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NGHIEN CUO’'U ANH HUONG CUA TANG AP DEN DAC TINH CHAY
CUA DONG CO CHAY BANG NEN VO NHIEN LIEU
XANG - BIO-ETHANOL E20

INVESTIGATION OF INTAKE PRESSURE IMPACT ON COMBUSTION PROCESS
IN GASOLINE PARTIALLY PREMIXED COMBUSTION
FOR GASOLINE- BIO-ETHANOL E20 FUELLED
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TOM TAT

Hon hop nhién liéu xang — bio-ethanol da tro thanh mot su lva chon hcfp dan dé lam nhién
lieu cho dong co 6 to, dac biét la trong mo hinh chay hién dai chay bcing nén voi nhién liéu xang
(GCI — Gasoline Compression Ignition). Sy két hop ciia ethanol va xdng mang lai nhiéu wu diém
néi bdt: ethanol c¢é kha ndng chéng tw chdy cao hon, khd ndng héa hoi tot hon va ham lwong 6-xy
trong nhién liéu cao hon so véi xang thong thuwong. Bai bdo ndy trinh bay vé anh hudng cia ting
dp khi nap dén ddc tinh chéy va ddc tinh phdt thdi cia déng co chdy bang nén hon hop hinh thanh
trueée mot phan. Két qua ciia cdc thir nghiém cho thdy rang, viéc diéu chinh mirc dé ting dp sudt
nap va chién hege phun nhién liéu mot cach hop Iy ¢é thé giam mirc phét thai cia dong co sir dung
mé hinh chéy bang nén.

Tir khoa: Chdy bang nén nhién liéu xdang,; Chién lwoc phun kép; Ethanol sinh hoc; Tdang dp
khi nap.

ABSTRACT

The gasoline-bio-ethanol blend has become an appealing choice for fueling automotive
engines, particularly in the Gasoline Compression Ignition (GCI) systems. The combination of
ethanol and gasoline offers several significant advantages: ethanol possesses a higher resistance to
auto-ignition, better vaporization characteristics, and a higher oxygen content in the fuel compared
to regular gasoline. This article presents a study on the impact of intake pressure on the combustion
characteristics and emissions of partially premixed compression ignition engines. The results of
the experiments indicate that adjusting the level of boost pressure and the fuel injection strategy
appropriately can reduce emissions levels in engines using the partially premixed compression
ignition combustion model.

Keywords: Gasoline Compression Ignition;, Split Injection Strategy; Bio-ethanol;
Turbocharging Intake Air. &
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1. GIOI THIEU

DPong co Diesel 1am viéc v6i hon hop
nghéo va ty s6 nén cao thudng c6 wu diém vuot
trdi vé hiéu suét nhiét cao hon va mice tiéu thu
nhién liéu thdp hon so voi dong co xing [1].
Tuy nhién, dong co nay van con nhiéu thach
thirc do lwong phat thai dang hat bd hong (PM)
va khi thai NO, cao [2], ddy chinh la cac méi lo
ngai vé van dé 6 nhiém moéi trudng do phuong
tién giao thong vén tai tic dong 1én sy bén viing
moi truong va sic khoe con ngudi. Chinh didu
nay cac quy dinh cua cac co quan quan ly cang
ngdy cang nghiém ngit hon vé khi thai cua
phuong tién giao thong str dung dong co diesel.
bé vuot qua théch thirc nay, cac chién luge d6t
chay & nhiét d6 thap (LTC — Low Temperature
Combustion) huéng dén trén nén tang co ban
cua dong co diesel nham dat dugc muc tiéu
giam dong thoi NO_ va sy hinh thanh PM bén
trong budng chay dong co 1a mot trong cac giai
phap phat trién cong nghé dong co ddt trong
[3]. Ché do tu chay bang nén voi mot phan
hén hop xing (GPPCI — Gasoline Partially
Premixed Compression Ignition) c¢6 tiém ning
16n dé mo rong ving gidi han tai cua dong co
v6i ché @6 LTC [4]. Cac nghién ciru gan day [5]
da ching minh rang GPPCI phu hop nhét véi
ché d6 PPCI vi thoi gian tré ty chay kéo dai do
dac trung tu chay cua nhién liéu xang thép, dac
bié¢t 1a do sy c6 mat cua ethanol, dugc st dung
hiéu qua dé tao thanh thanh phan hdn hop tron
san mot phan [6]. Thoi gian tron trudc khi dot
chay kéo dai va ty 1& hon hop nghéo cuc bo ting
1én dan dén sy hinh thanh PM thap hon. Hon
nita, viéc str dung hon hop nhién liéu — khong
khi ngheo 1am gidm nhiét d¢ ngon Ira va do do
lam giam hinh thanh NO nhiét. Viéc kiém soat
tich cuc giai doan dbt chay trong dong co GCI
da thuc day viéc nghién ctru cac chién lugc
phun véi nhiéu giai doan phun.

Ethanol sinh hoc duoc san xuét tir
nguén nguyén li¢u tai tao co chét luong tu chay
thip hon, v6i hi¢u qua bay hoi cao hon xing
[7], 26p phan lam ting thoi gian chay tré. St
dung ethanol cho dong co GPPC ciing da cho
thiy cac loi ich vé viéc giam phét thai PM, véi
cac cdu truc phan tir c6 thanh phan 6-xy cua
ethanol [8]. Viéc 4p dung phun nhién li¢u vao
budng chay voi hai giai doan khac nhau cho
dong co GPPC lam cho qué trinh chay kéo dai
gdy ton that nhiét va hiéu qua chay khong cao
so voi truong hop phun mot giai doan. Nghién
ctru hién tai tiép tuc kham pha tiém ning cua
cac chién lugc phun kép trong dong co GPPC
pha tron xing — bio-ethanol bang cach thay doi
thoi diém phun chinh (-9, -6, -3 CAD), phun
trude khi piston & diém chét trén (PCT) va co
so sanh d6i chiéu ¢ cac mirc ting ap suat khong
khi nap khéc nhau.

2. THIET BI THI NGHIEM VA PHAN
TiCH QUA TRINH CHAY

2.1. Thiét bi thi nghiém

Cac thi nghi¢ém duogc thuc hi¢n trong
dong co mdt xy lanh nghién ctru dugc stra
d6i tir dong co nguyén ban bon xy lanh chay
bang nén (PSA-DW10) véi dung tich mdi xy
lanh 0,499 1 va ty s6 nén 16,0 voi hé thong
phun nhién liéu diesel cao ap dién hinh. Pong
co thir nghiém trén bang thir duge kiém soat
truc tiép boi mot dong co dién dé duy tri toc
d6 dong co khong ddi. Hinh 1 gi6i thiéu so dd
thiét 1ap thi nghiém. Cac thong sb k¥ thuat cua
dong co sira doi: Puong kinh xy lanh (mm) x
hanh trinh Piston (mm): 85 x 88; Thé tich cong
tac 1 xylanh (cc): 499; Ty sb nén &: 16; Phun
nhién liéu kiéu Common Rail. Khong khi nap
duogc cung cap tir may nén khi dugc lam néng
dén nhiét d6 mong mudn bang bo gia nhiét &
khoang duong 6ng trude cira nap, tai d6 nhiét
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d6 va ap suit khong khi nap dugc do bang cam
bién nhiét (loai K) v6i d6 chinh xac = 2 K va
cam bién 4p suét ap dién tro (Kistler 4075A)
v6i do chinh xac tuong timg 1a + 0,3% cuia toan
thang do.

: ____: ____________ it
Hinh 1. So' do bé tri thi nghiém
1: May nén khi; 2: Do luu lwong khi;
3: Binh gia nhiét khi; 4: Common rail;
5: Bom nhién liéu, 6: Po luu lwong nhién liéu;
7: Binh chita nhién liéu,
8: Piéu khién heong phun; 9: Péng co dién;
10: Do do khoi; 11: Tu phan tich khi thai;
20: Béng co thi nghiém; 21: Pau do dp sudt.

Mtc tiéu thu nhién liéu duoc do
bang bo diéu khién luu lwong khéi chit long
(Bronkhorst M13-CORI-FLOW) c6 d¢ chinh
xac £ 0,2% trén phép do. Vi tri goc quay duoc
xac dinh bang cam bién quang hoc v&i d6 chinh
xac + 0,1 CAD va 4p suét trong xy lanh bang
cam bién ap sudt (Kistler 6043A) duogc gin
trong nap xy lanh v6i d chinh xac + 2%.

Diéu kién thi nghiém: nhiét do khi nap
165°C. Hon hop ethanol-gasoline (gasohol) E20
la xang thuong mai RON9S5 tron voi ethanol,
v6i ty 1é theo thé tich 80% xang thuong mai va
20% ethanol. Nhién liéu duoc phun véi chién
luge phun kép, ap sudt phun 400 bar, ty 1é giita
hai 1an phun: 30%/70%. Thoi diém phun nhién
ligu 1an tht nhéat duge cd dinh & -35 CAD
(CAD — Crank Angle Degrees: By goc quay

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 307, thang 9 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

truc khuyu), con thoi diém phun chinh thyc
hién khao sat thay doi tir -9 CAD dén -3 CAD.
Qua trinh thyc hién thi nghiém chia lam 2 giai
doan: (1) Khao sat thoi diém phun thay doi voi
ap suat nap 1 bar; (2) Véi mdi thoi diém phun,
thyuc hién thay ddi ap suat khi nap tir 1 bar sang
1,2 bar, gitt IMEP khoang 5 bar.

3. KET QUA VA THAO LUAN
3.1. Khio sat véi thoi diém phun khac nhau

Hinh 2 giéi thiéu anh hudng cia thoi
diém phun chinh dén 4p suat xy lanh (P va
toc do toa nhiét (HRR — Heat Release Rate),
v6i ché do n = 1500 v/ph, IMEP = 5 bar. Thoi
diém phun chinh thyc hi¢n thay ddi: -9, -6 va -3
CAD.

— 50, =8 CAD

- —— 50, =8 CAD
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Hinh 2. Anh huong ciia SOI, dén P va HRR.

Hinh 02 m@ té,‘ khi phun chinqh (SOL)
som, thoi diém bat dau chay thay doi khong
dang ké, pha chay déu tap trung sau DCT, tuy
nhién HRR cuc dai tang 1én kha manh: tor 68
J/CAD (SO;2 = -3 CAD), 86 J/CAD (SOI, =
-6‘ CAD) dén 119 J/CAD (SO,I2 = -9 CAD).
Pong thoi, khi phun soém, &p suat cuc dai trong
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xy lanh ting lén dang ké, tir 55 bar (SOL, = -3
CAD), 59,5 bar (SOL, = -6 CAD) dén 64 bar
(SOL, = -9 CAD).

Tt duong cong HRR va gia tri cuc dai
cﬁ? P nhu chi ra ¢ trén co thé thdy rang thoi
diém phun va thoi gian tré chay cua giai doan
phun chinh c6 anh huéng dén qua trinh chay
cua dong co GCI. Nhu mo ta trén Hinh 2, khi
ph}m chinh s¢ém SOI, = -9 CAD, thi phg chay
thé hién trén duong cong HRR cho thay pha
chay chinh, bao gdm qua trinh chay dong thoi
cia phun moi va phun chinh. Khi thuc hién
phun mudn di, SQI2 =-6; -3 CADW, thi duong
cong HRR cho thay 2 dinh 0 rét, the hién 2 giai
doan chay: chay véi hon hop hoa tron trude va
chay khuéch tan cua giai doan phun chinh.

Hinh 3 cho thay anh hudng cia thoi
diém phun téi qué trinh chay: thoi diém bat
dau chay (CA10), pha chay chinh (CA50), thoi
gian chdy (CA90-CA10) va thoi gian tré chay
ctia giai doan phun mdi (ID1). Thoi diém chay
(CA10) co ban phu thudc vao thoi diém phun
chinh, chdy sém hon khi phun sém. Thoi gian
tré chay véi 2 truong hop phun muodn (-3 va
-6 CAD) déu khoang 26 CAD, v&i phun sém
(-9 CAD) khoang 27 CAD. Pha chay chinh
(CAS50) som lén khi tang g6c phun chinh som.
Diéu nay cho thay khi phun chinh sém (S’OI2 =
-9 CAD) thi tia phun chinh ¢6 tac dong dén qua
trinh chay, lam kim ham qua trinh chay cua tia
phun mbi khi tia phun chinh tham nhap khong
gian budng chay va nhan nhiét tir xung quanh.

Sau do, qua trinh chdy dugc hinh thanh
bdi hon hop “dang 6-xy hdéa” cua giai doan
phun mdi va hdn hop nhién liéu — khong khi
ctia tia phun chinh va tiép tuc phat trién chay
manh mé&. Thoi diém chay (CA10) sém hon khi
phun sém, khi CA10 cang gan DCT (véi SOL,
=-9 CAD) thi qué trinh chay cang manh m¢ v&i

dinh téc d6 toa nhiét cao hon.
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Hinh 3. CA10; CA50; CA90-CA10; ID theo

SOI.,
3.2. Anh hwéng ciia ting ap dén qua trinh
chay

Hinh 4 cho thdy anh hudng cia ting ap
nhe, khi ap suat khi nap () téng tur 1,0 bar 1én
1,2 bar, 1én P, va HRR, véi che€ do n = 1500
v/ph, IMEP = 5 bar. Vi ¢ nghién ctu nay thuc
hién giit IMEP, thay d6i lugng nhién liéu cap
cho chu trinh, nén ty 1¢ nhién li¢u — khong khi
trung binh () ciing c6 thay doi, khi tang ap thi
giam luong nhién lidu cung cap, tic 1a A giam.
Cac truong hop SOIL khac nhau déu cho thdy
tang pint, thi qua trinh chay dién ra ém diu hon,
v6i dinh ctia duong cong HRR thap hon va da
phan 1ii vé phia mudn hon. Véi SOIQ; muon:
SOI, = -3 CAD, khi tang pint, thi 4p suat trong
xy lanh trong qua trinh nén 16n hon, tuy nhién
sau do thuc hién qué trinh chay thi lai c6 tde
d6 tang ap sudt chay nho hon, thé hién duong
cong P thodai hon, v6i ap sudt 16n nhat trong
xy lanh cao nhat 56 bar, tai 10 CAD. Quan sat
duong cong HRR, khi tang Dy thi pha chay tap
trung ¢ giai doan chdy khuéch tan ¢ xa BCT,
con khong tang ap thi pha chay tap trung & gan
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DCT voéi chay hoa tron trude. Vi ché do phun
chinh trung gian: SOI, = -6 CAD, dac diém noi
bat cia ché d6 nay la duong cong HRR ¢6 3
dinh, thé hién 3 giai doan chay dic trung: (1)
Chay hoa tron trudc hoan toan cia phun mdi;
(2) Chay hoa trén trudc mot phan ctua phun
chinh va (3) Chay khuéch tan cua phun chinh.
Khi p,  tang lén, nhiét do Vévép suat cudi qua
trinh nén cao hon nén thic day qua trinh chay
clia qua trinh phun moi, thé hién bang qué trinh
bat dau chay som hon. Khi nay, giai doan phun
chinh tia phun s& duoc d6t chay sém hon véi
diéu kién moi truong nhiét do cao, 4p sut cao
do qua trinh chdy cta phun mdi. Sau d6, qua
trinh phun chinh phét trién chdy v6i phan 16n
1a chay khuéch tan, 1am cho kha ning tao thanh
PM trong qua trinh chay ting 1én. Diém bat loi
cﬁg chédy som y(’)i diéu kién tang p, chinh la t6n
that cong va ton that nhiét trong qua trinh nén.

(a) 501,= -3 CAD (b) SOIII -6 CAD (c) S01,=-9 CAD
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Géc quay tryc khuyu [CAD ATDC)
Hinh 4. Anh huéng ciia pint dén P va HRR voi
SOI, khac nhau.

Véi ché d6 phun chinh sém: SOI2 = -9
CAD, khi ting pint, duong cong HRR cho thay
qua trinh chay sém hon nhung duong do déc
cua duong cong thoai hon va dinh cua HRR
thip hon so véi khong ting ap. Qua trinh chay
v6i tang pint thé hién ém diu hon, nhung ciing
tuong t & ché d phun SOI, = -6 CAD thi ché
do nay gap phai ton that cong va ton that nhiét
trong qué trinh nén.
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Hinh 5 mo td anh huong cua tang pint
dén CA10; CA50; CA90-CA10. Khi ting P
diéu kién nhiét do va ap suét trong xy lanh
déu ting, nén qua trinh chay bat dau sém hon
(CA10 cia ting 4p sém hon), véi phat trién
chay ctia phun moi hinh thanh rd rét.

Do bat dau phat trién chay tir giai doan
phun mdi véi diéu kién tang p, , nén gid tri do
tré chay ¢ day thé hién Ia cua giai doan phun
moi, tinh tir khi phun moi dén khi bat dau chay,
ID, giam khi tang ap. Thoi glan chay (CA90-
CAlO) chi ra trén Hinh 5 cho thiy ting Dy lam
giam thoi gian chay, co thé lam giam ton that
nhiét cia qua trinh chay Véi diéu kién tang P,
nhiét d6 va ap suit ctia moi chat ¢ cudi qua
trinh nén tang 1én lam cho thuc ddy cic phan
g chay va qua trinh phat trién ngon Itra nhanh
hon nén thoi gian chay giam di.

Pha chay chinh phu thudc vao qua trinh
phun chinh, v&i 70% nhién liéu duoc cung cp
¢ giai doan nay, thi voi tang pint, pha chay
chinh (CA50) mudn hon, khoang 1,3 CAD, véi
SOI, = -3, -6 CAD, va sém hon, khoang 5,1
CAD, v6i SOL, = -9 CAD.
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Hinh 5. Anh huéng cia pint dén CA10; CA50;

CA90-CA10; ID.
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4. KET LUAN

Trong nghién clru nay, anh hudng cta
SOL, p, , dén ddc tinh chay cua dong co GCI
dugc thyc hién véi nhién li€u xang E20. Mot
s6 két luan chinh cua bai bao nhu sau: (1) Hiéu
qua chay va hiéu suét chi thi ting 1én khi thuc
hién thoi diém phun sém ti wu, va duoc cai
thién dang ké khi ting ap; (2) Thoi diém phun
chinh anh huéng manh mé dén dic tinh chay, ty
1¢ pha chay hoa tron trude va pha chay khuéch
tan cua dong co GCI; (3) Tang &p nhe cling co
thé kiém soat t6t pha chay hoa tron trudc va
pha chay khuéch tan.
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