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SU DUNG NHIET KHi THAI DE CAI THIEN TINH NANG KY THUAT
VA GIAM THIEU PHAT THAI BOC HAI CUADONG CO
SU DUNG NHIEN LIEU XANG SINH HOC

IMPLEMENTATION OF EXHAUST GAS ENERGY TO ENHANCE THE PERFORMANCE
AND EMISSION CHARACTERISTICS OF BIO-FUEL ENGINE

TOM TAT

Ethanol dugc si dung phd bién 1am nhién liéu thay thé trén dong co 6 t6, xe
may dé giam thiéu mic tiéu thu nhién liéu héa thach va giam thiéu 6 nhiém moi
truong. Nhién liéu ethanol c6 thong sd nhiét hda hoi cao hon so véi nhién liéu
xang nhwng &p suat hoi bdo hoa lai thap hon nhiéu so véi nhién ligu xang, diéu
nay lam gidm nhiét do cla moi chat nap moi va anh hudng téi kha nang khoi
dong va chay khong tai 6n dinh clia dong co. Bai bdo nay trinh bay két qua
nghién ctu thuc nghiém tan dung nhiét khi thai dé sdy nong dwong nap clia
dong co st dung nhién liéu xang sinh hoc. Nho' lrgng nhiét tlr khi thai, nhiét do
duong nap clia dong co tang I&n, tir d6 cai thién dugc qua trinh chay clia dong co,
nang cao duoc tinh nang ky thuat. Két qua nghién ctu cho théy, khi st dung
nhiét khi thai dé séy nong dudng nap, sudt tiéu hao nhién liéu clia ddng co cai
thién dang ké va mot s0 thanh phén phat théi ¢ xu hudng giam.

Tlr khda: Nhién liu sinh hoc, tan dung nhiét khi théi, trao doi nhiét.

ABSTRACT

Bio-ethanol, a kind of alternative fuel used on vehicles equipped internal
combustion engine. Ethanol has higher heat of vaporization value than gasoline
and lower reid of vapor pressure, thus the reduction of the intake manifold
temperature which effects engine performance especially at cold starting and
idling conditions. This paper present experimental study on using exhaust gas to
heat the intake manifold, thereby increasing intake mixture temperature, to
improve the combustion process of the engine, results in improvement of engine
performances. The study results show that, the specific fuel consumption of the
test engine improves remarkably and some gaseous emissions tend to be
reduced as the intake manifold be heated by exhaust gas.

Keywords: Biofuel, ethanol fuel blend, heat recovery, heat transfer.
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1. GIOI THIEU CHUNG

Nhu cau st dung nang lugng va van dé 6 nhiém moi
trvdng do phuwong tién giao théng van tai da va dang dugc
nghién ctru giai quyét bang cac cong nghé mai nhu xi ly
khi thai, xe dién hay nhién liéu thay thé [1]. Trong vai ndam
gan day, nhién liéu sinh hoc dugc coi la gidi phap hiéu qua
duwoc ap dung trén phuong tién giao thong st dung dong
co dot trong. Nhiéu nghién ctru s dung nhién liéu thay thé
cho nhién liéu hoa thach da dwoc trién khai. Dién hinh nhw
ethanol, khi héa I6ng, khi thién nhién da dugc ap dung trén
ca dong co 6 td va xe may [2-4]. Cac nghién cltu trén thé
gioi [5-7], d4 chi ra rang, nhién liéu ethanol cé nhiét tri thap
hon nhiéu so vai xang thong thwong, cu thé 1a 44MJ/kg doi
voi xang thong thuong va 26MJ/kg doi véi nhién liéu
ethanol. Chi s6 oc tan cta nhién liéu ethanol lai cao hon
nhiéu so véi cac loai nhién liéu xang thong thurong, do dé
déng co str dung ethanol c6 thé lam viéc dwgc & ty s6 nén
cao hon so véi xang. Nhién liéu ethanol c6 nhiét héa hoi
cao hon xang nén lam gidm nhiét do cta moi chat nap.
Diéu nay lam anh huéng téi qua trinh chay ctia dong co tuy
nhién lai cai thién dwoc hé s6 nap. Ap sudt hoi bdo hoa clia
nhién liéu ethanol thdp hon so véi nhién liéu xang, diéu
nay anh hudng Ién téi kha nang khai déng lanh va do én
dinh & ché do khong tai clia déng co [8]. Mot s6 nghién ctu
khac [9-12] d& chi ra rang khi tdng dan ty 1& ethanol trong
hdn hop nhién liéu sinh hoc s& lam giam thiéu mot s6
thanh phan phét thai doc hai nhw CO, HC va NO,.

Cac nha khoa hoc trong nuéc cling da tién hanh céac
nghién cru s dung nhién liéu xang sinh hoc trén dong co
doét trong cling nhu danh gia anh huéng cla ethanol téi
tinh nang k¥ thuat, phat thai doc hai va chat lvgng clia cac
chi tiét trong hé théng nhién liéu [13, 14]. Két qua nghién
clru d4 chi ra rang, dong co co thé 1am viéc 8n dinh vai ty 1€
nhé ethanol trong hdn hop nhién liéu ma khéng can phai
thay doi két cdu cla dong co. Tuy nhién, véi ty 1& ethanol
Ién hoac st dung hoan toan nhién liéu ethanol thi phai
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thay d6i két cau ctia hé thdng nhién liéu. Dong co st dung
hoan toan nhién liéu ethanol c6 thé hoat dong tuvong doi
t6t & cac ché dé 6n dinh cling nhu sau khi déng co da dat
nhiét do lam viéc. Tuy nhién, & cac ché do chuyén tiép hodc
nhiét d6 dong co con thap thi tinh nang ky thuat ctia dong
co bi anh huéng nhiéu béi nhitng tinh chat dac treng cla
nhién liéu ethanol nhu hién héa hoi cao hay ap suét hoi
bao hoa rat thdp so voi nhién liéu xang théng thuong.
Trong nghién ctru nay, nhém tac gia thuc hién giai phap cai
thién tinh nang k¥ thuat ctia dong co st dung ethanol bang
cach sdy néng dudng nap clia dong co nho tan dung nang
lwvgng khi thai. KEt qua cho thay khi sdy néng khi nap, tinh
nang k¥ thuat cda dong co dugc cai thién, mot so thanh
phan khi thai ¢é xu huéng gidam dang ké.
2.NOIDUNG NGHIEN CUU
2.1. Thiét ké hé théng sdy nong dudng nap bang nhiét
khi thai

Nguyén ly ctia hé théng sdy nong duong nap bang
nhiét khi thai dwoc thé hién trén hinh 1. Trong do, (1)-déng
co; (2)-khi nap méi; (3)-khi thai, (4)-budng trao déi nhiét.
Theo so d6 nguyén ly, mot phan khi thai c6 nhiét d6 cao
duoc dua trd lai mot budng trao doi nhiét dé truyén nhiét
cho méi chat nap méi, sau dé thai ra ngoai méi truong. Nho
nang lvgng nhan duoc tlr khi thai, nhiét dé clia moi chat
nap méi trong quéa trinh nap tang Ién, két qua la cai thién
duwgc qua trinh chay ctia déng co.

Hinh 2. Két cu bd tan dung nhiét khi thai
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Trén co s& nguyén ly nhu thé hién trén hinh 1, hé théng
tan dung nhiét khi thai dwoc thiét ké nhu thé hién trén hinh
2a va duong nap clia dong co thi nghiém dwgc cdi tao lai co
két cdu nhu hinh 2b. Brdng nap sau khi céi tao duoc 1ap
dat 1én dong co thi nghiém nhu dwgc thé hién trén hinh 2c.
Trong d6 (1)-dudng thai; (2)-dwong khi thai quay lai buéng
trao d6i nhiét; (3)-b6 ché hoa khi; (4)-budng trao déi nhiét
va (5)-dwong khi thai ra khoi budng trao d6i nhiét.
2.2.Nhién liéu va dong co thir nghiém

Qua trinh nghién ctru thuc nghiém dugc tién hanh trén
doéng co xe mdy str dung ché hoa khi thé hé cili voi cac
thong s6 co ban duwoc thé hién trong bang 1. Nhién liéu st
dung trong nghién cru nay la ethanol nguyén chéat véi cac
thong so co ban duwgc thé hién trong bang 2.

Bang 1. Thong s6 co'ban clia xe thir nghiém

Nha san xuat Honda Super Dream

Nam san xuat 2009

Loai ddng co Lxylanh

Hé thong nhién liéu Ché hoa khi

Dung tich xylanh 97cm’

Tdc do cuc dai 1000v/ph

Cong sudt cuc dai 5,5kW/7000 v/ph

M6 men cuc dai 10,2 Nm/6000v/ph

Ty s0 nén 91

Bang 2. So sanh thong s6 co'ban cda nhién liéu xang va ethanol

Thong s6 Ethanol Xang

Chi s 6c tan 108 92

Nhiét hda hoi (kl/kg) 840 270

Ty 18.C (% khi luong) 52,2 85

Ty 18 0 (% khdi lrong) 34,7 0

Nhiét tri thap (MJ/kg) 26,8 44

He s6 A/F (kg) 8,96 147

Ap suét hoi bdo hoa (kPa) 151 60,0

2.3. Thiét bi thr nghiém

Trang thiét bi s dung trong nghién cttu thyc nghiém
bao gém badng th* xe may CD20, thiét bi do tiéu hao
nhién liéu AVL 733S va hé théng phan tich khi thai CEB.
Bang th* xe may cho phép thuc hién cac phép thtr & ché
dd tinh cling nhu danh gia dwgc kha nang gia toc clia xe
hay cac thir nghiém theo chu trinh tiéu chuan. Thiét bi do
tiéu hao nhién liéu AVL 733S hoat dong theo nguyén tac
trong luc dwgc st dung trong nghién ctru nay cé doé chinh
xac cao va dai do phu hop voi doi twong thir nghiém. TG
phan tich khi thai CEB (Combustion Emission Bench) bao
gbm toan bd cac médun thyc hién qua trinh phan tich cac
thanh phan khi thai nhu moénoxit cacbon (CO), cacbon
diéxit (CO,), 6xygen (O,), Oxit nito (NO va NO,) va
hydrocacbon (HC). So d6 hé théng thir nghiém dwoc thé
hién trén hinh 3.
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3.2. Thanh phan phat thai doc hai

T
' ‘ i Két qua thir nghiém do dac cac thanh phan phéat thai
doc hai ctia dong co bao gom HC, CO va NO, duoc thé hién

R 3 trong hinh 5. Nho tan dung nang luong khi thai, nhiét do
. & X = 1 clia modi chat nap méi dwgc nang cao tir d6 cai thién duoc
\ \ =

qua trinh chay clia déng co va gidm thiéu hai thanh phan
phat thai HC, CO. So v¢i trvdng hgp nguyén ban, khi tan
dung nhiét khi thai thi phat thai NO, clla dong co tang Ién
do nhiét d6 ctia mdi chat nap méi & cudi ky nap cao hon
cling nhu qud trinh chay dugc cai thién. Phat thai CO gidm
tr 2 dén 28%, HC giam tir 1,3 dén 11% va NO, tang tr 13
dén 45% trén toan dai téc do thi nghiém.

S - : 2500 -
Hinh 3. Hé théng thi nghiém —— Cosay
N 5 n D100 | il Khong say
2.4. Quy trinh thir nghiém _
Pé danh gia anh hudng ctia hé théng tan dung nhiét é 1700
khi thai dén tinh nang k¥ thuat va phat thai ctia déng co, S
qué trinh thi nghiém duoc thuc hién & ché do 6n dinh, 2 1300
buém ga & vi tri m& hoan toan, téc dé clia dong co dugc T 900 F
diéu chinh thay d6i tlr 20 dén 70km/h tai tay s6 4. Cac é
thong s6 nhu cdng sudt tai banh xe, lwvgng nhién liéu tiéu L A
thu va cac thanh phan phat thai dvoc xac dinh dé so sanh 100 , , , ,
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Hinh 4. So sanh ¢Ong sudt tai banh xe va suat tiéu hao nhién ligu 1500
Két qua thir nghiém so sanh cdng suéat tai banh xe va —— (6 shy
sudt tiéu hao nhién liéu clia dong co dugc thé hién trén 500 b —=— Khongsay |
hinh 4. Khi tan dung nhiét khi thai dé sdy néng khi nap moi z
clia doéng co, sudt tiéu hao nhién liéu cai thién tir 2 dén @
9,5% so v6i truong hop nguyén ban. Do & ché do toan tai, & 1200
buém ga mé hoan toan lvgng nhién liéu cung cdp cho Z.
dong co 1a I6n nhat s& lam nhiét d6 moi chat nap méi giam ~ § 900
manh va anh huéng téi hiéu suat ctia dong co. Nho nang 5
lvgng nhan dugc tlr khi thai, nhiét dd mdi chat nap méi & 600
dgcyc nang lén tir d6 cai thién duoc qua trinh hinh thanh
hén hop va chat lvgng qua trinh chay duoc cai thién. Két 300 : . i .
gué thé hién trén hinh 4 cho thdy, nho tan dung duoc nang 20 30 40 50 60 70
lvgng khi thai, sudt tiéu hao nhién liéu cia dong co cai Téc d6 xe (km/h)
thién va cong suat do duoc tai banh xe tang trung binh ‘ , ‘ o A' L
5,1% trén toan dai toc do thir nghiém. Hinh 5. So sénh thanh phan phét thai ddc hai cta dong co
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4. KET LUAN

Nghién ctru cdi thién tinh ndng k¥ thuat va phat thai ctia
dong co nho tan dung nang lvgng khi thai da dugc thyc
hién. Két qua cho thay, nhé nang lugng khi thai lam tang
nhiét dd ciia méi chat nap méi da cai thién dugc chat lvgng
qua trinh chay clia dong co. Khi tan dung nhiét khi thai dé
sdy néng khi nap méi cia dong co, sudt tiéu hao nhién liéu
cdi thién tir 2 dén 9,5% so v6i truong hop nguyén ban;
cong suat do duoc tai banh xe tang trung binh 5,1% trén
toan dai toc do thir nghiém. Phat thai CO gidm tir 2 dén
28%, HC giam tlr 1,3 dén 11% va NO, tang tir 13 dén 45%
trén toan dai téc do thir nghiém.

TAI LIEU THAM KHAO

[1]. P. lodice, A. Senatore, 2015. Industrial and Urban Sources in Campania,
Italy: “The Air Pollution Emission Inventory. Energy & Environment, 26(8), pp.
1305-1318.

[2]. Duc Khanh Nguyen, Han Nguyen Tien, Vinh Nguyen Duy, 2018.
Performance Enhancement and Emission Reduction of Used Motorcycles Using
Flexible Fuel Technology. Journal of the Energy Institute 91 (1). Elsevier Ltd: 145—
152. doi:10.1016/j.j0ei.2016.09.004.

[3]. Duc, KN., V.N. Duy, 2018. Study on Performance Enhancement and
Emission Reduction of Used Fuel-Injected Motorcycles Using Bi-Fuel Gasoling-LPG.
Energy for Sustainable Development 43 60—67.
doi:https://doi.org/10.1016/].esd.2017.12.005.

[4]. K. Nguyen Duc, V. Nguyen Duy, L. Hoang-Dinh, T. Nguyen Viet, T. Le-
Anh, 2019. Performance and emission characteristics of a port fuel injected, spark
ignition engine fueled by compressed natural gas. Sustainable Energy
Technologies and Assessments, vol. 31, pp. 383-389.

[5]. P. lodice, A. Senatore, G. Langella, A. Amoresano, 2017. Advantages of
ethanol-gasoline blends as fuel substitute for last generation Si engines.
Environmental Progress and Sustainable Energy, 36, 4,1173-1179.

[6]. P. lodice, G. Langella, A. Amoresano, 2018. Ethanol in gasoline fuel
blends: Effect on fuel consumption and engine out emissions of S| engines in cold
operating conditions. Applied Thermal Engineering, 130, 1081-1089,
doi.org/10.1016/j.applthermaleng.2017.11.090.

[7]. lodice, P. and Senatore, A., 2013. Influence of Ethanol-gasoline Blended
Fuels on Cold Start Emissions of a Four-stroke Motorcycle. Methodology and
Results. SAE Technical Paper 2013-24-0117, doi.org/10.4271/2013-24-0117.

[8]. Le Anh Tuan, et.al, 2017. Alternative fuels for internal combustion engine.
Bach Khoa publishing house.

[9]. Durbin, Thomas D., J. Wayne Miller, Theodore Younglove, Tao Huai,
Kathalena Cocker, 2007. Effects of Fuel Ethanol Content and Volatility on Regulated
and Unregulated Exhaust Emissions for the Latest Technology Gasoline Vehicles.
Environmental ~ Science and  Technology 41  (11):  4059-4064.
doi:10.1021/es0617760.

[10]. Graham, Lisa A., Sheri L. Belisle, and Cara Lynn Baas. 2008. “Emissions
from Light Duty Gasoline Vehicles Operating on Low Blend Ethanol Gasoline and
E85.” Atmospheric Environment 42 (19): 4498-4516.
(0i:10.1016/j.atmosenv.2008.01.061.

Website: https://tapchikhcn.haui.edu.vn

[11]. Clairotte, M., T. W. Adam, A. A. Zardini, U. Manfredi, G. Martini, A.
Krasenbrink, A. Vicet, E. Tournié, C. Astorga, 2013. Effects of Low Temperature on
the Cold Start Gaseous Emissions from Light Duty Vehicles Fuelled by Ethanol-
Blended Gasoline. Applied Energy. doi:10.1016/j.apenergy.2012.08.010.

[12]. Schifter, I., U. Gonzélez, L. Diaz, R. Rodriguez, I. Mejia-Centeno, C.
Gonzélez-Macfas, 2018. From Actual Ethanol Contents in Gasoline to Mid-Blends
and E-85 in Conventional Technology Vehicles. Emission Control Issues and
Consequences. Fuel 219 (January). Elsevier 239-247.
(0i:10.1016/j.fuel.2018.01.118.

[13]. Le Anh Tuan, Pham Minh Tuan, 2009. Impacts of Gasohol E5 and E10 on
Performance and Exhaust Emissions of In-used Motorcycle and Car: A Case Study in
Vietnam. Journal of Science and Technology, Vietnamese Technical Universities,
http://www.vjol.info/index.php/DHBK/article/view/11093

[14]. Pham Huu Tuyen, Le Anh Tuan, Nguyen Duy Vinh, Pham Van Doan,
2012. Durability Testing for Motorcycle Engines Fueled with E10. The 2nd
International Conference on Automotive Technology, Engine and Alternative
Fuels (ICAEF2012), Ho Chi Minh City, Vietnam.

AUTHORS INFORMATION

Dang Huy Cuong®, Nguyen Duc Khanh?, Trinh Xuan Phong,
Bui Van Chinh®

Nam Dinh University of Technology Education
2Hanoi University of Science and Technology
3Hanoi University of Industry

Vol. 56 - No. 1 (Feb 2020) e Journal of SCIENCE & TECHNOLOGY | 79





