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Abstract:

The present paper investigates the performance and emission of a retrofitted
Honda 110cc motorcycle engine fueled with LPG-ethanol by simulation and
experiment. The ethanol and the LPG are injected separately through the two different
injectors. A microcontroller is set up connecting with the ECM of the engine for
flexible adjustment of the LPG/ethanol ratio based on the gasoline injector control
signal. The measurements were conducted on a special engine testing instrument with
an automatic load controller. The simulation was performed with the help of the Ansys
Fluent Software. The results show that the LPG-ethanol dual injection forms a
stratified mixture distribution at the end of the compression process. The relatively
LPG-rich area is found around the spark plug while the ethanol-rich area is located
near the cylinder wall. With 30% ethanol addition to LPG, the indicative engine cycle
work increases by 4.5% while the emissions of NOx, CO and HC decreases
respectively by 13, 20 and 17% as compared to LPG fueling mode. When the ethanol
content is higher than 30%, the special intake manifold design is needed for supporting
the evaporation of the liquid fuel.
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1. Giéi thi¢u

Xe gan may duoc vu chudng ¢ nhiéu nudc dang phat trién do tinh co dong cao,
di chuyen thuan tién trong diéu kién co sé ha tdng phuc vu giao thong chua dugc phat
trién. O cac do thi c6 mat do du lich hay truong dai hoc cao thi xe gin may 1a phuong

tién giao thong chia s¢ duoc wa chuong. Mat khac, tir khi c6 dai dich covid 19, xe gan
may la phuong tién giao hang htru hiéu trong mang ludi thuong mai truc tuyen.

Hién tai, Viét Nam 1a mot trong nhimg qudc gia c6 mat d6 xe gin mdy cao nhét
thé gidi v6i ti 18 2 ngudi dan co 1 xe gan may. Khi thai tir cac phuong tién nay la
nguyén nhan chinh gy 6 nhiém khong khi & cac thanh phé. Vi vay viéc nghién ciru &p
dung cic cong nghé nang cao hiéu qua st dung nhién liéu va giam phat thai 6 nhiém
cua xe gén may la rt can thiét dé tiét kién nhién liéu hoa thach va bao vé méi truong.

Mot trong nhiing giai phap c6 tinh kha thi cao gop phan giai quyét dong thoi hai
van dé trén 1a sir dung nhién li¢u thay thé-tai tao thay cho xing. Pa c6 nhiéu cong trinh
mg dung nhién liéu thay thé nhu CNG, LPG trén xe may. Mirc phat thai HC va CO
trung binh cia CNG c6 thé thip hon tuong tmg 92% va 78% so véi nhién lidu xing
[1]. Tuy nhién, binh chira CNG cong kénh va luu trit nhién liéu & 4p suét cao 1a nhiing
rao can chinh 1am han ché viéc ing dung rong rai khi thién nhién trén xe gan may.



LPG cé ap suét hoa long théip nén co thé khic phuc dugc nhugc diém cia CNG. Viéc
ap dung LPG trén xe may da dugc chimg minh la mot giai phap thich hop dé giam
phat thai [2-4]. So v6i xdng, luong phat thai NOx va CO cua xe khi chay bang nhién
liéu LPG tuong tng thip hon 20% va 60% [5]. LPG c6 thé bay hoi va khuech tan
trong khong khi & nhiét do khi nap thap nén dong co LPG c¢6 thé hoat dong tot & bat ky
diéu kién nao, dic biét & diéu kién tai thap khi chay trong db thi.

Maic du dugc xem la nhién li¢u “sach” nhung CNG cling nhu LPG déu 1a nhiing
nhién li¢u hoa thach nén viéc st dung ching lam ting néng do CO, trong bau khi
quyén. Vi vay viéc sir dung két hop céac loai nhién liéu nay véi cac loai nhién liéu tai
tao khac s& mang lai loi ich thiét thuc trong cong tic bao vé moi truong. Trén quan
diém d6 thi viéc st dung két hop LPG va ethanol 13 giai phap phu hop.

Ethanol c¢6 mot sé wu diém ndi bat so v6i xing, nhu c6 kha ning chdng kich nd
cao gitp tang ti s6 nén dong co; co nhiét an hoa hoi 16n gitp ting hé sé nap cua dong
co. Mit khac, su hién dién cua oxygen trong ethanol gitp cai thién téc d6 chay, lam
cho qua trinh chay dién ra hoan toan hon, nho d6 lam giam phat thai HC va CO. Két
qua nghién ctru cua Lanje [6] cho thdy dong co chay bang hdn hop nhién liéu LPG-
Ethanol c6 hiéu suit twong duong véi dong co chay bang xang, nhung noéng d6 CO,
CO, va HC trong khi thai thdp hon. Theo Paolo va cong sy [7] khi ham lugng oxygen
trong nhién liéu cang cao thi lugng phat thai CO va NO, cang thiap. Két qua nghién
ctru thir nghiém dong co danh lira cudng birc chay bang hdn hop LPG-ethanol cia
Cetin [8] cho thdy phdi hop sir dung ethanol véi LPG 1a thich hop dé giam phat thai
CO va NO, do nhiét d6 qué trinh chay giam. Nhirng céng trinh nghién ctru nhién liéu
LPG-ethanol 4p dung chu yéu cho 6 to.

Trong thyc té hién nay ethanol duoc pha tron vao xing, goi 1a xang sinh hoc [9-
11]. Xang va ethanol déu ¢ trang thai 16ng nén viéc sir dung xang sinh hoc thuan loi,
khong 1am thay d6i hé thong cung cp nhién liéu. Viéc tmg dung LPG-ethanol trén xe
gan may doi hoi nhitng giai phap k¥ thuat phtic tap hon. Do d6 viéc nghién ctru hé
théng cung cap nhién liéu LPG/ethanol ciing nhu tinh ning dong co chay bang hai loai
nhién liéu nay 1a can thiét. Trong cong trinh ndy ching toi trinh bay cong nghé phun
riéng 1& LPG va ethanol trén duong nap dong thoi nghién ciru dic trung qua trinh chay
va muc d6 phat thai 6 nhiém cua xe gan may LPG-ethanol.

2. Phuwong phap nghién ciru
2.1. So dé bé tri thi nghi¢m

Pong co xe gan may HONDA WAVE RSX duoc st dung trong nghién ciru
nay. Pong co ¢ dudng kinh xi lanh 50mm, hanh trinh piston 55.6mm, ti s6 nén 9:1.
Khi chay bang xing, dong co co cong suat 6,12 kW & toc do 7500 v/ph va momen
8,44 Nm ¢ toc d6 6000 v/ph.

Hinh 1 gigi thiéu so d6 bd tri thi nghiém. Phanh cua bang thir duoc cai tao tir
mot may phat dién. Cong suat can duoc diéu khién bang cach thay doi tir thdng may
phét thong qua thay d6i dong dién kich tir bang phuong phéap diéu chinh d6 rong xung
PWM (Pulse-Width Modulation). Piéu nay dugc thyc hién nho sir dung mach diéu
khién Arduino két hop véi véi bo moé dun PWM cong suat. Ngudn kich thich 1a ngudn
ngoai véi dién ap cb dinh. Toc d6, md men va cong suit dugc do va tinh toan thong
qua cam bién toc do, cam bién luc. Hé thong do duoc két ndi vai may tinh. Khi nhap
toc do dong co va dd6 mo budém ga, hé thong s& tu dong diéu chinh tai can dé dat duoc



su can bang momen. Piéu nay lam ting d6 chinh xac cia phép do.

Hinh 1: So d6 bo tri thi nghiém

1. Bong co Honda RSX xang-Ethanol-LPG; 2. Phanh dién; 3. Cell load; 4. Encoder;
5. Pién trd; 6. Accu; 7. Mach diéu chinh dong dién Kich thich; 8. Vi diéu khién
Arduino; 9. My tinh; 10. ECU déng co RSX; 11. Voi phun LPG; 12. Voi phun

xang/Ethanol; 13. Binh chira Ethanol; 14. Binh chita LPG; 15. Can dién tir; 16. Can

dien tur

So d6 hé théng phun nhién liéu liéu LPG/ethanol cho dong co xe gin may duoc
trinh bay trén hinh 2. Hé thong gém 2 voi phun duoc lap phia sau buém ga: voi phun
nhién liéu 1ong dé phun ethanol, voi phun nhién liéu khi dé phun LPG. Voi phun LPG
duogc lap bén canh voi phun ethanol (st dung lai voi phun xang). Trudc khi cai tao, khi
dong co chay bang xang thi thoi gian nhic kim phun do ECU cung cap dua trén thong
tin tir cic cam bién ap suat khi nap (MAP), cam bién vi tri buém ga (TP), cam bién toc
d6 dong co, cam bién oxygen. Khi dong co chay bang LPG/ethanol thi nhién liéu dugc
cap qua 2 voi phun doc 1ap. Mot bo vi diéu khién Arduino duoc bd sung vao ECU dé
diéu khién cac voi phun nay. Vi diéu khién nhén tin hiéu diéu khién voi phun xang
nguyén thiy tir ECU sau d6 chia thanh 2 xung tin hiéu diéu khién véi d6 rong mdi
xung dugc xac dinh theo ty 18 nhién liéu ethanol/LPG can cung cap. Phuong phap nay
gilp cho viéc diéu chinh ti 1& nhién liéu linh hoat déng thot giup cho viée cai tao hé
théng nhién liéu ctua dong co gon nhe, don gian.
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Hinh 2: So do hé théng cung cdp da nhién liéu liéu ethanol-LPG
cho déng co xe gan may



1. Cam bién vi tri buém ga, 2. Cam bién dp sudt khi nap, 3. Cam bién dp sudt nhién

liéu, 4. Cam bién toc dg, 5. Cim bién kich nd, 6. Cim bién nhiét dp thanh xi lanh, 7.

Cdm bién oxygen, A. Tin hiéu diéu khién voi phun nhién liéu long, B. Tin hiéu diéu
khién voi phun nhién liéu khi, C. Tin hiéu diéu khién danh lira.

2.2. Nghién ciru mo6 phéng

Nghién ciru mé phong duoc thye hién nhd phan mém ANSYS Fluent V15.0. Hé
théng phuong trinh d6i luu-khuéch tan dugc khép kin nhd mé hinh rbi k-e. Qua trinh
chay duogc tinh toan théng qua moé hinh partially premixed. Thanh phan nhién liéu
dugc tinh toan thong qua ti 16 E cua ethanol trong hdn hop v6i LPG. Nong do NO,
duogc tinh toan theo mo6 hinh Zeldovitch. Néng do CO va cac HC khac duoc tinh toan
dua trén mo hinh cin bang nhiét dong hoa hoc. Qua trinh phan ra va bdc hoi cua tia
phun ethanol dugc mé phong thong qua mé hinh TAB cai dit sén trong Fluent. Diéu
kién bién gom 4p suét, nhiét do khong khi nap; ap suat, nhiét d6 va thanh phan LPG &
miéng voi phun nhién liéu khi; luu lwong, nhiét do va tbc do phun cua ethanol. Chi tiét
xay dung mo hinh dugc trinh bay trong cong trinh trudc day cua ching toi [13].

3. Két qua va ban luin
3.1. Qud trinh hinh thanh hén hep khi phun nhién ligu LPG-ethanol

Hinh 3 cho thay trudc khi dénh Itra khu vuc quanh nén dénh Itra c6 hé s6 twong
duong t6i wu (¢ xap xi 1). Khu vuc twong doi giau LPG tap trung gan nén danh la con
khu vuc giau ethanol tip trung & khu vire xa nén dénh lira. Sy phan bd néng d6 nhién
lidu trong truong hop nay rat ¢ loi d6i voi qua trinh chay. That vay ethanol c6 chi s6
octane cao nén khi né phan bo xa nén danh Iira s& tranh duoc hién tuong kich no do ap
suat va nhiét do hdn hop ting cao. Sy phan 16p octane ciia hdn hop nhién liéu 1a mot
loi thé rat 16n d6i voi dong co danh lira cudng bire [14] sir dung ethanol.
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Hinh 3: Sy hinh thanh hén hop khi phun LPG-ethanol



(a) Dién bién mdt do hat va sw phén bé Ethanol, LPG (¢=60 CTA); (b) Toc do boc hoi
(9=240 TA); () Bién thién hé sé tirong dirong (¢=330 CTA)

Hinh 4a va hinh 4b giéi thiéu mat d¢ hat nhién liéu ethanol va téc d béc hoi hat
nhién lidu trong xi lanh dong co khi cung cdp nhién liéu E15 va E30. Thoi diém bat
dau phun ethanol 1a 20°CA. Nhiét d6 khi nap trung binh 315K. Ching ta thiy khoang
15°CA ké tir khi phun, nhitng hat nhién liéu ethanol di dwgc dong khi nap hut vao xi
lanh 1am mat d6 hat ting nhanh. Khi tiép xtic v6i khong khi nong trong xi lanh, cac hat
nhién liéu dau tién bdc hoi nhanh chong khién mat do cua chung giam nhanh. Khi
lwong hat hit vao xi lanh tiép tuc ting, nhiét do khi trong xi lanh giém nén mat do hat
tang trd lai. O vi tr goc quay truc khuyu khoang ¢=90°CA, do tbc d6 dong khi trong
x1 lanh tdng lam ting toc do truyen nhiét d6i luu, khién téc do bdc hoi ting tro lai.
Cung voi su gia tang tbc d6 bdc hoi, mat do hat giam. Bién dang duong cong mat do
hat va téc d6 bdc hoi hat nhién liéu l6ng trong truong ho*p E15 va E30 tuong tu nhu
nhau. Su khac biét thé hién ¢ thoi diém két thic bdc hoi. Ung vol E15, qua trinh boc
hoi két thuc & khoang ¢=180°CA, nghia 1 cudi qua trinh nap hau nhu tit ca hat nhién
liéu ethanol da boc hoi hoan toan. Trong khi d6 ung véi E30, qua trinh bdc hoi hat
nhién liéu 10ng kéo dai dén cudi qua trinh nén. Do vy can phai c6 nhirng giai phap hd
tro bdc hoi ethanol khi sir dung nhién li€u v&i ham lugng ethanol cao hon 30% trén
dong co xe gin may.
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Hinh 4: Bién thién’ cua mdt do hat nhién liéu long va toc do bay hoi cua ethanol E15L
(a) va E30L (b) doi voi goc quay truc khuyu (n=5000 vg/ph, T,,, = 315K)
3.2. Qua trinh chdy va phdt théi é nhiém

3.2.1. Anh hwéng ciia ham lwong Ethanol dén bién thién dp sudt va toc dp
toa nhiét
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Hinh 5: Anh hueéng ciia ham heong Ethanol dén bién thién dp sudt va toc do téa nhiét
(a) va bién thién ap sudt theo thé tich cong tac (b)

(¢=1, n=4000 vg/ph, =20 TK)



Hinh 5a gidi thiéu bién thién ap suit va duong cong tdc do toa nhiét cua dong
co khi chay hoan toan bang LPG (EO) va bang ethanol (E100). Két qua mo phong cho
thay khi dong co chay hoan toan bang ethanol thi tc do toa nhit tang som hon va co
gia tri cao hon khi chay bang LPG. Diéu nay 1a do tbc d6 chay cua ethanol cao hon
LPG va nho ham lugng oxygen co trong ethanol giup cho qua trinh chay dién ra thuan
loi hon. Nho d6 ap suat cuc dai khi chay bang ethanol cao hon khi chay bang LPG.
Hinh 5b biéu dién db thi cong ctia dong co khi thay d6i ham luong ethanol trong hdn
hop v6i LPG. Chung ta thdy khi ting ham luong ethanol thi ap suit trong giai doan
nén giam va ap suit trong giai doan chdy tang lam ting dién tich d6 thi cong, do d6
tang cong chi thi chu trinh. Két qua tinh toan cho thiy cong chi thi chu trinh ciia dong
co dat 130, 134, 136, 146, 150 va 152 J/cyc lan luot g véi1 EO, E15, E30, E45, E70
va E100.

3.2.2. Anh huwéng ciia ham lwong Ethanol dén bién thién néng dé HC, CO va
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Hinh 6: Anh hiéng ciia ham lwong Ethanol dén bié'n‘ thién cia nhiét d chay (a), nong
do NOy (b), nong do CO (c) va nong do NOy (d)

(¢=1, n=4000 rpm, ¢,=20 TA)

Do nhiét 4n bdc hoi ctia ethanol cao nén khi tang ham luong ethanol, nhi¢t do
khi nap giam 1am gidm nhiét d6 chdy va nhiét d6 hon hop trén dudng gidn nd (hinh
6a). Nhiét do chay giam din dén ndng d6 NO, giam manh theo ham luong ethanol.
Hinh 6b cho thidy ham luwong NO, trong khi thai khi chay bang LPG gan gap doi ham
lugng NOx trong khi thai khi chay bang ethanol. Nho tang téc do chdy, téc do toa
nhiét va qua trinh chdy duogc cai thién nho sy hi¢n dién ctia oxygen trong ethanol nén
khi ting ham luong ethanol, qua trinh chay dién ra hoan toan hon, din dén giam nong



d6 CO va HC trong khi thai (hinh 6¢ va hinh 6d). Két qua cac hinh 5 va hinh 6 cho
thdy, dong co chay bang E30 c6 cong chi thi chu trinh ting 4.5%, _phat thai NOy, CO

va HC giam tuong tmg 13, 20 va 17% so voi khi dong co chay bang hoan toan bang
LPG.

3.3. So sanh tinh nang dong co cho boi mo phong va thwe nghiém

Hinh 7a giéi thiéu bién thién cong chi thi chu trinh theo ham lwgng ethanol cho
bdi md phong va thuc nghiém khi dong co chay ¢ toc do 4000 vong/phit. Cong suit
6 ich dugc tinh tir cong chi thi chu trinh W; m6é phong P.=W,;.n/120.1, trong d6 n la
hiéu suét co gi6i téng quat duoc chon n=0,85. Gia tri nay da dugc kiém ching trong
[15]. Chung ta thay khi tang ham luong ethanol thi cong suat c6 ich c6 xu huong ting
nhung su gia tang cong suét co ich cua dong co cho boi thuc nghiém thap hon cho boi
mé phong. Khi E thap thi cong suét thyc nghiém cao hon nhung thi E cao thi cong sut
thuc nghiém thap hon gia tri mo phong. Piéu nay 1a do qua trinh chay trong thuc té
khong dién ra hoan hao nhu tinh toan 1y thuyét.
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Hinh 7: Bién thién cong sudt dau ra P, (8); nong dé CO (b), HC (c), va NOx (d) theo
ham liwong Ethanol thay doi tir EO dén E40 cho béi mé phdng va thwce nghiém
(¢—1 n=4000 rpm, ;=20 TA)

Nghién ctou & phan téng quan cho thay su gia tang ham lugng ethanol trong hén
hop nhién liéu lam glam phat thai CO. Diéu nay c6 thé 1a do thanh phan oxygen trong
ethanol c6 loi cho viéc cai thién qua trinh chay, gilp qua trinh chay dién ra hoan toan.
Hinh 7b cho thiy ndng d6 CO trong khi thai cho boi mé hinh va thuc nghiém déu co
xu hudng giam khi ting ham luong ethanol trong nhién liéu. Tuy nhién néng d6 CO
cho bai thuc nghiém cao hon gia tri md phong khoang 15%. Piéu nay la do trong tinh
toan, thanh phan hdn hop dugc gia dinh dong nhat nhung trong thuc té van ¢ nhiing
khu vuc dam dic cuc bd dan dén tang phat thai CO. Tuong ty voi CO, néng do HC



trong khi thai giam theo ham lwong ethanol trong nhién liéu do qua trinh chay dién ra
hoan toan hon. Néng dd HC cho bdi thyc nghi¢m hoi cao hon néng do cho boi mod
phong khoang 10% do sy khac biét vé tinh ddng nhét ciia hdn hop trong thuc té so véi
tinh toan 1y thuyét.

Hinh 7d so sanh sy bién thién cta néng d6 NO, theo ham luong ethanol trong
nhién liéu. Nhu da giai thich ¢ trén, khi ting ham lugng ethanol trong hon hop nhién
li¢u thi nhiét d§ chdy gidm lam giam tdc dd san sinh NO. Néng do NOy cho bai thuc
nghiém giam nhanh hon nong d6 NO, cho bdi mé phong. Didu nay 1a do qua trinh
chay thyc té dién ra khong hoan toan nhu 1y thuyét nén nhiét do chdy thuc té thap hon
mé phong din dén giam ndng do NO,. Khi ham luong ethanol ting thi ndng d6 NO,
cho boi thyc nghiém cang thdp hon gia tri m6 phong vi mot bd phan ethanol 1ong
khong kip bdc hoi trude khi chay dan dén su cham tré gia ting toc do toa nhiét 1am
gidm nhiét do chdy do d6 gidam NOy manh hon so v6i tinh toan mo6 phong.

4. Két luan
Nghién ctru trén day cho phép chung ta rit ra dugc nhitng két luan sau:

- Khi phun riéng r& LPG va ethanol, hdn hop trong budng chay duoc phan 16p,
thuan loi cho qua trinh chay: hdn hop gan nén danh lira c6 thanh phan chay hoan toan
ly thuyét, khu vuc c6 nong do LPG cao tap trung gan tdm budng chay, khu vuc giau
ethanol tap trung gan thanh xi lanh.

- Cung tbe do dong co, khi ting ham luong ethanol trong hdn hop véi LPG thi
cong chi thi chu trinh ting dong thoi muc do phat thai CO, HC va NO, déu giam nho
tinh chat hoa 1y dic thu cia ethanol. Khi dong co chay bang E30, cong chi thi chu
trinh tang 4.5%, phat thai NO,, CO va HC giam tuong tng 13, 20 va 17% so voi khi
chay bang hoan toan bang LPG.

- Bién thién nong d6 CO, HC trong khi thai dong co theo ham lugng ethanol cho
boi thuc nghi€ém cao hon gia tri mé phong nhung nong do NOy cho bdi thuc nghiém
thap hon gia tri m6 phong do qua trinh chay thyc t€ khong dién ra hoan toan nhu gia
dinh.

- Khi ham lugng ethanol nhé hon 30%, I}at nhién li¢u léng bbc hoi’ hoan toan
trong ky nap. Vuot qua gia tri ndy, qué trinh boc hoi nhién li¢u kéo dai dén cudi qua
trinh nén. Cong chi thi chu trinh cho béi thuc nghiém khi d6 nho hon gia tri mo6 phong.

- Trong diéu kién van hanh binh thuong, ham luong ethanol trong hdn hop véi
LPG co thé cao hon trong hon hop voi xang. Tuy nhién dé c6 theé sir dung ethanol voi
ham lugng cao hon 30%, dong co can phai dugc thiét ké dac biét dé cai thién diéu kién
bdc hoi cta nhién liéu.
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