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Abstract. Gasoline compression ignition (GCI) is a combustion method that involves the
advanced formation and combustion of the mixture, with the potential to improve fuel
efficiency and reduce emissions from internal combustion engines. Injection strategy,
particularly the injection timing, significantly influences the mixture formation and
combustion development in GCI engines, controlling the diffusion-controlled combustion.
To explore the timing variations for achieving high efficiency in the characteristic medium
load operation (IMEP 5 bar), in this study, the authors investigated the main injection timing
change under constant operating conditions: fixed injection ratio of 30%-70%, main injection
timing at -35 CAD ATDC, engine speed of 1500 rpm, intake air temperature of 165°C, intake
pressure of 1 bar, and injection pressure of 400 bar. Through experimental results, the
combined effects of combustion with cold flames and the penetration of the main injection
jet were assessed for their influence on the combustion rate of the main combustion process.
Furthermore, the maximum combustion temperature, pressure rise rate in the cylinder,
combustion efficiency, and indicated engine efficiency were evaluated to determine the
optimal early injection angle for this engine operating mode.
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Tom tit. Chay bang nén véi nhién liéu xang (GCI - Gasoline compression ignition) la mot
phuong phép t6 chirc qué trinh hinh thanh hdn hop va dét chay tién tién vai tiém nang cai
thién tinh hiéu qua sir dung nhién liéu va giam luong khi thai tir dong co dét trong. Chién
lugc phun véi dién hinh 1a thoi diém phun ¢6 anh huong 16n dén qua trinh hinh thanh va phét
trién chay cua dong co GCI, kiém soat su hinh thanh chay khuéch tan. Dé xem xét thoi diém
phun thay d6i dé dat duoc hiéu qua cao trong ché d6 tai trung binh dic trung (IMEP 5 bar).
O nghién ctru nay, tac gia khao sat thoi diém phun chinh thay d6i véi cac diéu kién van hanh
duoc giit khong doi: giit ¢b dinh ty 16 phun 30%-70%, thoi diém phun mdi -35 CAD ATDC,
téc dd quay dong co 1500 vong / phit, nhiét d6 khi nap 165 °C, &p suat nap 1 bar va &p suat
phun 400 bar. Thong qua két qua thi nghiém, cac anh hudng dong thoi ciia qua trinh chay
véi ngon lira lanh va tia phun cua lan phun chinh tham nhap dugc dénh gia c6 anh hudng
dén toc @6 chay caa qué trinh chay chinh. Ngoai ra, nhiét do chay cuc dai, toc do tang ap
suat trong xy lanh va hiéu suét chay, hiéu suat chi thi caa dong co ciing dugc danh gia dé tim
ra dwoc goc phun som t6i wu voi ché do van hanh nay cua dong co.

Tir khoa: Chay bang nén, nhién liéu xing, chién luoc phun

@2023 Truong Pai hoc Giao théng vdn tdi
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1. PAT VAN PE

DPong co chay bang nén (CI — Compression Ignition) ¢ thé dat duoc hiéu suit cao do
ty s6 nén cao, tuy nhién phat thai dang hat (PM - Particulate Matters) va khi thai NOx cao hon
so v6i dong co chay bang danh ltra (SI — Spark Ignition) [1-4]. Pong co chay bang nén véi
nhién liéu xing (GCI - Gasoline Compression lgnition) 14 phuong 4n phéi hop st dung nhién
liéu xing vé6i dic tinh chdng ty chay cao va kha nang hoa hoi tot voi ché do chdy bang nén hon
hop, da dugc chi ra la tiém nang vdi qua trinh chay sach va hi¢u qua cao, khi khéc phuc hiéu
suat thip ctia dong co chay bang danh lira va dong thoi khic phuc khi thai doc hai 16n cua dong
co chay bang nén [2-5]. Cac ¥ tudng ban ddu vé GCI dugc gi6i thiéu boi Kalghatgi et al. [2],
khi danh gia qua trinh van hanh dong co diesel vdi: nhién li€u xang so voi cac loai nhién liéu
diesel, thi két qua nghién ctru chi ra cac dic tinh ctia xang: tinh bay hoi tot va thoi gian tré chay
dai, két hop vdi dac tinh cua dong co diesel: ty s6 nén cao, thi cho phép dat dugc hi¢u suét cao
va dong thoi khi thai doc hai thip hon. Dic biét, khi sir dung nhién liéu xang thi GCI cho thiy
luong phat thai bd hong (PM- Particulate Matter) giam rat 16n do thoi gian tré chay dai, pha
chay thyuc hién chu yéu ¢ giai doan chay hoa tron trude, vi phuong an phun nhiéu giai doan
[3]. Ngoai ra, ché do phun kép cho phép kiém soét tich cuc giai doan ddt chay trong dong co
GCI da thic day viéc nghién ctu cac chién lugc phun nhiéu lan [6,7]. Vi dy, chién luoc phun
kép duoc phat hién la giam hon nita toc do tang ap suat va tinh mat 6n dinh cta dong co tir chu
ky nay sang chu ky khac. Mac du ¢é nhiéu chién luoc phun nhiéu giai doan da duoc tha nghiém,
nhung muyc dich chung 13 trong tu nhau: c&c 1an phun sém nhat trong hanh trinh nap hoic hanh
trinh nén sém dé chuan bi mot lwgng hoa khi (nhién liéu — khong khi) tron san va cac lan phun
chinh vao cubi ky nén khi piston gan diém chét trén dé kiém soat giai doan dét chay va téc do
tang ap suat toi da.

Vi phuong phép tu chay bang nén hdn hop dong nhat, thanh phan PM va NOyx giam
kha manh, khi hdn hop nhién liéu — khong khi duoc hoa tron dong nhat véi ty 1& hoa khi nhat,
va sau d6 qua trinh chay véi nhiét & chay thap [8,9]. Tuy nhién, kha nang kiém soat qua trinh
chay kho khin [10] va toc do ting ap suit quéa cao ¢ ché do tai 16n [11]. Phuong phap chay
bang nén véi hoa khi hoa tron truéc mot phan PPC duogc dé xuat dé khic phuc cac han ché cua
HCCI, dic biét PPC véi nhién lidu xang c6 tinh chéng tu chay cao [12,13]. Co sé thuc hién
qua trinh chay PPC Ia phun nhién li¢u 2 giai doan: (1) phun nhién li¢u vao dau quéa trinh nén
(phun m01) dé tao hdn hop hoa tron phan 16p nhién liéu — khong khi, sau d6 (2) phun nhién li¢u
gan diém chét trén (phun chinh), dé thiic ddy qua trinh tu chay caa hdn hop nhién liéu — khong
khi. Vi qua trinh hinh thanh hdn hop nhién liéu — khong khi va kiém soat qué trinh bat dau
chéay cua PPC, c6 thé thuc hién ma rong pham vi tai cua dong co, dat hiéu suat nhiét cao va
thanh phan phat thai rat thip: PM va NOy [14].

Kalghatgi et al. [2,3] da sir dung PPC véi xédng trong ca dong co hang nhe va dong co
hang nang. Cac tac gia da chi ra réng dong co hang nhe c6 thé hoat dong 6 IMEP 14,86 bar voi
hiéu suét chi thi 46%, voi khoi thai 0,36 FSN va khi thai NOy 1,21 g/kWh. Bdng co hang nang
c6 thé hoat dong 1én dén IMEP 15,95 bar, v6i hiéu sut chi thi 47%, v&i khoi thai 0,19 FSN va
khi thai NOx 0,39 g/kWh. Anh huéng cta nhién liéu dén sy van hanh ctua dong co PPC str dung
dau diesel va xang c6 sd octan khac nhau da dugc nghién ctru & mirc IMEP 4 va 10 bar véi cac
budc thay d6i EGR [15,16]. Két qua cho thay & ché do tai thap, tit ca cac nhién liéu thir nghiém
déu cho thay ciing mirc khi NO, trong khi khoi gan nhu bang khong ddi véi xang. O ché do
tai cao, tit ca cac nhién lidu thir nghiém cho thiy xu hudng twong tu dbi voi khi NOx. Xang co
tri s& octan cao khong dang ké ting khoi, trir khi str dung xing c6 tri s6 octan thap, nhung
khong cao nhu diesel [15]. Két qua ciing cho thdy rang khai niém PPC véi xang phuy thudc vao
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chat lugng chay cia nhién liéu hon 13 tinh bay hoi ctia n6 mién 13 thoi diém bét dau chay bit
dau sau khi két thiic phun nhién liéu. Cac khi thai khi NOx va PM sé& giéng nhau bat ké tinh
bay hoi va thanh phan nhién liéu néu CA50 va thoi gian chd chay cua cac nhién liéu khac nhau
dugc phu hop. Tang ty 1¢ phan tram cac hop chit chtra cac nhom aromatic trong nhién li¢u s&
tang sy chdng tu chay va gioi han tai cua PPC [16]. Manente et al. [17] két luan rang nhién liéu
t6t nhat cho PPC 1a xdng c6 s octan trong khoang 70, c6 san trong nha may loc dau va c6 thé
dua vao thi truong.

Muc tiéu ctia nghién ctru ndy 1a diéu tra chién lugc diéu khién thoi diém phun cua tia phun
chinh véi nhién liéu ethanol pha tron véi xiang: E20 va & muc luan hdi khi thai cao EGR 25%.
V61 nhién liéu c6 tinh chéng tu chay cao va ty 1€ luan hi khi thai cao dé tao duoc ché do chay
hoa tron trudc chiém phan 16n trong qua trinh chay, dé thay rd dugc tac dong cua thoi diém
phun chinh dén hai pha chdy: chay hoa tron trude va chay khuéch tan.

2. THi NGHIEM
2.1. Thiét bi thi nghiém

Céc thi nghiém dugc thuc hién trong dong co mot xy lanh nghién ctru duoc sta 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 voi hé thdng phun nhién liéu diesel cao ap dién hinh, cac thong sé ky thuat
dong co sira d6i nhu sau: Puong kinh xy lanh (mm) x hanh trinh Piston (mm): 85 x 88; Thé
tich cong tac 1 xy lanh (cc): 499; Ty sb nén &: 16; Phun nhién liéu kicu Common Rail.

Pong co thir nghiém trén bang thir duoc Kiém soat truc tiép boi mot dong co dién dé
duy tri tbc do dong co khong ddi. Hinh 1 gidi thidu so do thiét 1ap thi nghiém. Pong co duoc
truc tiép diéu khién boi mot dong co dién dé duy tri mot téc dé dong co khong ddi. Dau boi
tron dong co va dung dich nude lam mat duoc giir & nhiét do 95°C. Hé théng phun nhién liéu
duong dng chung duoc tach riéng khoi dong co dé hoat dong doc 1ap. Nhién liéu duoc phun
vao budng dét bang mot béc phun diesel Delphi c6 goc phun 120° véi 8 16 va duong kinh voi
phun 1a 150 pm.

Hinh 1. So dd bé tri thi nghiém.1: May nén khi; 2: Po luu luong khi; 3: Binh gia nhiét khi;
4: Common rail; 5: Bom nhién liéu; 6: Do luu lwong nhién liéu; 7: Binh chira nhién liéu; 8: Biéu
khién luong phun; 9: Pong co dién; 10: Do do khoi; 11: Ta phan tich khi thai; 12: May tinh; 13: Bo
khuéch dai; 14: Bo ghi dit liéu; 15: Tin hiéu &p suat phun; 16: Tin hiéu nhiét d6 khi nap; 17: Tin hiéu
&p suat nap; 18: Tin hiéu téc do quay dong co; 19: Voi phun nhién liéu; 20: Dong co thi nghiém;
21:DPau do ap suét.
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Khéng khi nap dugc cung cap tir may nén khi dugc 1am néng dén nhiét @ mong mudn
bang bo gia nhiét & khoang duong dng trudc cira nap, tai d6 nhiét do va ap suat khdng khi nap
duoc do bang cam bién nhiét (loai K) véi d6 chinh xac + 2 K va cam bién &p suit ap dién tro
(Kistler 4075A) véi @6 chinh xac twong tng la + 0,3% cua toan thang do. Muc tiéu thu nhién
liéu duoc do bang bo diéu khién luu lwong khéi chét long (Bronkhorst M13-CORI-FLOW) ¢6
d6 chinh xéac £ 0,2% trén phép do. Vi tri goc quay duogc xac dinh bang cam bién quang hoc voi
d¢ chinh xac £ 0,1 CAD (Crankshaft Angle Degrees, goc quay truc khuyu) va ap suét trong xy
lanh bang cam bién ap suat (Kistler 6043A) dugc gan trong nap xy lanh véi d6 chinh xac +
2%. Ddi voi tat ca cac thi nghiém, dir liéu &p suat trong xy lanh dwoc ghi lai va tinh trung binh
trong 100 chu ky lién tiép @€ tinh toan cac ddc tinh chay bang cach sir dung phén tich nhiét
dong luc hoc. Céc gia tri do dwoc trong dau vét &p suit xy lanh dugc sir dung dé tinh toc do
tang ap suat (PRR- Pressure Rise Rate), dd 6n tinh bang dB, téc do giai phong nhiét (HRR-
heat release rate), pha chay (CA50- Crank Angle 50), thoi gian d6t chay (CA90-CA10), 4p suit
hiéu dung trung binh (IMEP - Indicated Mean Effective Pressure).

2.2. Piéu kién thir nghiém

Céc diéu kién thi nghiém cho nghién ctru ndy: Nhiét 6 khi nap 165 °C, ap sut nap 1
bar. Hon hop ethanol-gasoline (gasohol) pha tron theo ty 1é thé tich: 20% ethanol va 80% xang
thuong mai E20 di duoc thir nghiém trén bang thir dong co, tinh chat caa nhién liéu thir nghiém
dugc gioi thiéu trong Bang 1. Nhién liéu thir nghiém dwoc phun véi ap suat phun 1a 400 bar,
ty 1& luan hoi khi thai (sir dung khi Na) gitr ¢6 dinh 25% va véi chién lugc phun kép: (1) Ty Ié
gitra 2 1an phun 30%/70% khéi lwong va (2) Thoi diém phun méi -35 CAD ATDC, con thoi
diém phun chinh thay d6i, dé gitr dugc ché do tai trung binh ciia dong co IMEP 5 bar thi lugng
phun chinh c6 thay d6i nho. Cac thong sé nay thuc hién ké thira cac nghién ciru trude day da
thuc hién ¢ phong thi nghiém PRISME [18,19], cac nghién ctru nay da chi ra: (1) Khoang nhiét
d6 khi nap dé tao dugc ché do GPPC tot: 165°C; (2) thoi diém phun moi (phun lan 1) t6i wu -
35 CAD ATDC, (3) ty Ié phun gitra 2 1an phun: 30%-70%, (4) mic ty 1& luan hoi khi thai 25%.
Qua trinh thyc hién thi nghiém: Khao sat thoi diém phun chinh thay d6i, véi cac diéu kién van
hanh nhu trén Error! Reference source not found.. Véi nghién ctru trong bai bao nay, tac gia
tap trung dén giai doan chy don nhét, tic 12 khdng ¢ chdy manh cua tia phun moi.

Bang 1. Tinh chat nhién lidu thir nghiém [18,19].

STT | Tinh chat Xing SP95 Ethanol Pon vi
1 | Cong thuc hoa hoc chung | C7,06H13400,1125 | C2HsOH
2 | Thanh phan oxy 1,8 34,8 % khdi luong
3 | Khéi lugng riéng ¢ 20 °C 0,7472 0,789 g/cc
4 | Nhiét tri thap 42,23 28,865 MJ/kg
5 | Nhiét an hoa hoi 305 854,8 kJ/kg
6 | Nhiét d6 hoa hoi Tu37dén 194 |78 °C
7 | Trisd 6c tan (RON) 95,7 107

Thuec hién khao sat anh huéng cuia thoi diém phun chinh, thi ap suat va nhiét do khi nap
hay mat d¢ khi trong xy lanh dugc gitr ¢6 dinh bang cach duy tri luu lugng dong khi nap vao
xy lanh. Theo 6, dé c6 thé duy tri nhiét d¢ trung binh trong xy lanh, cu thé 1a ¢ nhiét do cao
nhat trong xy lanh, cho cac diém thir nghiém khac nhau, ap suét trong xy lanh do dac duoc can
phai giong nhau. Khi thyc hién thay d6i thoi diém phun chinh, bing quan sét khi thyc hién thi
nghiém thi nhan thay, ap suat xy lanh do dugc co thay d6i mot chit, vi cac 1y do co thé lién
quan dén sy thay d6i nhiét d6 trong qua trinh chay 1am cho thay ddi nhiét d¢ thanh vach Xy
lanh va nhiét do dinh piston. Vay nén, khi thyc hién cac diém thi nghiém, thoi gian chuyén ché
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d6 cho diém nay tbi thiéu 90 gidy, dé tranh ché d6 chuyén tiép va tao dugc ap suit trong xy
lanh twong dong & cac diém thi nghiém khac nhau. Dir liéu 4p suit xy lanh thu duoc lap lai
trong pham vi sai khac nho hon 0,1 bar, twong tmg v&i sai khac nhiét do trong xy lanh 16n nhét
xap xi 2 K.
x2.3. Phéan tich qua trinh chay

. Ap suét dau vao ldy gia tri trung binh ctia 100 chu ky tin hiéu ap suat xy lanh tai mot
diém van hanh nhat dinh. Ap suét xy lanh trung binh duoc sir dung dé tinh toc d6 giai phong
nhiét. Toc do gidi phong nhiét dugc xac dinh tur dir liéu &p suét xy lanh trung binh, nh¢ vao
dinh luat 1 nhiét dong hoc va phuong trinh trang thai khi ly tudng:

aQ _ r 4
dv vVd
da y-1 P +}/—1 P (1)

Trong do6, Q 1a lugng nhiét toa ra, y ty 1¢ nhiét dung riéng (7 =C, IC,), p 4p suét tirc thoi
trong xy lanh, V thé tich budng @6t tic thoi va o goc quay.

Téc do toa nhiét cua dong co dot trong 1a thong sé quan trong cung cép cac thong tin
vé thoi diém bat dau va két thuc qua trinh chay, va thong tin vé cuong d6 giai phong nang
luong nhiét cia ngon lira. Ngoai ra, ton that ning luong do truyén nhiét, cling duoc mé ta trong
gia tri cia tdc do toa nhiét. T téc dd toa nhiét, cac thoi diém quan trong cua qua trinh chay:
CA10, CA50, CA90 duogc chi ra trén Hinh 2.

80 :
60 w
% 401 @
4 =
= 20f -
= 2
2.0 -
= =
-E e é
NG 05 >
.(8 : ‘ =
= CAIO | »
N
o {0.1
"-._E"._'.'_'._'_.'_'._'_.'_‘0

O H O 60 P P

Goc quay truc khuyu [CAD ATDC]
Hinh 2. Phan tich qué trinh chay, vai toc do toa nhiét va ty Ié tich liy toa nhiét véi
truong hop thoi diém phun chinh SOI, = -3 CAD ATDC.

Hinh 2 chi ra phuong phap phan tich qua trinh chay ctia dong co ddt trong, véi CA10,
CA50 CA90 la gbéc quay truc khuyu khi tich lity téa nhiét 10%, 50% va 90%. Thoi gian tré
chéy (ID - Ignition delay) dugc tinh toan cho giai doan phun méi hodc phun chinh: 1D; = CA05-
SOI; hoic ID2 = CA05-SOI,, phu thude vao giai doan phun mdi ¢é hinh thanh va phat trién
chéy hay khdng. Vi nghién ctiu thuc hién vai cac thoi diém phun chinh khac nhau, nén 1D s&
cho thay khoang thoi gian hoa tron truéc khi chay cua giai doan phun chinh.

IMEP (Indicated Mean Effective Pressure), 4p suét hiéu dung trung binh, 1a ty sé caa
cong sinh ra cua chu trinh (L) chia cho thé tich cong tac (Vs):
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IMEP = @)
Hiéu suat chi thi, hay hiéu suat nhiét (7,) dwoc tinh theo cong thic sau:
L,
= ®)
t mfuel 'QLHV

Trong d6, Lt cdng sinh ra cia chu trinh, meuei: khéi lugng nhién ligu cung cip, Quuv:
Nhiét tri thap cua nhién liéu.
Hiéu suat chay tinh theo cong thuc:
I‘LQ
da 4

Nne=—"~

r‘nfuel 'QLHV

3. DANH GIA PHAN TiCH
3.1. Ap suit va toc do téa nhiét trong xy lanh

Céc trudng hop phun mdi 50% va 70% cho thay toc do gia ting ap suat manh hon va
tbc do giai toa nhiét 16n hon, vi mot lugng 16n nhién liéu duoc thAm nhap, hoa hoi va hoa tron
v6i khdng khi & giai doan phun moi nay, dac biét vai truong hop 70%/30%. Ap suat va toc do
toa nhiét trong xy lanh véi cac thoi diém phun thay doi tir -12 CAD ATDC dén 0 CAD ATDC
Véi tai dong co & muc trung binh IMEP = 5 bar trén Hinh 3, qua d6 cho thay thoi diém phun
c6 tac dong rat Ion dén qua trinh bat dau chay, phat trién chay khi tao cac dinh &p suat xy lanh
khac nhau, dinh toc do téa nhiét khac nhau dong thoi vé gia tri va thoi diém dat gié tri dinh do.
Cu thé mot sb thoi diém phun chinh dién hinh nhu sau: (1) SOI, = -12 CAD ATDC; (2) SOl
= -6 CAD ATDC: (3) SOI, = 0 CAD ATDC, thi gi4 tri cuc dai cua ap suat trong xy lanh va
thai diém dat duoc: (1) 57 bar va 14,5 CAD ATDC: (2) 58 bar va 10,5 CAD ATDC; (3) 48 bar
va 7,5 CAD ATDC. Gi4 tri cuc dai cua toc do toa nhiét va thoi diém dat dugc: (1) 108 JJCAD
va 10,5 CAD ATDC; (2) 91 JJCAD va 6,3 CAD ATDC; (3) 51 JICAD va 4,9 CAD ATDC.

Thoi diém phun chinh cta qué trinh chdy GPPC véi hai giai doan phun co ban cd tac
dong rat 1on dén hiéu qua chay, bao gom: hinh thanh hdn hop nhién liéu va khong khi trong xy
lanh [20], nhiét d6 Ion nhat trong xy lanh. Khi thuc hién phun sém thi qua trinh chay véi pha
chéy chinh, thé hién & dinh caa duong cong téc do toa nhiét, muon dan di va téc do phan tng
hoa hoc tiang 1én véi gia tri dinh cua téc d6 toa nhiét cao hon du rang pha chay mudn hon.

Dau tién, khi thuc hién thoi diém phun chinh tir SOl =0 CAD ATDC dén thoi diém
phun sém hon SOI, = -3 CAD ATDC, dinh cua tdc do toa nhiét ting 1én, va qua trinh chay thé
hién boi dudng cong tang toc do téa nhiét sém 1én. Ngoai ra, cac truong hop con lai khi thyuc
hién phun chinh sém hon nita, qua trinh chay déu tré hon. Khi thoi diém phun chinh sém nhat,
SOl, = -12 CAD ATDC, thi dudng cong tdc do téa nhiét cho thay co pha chay don mét dinh,
thé hién qué trinh chay hoa tron truc chiém uu thé. Nguoc lai, khi thyc hién phun chinh muén,
khi piston gan diém chét trén, thi duong cong téc do toa nhiét thé hién co pha chay kép hai
dinh vi diéu kién chay hoa tron trudc va chay khuéch tan trong diéu kién dong co GCI, véi
dinh thir nhat thé hién pha chay hoa tron trudc, dinh thir hai thap hon rat nhiéu, thé hién pha
chéy khuéch tan nho. Vi du, vai thoi diém bét dau phun & diém chét trén, SOl, = 0 CAD ATDC,
thi dinh téc do toa nhiét cua (1) pha chay hoa tron trude va (2) pha chay khuéch tan co gié tri
va thoi diém dat dugc: (1) 55 J/ CAD va5 CAD ATDC, (2) 21 J/ CAD va 12,5 CAD ATDC.
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Két qua cho thdy ring & thoi diém phun chinh muén -3 va 0 CAD ATDC, giai doan
chay dau tién thé hién trén dudng cong tc do toa nhiét 1a két qua caa tia phun méi (SOI; = -
35 CAD ATDC) va mét phan dau caa tia phun chinh, sau khi thdm nhap, hoa hoi va hoa tron
trong xy lanh thuc hién qua trinh chay trong khi tia phun chinh van dang duoc phun vao trong
xy lanh, tiép sau d6, dudng cong téc d6 toa nhiét thé hién chinh 1a qué trinh chay khuéch tan.
Khi thuc hién diéu chinh thoi diém phun sém hon, & -9 va -12 CAD ATDC, qua trinh chay
khuéch tan bj triét tiéu, khi khong tao thanh dinh tht 2 trén duong cong téc do toa nhiét, ma
dinh nay nam kha gan dinh tht 2 cua ché do thoi diém phun muon. Vi du dinh duy nhat cua
toc do toa nhiét ¢ thoi diém phun chinh SOI, = -12 CAD ATDC tao dugc ¢ 10,5 CAD ATDC,
tuong ng véi dinh thir 2 & SOl = 0 CAD ATDC, & 11 CAD ATDC. Piéu nay cho thiy rang
tia phun chinh sém, thi s& kim ham hdn hop nhién liéu — khong khi tao thanh bai tia phun mai,
roi khi d6 tia phun chinh tham nhap, hoa hoi va hoa tron véi hdn hop hinh thanh tur tia phun
moi, 1am cho qué trinh chéy 1a chay hdn hop phén 16p trong xy lanh xay ra sau khi tia phun
chinh hoan thanh.

S S0l som
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=
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4140
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Goc quay truc khuyu [CAD ATDC]

Hinh 3. Thoi diém phun anh huong dén dién bién &p sut va toc do toa nhiét trong xy
lanh dong co.

Két qua cua qua trinh chay hdn hop hoa tron gan nhu hoan toan truéce khi phét trien qua
trinh chdy 1a (1) dinh cua ap suit cuc dai trong xy lanh tang 10% va (2) dinh cua téc do toa
nhiét tang gip ddi so véi chay hdn hop hoa tron mot phan, khi so sénh giira SOl2 = -9 CAD
ATDC va SOI, = -3 CAD ATDC. Cac nghién ciru trude day ciing da chi ra rang, do tré cua
pha chay véi hdn hop phan 16p vai nhién liéu xang, SOI; = -12, -9 CAD ATDC, lién quan dén
téc do ting nhiét do dan dén thoi diém bat dau qua trinh phat trién chay chinh [21]. Bé duy tri
téc do tang nhiét do trong xy lanh khi ma qué trinh chay bi cham lai sau diém chét trén, thi yéu
cau cac phan tng 6 xi hoa tu bc chay cua tia phun moi phai cung cap da nhiét lugng toa ra dé
khic phuc su gidn ng, khi ma nhiét do trong xy lanh giam di, do chuyén dong doi khoi diém
chét trén cua piston. Diéu nay giai thich viéc, tia phun chinh tham nhap lam tré di su tu bdc
chéy caa hdn hop do tia phun méi tao thanh, do su nhan nhiét tir hoa khi cua tia phun chinh va
ddng thoi do tuong tac cac thanh phan nhién liéu — khong khi.

Dé quan sat k§ cang giai doan hap thu nhiét cua tia phun chinh, Hinh 4 cho thay anh
huong cua thoi diém phun chinh dén toc do téa nhiét, giai doan ngay sau phun nhién liéu vao
trong budng chay dong co. Day 1a giai doan ngay trude khi qua trinh giai phong nhiét manh
mé véi d6 doc dudng cong toa nhiét Ién hon. Véi lua chon diéu kién thi nghiém vdi ty 16 luan
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hoi khi thai cao EGR 25% va nhién liéu thir nghiém c6 tinh chdng tu chay cao E20, thi quan
sat & duong cong toc do tda nhi¢t, khong c6 ghi nhan giai doan 6 xy hoa vdi ngon lra lanh
[22].

(=]
T

Tée do toa nhiét [J/CAD]

S()I som \ '

o 8 6 4 2 0 2 4
Goc quay truc khuyu [CAD ATDC]

Hinh 4. Thoi diém phun anh huéng dén dic tinh toa nhiét trong xy lanh dong co.
Véi dudng cong tdc do toa nhiét nam phia dudi truc hoanh, mang gié tri am, thé hién
muc nhiét lugng bi hap thu cho qua trinh hoa hoi cta nhién liéu xang cua tia phun chinh. Khi
thuc hién phun chinh sém, SOI, = -12 CAD ATDC, tia phun thAm nhap sém vao ving hdn hop
nhién liéu — khdng khi cua tia phun mdi tao thanh, 1am gia ting qua trinh wc ché 6 xi hoa cua
hén hop nay, 1am cho nhiét lugng toa ra ciia qua trinh 6 xi hda hdn hop it hon so véi phun
chinh muén.

3.2.  Dac tinh chay

Dic tinh chay thé hién thong qua cac théng s co ban ctia qué trinh chay cta dong co
GPPC c6 nhiéu dic diém gléng vOi dong co diesel, bao gom cac giai doan [23]: (1) hoa tron
nhién liéu — khong khi; (2) Bit dau chay; (3) Phat trién chay; 4) Két thiic qua trinh chay. Cac
thong s didc trung cho dic tinh chay thé hién thong qua: thoi diém bat dau chay manh CA10;
pha chay CA50; thoi gian dinh tré sy chay tinh tir khi bat ¢au phun chinh ID (Ignition delay)
va thoi gian chay (CA90-CA10), dugc gidi thiéu trén Hinh 5 véi thoi diém phun thay doi.
Véi thoi gian dinh tré sy chay, ID, duoc tinh tir khi bat dau phun chinh SOIy, gié tri duong thé
hién qué trinh chay bat dau sau khi tia phun chinh tham nhap vao khong gian xy lanh, con gia
tri am thé hién qua trinh chay bat dau bai hdn hop nhién lieu — khdng khi cua tia phun mai.
Thoi diém bt dau chay chiu sy anh huong boi cac yéu té vat Iy va hda hoc, do d6 bi anh huong
boi thoi diém phun chinh SOI, thé hién & diéu kién nhiét do va ap suét trong xy lanh [24], va
ddng thoi tia phun chinh thdm nhap va tuong tac voi ving hdn hop tao bai tia phun moi. Vay
nén, nhu thé hién trén Hinh 5, khi thuc hién phun sém trudc -6 CAD ATDC, thanh phan nhién
liéu tham gia qua trinh chay hoa tron trude tang 1én vai tia phun chinh tham gia va nguoc lal,
khi thuc hién phun sau -6 CAD ATDC thi tia phun chinh tham nhap vao vung 6 xy héa ménh
liét caa hdn hop do tia phun mai tao thanh. Thoi gian tré tu chay dai hon, khi thoi diém phun
chinh sém hon -6 CAD ATDC, thi kha ning hoa tron nhién liéu va khéng khi nhiéu hon, tir d6
kha nang hinh thanh phat thai khéi den trong qua trinh chay thap hon, nhu chi ra & nghién ctu
[25]. CA10, thoi diém bt dau chay manh m&, c¢d su thay d6i sém 1én khi thuc hién phun chinh
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tré di, tir -12 dén -6 CAD ATDC, thé hién tia phun chinh thyc hién hoa tron lam thay déi 16n
thanh phan caa hdn hop ciing nhu truong nhiét d6 hdn hop. Déi véi cac trudng hop phun chinh
tré hon -6 CAD ATDC, CA10 thé hién phét trién chay cua tia phun mdi, nén gan nhu khong
thay d6i khi thay d6i thoi diém phun chinh.
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Hinh 5. Thoi diém phun anh hudng dén dac tinh chay: ID; CA10; CA50; CA90-CA10.

Vé co ban, CA10 c¢6 xu hudng khong thay dbi gan gidng thoi gian tré chay, c6 gia tri
khoang 29 CAD khi tinh tir thoi diém phun moi SOI; = -35 CAD ATDC. Trén Hinh 5 thé hién
thoi gian chay tré theo thoi diém phun chinh, khi ma thoi diém phun chinh c6 thay doi. Tuy
nhién giai doan SOl tr -12 dén -9 CAD ATDC, thi thoi gian chay tré the hién tang dan tuyen
tinh tir 25 CAD dén 29 CAD, hay thoi diém chdy tinh cho diém ngay gan diém cuec tiéu tao
thanh cua dudng cong téc do toa nhiét Hinh 4. Biéu nay cho thay tia phun chinh tac dung dén
hd trg phan ang bai 1am giau hdn hop hinh thanh tir tia phun moi dong thoi cung hién tuong
hap thu nhiét kim hdm phan ang caa hdn hop cua tia phun moi. Bé giai thich cho sy ting nhe
CA10 ¢ céc thoi diém phun som SOl = -12 d&én -10 CAD ATDC, c6 thé do hién tuong lam
mét hdn hop cuc bo xay ra véi su phan tang nhién liéu khi c6 sy tham nhap cua tia phun chinh,
lam cho anh huéng nhiét manh hon anh huong cua d6 dam cua I6p phan tang [26]. Khi dé, cac
khu cuc ¢6 muc nhién liéu ddm hon s& ¢ nhiét do thap hon vi thanh phan nay trai qua qua
trinh hoa hoi [27]. Kha nang kiém soét sy 1am viéc 6n dinh coa dong co, thé hién ¢ kha nang
lam tré pha chay CAS0 dé c6 thé 1am giam dugc gia tri cuc dai cua téc do toa nhiét [28], dé do
6n dinh chay tét 1a yéu té quan trong dé dat duoc muc tai cao ma khong vuot qué do 6n cho
phép, khi & ché do chay hoa tron truéc hoan toan, hdn hop phan 16p, gan véi ché dong nhat
[29] (HCCI - Homogeneous Charge Compression Ignition). Pha chay chung CA50 som dan
tir 10 dén 7,5 CAD ATDC khi thoi diém phun chinh mudn dan di tir -12 dén -6 CAD ATDC,
va sau d6, pha chay CA50 tré& dan tir 7,5 d¢én 10,5 CAD ATDC. Dién bién pha chay CA50 nhur
vay, phi hop véi truong hop duoc néu ra & nghién cau [30], véi cac ly giai vé dic tinh nhién
liéu xiing khong nhay cam & mic mie d6 phan 16p cia hon hop nhién liéu — khong khi [31].

Khoang thoi gian chay duoc tinh tir thoi diém CA10 dén CA90, thoi gian chéy ting 1én
khi thoi diém phun chinh muén di tir -12 dén 0 CAD ATDC. Vi céc ly giai vé hinh thanh hén
hop, véi ty Ié giai doan chay khuéch tan ting 1én khi thoi diém phun chinh sém thi quéa trinh
chéy dién ra nhanh vé&i hdn hop phan 16p caa nhién liéu — khdng khi. Khi thoi diém phun tir
sau -6 CAD ATDC, thi giai doan chay khuéch tan s& két thic khi két thic qué trinh phun.
CA90-CA10, thoi gian chay, dugc cai thién rat nhiéu dbi voi thoi diém phun chinh som [32],
dic biét SOl tir -12 dén -6 CAD ATDC, thoi gian chay duoc giam dang dé véi da phan hon
hop dugc hinh thanh trudc khi bat dau chay thé hién bang do déc cua dudng cong CA90-CA10

1042



Transport and Communications Science Journal, Vol 74, Issue 09 (12/2023), 1033-1047

theo thoi diém phun chinh. Nhiét d6 trong xy lanh dugc udce luong theo dinh luat 1 nhiét dong
hoc cho khi 1y twéng tir dir liéu vé 4p suat trong xy lanh va thay ddi thé tich xy lanh. Giai doan
phun thé hién tir bit dau phun dén két thic phun, theo tin hiéu diéu khién phun, thoi diém bat
dau chay, va nhiét do tai thoi diém bt dau phun chinh, tai thoi diém bat dau chay theo cac thoi
diém khac nhau dugc thé hién trén Hinh 6. Vi dién ta qué trinh phun cia giai doan phun chinh,
cho thay thoi diém chay sau khi két thic phun chinh EOly, véi thoi diém bét ¢au phun sém hon
-7 CAD ATDC. Pay chinh la giai doan hoa tron nhién liéu — khéng khi trong xy lanh, c6 thoi
gian dai hon voi phan nhién liéu tham gia hoa tron 16n hon. Nhiét do trong xy lanh tai thoi
diém bat dau phun chinh ting 1én tir 755 K dén 790 K khi thoi diém phun muén di tuong ng
tir -12 dén 0 CAD ATDC. Nhiét do trong xy lanh ting 1én boi hai nguy@n nhan chinh, thi nhat
do trong qua trinh nén thi nhiét do trong xy lanh ting 1én khi piston di 1én diém chét trén va
thr hai do nhiét d6 sinh ra tir qua trinh chay cua giai doan phun méi, véi thoi diém phun chinh,
tu SOl> = -6 CAD ATDC va muon hon. Khi phun sém, SOI; tir -12 dén -9 CAD ATDC, tao
qua trinh chay da phan chéy hoa tron trudc vai ca hai giai doan phun, thi nhiét do tai thoi diém
bat dau chay thap hon nhiét d¢ tai thoi diém phun chinh, cho thay nhiét luong héa hoi cua tia
phun chinh va tia phun chinh lam trc ché sy 6 xy hoa, qua trinh toa nhiét caa giai doan phun
moi.
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Hinh 6. Giai doan phun (tir bat dau phun dén két thiic phun, theo tin hiéu diéu khién
phun), thoi diém bat dau chay, va nhiét do tai thoi diém bat dau phun chinh, tai thoi diém bat
dau chay theo cac thoi diém khéc nhau.

Vé anh huong cua diéu kién trong xy lanh, bao gdm nhiét d6 va ap suit xy lanh, dén do
tré tu chay caa hoa khi: khi nhiét do tai thoi diém bt chay tang 1én thi thoi gian tré tu chay
giam di, két qua nay ciing phut hop véi [33]. Vi du, trong giai doan phun chinh sém tir -12 dén
-7 CAD ATDC thi nhiét d6 tai thoi diém chay ting tir: 750 K dén 788 K, thi thoi gian tré chéy,
ID, tinh tir thoi diém phun chinh SOI2, sém dan 1én: 2,3 dén 0 CAD, con thoi diém bat dau
chay, SOC (Start of Combustion), sém dan Ién tir: 1 CAD ATDC dén -2 CAD ATDC. DPéi voi
thoi diém phun chinh muén hon tir -6 CAD ATDC, thi thoi diém chay chinh Ia thoi diém chay
ctia hdn hop nhién liéu — khoéng khi hinh thanh tir tia phun moi, do d6 diéu kién xy lanh gan
nhu khong thay d6i nhiéu 1am cho thoi diém chay khong thay doi.

Nhiét do trung binh theo goc quay truc khuyu trong xy lanh dong co dugc udc lugng
tir dir liéu vé &p suit trong xy lanh va thé tich thay ddi caa xy lanh, duoc gigi thiéu trong Hinh
7. Nhiét do trong xy lanh dong co chia 1am 2 khu vuc déng quan tim nhat, d6 1a (1) khu vuc
xung quanh diém chét trén, khi ma phun chinh két thic va (2) khu vuc tao thanh nhiét d6 cao
nhat trong xy lanh.
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Hinh 7. Thoi diém phun anh huéng dén dudng cong nhiét d6 trung binh trong xy lanh

dong co.

Véi thé hién caa duong cong nhiét do trung binh trong xy lanh, cia SOl = -9 va -12
CAD ATDC, nhiét do trong xy lanh giam di do tia phun chinh thAm nhap lam kim ham su 6 Xi
hoa cua tia phun mdi va dong thoi thuc hién qua trinh héa hoi va hoa tron trong xy lanh. Véi
hén hop duoc hinh thanh trudc trong xy lanh, & dang phan 16p, thi qué trinh chay dién ra kha
nhanh, lam cho nhiét d¢ trong xy lanh tang cao hon so véi cac truong hop phun chinh muén,
khi c6 su xuét hién cua pha chay khuéch tan cua tia phun chinh.

Véi ba thoi diém phun c6 chay khéch tan SOI, = -6, -3, 0 CAD ATDC, thi phun chinh
cang muon thi ty 1& nhién liéu tham gia chay khuéch tan cang Ion, 1am cho nhiét do cuc dai
trong xy lanh thap hon, két qua nghién ciru nay pha hop vai [34].

3.3. Cac thong sb dic trung
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Hinh 8. Hiéu suat nhiét va hiéu suat chay theo thai diém phun chinh khéc nhau.
Hiéu suat nhiét va hiéu suét chay theo thoi diém phun chinh k

hac nhau dwoc gigi thiéu trén Hinh 8. Khi thoi diém phun chinh SOI, thay dbi tir -12
dén 0 CDA ATDC, thi hiéu suét nhiét va hiéu suat chay déu giam, hiéu suat nhiét giam tir 32%
dén 27% va hiéu suit chay giam tir 98,5% dén 97%. Pau tién véi hiéu suét chay, thi khi thuc
hién phun sém -9, -12 CAD ATDC, nhu di phan tich & trén, v&i qua trinh chay caa hdn hop
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hoa tron phéan 16p nén higu qua chay cao hon so v6i qué trinh chay c6 phan chay khuéch tan
[2]. V¢i thoi gian chay giam, thi hiéu suat nhi¢t cua phun sém -9, -12 CAD ATDC, ciing dugc
cai thién khi giam ton that nhiét

4. KET LUAN

Bai bao nay kham pha tiém ning cua thoi diém phun dé cung cip kha ning kiém soat qua
trinh chay trong dong co GPPC, sir dung nhién liéu xang pha tron ethanol E20, voi diéu kién
luan héi khi thai 25%. Thoi dlem phun thay 601 cho phép thay d6i mirc d6 phan 16p cia nhién
liéu khi bat dau chay va phat trién chay. Mot s6 két luan duoc rat ra:

+ Cac giai doan cua qua trinh chay duoc kiém soat hiéu qua boi thoi diém phun chinh
SOI,. O muc ty 16 EGR cao, thi cAn ¢6 SOI2 phu hop trong khoang -3 dén -9 CAD ATDC, dé
¢6 thé duy tri pha chay chinh CA50 trong khoang 7,5 CAD ATDC.

+ Puong cong téc do téa nhiét cho thy qué trinh dbt chay hai giai doan rd rang khi phun
chinh mudn hon -3 CAD ATDC, con dudng cong toc do toa nhiét v6i pha chay don véi thoi
diém phun sém hon -9 CAD ATDC.

+ Thoi gian hoa trdn dai hon khi thyc hién phun chinh sém hon, tir -6 CAD ATDC.

Cac phan tich v& hinh thanh phat thai doc hai HC, CO, NOx va PM cua dong co GCI nay
s& duogc gidi thidu & bai bao khac. Cac nghién ctru sdu hon dé hiéu rd vé qua trinh ty bdc chay
va phat trién chay cua dong co chay bang nén véi nhién ligu xang, voi chi s6 Oc tan cao. Ngoai
ra, cu tric b hong hinh thanh va 6 xy hoa clia qua trinh d6t chdy GCI nay ciing can dugc
trién khai nghién ctru thong qua chan doan quang hoc ciing mang lai nhiéu ¥ nghia.
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