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TOM TAT

Trong béi canh yéu cau giam phdt thai va ndng cao hiéu qua sir dung nhién liéu cia dong
co dot trong, dong co diesel sir dung nhzen lieu kép LPG/Diesel dang nhan dLm’c nhiéu su quan tam
nghién cuu nhw mot gidi phap chuyén tiép kha thi. Bai bdo nay trinh bay tong quan vé cdic nghién
cibu trong va ngodi nuede vé xu hwdng phdt trién déng co diesel nhién liéu kép LPG/Diesel, tdp trung
phan tich nguyén Iy lam viéc, tinh nang ky thudt va phdt thdi, mire d vmg dung thuc tién ciing nhw
nhitng khé khan, khodng trong nghién ciru con ton tai. Cdc két qua tong hop cho thay, khi dp dung
nhién liéu kep LPG/Diesel, cong sudt va hiéu sudt nhiét ciia dong co co thé dwoc duy tri hodac cai
thién nhe & tai trung binh va cao, trong khi sudt tiéu hao diesel va phdt thdi khéi, mugi than gidam
dang ké. Tuy nhién, phat thai CO, HC va NOx ¢é xu hwdng bién thién phike tap, phu thuéc manh vao
1y 1é LPG va chién luoc phun diesel moi. Trén co sé phan tich cdc két qua dinh lwong, bai bdo chi
ra nhitng khodng trong nghién cieu lién quan dén diéu khién qua trinh chay, ché do van hanh qua
dé va dg bén cua dong co, dong thoi dé xudt dinh huéng nghién ciru nham ndng cao khd ning vmg
dung ciia cong nghé nhién liéu kép LPG/Diesel trong thiec té.

Twr khéa: Dong co diesel; Nhién li¢u kép; LPG/Diesel; Tinh nang, Phat thai.

ABSTRACT

In the context of the need to reduce emissions and improve fuel efficiency in internal
combustion engines, dual-fuel LPG/Diesel diesel engines are receiving significant research attention
as a viable transitional solution. This paper presents an overview of domestic and international
research on the development trends of dual-fuel LPG/Diesel diesel engines, focusing on analyzing
the working principle, technical features and emissions, practical application level, as well as
existing research difficulties and gaps. The combined results show that when applying dual-fuel
LPG/Diesel, the engine's power and thermal efficiency can be maintained or slightly improved at
medium and high loads, while diesel consumption and smoke and soot emissions are significantly
reduced. However, CO, HC, and NOx emissions tend to vary complexly, strongly dependent on the
LPG ratio and the diesel priming injection strategy. Based on the analysis of quantitative results,
the paper identifies research gaps related to combustion control, transient operating modes, and
engine durability, and proposes research directions to improve the practical application of LPG/
Diesel dual-fuel technology.
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1. GIOI THIEU

Trong bdi canh yéu cau giam phat thai 6
nhiém va chi phi nhién liéu ngay cang khat khe,
viéc nghién ctru cac giai phap st dung nhién
liéu thay thé cho dong co diesel truyén thong
dang nhan dugc su quan tdm 16n. Bén canh cac
huéng tiép can nhu diesel-CNG, diesel-ethanol
hay hybrid hoa, dong co diesel sir dung nhién
liu kép LPG/Diesel ndi 1én nhu mot giai phap
chuyén tiép kha thi do kha nang tan dung dong
co hién hiru véi mirc cai tién két ciu khong 16m

(11, [2].

LPG (Liquefied Petroleum Gas) co tri
sO octan cao, kha nang hoa tron tot véi khong
khi va ham luong carbon thip hon diesel, cho
phép gidm phat thai mudi than va khoéi den khi
phdi hop véi diesel trong ché d6 phun mdi [3].
Vi vay, xu hudng nghién ctru dong co diesel
nhién liéu kép LPG/Diesel di phat trién manh
trong khoang hai thap ky gan day, hudng t6i
muc ti€u nang cao hi¢u qua nang lugng va giam
tac dong moi truong.

Bai bao nay di sau phan tich dac tinh ky
thuat, phat thai va nhiing thach thtrc trong phat
trién dong co nhién liéu kép LPG/Diesel rét co
y nghia khoa hoc.

2. NGUYEN LY LAM VIEC VA QUA
TRINH CHAY VA HINH THANH PHAT
THAI CUA PONG CO DIESEL NHIEN
LIEU KEP LPG/DIESEL

Trong dong co nhién li¢u kép LPG/
Diesel, diesel van dong vai tro nhién li¢u moi,
duge phun truc tiép vao budng chdy dé kich
hoat qua trinh tu chdy, trong khi LPG dugc cp
vao duong nap dudi dang khi va hoa tron véi
khong khi trudc khi nap vao xi lanh [4], [5]
(Hinh 1).

Trong qua trinh chay (Hinh 2), nhién
liéu diesel lién tuc khuéch tin vao ving dang
chay va hon hgp LPG-khong khi & bén ngoai
ciing lién tuc bi cudn va bo sung vao ving chay
do chuyén dong rbi va khuéch tan cia méi
chat. Huéng thtr hai 13 theo sy lan tran mang
lira trong ving hdn hop dong nhét cua LPG va
khong khi néu thanh phan hdn hop cta ving
nay nam trong gidi han chay. Qua trinh chay
ndy dién ra theo hudéng tir viing tu chdy ra phia
thanh budng chay véi téc d¢ lan tran mang lira
phu thudc rat nhiéu vao nhiét do, ap suit va ty
1¢ thanh phan LPG/khéng khi trong xilanh. Nhur
vay, qua trinh chay dién ra thuc su rat phic tap,
c6 thé ton tai dong thoi cac qué trinh khac nhau
nhu chay khuéch tan cta nhién liéu diesel véi
hon hop LPG-khong khi, sy lan tran mang lira
trong viing hdn hop dong nhat LPG-khong khi,
su chuyén dong rdi va khuéch tan cia khong
khi va LPG vao vung chay...
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Hinh 1. So do nguyén Iy lam viéc cia dong co
nhién liéu kép LPG/Diesel

vang béa bap £dag nhit chars

Hinh 2. So' d6 phdn viing xilanh ving véi 1 tia phun
trong qua trinh chay.
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Phuong phap diéu khién qua trinh hinh
thanh hon hop va chay nay cho phép dong co:

* Hoat dong linh hoat ¢ ca ché 6 diesel
thudn khi khong cap LPG;

« Thay thé mot phan diesel bang LPG,
thuong trong khoang 20-40% theo nang luong
cung cap [6].

3. KET QUA NGHIEN CUU

3.1. Két qua nghién ciru tong hop vé tinh
nang va phat thai

3.1.1. Pic tinh céng sudt va tiéu hao nhién ligu

Céc nghién ctru thuc nghiém trén dong
co diesel don xi lanh va nhiéu xi lanh cho théy,
khi chuyén sang ché d6 nhién liéu kép LPG/
Diesel, cong suat dong co nhin chung khong
suy giam dang ké néu ty 16 LPG duoc kiém soat
hop 1y.

O tai trung binh dén tai cao (> 50% tai):
Cong suat hiéu dung giam khong qua 0-3%,
tham chi trong mot s6 truong hop c6 thé ting
nhe 1-2% do qua trinh chay hon hop tré nén
ddng déu hon [7], [8].

Hiéu suit nhiét (BTE) ting khoang
1-4%, cht yéu nhd LPG c6 kha ning hoa tron
t6t voi khong khi va 1am giam ton that chdy cuc
b6 [6], [9].

O tai thap (< 30% tai): BTE giam trong
khoang 2-6% so véi diesel thuan.

Nguyén nhan chinh 1a LPG kho tu chay,
qué trinh chay phu thudc hoan toan vao diesel

modi, dan dén chay khong hoan toan [7], [10].

Nhin chung, céc két qua cho thiy ving

lam viéc tdi uu cua dong co LPG/Diesel 1a tai
trung binh — cao, phu hop voi may cong nghiép
va may phat dién.

3.1.2. Sudt tiéu hao nhién ligu va ty 1¢ thay
thé diesel

Xét theo suét tiéu hao nhién liéu:

Suét tiéu hao diesel giam dang ké khi
dong co lam viéc & ché do nhién lidu kép. Ty 18
ning lwong LPG thay thé diesel dat:

* 20-30% ¢ tai trung binh;

* 30-45% & tai cao, tiy cau hinh cap
LPG va chién lugc phun diesel mdi [6], [8].

Néu xét theo tong suat tiéu hao ning
luong quy doi, muc thay ddi chi trong khoang
+3%, cho thy l¢i ich chi yéu nam & giam tiéu
thu diesel va chi phi nhién li€u, hon la cai thién
manh hiéu suét té)ng thé.

3.1.3. Phit thdi khi é nhiém

Céac két qua thuc nghiém théng nhét
rang:

* Khoi va mugi than giam ro rét so voi
diesel thuan, do LPG khong chira hop chat
thom nang [9];

* Phat thai CO va HC c6 xu hudng tang,
dac biét khi ty 1€ LPG cao va qua trinh chay
khong hoan toan [10];

« Phat thai NOx bién thién phuc tap,
phu thudéc manh vao thoi diém phun diesel moi
vaty 16 LPG [11].
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3.1.4. T 5ng hop dinh luong két qua nghién cvuu

Bdng 1. Tong hop dnh hwéng ciia nhién liéu kép LPG/Diesel dén tinh ning va phdt thai

Chi tiéu dénh gis X"Jf;?ﬂ?ilf?ﬁu?ﬁ so | Mire th;‘iflg‘" A€ | Ghi cha didu kién 1am viée
Cong sut hiéu dung Gan nhu khong d6i —3% — +2% Tai trung binh — cao
Hiéu suat nhiét (BTE) Téang +1% — +4% Tai > 50%

Ty 1é thay thé diesel Tang dang ké 20% — 45% Phu thudc ty 1€ LPG

D06 khoi / mudi than Giam manh -30% — —70% R& nhit ¢ tai cao
Cco Ting +10% — +40% Pic biét ¢ tai thap
HC Tang +20% — +60% Chay khong hoan toan
NOx Tang hoac giam —15% — +20% Phu thudc chién luge phun

3.2. Mitc d§ tng dung thuc tién cia cac
nghién ctru

Céc nghién ciru vé dong co LPG/Diesel
hién nay khong chi dung lai ¢ phong thi nghiém
ma da dugc trién khai thir nghiém va tng dung
han ché trong thuc té, chu yéu ¢ cac loai dong
CO sau:

« May phat dién diesel cong suét vira va nho;

* Bong co cong nghiép lam viéc & che
d0 tai on dinh,;

« Mot s6 doi xe thuong mai chay tuyén
¢ dinh [12], [13].

Viéc ing dung trén cac dong co nay cho
thdy hiéu qua kinh té rd rét nho giam tiéu thu
diesel va chi phi nhién li€u tong the.

3.3. Khoang trong trong cic nghién ciru

Maic du dong co diesel su dung nhién
liéu kép LPG/Diesel da dugc nghién ctru tuwong
dbi rong rai, cac cong bd hién nay cho thay van
ton tai nhimg khoang trong nghién ciru, dic biét
lién quan dén kha nang tng dung thyc tién va

kiém soat phat thai [3], [6]. Phan 16n cac nghién
clru tap trung vao diéu kién lam viéc 6n dinh,
chu yéu danh gia anh huong cua ty 18 LPG thay
thé diesel dén tinh nang va phat thai cua dong
co, trong khi cac ché do qua do va tai bién thién
chua dugc quan tam dﬁy du [6-10], [12], [13].

Bén canh d6, chién luge didu khién
nhién liéu trong dong co LPG/Diesel chua dugc
nghién ctiru mot cach hé théng. Hau hét cac cong
trinh str dung phuong 4n cip LPG qua dudng
nap voi diéu khién don gian, trong khi su phé)i
hop t6i wu giita lugng LPG va cac thong s6 phun
diesel mdi van chua duge lam rd, dan dén su
khéc biét dang ké vé phat thai CO, HC va NOx
gitra cac nghién cau [7], [10], [11].

Ngoai ra, co ché tuong tic giita qua
trinh chay cta hon hgp LPG-khong khi va sy
hinh thanh phéat thai chua dugc phan tich sau;
nhiéu nghién ciru méi dimg lai & dénh gia cac
thong sd dau ra, thiéu cic phan tich vé giai
phéng nhiét va nhiét do dinh trong xi lanh [9],
[11], [15]. Déng thoi, anh huong lau dai cua
nhién liéu kép LPG/Diesel dén do bén va do 6n
dinh ctia dong co van con han ché do da sb cac
nghién ctru chi tap trung vao thir nghiém ngin
han [12-14].
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Tir d6 cho thdy, can co cac nghién ctu
mang tinh hé thong, gan két giita diéu khién nhién
liéu, co ché chay, phat thai va diéu kién van hanh
thyc té nham nang cao kha niang tmg dung cia
dong co diesel st dung nhién li¢u kép LPG/Diesel
trong giai doan chuyén tiép hién nay [3], [15].

3.4. Thach thitc, han ché va xu huéng phat trién

Mic du c6 tiém ning Gng dung, dong
co diesel sir dung nhién li¢u kép LPG/Diesel
van ton tai mot sd thach thirc dang chi y, bao
gom kho kiém soat qué trinh chay & tai thép,
yéu cau hé thong didu khién nhién liéu c6 do
chinh xac cao, phat thai CO, HC con ¢ muc cao
néu khong ¢ cac giai phap xu Iy bd sung phu
hop [14]. Bén canh d6, ha ting cung cip LPG
va chi phi ddu tu ban dau ciing 1a nhitng rao can
ddi véi viée trién khai rong rai trong thuc té.

Trong thoi gian tdi, cac nghién ctru tap
trung vao tdi wu hoa chién lugc phun diesel
moi, phat trién hé thong diéu khién dién tir cho
qua trinh cAp LPG, dong thoi két hop mo phong
CFD va thuc nghiém nham cai thién qué trinh
chdy va giam phat thai. Pong co LPG/Diesel
dugc xem nhu mot giai phap chuyén tiép, gop
phan giam phat thai trudc khi tién téi cac cong
nghé dién hoa va st dung nhién li€u khong
carbon [15].

4. KET LUAN

Céc nghién ctru vé dong co diesel sir
dung nhién li¢u kép LPG/Diesel da dat duogc
nhiéu két qua c6 gia tri khoa hoc va thuc tién.
Cong ngh¢ nay cho phép giam ti€u thu diesel va
phat thai khoi mudi, dong thoi tan dung duoc
nén tang dong co hién hiru. Tuy nhién, do cac
han ché vé diéu khién chay va phat thai, LPG/
Diesel hién dugc xem la giai phap ung dung
¢6 chon loc va mang tinh chuyén tiép trong 16
trinh phét trién dong co dbt trong. <
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