOTORBIKE
ENGINE FUELED WITH ETHANOL FUEL

Abstract. The use of fuel-based petroleum on internal combustion engines has contributed to
environmental pollutions. The application of ethanol fuel, considered as one of the renewable fuel sources
for motorbike engines, is a potential solution for reducing engine exhaust gas emissions, diversifying energy
consumption sources and sharing to decrease crisis energy. This paper focuses on modifying the fuel system
of a motorbike engine in type carburetor into an electronic fuel injection (EFI) engine fully using ethanol
fuel (E100). An electronic control system is used to independently activate the amount of fuel injection
corresponding to the change of engine speeds. The results show that the engine fueled with E100 operates
stability at idle mode, responds well to the change of engine speed ranges from 1500rpm to 7500rpm, and
decreases the concentration of exhaust gas emissions, compared to commercial gasoline fuel. This work is
the preliminary step to investigate the effects of E100 on motorbike engine exhaust emissions.

T khéa. Biofuels, Carburetor, Electronic fuel injection (EFI), SI engine emissions, ethanol fuel.

1 INTRODUCTION

Viée sir dung cac loai nhién liéu co ngudn gbc hoa thach nhu xing, dau diesel, than d4... chiém phan 16n
nhu cau nang luong trén thé gidi, dic biét trong linh vuc giao thong vén tai. Cung v6i d6 1a sy ting 1én cta
dan s6 va sd luong phuong tién giao théng da gop phéan gia ting khi thai, gay ra 6 nhiém moi trudng ngay
cang nghiém trong hon [1]. Nghién ctru ctia Ogur va ctg. (2014) [2] vé su phat thai ciia dong co xing anh
hudng dén mdi trudong va sirc khoe con ngudi. Nghién ctru ciia Vinh Duy Nguyen & Khanh Duc Nguyen
(2013) [3] vé hiéu suat va mic do phat thai ciia dong co xe Honda Wave Repsol khi sir dung nhién ligu
ethanol (E100) cho thdy viéc sir dung nhién liéu ethanol gitip giam mirc d6 phat thai (HC, CO,, CO, NO).
Nghién ctru cia B.M.Masum va ctg. (2013) [4]; Nghién ctru ctia Qian Yejian va ctg. (2013) [5]; Nghién
ctru cuia Fikret Yu'ksel & Bedri Yu ksel (2004) [6] da chi ra viéc sir dung hon hop ethanol — xing véi cac
ty 1¢ hoa tron khac nhau c6 anh huéng dén khi thai dong co va cac tinh chat vugt troi cua ethanol anh huong
trong qua trinh chay cua dong co. Nghién ctru cua Liguang Li va ctg. (2003) [7] vé su chay va phat thai cua
nhién lidu ethanol (E100) trong ddng co xang ctia xe gan may cho thy su thay dbi ctia cac gia tri cong sut,
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momen va thoi gian phun nhién liéu ethanol. Nghién ctru cua Yahan Huang & Guang Hong (2016) [8] da
dé cap dén viéc két hop phun xang va ethanol trong dong co xe mdy 4 thi-xy lanh don di dua ra twong quan
clia viéc tang nhiét do nhién liéu ethanol, ting luong ethanol trong hdn hop nhién liéu phun dén giam luong
phat thai khi CO, HC tir dong co. Nghién ctru cia Maria Antonietta Costagliola va ctg. (2016) [9] vé su anh
hudng ciia ham lugng ethanol trong hdn hop nhién liéu ethanol-xing dén thoi gian phun nhién liéu trén
dong co xe may 4 ki. Nghién ctru ctia Seung Hyun Yoon va Chang Sik Lee (2011) [10] da phan tich sy anh
hudng cong suat va phat thai khi dong co hoat dong & ché do nghéo nhién lidu ethanol. Khong chi nghién
ctru dén muc phat thai ctia dong co xe may khi sir dung ethanol ma tac gia Le Anh Tuan va ctg. (2011) [11]
con chi ra sy can thiét v& viée thay dbi thoi diém danh lira ctia dong co khi ting ty 18 ethanol 16n hon 20%
thé tich hoa tron.

Tir qua trinh khao sat so luge cac nghién ctru ciia ethanol trén dong co xang da cho thy su can thiét trong
vi€c ung dung nhién li€u ethanol lam nhién li€u thay thé mot phﬁn hodc toan bd cho nhién li¢u xang truyén
thdng trén dong co xe gin may trong viéc giam phat thai 6 nhiém, dic biét trong mdi truong thanh phd véi
mat d6 dan cu dong dtic nhu TPHCM, Ha Noi. Vi vdy, nghién cru nay budc dau tién hanh cai tién dong co
xdng trén xe gan may sir dung hé théng nhién liéu loai bo ché hoa khi sang hé thong phun nhién liéu dién
tir (EFT). Dong thoi, thi nghiém nghién ctru thay dbi thoi gian phun nhién liéu trong qua trinh van hanh
dong co nham danh gia mirc 6 phu hop cta cac diy téc do6 dong co véi nhién liéu ethanol (E100) & ché do
khong tai.

2 THIET LAP HE THONG THi NGHIEM VA PHUONG PHAP PIEU KHIEN

2.1 Thiét 1ap hé thong thi nghi¢m va diéu kién thi nghiém

Hinh 1 trinh bay nhiing thay déi co ban tir dong co st dung hé théng cung cap nhién liéu kiéu ché hoa khi
sang phun nhién liéu dién tir. Chuyén d6i bao gom thay thé cum ché hoa khi bang hé théng didu khién phun
nhién lidu dién tir. Hé théng nay gdm kim phun dién tir, cac cam bién bao tin hiéu nhu nhiét do khi nap, luu
luwgng khi nap, 46 mo budm ga, hop diéu khién dong co doc lap (ECU). Nhiing tin hiéu cdm bién nay sé
thu nhan cac gia tri va truyén vé ECU dé xuit tin hiéu diéu khién t&i cac bd phéan cha”ip hanh nhim dam bao
hoat dong chinh x4c. Trén dudng dng khi thai, cam bién A dugc ldp dat dé ghi nhan ty 1¢ khong khi va nhién
lidu & mdi ché do thay doi lwong phun nhién liéu va toc do dong co.

Péng co diing bé ché hoa khi Dong co ding phun nhién liéu dién tu

Hinh 1: Chuyén d6i hé thong diéu khién dong co tir bd ché hoa khi sang phun nhién li¢u dién tir
Hinh 2 trinh bay so do hé thong thir nghiém. Tir so d0, hé théng s dung dong co Wave RSX dung tich
110cc duogc chuyen tur st dung hé thong nhién lidu loai ché hoa khi sang phun xang dién tu (EFI). Dong co
duoc dleu khién bang ECU Apitech dleu khién lugng nhién li¢u phun va thoi diém déanh lta. ECU dugc
giao tiép voi may tinh thong qua phan mém Apitech dé hién thi va diéu chinh lugng phun phi hop véi timg
day tbc do, khi nhiét do 16n hon 85°C ECU diéu khién kich hoat quat 1am mét dong co. Khi thai dwoc do
bdi may phéan tich khi thai HESHBON HG520.
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Hinh 2: So d6 hé thong thi nghiém
Bang 1 cung cap cac thong so0 k¥ thuat cia dong co, hé thong cung cap nhién liéu va hé thong diéu khién

dién tu.

Béng 1: Thong s k¥ thuat hé thong

Thong sb

Théng s6 k§ thuit

Loai dong co

Xang, 4 ki danh ltra

Buong kinh, hanh trinh

50.0 mm x 55.6 mm

Dung tich xylanh 109.1 cm®

Cong suét toi da 6.12 Kw/7500 vong/phut
Momen xoan cuc dai 8.44 Nm/6000 vong/phut
Ty sb nén 9.3:1

Hé théng lam mat Lam mat bang khong khi

Kiéu danh lta

DC-CDI (Ban dan hoan toan)

Toc d cam chung

1400 £ 100v/p

Ap suat nhién liéu cam chirng

294 kPa (43 psi)

Pudng kinh 16 phun

$0.152mmx4

117

Béng 2 trinh bay cac diéu kién thi nghiém. Nhién liéu dugc str dung trong thi nghiém la xang RON 95
thuong mai va ethanol (E100). Dé c6 tinh chat phu hop didu kién hoat dong thuc té ciia hé théng phun xing
dién tir ciia dong co xe gan may, diy téc do dong co 1a tir 1500 vong/phut tdi 7500 vong/phut duge lwa
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chon. Xang duoc sir dung nhu 14 nhién lidu chuan dé dbi sanh v6i E100 tai cac didu kién téc do thir nghiém.
Tai mdi dicu kién téc d6 dong co thi luu lugng phun nhién liéu E100 dugc thay doi, thi nghiém duogc lap
lai 20 1an tai mdi diéu kién thi nghiém dé thu thap di liéu va so sanh.

Bang 2: Dicéu kién thi nghiém

Cic thong s giam sat

Gi tri

Nhién liéu sir dung

Xang (RON 95) va ethanol (E100)

Diy toc do dong co

1500 vong/phut dén 7500 vong/phit

Ché d6 hoat dong Khong tai
Lambda A=1
Ap suét phun nhién liéu 3.5 bar
S6 1an do 20 lan/diéu kién thir nghiém

2.2 Nhién liéu thi nghiém

Béng 3 trinh bay mot s6 tinh chat dic trung cta xing va ethanol E100 [12]. Tir bang 3, ty 1¢ khong khi
va nhién liéu (A/F) ciia E100 thap hon xang lan luot twong Gmg 9.0 va 14.7, gia tri nhiét trj thip cua E100
nho hon xing twong tmg 37%, do d6 tai cac ché do tai va téc do twong tng mudn sir dung E100 thi phai
cung cip nhién liéu nhidu hon. Trong phan tir ethanol (C,HsOH) ton tai phan tir oxy va toc do ngon lira cia
E100 cao hon xang (0,61 so véi 0,4) diéu nay du doan qua trinh dbt chay nhién liéu duoc hoan toan hon va
giam sy hinh thanh khi thai. ’

Bang 3: Tinh chat nhién li¢u ethanol [E100] va Xang [RON 95][12]

Tinh chat nhién li¢u Ethanol E100 Xang RON95
Thanh phén hoa hoc C2H50H C4-C12
Carbon (% khbi lugng) 52 85
Hydrogen (% khdi lugng) 13 13
Oxygen (% khéi lugng) 35 1
Do nhét [cSt] 1,52 0.4- 0.9 (16°C)
Ty trong (kg/m?) 785 720-775
Nhiét tri thap (MJ/kg) 26,9 43
Téc do ngon lira (m/s) 0.61 0.4
RON 108 95
Ti 1€ khong khi/nhién li€u (stoi) 9.0 14.7

2.3 Phuwong phap tinh toan luu lwgng phun nhién li¢u
Luong cung cap ethanol vao dong co dugc quyet dinh boi khoang thoi gian nhic kim phun va 4p suit phun
nhién lidu. Goi A 1a hé sé du lwong khong khi, thé hién hdn hop hoa khi du (A<1, chay giau) hay thiéu (A >1,
chéay nghéo) [13] va dugc tinh bang cong thirc (1):
_ (A/F)et )
, (A/F)e ,
Trong d6, (A/F) i 1a ti 1€ hoa khi 1y thuyét, (A/F) i« = 9 va (A/F) « 1a ti 1€ hoa khi thuc té.
Phuong trinh chay 1y thuyét ctia nhién liéu ethanol nhu sau:
C2HsOH + 3(02 + 3.76N,) = 2C02 + 3H,0 + 3(3.76) N2

Tu do ti 1& (A/F) « = [(3mol * 4.76 * 29) / (1mol * 46)] =
Boivity 1€ A/F ly thuyét cta ethanol thap hon xing, mot luong nhién liéu can phun nhiéu hon so Vo1 xang
trong mdi chu ki hoat dong cuia dong co dé dong co hoat dong o ché do chay hoi giau voi hé s6 du luong
khong khi A ~ 1. Lugng khi can thiét nap vao xylanh nhu phwong trinh (2), [13]:

, a = Mv-Va-Pa . : 2) )
Doi véi dong co hit khi tur nhién, mat 6 khi nap pa thuong duge do ¢ diéu kién ap suat khi troi, hé so nap
nv thé hién hiéu suat nap khong khi vao xylanh, thuong c6 gié tri tir 0.1-0.9 véi mdi ché do dong va mo
buém ga hoan toan. Dé tinh toan d& dang, chon hé sé nap 1 bang 0.7. Lugng nhién liéu thuc t& can phun
vao budng dét dugc tinh toan bang cong thic (3), [13]:

Mg _ Mg
M= A o 3)

Thoi gian mé kim phun ty duoc trinh bay ¢ cong thire (4) can ban phu thudc vao Iuu luwong cia kim phun
Rinj [14], v6i pr 1a mat do nhién liéu, A 12 tiét dién 16 kim phun, AP 1a chénh léch ap suat gitra kim phun
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va trong Xxilanh.

L~ @

tb = =
Rinj =
. . o prrheps %,
2.4 Thuit todn diéu khién

Hinh 3 trinh bay so d6 thuét toan diéu khién hé thong cung cip nhién liéu va goc danh lira trén dong co xe
gin may phun nhién liéu dién tir. Tir so d6 cho thay khi dong co hoat dong dua vao hé s6 du luong khong
khi A nho hon 1 (chay giau) hay A 16n hon 1 (chdy nghéo) chinh 1a diéu khién lugng phun ting hodc giam
nham gitup dong co hoat dong 6n dinh & ché do khong tai.

!
Khoi déng

Nhén tin hiéu Nhén tin hiéu
bd ba cam bién vi tri truc khuyu

Nhén tin hiéu Nhén tlin hiéu
nhiét d6 déng co dién &p hé théng |

Béng co hoat déng

Nhdp thdi gian phun
nhién liéu co ban

Hé sé dw luvong khéng khi
(%)

r<1 2>1
Giam lvgng phun Tang lwgng phun

Bé co s& di liéu déng
co khi st dung Ethanol

Hinh 3: So d thuat toan diéu khién phun nhién liéu

3 KET QUA THi NGHIEM

3.1 Luu luwgng nhién li€u tiéu thu

Hinh 4 trinh bay luu lugng tiéu thy nhién li€u theo cac tde do thu nghiém ctia dong co gitta nhién li€u xang
va ethanol d4p tmg & ché d6 hoat dong khong tai. Tur d thi cho thiy, tc do tiéu thu nhién liéu c¢6 xu huéng
tang khi tang tdc do dong co. Su chénh I¢ch luu lugng nhién li€u tiéu thy gitta ethanol va xang thé hién rd
hon tai cac gi trj tbe do dong co cao. Diéu nay giy ra boi ethanol c6 nhiét tri nhién liéu thip hon xing
tuong dwong 37.4% nén can cung cap lugng nhién liéu nhiéu hon & mdi toc d6 dong co [3], [10].
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Hinh 4: Luu lugng ti€u thu nhién li¢u

3.2 Nong @6 khi thai cia dong co

Hinh 5 trinh bay néng d6 khi thai CO2 khi str dung ethanol va xang tai cac tdc do hoat dong ctuia dong co &
ché d6 khong tai. Két qua cho thaiy nong d6 CO, ciia 2 loai nhién liéu c6 xu hudng tang gidng nhau khi ting
tbc do dong co. Tuy nhién, tai tdc d6 thap (< 3000rpm) va toc do cao (>7000rpm), xing ¢6 phat thai CO
cao hon ethanol, trong khi ndng d6 phat thai CO; cua ethanol lai cao hon xang & khoang tbc do dong co tir
3000 vong/pht téi 7000 vong/phdt, véi gia tri trung binh 37.7%. Diéu nay thé hién rang ¢ khoang tde do
gita 3000 vong/phut tai 7000 vong/phlt, wru diém cua ddc tinh nhién liéu ethanol ¢6 thé gilp qua trinh chay
hiéu qua hon so véi xang nén ndng do phat thai CO2 cao hon [15], [18].

12 4 —=— Gasoline

--%- Ethanol

10

T T T T T T T T T T T T T T
1000 2000 3000 4000 5000 6000 7000 8000
Engine Speed (rpm)
Hinh 5: So s&nh khi thai CO; khi déng co str dung xang va ethanol & céc téc do )
Phat thai CO ctia dong co khi dung ethanol va xang dugc khao sat trong hinh 6, tir 46 thi cho thay theo xu
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hudng tang phat thai CO khi tang toc d6 dong co. Piéu nay 1 phu hop voi luong nhién liéu cung cap theo
toc do dong co tang dan, thoi gian dé hoan thanh qua trinh chay bi rat ngan. Tai tbc d6 dong co tir khoang
3000 vong/phut, lugng phat thai CO khi dung nhién lidu xdng ting dot ngdt so v6i nhién liéu ethanol. Didu
nay la phu hgp do dong co dang dugc thur nghiém & ché do khong tai, lugng nhién liéu dugc cép vao nhiéu
hon theo téc do dong co ma khong dugc ding dé chuyén hoa thanh cong suit tiéu thy tai. Hon nita ham
lugng oxy c6 trong E100 gitp cai thién qua trinh chay [3]. So sanh gitta ethanol va xang, phat thai CO cua
xdng trung binh ting cao hon mic du ethanol phun nhiéu nhién liéu hon [15], [16].

6 1 —=— Gasoline
--%-- Ethanol
5 -
4 4
S
O 34
O

D 1 T T T T T T T T T T
1000 2000 3000 4000 5000 6000 7000 8000

Engine Speed (rpm)
Hinh 6: So sanh khi thai CO khi dong co sir dung xang va ethanol & cac toc do
Hinh 7 cho thiy phat thai HC khi st dung ethanol thip hon khi sir dung xdng va ¢6 xu huéng ting 1én khi
tang toc do dong co. Két qua nay 1 phu hop khi ddi chiéu véi két qua phat thai ciia CO. So sanh gitra hai
loai nhién liéu mirc d6 chénh 1éch cua ethanol khong cao bﬁng xang o cac tdc do dong co cao. Do dic diém
ctia nhién liéu ethanol c6 chira oxy khién qua trinh chay dién ra tot hon va chay sach hon, 1am luong khi
thai HC cutia nhién li¢u ethanol nhé hon so véi xang [3], [17].

4000 ~

{ |—=— Gasoline
35004 |--*- Ethanol

3000 +
'é 2500 +
o

= 2000 -
o -
T

1500 +
1000

500

O T T T T T T T T T T T T T T
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Hinh 7: So sanh khi thai HC khi dong co sir dung xing va ethanol & cac toc do
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Hinh 8 cho thay phat thai NOy khi str dung ethanol thap hon khi sir dung xing. Trong nhién liéu ethanol c¢6
chtra khoang 4-6% 1a nuéc, an nhiét hoa hoi cao ciia nu6e gitip hap thu nhiét va 1am giam ap suét, nhiét do
clia qua trinh chdy, khién cho nhiét d6 qua trinh chay giam va do d6 phat thai NOx giam manh déng ké so
vai khi stir dung xang [3], [10], [16].

300

—m— Gasoline
25091 |--&- Ethanol
200 4

NOx (ppm)
z

100

50
K

-
-
-
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-’

- == = s

O T T T T T T T T
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Hinh 8: So sanh khi thai NOy khi dong co sir dung xang va ethanol & cac toc do

4 KET LUAN

Nghién ctru cai tién dong co xe gin may chuyén ddi hé thdng nhién liéu tir ché hoa khi sang phun nhién
liéu dién tir tng dung nhién liéu ethanol (E100) hoat dong thir nghiém & ché d6 khong tai c6 cac két luan
nhu sau:

Hé thdng duoc chuyén doi hoan toan tir dong co str dung bd ché hoa khi sang hé thong phun nhién liéu dién
ttr va hoat dong 6n dinh khi str dung nhién liéu ethanol (E100) tai cac dai téc do tir 1500v/p t6i 7500 v/p.
Tdc do tiéu thu nhién liéu ethanol cao hon xang & ché @6 khong tai.

DPong co khi sir dung nhién liéu ethanol cho thay anh hudng tich cuc vé mat khi thai, cac mirc phat thai doc
hai CO, NOx, HC giam dang ké.

O khoang toc d6 tir 3000v/p t&i 7000v/p, dong co sir dung v6i nhién lidu ethanol c6 mire khi thai CO, cao
hon nhién liéu xang, mirc phat thai NOx hau nhu khong dang ké. Khoang toc do nay duge dé nghi cho cac
diéu kién thi nghiém nghién ctru tiép theo & cac ché do tai dong co thay dbi va véi céc ti 16 phdi tron cua
xang voi ethanol.
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