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Ngay nhan bai: 31/05/2023 Hon hqp xang — ethanol st dung lam nhién li¢u cho dong co
chdy bang nén vagi nhién liéu xang (GCI - Gasoline
Compression Ignition), xét dén kha ning chéng tu chéy cao
Ngay duyét dang: 24/06/2023 hon, kha ning héa hoi t6t hon va ham luong 6 Xy trong nhién

liéu cao hon cua ethanol, tat ca déu c6 kha ning cai thién hon

nira hidu suat von da cao hon ciia dong co diesel chay bang
TU KHOA nén (CI — Compression Ignition) so véi dong co xing. Nhién
lieu sinh hoc ciing dong thoi dap tng xu hudng phét trién
bén vimng, dic biét linh Iyc nang lugng, va giam thiéu lugng
khi thai doc hai, dic biét vai bd hong (PM - Particulate
Matter) va 6 xit ni to (NOx).

Ngay nhan bai swra: 17/06/2023

Chay bang nén nhién liéu xang;

Chién lirgc phun kép;

Cén sinh hoc: Bai bao trinh bay nghién ctu vé& anh huong caa luan hoi khi

Luan héi khi thai. thé? va tang ap khi nap dén dzfuz tinh chay va dac tinh phat
thai cua dong co chay do nén hon hop hinh thanh trugc mot
phan. Céc thi nghiém & nghién ctu nay duoc thyc hién voi
dong co chay bang nén, 1 xy lanh véi tap trung vao chién
lugc phun kép, lan phun dau tién ¢ -35 goc quay truc khuyu
sau diém chét trén va lan phun thi hai mudn hon, gan diém
chét trén. Cac diéu kién van hanh dong co duogc giir khong
dbi: tbe do quay dong co 1500 vong / phut, nhiét d6 khi nap
165°C, 4p sut nap 1 bar va &p suat phun 400 bar. C4c tham
s6 dugc khao sat chinh 1a cac bién phap diéu khién qué trinh
chay dbi voi dong co chay bang nén, hai thdng sé duoc khao
sat dé t6i uu hoa chién luoc phun kép, véi muc tiéu gia ting
hiéu suat chay va giam thiéu cac thanh phan khi thai doc hai
PM, NO,,...

Két qua thuc nghiém cho thay, vai viéc didu khién ty & luan
hdi khi thai, mic do ting ap suét nap va chién lugc phun
nhién liéu hop ly s€ lam giam mac phat thai cia dong co str
dung mé hinh chay bang nén.
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ABSTRACT

Gasoline-ethanol blend used as fuel for gasoline compression
ignition (GCI) engines, considering the higher resistance to
auto-ignition, better vaporization ability, and higher oxygen
content in ethanol, all have the potential to further improve
the already high efficiency of compression ignition (CI)
diesel engines compared to gasoline engines. Biofuels also
simultaneously meet the sustainable development trend,
especially in the energy sector, and reduce harmful
emissions, particularly particulate matter (PM) and nitrogen
oxides (NOXx).

This article presents a study on the influence of exhaust gas
recirculation and intake air boosting on the combustion
characteristics and emissions of partially premixed
compression ignition engines. The experiments in this study
were conducted on a single-cylinder compression ignition
engine with a focus on dual-fuel injection strategy, with the
first injection occurring at -35 degrees after top dead center
and the second injection occurring later, near top dead center.
The engine operating conditions were kept constant: engine
speed of 1500 rpm, intake air temperature of 165°C, intake
pressure of 1 bar, and injection pressure of 400 bar. The main
parameters investigated were the combustion control
measures for compression ignition engines, with two
parameters studied to optimize the dual-fuel injection
strategy, aiming to increase combustion efficiency and
minimize harmful emissions such as PM and NOx.

The experimental results showed that controlling the exhaust
gas recirculation rate, intake air boosting level, and fuel
injection strategy appropriately can reduce the emissions of
engines using the compression ignition combustion model.
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1. GIOI THIEU

Pong co Diesel 1am viéc vaoi hdn hop nghéo
va ty s6 nén cao thuong cd vu diém vuot troi vé
higu suét nhiét cao hon va muc tiéu thu nhién ligu
thip hon so véi dong co xiang (Dec, 2009;
Heywood, n.d.; Yunus A. Cengel, n.d.). Pong co
chay bang nén (CI - Comprssion Ignition) truyén
thong, tirc 1a dong co Diesel, cho phép hiéu suat
nhiét cao nhung van con nhiéu thach thuc do
luong phét thai dang hat bd hong (PM -
Particulate Matter) va khi thai NOx cao (Kitano et
al., 2003; ResitoMu et al., 2015; Timothy V.
Johnson, n.d.), day chinh 1a cac mdi lo ngai vé
van dé 6 nhiém mai truong do phuong tién giao
thdng van tai tac dong Ién sy bén viing moi
truong va sac khoe con ngudi. Chinh diéu nay
cac qui dinh cua cac co quan quan ly cang ngay
cang nghiém ngit hon vé khi thai caa phuong tién
giao thong sir dung dong co diesel. Bé vuot qua
thach thuac nay, cac chién luoc dbt chay o nhiét
d6 thap (LTC - Low Temperature Combustion)
huéng dén trén nén tang co ban cua dong co CI
nham dat dugc muc tiéu giam ddng thoi NOx va
su hinh thanh bd héng bén trong budng chay
dong co 1a mot trong cac giai phép phat trién
cong nghé dong co dét trong (Anselmi et al.,
2010). Tuy nhién, c4c ché 6 LTC bi han ché vé
vling tai 1am viéc va khé kiém soat do c6 mdi lién
hé gitta ddc tinh nhién liéu va thoi diém danh lra
(Yao et al., 2009). Ché do ty chay bang nén voi
mot phan hén hop xang (GPPCI - Gasoline
Partially Premixed Compression Ignition) c6 tiém
ning 16n dé mé rong ving gisi han tai trong
(Kalghatgi et al., 2007, 2006; Lewander, 2011;
Manente et al., 2010a). Viéc phun nhién liéu loai
xang duoc thuc hién sém hon so véi ché do LTC
dong co diesel dan dén téc do giai phong nhiét
vira phai va do d6 vuot qua gigi han tai cao cua
ché @6 LTC dong co diesel. Cac nghién ciru gan
day (Belgiorno et al., 2017; M. Sellnau et al.,
2015) da chiing minh rang GPPCI phu hop nhét
v6i ché @6 PPCI vi thoi gian tré ty chay kéo dai
do dic trung ty chay cua nhién liéu thip, dic biét

la do sy c6 mat cua ethanol, dugc st dung hiéu
quéa dé tao thanh thanh phan hén hop trén sin mot
phan (Cho et al., 2019).

Thoi gian tron trude khi dét kéo dai va ty 1é
hon hop nghéo cuc bo ting 1én dan dén su hinh
thanh bd hong thap hon, twong tu nhu céc
phuong an dét chay hén hop hoa tron truéc thong
thuong. Hon nira viéc sir dung hon hop nhién ligu
— khdng khi nghéo lam giam nhiét &6 ngon ltra va
do d6 lam giam hinh thanh NO nhiét (M. C.
Sellnau et al., 2012; Xu et al., 2019).

Viéc kiém soét tich cuc giai doan d6t chay
trong dong co GCI da thuc day viéc nghién cau
cac chién luoc phun nhiéu lan (Rickard Solsjo,
Mehdi Jangi, 2020; M. Sellnau et al., 2019). Vi
du, chién luoc phun kép dugc phat hién 1a giam
hon nita toc do ting ap suat va tinh mat 6n dinh
cua dong co tir chu ky nay sang chu ky khac. Mac
d cd nhiéu chién lugc phun nhiéu lan da duoc ap
dung, nhung muc dich chung la tuwong ty nhau:
cac lan phun sém nhat trong hanh trinh nap hozc
hanh trinh nén som dé chuan bi mot lugng hoa
khi (nhién liéu — khéng khi) tron sin va cac lan
phun chinh vao cudi ky nén khi piston gan diém
chét trén dé kiém soat giai doan d6t chay va toc
do tang ap sut téi da.

Ethanol sinh hoc dugc san xuat tir nguon
nguyén liéu tai tao c6 chat luong ty danh lira thap
hon véi hiéu qua bay hoi cao hon xang (Aleiferis
et al., 2008; Andersson et al., 2011; Chen &
Nishida, 2014) , g6p phan lam ting thoi gian tré
danh ltra. Str dung ethanol cho dong co GPPC
cling dd cho thay cac loi ich vé viéc giam phat
thai PM, vai c&c cau tric phan tir c6 thanh phan 6
Xy cua ethanol (Shamun et al., 2016).

Viéc ap dung phun nhién liéu vao budng chay
v6i hai giai doan khac nhau cho dong co GPPC
lam cho qué trinh chay kéo dai gay tén that nhiét
va hiéu qua chay khong cao so véi truong hop
phun mot giai doan. Giai doan phun mdi cé thé
bat dau qua trinh chéy, 1am cho &p suét va nhiét
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d6 trong xy lanh ting 1én va c6 cac thanh phan 6
xy héa tich cuc (Heywood, n.d.), ¢6 thé lam giam
do chay tré cua giai doan phun chinh (Maiboom
et al., 2008), ddng thoi qua trinh phét trién chay
cham hon (D’Ambrosio & Ferrari, 2016). Diéu
nay 1am cho giai doan chay khuéch tan ting 1én,
tang kha nang hinh thanh soot trong khi thai
(Ehleskog et al., 2007). Mot giai doan phun moi
t61 wu thi c6 thé 1a tiém nang cai thién hiéu suat
chdy va ciing la giam tiéu thu nhién liéu (Lee et
al., 2013), khi hai giai doan phun moi va phun
chinh két hop dé tao hai c4c pha chay téi wu. Qué
trinh phun kép, ciing dugc danh gia rat hiéu qua
trong viéc giam tiéng on trong qua trinh lam viéc
cua dong co d6t trong, dac biét & ché do khong tai
(Ehleskog et al., 2007), giam dugc 5-8 dB so véi
qua trinh phun don (Busch et al., 2014). Vé mat
khi thai, qué trinh phun kéo c6 thé lam giam nhiét
d6 toi da cua qua trinh chay, khi d6 khi thai NOx
cling giam so v4i phun don (Busch et al., 2014).

Nghién ctu hién tai tiép tuc kham pha tiém
nang cua cac chién lugc phun kép trong dong co
GPPC pha tron xang — bio - ethanol bang céch
thay d6i mic EGR va thoi diém phun lan thi hai
(-9, -6, -3 CAD ATDC), phun trudc khi piston &
diém chét trén va c6 so sanh dbi chiéu ¢ cac muc
tang ap suat khong khi nap khac nhau.

2. THIET BI THi NGHIEM VA PHAN TICH
QUA TRINH CHAY

2.1. Thiét bi thi nghiém

Céc thi nghiém duogc thuc hién trong dong co
mot xy lanh nghién ctru duoc sira doi tir dong co
nguyén ban bdn xy lanh chay bang nén (PSA-
DW10) véi dung tich mdi xy lanh 0,499 | va ty s6
nén 16,0 vai hé thong phun nhién liéu diesel cao
ap dién hinh. Pong co thir nghiém trén bang thir
duoc kiém soét truc tiép bai mot dong co dién dé
duy tri toc d6 dong co khong ddi. Hinh 1 gioi
thiéu so d6 thiét 1ap thi nghiém.

Hinh 1. So d b tri thi nghiém

1: May nén khi; 2: Do luu lugng khi; 3: Binh
gia nhiét khi; 4: Common rail; 5: Bom nhién liéu;
6: PBo luu lugng nhién liéu; 7: Binh chua nhién
licu; 8: Piéu khién luong phun; 9: Pong co dién;
10: Do do khdi; 11: Tua phan tich khi thai; 12:
May tinh; 13: Bo khuéch dai; 14: Bo ghi dir liéu;
15: Tin hiéu &p suat phun; 16: Tin hiéu nhiét do
khi nap; 17: Tin hiéu &p suat nap; 18: Tin hiéu toc
do quay dong co; 19: Voi phun nhién liéu; 20:
Pong co thi nghiém; 21: Pau do ap suat.

Bang 1. Thong sé ky thuat dong co sira doi

Thong sb Gia tri
buong kinh xy lanh (mm) x 85 x 88
hanh trinh Piston (mm)
Thé tich cong tac 1 xylanh (cc) 499

Tysdnéne 16

Phun nhién liéu Common
Rail

Khoéng khi nap duoc cung cap tir may nén khi
duogc lam néng dén nhiét ¢6 mong muébn bang bo
gia nhiét & khoang duong éng trudc ctra nap, tai
d6 nhiét d6 va ap suat khong khi nap duoc do
bang cam bién nhiét (loai K) véi d6 chinh xac + 2
K va cam bién ap suat ap dién tro (Kistler 4075A)
véi do chinh xac twong ung la £ 0,3% cua toan
thang do.

Mtic tiéu thu nhién liéu duoc do bang bo diéu
khién Iuu lwong khi chat long (Bronkhorst M13-
CORI-FLOW) c6 d6 chinh x&c £ 0,2% trén phep
do. Qua trinh luan hoi khi thai (EGR- Exhaust
Gas Recirculation) duoc thay thé bang cach st
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dung khi Na, dugc diéu khién bang déng hd do
luu Iugng, mac ty 1€ EGR duoc tinh theo cong
thirc sau:

N

EGR=——"3—100%
Air +N, @)

Vj tri goc quay duoc xac dinh bang cam bién
quang hoc véi d6 chinh xac + 0,1 CAD va ap suit
trong xy lanh bang cam bién &p suit (Kistler
6043A) dugc gan trong nap xy lanh véi do chinh
xéac + 2%. Doi vai tat ca cac thi nghiém, dir liu
&p suat trong xy lanh duoc ghi lai va tinh trung
binh trong 100 chu ky lién tiép dé tinh toan cac
dic tinh chay bang céch str dung phan tich nhiét
dong luc hoc. Cac gia tri do duoc trong diu vét
&p suat xy lanh duoc sir dung dé tinh téc do ting
&4p suat (PRR- Pressure Rise Rate), do on tinh
bang dB, toc do giai phong nhiét (HRR- heat
release rate), pha chdy (CA50- Crank Angle 50),
thoi gian dot chay (CA90-CA10), 4p suat dong co
trung binh (IMEP).

May phan tich khi Horiba MEXA-7100HEGR
duoc str dung dé do cac thanh phan khi thai CO,
CO2, 02, NO va THC va lugng bd héng trong khi
thai duoc do bang may do khoéi loai bo loc (AVL
415s).

Bang 2. Diéu kién van hanh dong co thi nghi¢m

Thong s6 Gia tri
Nhiét @6 khi nap 165
Ap suat khi nap 1
Ap suat phun 400 bar
Ché do phun Phun kép
Ty ¢ giira 2 lan phun 309%/70% khdi lugng
Thoi diém phun lan dau -35 CAD ATDC
Tdc d6 quay dong co 1500 vong / phat
IMEP 5.0 bar
Nhién liéu thir nghiém E20

Céc diéu kién thi nghiém dwgc gigi thiéu trong
Bang 2, trong d6 cac thong sb nay thuc hién ké
thira cac nghién cuu trude day da thuc hién ¢
phong thi nghiém: (Labreche et al., 2014;
Rousselle et al., 2013), cac nghién ciru nay da chi
ra: (1) Khoang nhiét o khi nap dé tao dugc ché
d6 GPPC tét: 165°C; (2) géc phun méi (phun lan
1) téi wu -35 CAD ATDC, (3) ty 1 phun giita 2
lan phun: 30%-70%.

Qua trinh thyuc hién thi nghiém chia lam 3 giai
doan: (1) Khao sét thoi diém phun chinh thay d6i,
V6i cac diéu kién van hanh nhu trén Bang 2; (2)
Véi mdi thoi diém phun chinh, thuc hién ting ap
Suat nap va giam luong cung cap nhién liéu dé
gitt IMEP = 5 bar; (3) Véi tung thoi diém phun
chinh, ting &p suat nap, thuc hién ting ty I luan
hoi khi thai, gitt mac cung cap nhién liéu.

2.2. Phan tich quéa trinh chay

Ap suat dau vao lay gi4 tri trung binh cua 100
chu ky tin hiéu 4p suat xy lanh tai mot diém van
hanh nhat dinh. Ap suit xy lanh trung binh duoc
st dung dé tinh toc do giai phong nhiét. Toc do
giai phong nhiét duoc xac dinh tir dir liéu ap suat
Xy lanh trung binh, nh¢ vao dinh luat 1 nhiét
dong hoc va phuong trinh trang thai khi ly tudng:

dQ y 4
—~_- 7 pdvV+—<2-Vd
da y—lp y—1 P )

Trong do, Q la lugng nhiét téa ra, y ty I¢ nhiét
dung rieng (¥ =C_/C,), p &p Suit tuc thoi trong
xy lanh, V thé tich budng dét tac thoi va a goc
quay.

Tbc do toa nhiét cua dong co ddt trong 1a théng
sb quan trong cung cap cac théng tin vé thoi diém
bat dau va két thic qua trinh chéy, va thdng tin vé
cuong do ngon lra giai phong nang luong nhiét.
Ngoai ra, ton that ning luong do truyén nhiét,
cling dugc mo ta trong gié tri cua toc do téa nhiét.
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Tur tde do toa nhiét, cac thoi diém quan trong cia
qua trinh chay: CA10, CA50, CA90 duogc chi ra
trén Hinh 2.
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Goc quay truc khuyu [CAD ATDC]
Hinh 2. Phan tich qua trinh chay. Diéu kién thi
nghiém: Thai diém phun chinh SOI2 = -3 CAD
ATDC, khdng luan héi khi thai.

Hinh 2 chi ra phuong phap phéan tich qua
trinh chay cua dong co dét trong, véi CAI10,
CA50 CA90 la goc quay truc khuyu khi tich lay
toa nhiét 10%, 50% va 90%.

Thoi gian tré chay (1D - Ignition delay) duoc tinh
toan cho giai doan phun mdi hoic phun chinh:
ID; = CAO05-SOI;1 hoac 1D, = CA05-SOl», phu
thudc vao giai doan phun madi c6 hinh thanh va
phét trién chay hay khong. Vi nghién cau thyc
hién véi cac thoi diém phun chinh khac nhau, nén
ID, s& cho thay khoang thoi gian hoa tron truéc
khi chay cua giai doan phun chinh.

IMEP (Indicated Mean Effective Pressure), ap
suat hiéu dung trung binh, 1a ty s6 cia cong sinh
ra cua chu trinh (L¢) chia cho thé tich cong tac
(Vs):

IMEP :\% 3

S

Hiéu suat chi thi, hay hiéu suat nhiét (7,) dugc
tinh theo cong thac sau:
L,

h=—"—"">""
Mee-Quiy

(4)

Trong do, Lt cong sinh ra cua chu trinh, mfuel:
khéi lugng nhién liéu cung cip, Quav: Nhiét tri
thip cua nhién liéu.

Hiéu suit chay tinh theo cong thic:

ILQ
_ da (5)
nc mfuel 'QLHV

3. KET QUA VA THAO LUAN
3.1. Khao st véi thai diém phun khac nhau
Hinh 3 gigi thiéu anh huéng cua thoi diém
phun chinh dén &p suat xy lanh va toc do toa
nhiét, véi ché do6 n=1500 vong / phit, IMEP = 5
bar. Thoi diém phun sém cua lan phun chinh thuc
hién thay d6i véi ba diém khao sét: -9, -6 va -3
CAD TDC.

—SOI2=-9 CAD

- - -S0I1,=-3 CAD

1120
1100
180
160
140
120
10

15 20

Tée d6 toa nhigt [J/CAD]

-10 -5 0 5 10
Goc quay truc khuyu [CAD ATDC]

Hinh 3. Anh huong cia thoi diém phun chinh
dén &p suét xy lanh va téc do téa nhiét. Biéu kién
thi nghiém: Thoi diém phun chinh SOl =-3; -6 ;

-9 CAD ATDC, khong luan hoi khi thai.

Hinh 3 mo ta, khi phun sém, thoi diém bat
dau chay thay d6i khong dang ké, pha chay déu
tap trung sau diém chét trén, tuy nhién téc do toa
nhiét cuc dai tang lén kha manh: tr 68 JJCAD
(SOl = -3 CAD), 86 J/ICAD (SOI2 = -6 CAD) dén
119 J/ICAD (SOl; = -9 CAD). Pdng thoi, khi
phun som, ap suat cuc dai trong xy lanh ting 1én
dang ké, tir 55bar (SOl = -3 CAD), 59.5bar (SOl
= -6 CAD) dén 64bar (SOl = -9 CAD). Véi luu y
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vé sy khéac nhau giita thoi diém bat dau chay va
thoi gian tré chay cia qua trinh phun chinh (la
thoi gian ké tir khi thuc hién phun chinh dén khi
bat dau chay) la khac nhau, véi cac thoi diém
phun khac nhau. Tir dudng cong téc do téa nhiét
va gia trji cuc dai cua &p suét xy lanh nhu chi ra ¢
trén co thé thay rang thoi diém phun va thoi gian
tré chay cua giai doan phun chinh, c6 anh huong
dén qua trinh chay cua dong co GCL.

Nhu mo6 ta trén Hinh 3, khi phun chinh sém
SOl = -9 CAD ATDC, thi pha chay thé hién trén
duong cong toc do toa nhiét cho thay pha chay
chinh, bao gém qua trinh chay dong thoi cua
phun mdi va phun chinh. Khi thuc hién phun
muén di, SOI; = -6; -3 CAD ATDC, thi duong
cong toc do toa nhiét cho thay 2 dinh rd rét, thé
hién 2 giai doan chay: chay vé&i hon hgp hoa tron
trugc va chay khuéch tan cua giai doan phun
chinh.
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SOl,, [CAD ATDC]

Hinh 4. CA10; CA50; CA90-CA10; ID theo cac
thc‘;i diém phun chinh. biéu kién thi nghiém: Thoi
diém phun chinh SOl = -3; -6 ; -9 CAD ATDC,
khong luén hoi khi thai.

Hinh 4 cho thay anh huong cua thoi diém
phun t&i qué trinh chay: thoi diém bat dau chay
(CA10), pha chay chinh (CA50), thoi gian chay
(CA90-CA10) va thoi gian tré chay cua giai doan
phun mbi (IDy).

Thoi diém chay (CA10) co ban phu thudc vao
thoi diém phun chinh, chdy sém hon khi phun
sém. Thoi gian tré chy voi 2 truong hop phun
muon (-3 va -6 CAD ATDC) déu khoang 26
CAD, véi phun sém (-9 CAD ATDC) khoang
27 CAD. Pha chay chinh (CA50) sém Ién khi
ting goc phun chinh sém. Diéu nay cho thiy
khi phun sém (SOI2 = -9 CAD ATDC) thi tia
phun chinh cé tac dong dén qué trinh chéy, 1am
kim hdm qué trinh chdy cia phun méi khi tia
phun chinh thdm nhap khéng gian budng chay
va nhan nhiét tir xung quanh. Sau d6 qua trinh
chay dugc hinh thanh bai hdon hop “dang 6 xy
hoa” cua giai doan phun mdi va hdn hop nhién
lisu — khong khi cua tia phun chinh va tiép tuc
phat trién chay manh mg.

{100
G [ ‘Il—i
) | {905
£ Orove AR Y. S
: ‘ 19 =
: =
: (]
E a
3 :
;: q {2.
=) —1 :
we
- uf l e R _E)
ar Qrfrdmrm O
a3t
_3 6 -g

SC)\2 [CAD ATDC]

Hinh 5. Hiéu suat chi thi, hiéu suat chay theo cac
thoi diém phun chinh. Diéu kién thi nghiém: Thoi
diém phun chinh SOI, = -3; -6 ; -9 CAD ATDC,
khong luan hoi khi thai.

Tir Hinh 4 va Hinh 3 cho thay thoi diém chay
(CA10) sém hon khi phun sém, khi CA10 cang
gan diém chét trén (vé6i SOl = -9 CAD ATDC)
thi qua trinh chay cang manh mé véi dinh téc do
téa nhiét cao hon.

Qua trinh chay tt hon voi phun chinh som
hon thé hién & Hinh 5 véi hiéu suat chay giam di
va hiéu suat chi thi ting 1én. Piéu nay duogc giai
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thich bai viéc luc sinh ra khi qua trinh chady manh
liét sau khi piston qua diém chét trén, thi déu tén
it cong @m cua qua trinh nén nhu nhau, va luc
sinh ra cang 16n va cang gan diém chét trén thi
tao ra hiéu qua nhiét tét nhat, dong thoi giam ton
that nhiét (Kook et al., 2008).

--HC

-©-co 10.5
-%-NO
= —B-Soot
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=< H10.4
= 5 > —
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= #*-=
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SOl [CAD ATDC]

Hinh 6. Thanh phan khi thai HC, CO va NOx; bo
héng theo cac thoi diém phun chinh. Bicu kién
thi nghiém: Thoi diém phun Chllnh‘SO|2 =-3;,-6;
-9 CAD ATDC, khong luén hoi khi thai.

Hinh 6 gioi thiéu két qua thi nghiém vé cac
thanh phan khi thai HC, CO va NOx va phat thai
dang hat PM & cac truong hop thoi diém phun
chinh khac nhau. Véi cac phan tich vé sy phat
trién chay, thi khi thuc hién phun chinh som SOl
=-9 CAD ATDC, qua trinh chay tap trung ¢ ngay
gan diém chét trén nén nhiét d6 chay dat duoc
kha 1on, giam HC va CO, véi qua trinh chay da
phan chay vai hdn hop hoa tron truéc dién ra kha
nhanh nén giam PM va NOy, ndi chung dat duoc
hiéu qua vé phat thai doc hai.

3.2. Anh hwéng cia ting ap dén qua trinh
chay

Hinh 7 cho thay anh huong cua ting ap nhe,
khi &p suat khi nap tang tir 1.0 bar 1én 1.2 bar, 1én
ap suat xy lanh va téc do toa nhiét, vai ché do n =
1500 vong / phat, IMEP =5 bar. Vi & nghién ctu
nay thuc hién gitt IMEP, thay ddi lwong nhién
licu cAp cho chu trinh, nén ty 1& nhién liéu —
khong khi trung binh (X) ciing c6 thay ddi, khi

tang ap thi giam luong nhién liéu cung cép, tac la
A giam.

Céc truong hop phun sém khéc nhau, thi déu
cho thiy tang 4p Suat nap, thi qué trinh chay dién ra
ém diu hon, vdi dinh cua dudng cong toc do toa
nhiét thap hon va da phan I0i vé phia muén hon.

(a) SOl = -3 CAD
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Hinh 7. Anh huéng cua ting ap suat nap dén ap
suat xy lanh va tdc do toa nhiét véi cac thoi diém
phun chinh khac nhau. Diéu kién thi nghiém:
Thoi diém phun chinh SOl = -3; -6 ; -9 CAD
ATDC, khdng luan hdi khi thai.
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Véi ché d6 phun chinh muén: SOI, = -3 CAD
ATDC, khi ting ap suét nap, thi 4p suit trong xy
lanh trong qua trinh nén I6n hon, tuy nhién sau d6
thuc hién qué trinh chay thi lai c6 téc do ting ap
suat chay nho hon, thé hién dudng cong &p suit
thoai hon, véi &p suat 16n nhat trong xy lanh cao
nhat 56 bar, tai 10 CAD ATDC. Quan sat duong
cong toc do toa nhiét, khi ting ap nap thi pha
chay tap trung & giai doan chay khuéch tan ¢ xa
diém chét trén, con khong ting ap thi pha chay
tap trung & gan diém chét trén véi giai doan chay
hoa tron trudc.

Véi ché @6 phun chinh trung gian: SOl.=-6
CAD ATDC, dic diém noi bat cua ché do nay la
duong cong tdc do téa nhiét co 3 dinh, thé hién 3
giai doan chdy dac trung: (1) chay hoa tron trudc
hoan toan cua phun méi; (2) chay hoa tron trude
mot phan caa phun chinh va (3) chay khuéch tan
ctia phun chinh. Khi &p suat nap ting 1én, nhiét do
VA &p suat cudi qua trinh nén cao hon nén thuc
day qua trinh chay cia qué trinh phun moi, thé
hién bang qué trinh bt dau chay som hon. Khi
nay, giai doan phun chinh tia phun s& duogc dot
chay sém hon vé6i diéu kién méi truong nhiét do
cao, 4p sut cao do qua trinh chay caa phun moi.
Sau d6, qua trinh phun chinh phat trién chay véi
phan Ién la chay khuéch tan, diéu nay sé& lam cho
kha nang tao thanh PM trong qua trinh chay tang
Ién. Biém bat loi cua chay sém véi didu kién tang
4p suat nap chinh 1a ton that cong va ton that
nhiét trong qua trinh nén.

Véi ché do phun chinh sém: SOI, = -9 CAD
ATDC, khi ting 4p suat nap, duong cong téc do
téa nhiét cho thiy qua trinh chay sém hon nhung
duong d6 doc cua duong cong thoai hon va dinh
cua toc do toa nhiét thap hon so voi khong ting
4p. Quéa trinh chay véi ting ap suit nap thé hién
&m diu hon, nhung ciing twong tu & ché do phun
SOl,= -6CAD ATDC thi ché d6 nay gap phai ton
that cong va ton that nhiét trong qua trinh nén.

Hinh 8 md ta anh hudng cua ting 4p suat nap
dén CA10; CA50; CA90-CA10. Khi ting ap suat
nap, diéu kién nhiét do va &p suit trong xy lanh
déu ting, nén qua trinh chay bit dau sém hon
(CA10 cua tang 4p sém hon), v6i phét trién chay
cua phun mdi hinh hanh rd rét. Tuy nhién, pha
chay chinh cua dong co, phu thugc vao qua trinh
phun chinh, véi 70% nhién liéu duoc cung cap ¢
giai doan nay, thi véi tang ap, pha chay chinh
(CA50) muén hon, khoang 1.3 CAD, véi SOl = -
3, -6 CAD ATDC, va sém hon, khoang 5.1 CAD,
v6i SOl= -9 CAD ATDC. Do bat dau phat trién
chay tir giai doan phun mai véi diéu kién tang ap
Suit nap, nén gia tri do tré chay ¢ day thé hién la
cua giai doan phun méi, tinh tir khi phun maoi dén
khi bat dau chay, ID; giam khi ting ap. Thoi gian
chay (CA90-CA10) chi ra trén Hinh 8 cho thay
tang ap nap 1am giam thoi gian chay, c6 thé lam
giam ton that nhiét cua qué trinh chay. Véi diéu
Kién tang ap sudt nap, nhiét do va &p suit caa moi
chat ¢ cudi qua trinh nén ting 1én lam cho thuc
day céc phan tng chay va qua trinh phét trién
ngon Itra nhanh hon nén thoi gian chay giam di.

|+cmo:um=1bar -5-CA50;p, =Tbar & CAS0-CA10p, =1bar EAD;pmflbarl

int

[-%-CA10ip,,=1.2bar -©-CASO:p =1.2bar -&-CA0-CA10:p,  =1.2bar -E-1D:p =1 2bar]
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CA10 [CAD]; CA50 [CAD]
CA90-CA10 [CAD]; ID [CAD]

-3 -6 -9
SO, [CAD ATDC]

Hinh 8. Anh huéng cua tang ap suaflt nap dén
CA10; CA50; CA90-CA10; ID. bicu kién thi

nghiém: Thoi diém phun chinh SOI, =-3; -6; -9
CAD ATDC, khdng luan hoi khi thai.

3.3. Anh hwéng cia luan hdi khi thai dén qua
trinh chay
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Hinh 9 gigi thiéu dién bién &p suit xy lanh va téc
t6 toa nhiét, véi anh huong cua ty 16 luan hoi khi
thai, cho truong hop tang ap va khong tang ap,
V6i cac thoi diém phun chinh khéc nhau: (a) SO,
= -3 CAD ATDC, (b) SOl = -6 CAD ATDC, (c)
SOI,=-9 CAD ATDC.

V6i tang ty 1& luan hoi khi thai tir 0% Ién 20%
thi qua trinh bit ddu chay pha chay chinh thé hién
bang dinh cua dudng cong téc do toa nhiét déu
muon di, vi du truong hop SOl = -9 CAD
ATDC, Hinh 9 c, khi tang ty I¢ luan hoi khi thai
0%, 10% va 20% thi dinh cua dudng cong toe do
toa nhiét, déu sau diém chét trén va muon dan: tir
0.5 CAD, 3.5 CAD, 5.5 CAD, khi khong tang ap
vatr 0 CAD, 1.5 CAD, 3 CAD, khi tang ap.

Diéu nay co thé noi rang, luan hoi khi thai co
thé kiém soat dugc giai doan chay hoa tron truéc
va chay khuéch tan cua dong co GPPC. Khi ting
ty 1& luan hoi khi thai, thi giai doan chay hoa tron
truéc, caa hdn hop: tia phun moi va mot phan tia
phun chinh, tang 1én.

Pau tién, véi truong hop khong ting ap suit
nap, qua trinh chay cua tia phun chinh gan nhu
gidng nhau khi két thic qua trinh phun nhién liéu,
véi ting thoi diém phun khac nhau. Khi sir dung
ludn hoi khi thai 1am tré qua trinh chay di, dic
biét 12 qua trinh chay caa hon hop tao béi tia
phun mdi, hon nita, véi thanh phan nhién lidu
duoc cung cip giai doan dau cua tia phun chinh.
Qua trinh lam tro hoa khi lam tang luong nhién
lieu hoa tron trong hon hop trude khi chay, dé khi
pha chay hoa tron truéc hinh thanh sau diém chét
trén thi van manh liét, du tré hon, thé hién ¢ &p
suit cuc dai trong xy lanh va téc do toa nhiét
khong giam nhidu. Vi du truong hop SOl = -3
CAD ATDC va khong ting 4p suat nap, Hinh 9 a,
khi ting ty I¢ luan hdi khi thai 0%, 10% va 20%
thi gié tri cuc dai cua ap suat xy lanh: 56 bar, 54.5

bar va 53.5 bar; gia tri I6n nhét cua toc do ting ap
suét: 70 J/ CAD, 69 J/ICAD va 68 J/CAD.
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Hinh 9. Anh huong cua ty 18 luan hoi khi thai dén
&p suat xy lanh va tdc do téa nhiét véi cac thoi
diém phun chinh va ap suét nap khac nhau. Diéu
kién thi nghiém: Thoi diém phun chinh SOl = -3;
-6; -9 CAD ATDC, lun hdi khi thai: 0%; 10%;
20%.
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V6i cac danh gid anh huong cua ting ap suét
nap & phan trude, khi ting ap suit nap lam thac
day qua trinh chay sém, c6 thé 1am ton hao cong
nén va ton that nhiét. Vay nén tiém nang kiém
soat qua trinh chay t6i wu voi tang ty 1& luan hoi
khi thai dugc xem Xét, vi du truong hop SOIl= -6
CAD ATDC va ting 4p suit nap, Hinh 9 b, khi
tang ty & ludn hoi khi thai 1én 10% va 20% thi
duong cong téc do téa nhiét chi con 1 dinh duy
nhat, thé hién khong con qua trinh chay trudc khi
piston dén diém chét trén caa hdn hop hoa tron
truéc V6i tia phun dau tién, nhu véi trudng hop
khong thyc hién luan hoi khi thai.

Khi thuc hién luan héi khi thai véi truong
hop ting ap suat nap, pha chay chinh déu tré di va
&p suat cyc dai trong xy lanh khéng giam nhiéu,
giong vai trudng hop khong ting ap, va dic biét
gia tri 1on nhit cua toc do toa nhiét ting 1én, voi
qua trinh chay gan nhu cta hdn hop hoa tron
trugc v4i tia phun moi va tia phun chinh, &
truong hop luan hdi khi thai 20% ¢ hai truong
hop SOl = -6 CAD va -9 CAD. Vi du, truong
hop SOl2 = -9 CAD ATDC va ting ap suat nap,
Hinh 9 ¢, khi ting ty 1& luan hoi khi thai 0%, 10%
va 20% thi gia tri cuc dai cua téc do toa nhiét dat:
60 J/CAD, 81 J/CAD va 94 J/CAD. Piéu nay
cho thiy, két hop ting ap va luan hoi khi thai c6
thé kiém soét tot qua trinh chay.

Tur dir liéu vé &p suét trong xy lanh, cé thé
thuc hién tinh toan nhiét do trong xy lanh, dé c6
thé giai thich vé tac dong caa cac nhan tb: thoi
diém phun chinh, ting ap suat nap va luan hoi khi
thai dén phét thai doc hai sinh ra tir qua trinh
chay.

Nhiét d6 cuc dai trong xy lanh theo mac do
luan hdi khi thai khéc nhau, véi cac ché do: tang
ap va khong ting ap, cac thoi diém phun chinh
khac nhau duogc gidi thiéu trén Hinh 10.
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Hinh 10. Nhiét d6 cuc dai trong Xy lanh theo
mirc do luan hoi khi thai khac nhau, véi cac ché
do: tang ap va khong tang ap, cac thoi diém phun
chinh khac nhau.

Két qua thi nghiém cho thay, nhiét dé cuc dai
cta qué trinh chay khi thyc hién ting ap suét nap
thi giam di, c6 thé 1am giam NOx tao thanh trong
thanh phan khi thai.

Khi thuc hién phun chinh muén di, ¢ ca diéu
Kién ting ap va khong ting ap, voi cac didu kién
luan hoi khi thai khac nhau, thi nhiét d6 caa qua
trinh chay giam di, cho thay ty I nhién liéu tham
gia quéa trinh chay khuéch tan cua tia phun chinh
tang 1én. Qu4 trinh chay vai &p suat va nhiét do
cuc dai trong xy lanh déu giam di.
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Hinh 11. Anh huong cua luan hoi khi thai dén
dic tinh chay. Diéu kién thi nghiém: Thoi diém
phun chinh (a) SOIl,=-3 CAD; (b) SOl>=-6
CAD:; (c) SOl = -9 CAD ATDC, ap suét khi nap:
1 bar, 1.2 bar.

Nhin chung, nhiét d6 cao nhét trong xy lanh
déu giam khi tang ty 1& luan hoi khi thai, vi rang
pha chay chinh mudn di, khi ma piston da xa
diém chét trén. Pac biét, ciing voi ly giai pha
chay chinh muon di, nhiét d6 trong xy lanh giam
manh hon, véi truong hop thoi diém phun chinh
muon, SOI,=-3 CAD ATDC. Nguoc lai, véi thoi
diém phun chinh sém, SOI,=-9 CAD ATDC, thi
tia phun chinh van c6 nhiéu phan nhién liéu thuc
hién hoa tron véi nhién liéu phun vao tur tia phun
mdi, tao qua trinh chay da phan chay hoa tron
trude, ma khi tang ty 18 luan hoi, thi ty I& nhién
liu tham gia chay hoa tron truéc co thé ting lén,
nén nhiét d6 cuc dai trong xy lanh khéng giam
nhiéu.

Céc anh hudng dén nhiét do cuc dai trong xy

lanh mo ta trén Hinh 10 theo cac xu hudéng nhu
sau: Nhiét do cuc dai trong xy lanh tang khi: (1)
Phun chinh som; (2) Giam muc d6 luan hdi khi
thai (3) Tang nhe ap suat nap.
Hinh 11 md ta anh hudong cua luan hoi khi thai
dén dic tinh chay véi cac diéu kién thi nghiém:
c4c thoi diém phun chinh khac nhau (a) SOI, = -3
CAD:; (b) SOI; = -6 CAD: (c) SOl, = -9 CAD
ATDC va ép suét khi nap khéc nhau 1 bar, 1.2
bar.

Pau tién, voi CA10, thi giam CA10 hay qua
trinh chay sém 1én khi thuc hién: (1) tang ap nhe,
(2) giam ty I¢ luan hoi khi thai va (3) phun chinh
sém hon. Pidu nay hoan toan phu hop véi céc
nghién ctru trude day (Manente et al., 2010Db).

Vi CA50, thi taing CA50 hay qua trinh chay
muon di khi thyc hién: (1) tang ap nhe, (2) tang ty
1& luan hoi khi thai va (3) Phun chinh muén hon.
Khi CAI10 tang thi thong thuong CAS50 ciling
tang, do sy hinh thanh va phat trién chay c6 cung
xu huéng voi cac nhan té tac dong (Shen et al.,
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2013). Tuy nhién trong truong hop thoi diém
phun muon (a) SOI> = -3 CAD ATDC, thi khi
ting ap suét nap, CA10 giam con CA50, ting.
Diéu nay co thé ly giai, do qua trinh chay phat
trién tir khi phun moi nén CA10 sém hon véi diéu
Kién ting ap, con CA50 chiu anh hudng lon cua
phé‘ln nhién liéu phun ¢ giai doan phun chinh, khi
tia phun thdm nhap thi qua trinh chay cua nhién
liéu phun moi da két thic nén sy phat trién chay
cham hon so v6i diéu kién khong ting ap suat
nap.

Vai thoi gian chdy CA90-CA10, thoi gian
chay giam di khi: (1) khong tang ap, (2) khi tang
ty 1& luan hoi khi thai va (3) Phun chinh sém hon,
khi pha chay hon hop hoa trén trude ting l1én (Jia
etal., 2017).

Véi d6 tré chay, tinh tir khi phun mai, thi thoi
gian tré chdy giam di khi: (1) ting ap nhe, (2)
giam ty 1¢ luan hoi khi thai va (3) Phun chinh
muodn di. D chay tré va CA10 c6 cung xu huéng
thay d6i khi EGR thay doi.
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Hinh 12. Hiéu suét chi thi, hiéu suit chay theo
cac ty Ié luan hoi khi thai. Biéu kién thi nghiém:
Thoi diém phun chinh SOl = -3; -6; -9 CAD
ATDC, 4p suat khi nap: 1 bar, 1.2 bar.

Hiéu suit chi thi, hiéu suit chay theo cac ty 1¢
luan hoi khi thai duoc danh gia véi cac thoi diém
phun, &p suat khi nap khac nhau va ty I luan hoi

khi thai, duoc thé hién trén Hinh 12. Khi ting nhe
&p suat nap tir 1 bar 1én 1.2 bar, thi hiéu suat nhiét
va hiéu suit chay tang 1én dang ké, véi cac ty 1é
luan hdi khi thai khac nhau va céc thoi diém phun
chinh khac nhau. Xu huéng giam hiéu suit nhiét
va hiéu suat chay c6 giam khi tang ty 1& luan hoi
khi thai, tuy nhién véi diéu kién ting ap thi giam
it hon. Truong hop phéi hop ting ap va luan hdi
khi thai, cho thdy hiéu qua chu trinh ting 1én,
giam thiéu duoc cac yéu té bat loi cua thoi gian
phun chinh, vi du ¢ thoi diém phun chinh SOI,= -
3 CAD ATDC, ty 1& luan hdi khi thai 20% va
25%, hiéu suat chay duoc cai thién dang ké khi
tang ap suat nap.

Khi thai va phat thai dang hat theo cac ty 1¢
ludn hoi khi thai véi diéu kién thoi diém phun
chinh (a) SOIl,= -3 CAD; (b) SOIl>= -6 CAD; (c)
SOl,= -9 CAD ATDC, ap suét khi nap: 1 bar, 1.2
bar dugc chi ra trén Hinh 13.

Khi thuc hién tang 4p nhe, thi cac thanh phan
phét thai déu giam. Khi thyc hién luan hoi khi
thai, CO, HC va PM déu ting con NOx giam.

Phat thai HC hinh thanh tir qué trinh chay cua
dong co GCI duoc hinh thanh tir cac ngudn chinh
nhu sau: (1) Cac vung hdén hop nghéo tai cac
ving khe ho, khe k& quanh xung quanh budng
chay va vung xung quanh thanh véach xy lanh véi
hién tuong “t6i nhiét”, (2) Cac vung xung quanh
kim phun, (3) Cé&c vung mang ¢ ranh khe ho trén
dau piston va xéc ming va (4) Nhién liéu trong
qua trinh phun rét nho giot gan voi phun. Phat
thai CO thi tang 1én khi nhiét d6 qué trinh chay
giam va nong do 6 xy trong hdn hop giam, phan
tng 6 xy hoéa khéng hoan toan chiém wu thé
(Heywood, n.d.). Vé co ban, khi dong co GCI
thuc hién dét chay véi hdn hop hoa tron trudce
mot phan, ton tai cac ving hdn hop nghéo va
giam nhiét do cua qua trinh chay, thi CO va HC
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cao hon so v&i dong co Diesel truyén thong

(Musculus et al., 2007).

(a) SOL,= - 3 CAD
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Hinh 13. Khi thdi va phat thai dang hat theo cac
ty 1¢ luan hoi khi thai. Bieu kién thi nghiém: Thoi
diém phun chinh (a) SOI> = -3 CAD; (b) SOl = -

6 CAD; (c) SOl,= -9 CAD ATDC, ap suat khi
nap: 1 bar, 1.2 bar.

Cac thanh phan phéat thai HC va CO ting khi
thoi diém phun chinh muén di, dic biét véi thoi
diém phun chinh SOI,=-3 CAD ATDC, dic biét
khi thuc hién luan hoi khi thai vai thoi diém phun
nay. Tuy nhién, khi ting 4p sudt nap Ién 1.2 bar
thi HC va CO déu giam & cac truong hop, dic
biét khi xem xét nhiét d6 cuc dai trong xy lanh,
trén Hinh 10, thi nhiét d6 trong xy lanh giam.
Piéu nay cho thay loi ich cua tang ap suat nap Voi
dong co GCI.

Ngoai nguyén nhan vé nhiét do chay giam,
HC va CO déu tang khi tang ty 1& luan hoi khi
thai, con do giam thanh phan 6 xy c6 trong hdn
hop nhién liéu khong khi, diéu nay ciing phu hop
véi nghién cieu (Huang et al., 2019).

V6i khi thai NOx, ¢ cac truong hop thi
nghiém thi déu kha nho, NOx giam khi ty 1¢ luan
hoi khi thai tang vi nhiét d6 qua trinh chay giam
di. Khi qua trinh chay thuc hién véi viing hdn hop
phan lép, ¢ ving hon hop nghéo, dic biét véi
truong hop phun chinh muon SOI, = -3 CAD
ATDC, thi NOx ciing giam.

Véi phat thai dang hat PM, 12 két qua caa qua
trinh chay khuéch tan. Khi phan tich qua trinh
chay, nhitng duong cong toc do toa nhiét cho
nhiéu dinh, thé hién viéc tia phun chinh thuc hién
chay khuéch tan. Khi ting ap suat nap, phat thai
PM ciing c6 xu huéng giam di, chii yéu do hiéu
suit nhiét cao hon nén, thi nghiém thuc hién giam
luong cung cip nhién liéu cho chu trinh, dé gitr
IMEP = 5bar vay nén phat thai dang hat giam do
thoi gian phun chinh giam.

Khi thuc hién phun chinh muén di tir -9 CAD
dén -3 CAD, thi phat thai dang hat PM déu giam
& cac truong hop thi nghiém, vi rang thuc hién
phun mudn, thi giai doan chay khuéch tan ting
lén. Khi thuc hién luan héi khi thai, quéa trinh
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chay cua tia phun chinh phun véi lugng 6 xy cé
trong hon hop nhién licu khong khi hoa tron giam
di, lam cho tang kha nang hinh thanh PM.

Trong truong hop khong luan hoi khi thai, véi
tang ap va khong ting ap, quan sat dong thoi phat
thai PM va phat thai NOy thi da phan xu hudéng
cung giam PM va NOy, tham chi HC va CO cling
giam, khi thuc hién thay d6i thoi diém phun
chinh. Biéu nay cho thay chién lugc didu khién
phun chinh hop Iy s& gop phan giam thiéu phat
thai doc hai voi dong co GCI. Tuy nhién, khi thuc
hién thay di ty 1& luan hoi khi thai, thi PM va
NOx c6 xu huéng thay d6i ngugc nhau: Khi giam
NOx thi tang PM va nguoc lai.

4. KET LUAN

Trong nghién ctu nay, anh huong cua thoi
diém phun chinh (SOly), ting ap (pint) Va luan hoi
khi thai (EGR) dén dic tinh chay va khi thai cua
dong co GCI dugc thuc hién vai nhién liéu xang
E20. Mot s6 két luan chinh ctia bai bao nhu sau:

+ Hiéu qua chay va hiéu suit chi thi tang 1én khi
thuc hién thoi diém phun sém téi wu, va duoc cai
thién dang ké khi phdi hop tang ap va luan hoi
khi thai.

+ Thoi diém phun chinh anh huong manh mé dén
dac tinh chay va phat thai cua dong co GCI. Thoi
diém phun chi phdi dén pha chay hoa tron truéc
va pha chay khuéch tan ciia phuong an phun kép
cua dong co GCIL.

+ Phdi hop tang ap nhe va luan hdi khi thai ciing
c6 thé kiém soét tét pha chay hoa tron trudc va
pha chay khuéch tan, tir d6 co6 thé kiém soat dugc
phat thai hinh thanh trong qua trinh chay.

+ Luan hdi khi thai c6 tac dong lén dén dic tinh
phat thai cia dong co GCI, khi thai NOx & muc
kha nho va giam khi tang ty 1& luan hoi khi thai.
Tang ap suat nap, c6 thé hd tro kiém soat qué
trinh chay cing véi luan hdi khi thai, cho cac
thanh phan khi thai HC, CO va NOx giam ma
hiéu suét nhiét khong thay d6i nhiéu.
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