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NGHIEN CU’U KIEM SOAT QUA TRINH CHAY CUA bONG CO’

CHAY BANG NEN VOI NHIEN LIEU XANG, (GCI — GASOLINE

COMPRESSION IGNITION), VOI THONG SO TY LE LUAN HOI
KHi THAI

RESEARCH ON THE COMBUSTION CONTROL OF GASOLINE COMPRESSION
IGNITION (GCI) ENGINES WITH EXHAUST GAS RECIRCULATION
PARAMETERS

ThS. Vii Thi Phugng
Khoa Co khi, Trudong Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Qud trinh chdy ¢6 vai tro quan trong dén cdc thong so kinh té, ky thudt va phdt thai ciia dong
co dot trong. Trong nhitng nam gan day, qud trinh chdy hoa trén trude mét phan dwoc nghién ciu,
phat trién va iing dung trong dong co lam ndng cao hiéu sudt va giam phdt thdi déc hai. Bai bdo
nay nghién ciru diéu khién qud trinh chay hon hop hoa trén truée mt phan bang chién hroc phun
kép két hop véi ludn hoi khi thai. Két qud chi ra rang, voi viéc ¢é dinh lan phun thir nhat 6 -35CAD,
diéu chinh thoi diém lan phun thir hai & thay doi tir -9CAD dén -3CAD két hop véi ludn hoi khi thdi
lam thay déi co ban ddc tinh chdy, ddc tinh téa nhiét va hiéu sudt cia qua trinh chay. Tir dé lam co
s& cho viéc t6i uu qud trinh lam viéc cua dong co.

Tir khéa: Qud trinh chdy; Chdy hoa trén truée mét phan; Phun kép; Ludn hoi khi thai.
ABSTRACT

The combustion process is an important role in the economic, technical, and emission factors
of internal combustion engines. Recently, gasoline partially premix combustion (GPPC) have been
researched, developed, and applied in engine to improve efficiency and reduce harmful emission.
This paper studies the control of partial pre-mixed combustion by dual injection strategy combined
with exhaust gas recirculation. The results showed that, with the fixation of the first injection at
-35CAD, adjusting the second injection timing at the change from -9CAD to 0CAD combined with
the combination with exhaust gas recirculation fundamentally changes the characteristics of the
combustion process, heat release rate and combustion efficiency. These are the basis for optimizing
the working process of the engine.
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1. PAT VAN PE

Tinh hiéu qua cua qua trinh bién ddi
nhiét thanh cong trong chu trinh lam vi¢c cua
dong co dot trong dugc thé hién qua céac thong
50 chi thi bao gom: ap suét chi thi trung binh p,,
cong suat chi thi N, hi¢u suét chi thi M,,... Céc
thong s6 nay dic tm’ng cho murc do hoan thién
cua chu trinh, trong d6 qua trinh chay l1a nhan
t6 dong vai tro quyét dinh [1].

DPong co ddt trong truyén théng dugc
biét dén bao gédm dong co xing va dong co
diesel. Ca hai loai dong co nay déu c6 nhiing
nhuoc diém co ban 1a phat thai doc hai véi mirc
do phat thai 16n. Vi vay, cac nha nghién ctu
phat trién dong co phai sir dung cac bién phap
xur 1y khi thai dé dap tmg dwoc mirc phat thai
dudi ngudng cho phép dé phu hop véi cac tiéu
chuan khi thai ngay cang nghiém ngit hon.
Hién nay, ngoai dong co xing va diesel truyén
thong, cac mé hinh chay véi nhiét do thap LTC
(Low-temperature Combustion) nhu chay hon
hop ddng nhat HCCI (Homogeneous Charge
Compression Ignition), chay hon hop hoa tron
trudc PPC (Partially Premixed Combustion),
chay hdn hop hoa tron trede mot phan GPPC,...
[2]. Pong co chay hon hop hoa tron trude mot
phan 12 mé hinh chay véi nhiét do chay thap
[3]. O dong co nay tan dung dugc nhitng wu
diém ciia dong co xing va dong co diesel nhu
ti s6 nén cao, hiéu suét cao, gidm muc phat thai
ddc hai [4].

Chién lwoc phun kép la mot trong
nhiing phuong phap thuong dugc s dung dé
diéu khién quéa trinh chay ¢ dong co GPPC. Tuy
nhién, tmg v6i mdi loai dong co str dung nhién
liéu xang hodc xang sinh hoc thi viéc diéu chinh
thoi diém phun, ty 1& phun dé qua trinh chay t6i
ru nhét cling khac nhau [5]. Do d6, viéc nghién
ctru thay d6i thoi diém phun lan thtr hai so véi
lan thtr nhit sao cho qué trinh chay 1a ti wu
nhit 1a viéc lam can thiét. Bén canh d9, luan

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 305, thang 7 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

hoi khi thai ciing 1a mot trong cac tham s duoc
st dung nhiéu & dong co dét trong [6]. Tang ty
1¢ luan hoi khi thai s& 1am cho hdn hop nap “ban
hon”, lam giam ty 1é nhién liéu — khong khi dan
dén lam tang giai doan chay tré. Bang cach thay
d6i ty 1& luan hoi khi thai hop 1y ciing s& 1am cho
qué trinh chay & dong co GPPC duoc tdi wu [7].
Bai b4o nay tién hanh thi nghiém mé hinh
chdy GPPC vd¢i nhién li€u xang. Qua trinh chay
duoc diéu khién boi chién luoc phun kép két hop
v6i viée 1am lodng hdn hop nap bang khi Nito.
2.MO HINH THI NGHIEM PQNG CO GPPC

2.1. So' @b bd tri dong co va thiét bi thi nghiém

Hinh 1. So do bo tri thiét bi va dong co 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 chira nhién liéu; 8: Diéu khién
lweong phun; 9: Bong co dién; 10: Po do khoi; 11: Tu phdn tich khi
thai; 12: May tinh; 13: B khuéch dgi; 14: Bé ghi dir liéu;

15: Tin hiéu dp sudt phun; 16: Tin hiéu nhiét d¢ khi nap;

17: Tin hiéu dp sudt nap; 18: Tin hiéu toc dp quay dong co;

19: Voi phun nhién liéu; 20: Pong co thi nghiém; 21: Pau do ap sudt.

Pong co st dung dé tién hanh thi
nghiém chay hdn hop hoa tron trudc mot phan
1a dong co PSA — DW10 duoc stra doi cho phu
hop. Pong co st dung hé thdng cung cap nhién
liéu Common Rail dé diéu khién qua trinh phun
bang dién tir. Téc do dong co trén bang thu
dugc duy tri on dinh va kiém soat bf?mg mot
dong co dién. Hinh 1 trinh bay so d6 lap dat, bd
tri cac thiét bi thi nghiém va dong co trén bang
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thir. M6t sb thong sé co ban cua dong co dugc
cho trong Bang 1.

Bang 1. Mot sé théng sé co ban cia dong co

thi nghiém
Théng sb Gia tri
Duong kinh xylanh (mm) x
hanh trinh piston (mm) 83 x 88
Thé tich cong tac 01 xylanh (cc) 499
Ty s6 nén € 16
Phun nhién liéu Common Rail

2.2. Mt s6 thong s co ban ciia tién trinh thi
nghiém

Khong khi nap dugc cung cép tir may
nén khi dugc 1am nong dén nhiét d6 165°C bang
bo gia nhiét, tai d6 nhiét d6 va ap suat khong
khi nap dugc do bang cam bién nhiét (loai K)
v6i do chinh x4c + 2 K va cam bién ap suat
ap dién tré (Kistler 4075A) voi do chinh xac
tuong Ung la £ 0,3% cuda toan thang do. Mtrc
tiéu thu nhién liéu dugc do bang bo diéu khién
luu lwong khéi chét long (Bronkhorst M13-
CORI-FLOW) c6 d6 chinh xac + 0,2% trén
phép do. Qua trinh luan hdi khi thai (EGR —
Exhaust Gas Recirculation) dugc thay thé bang
cach sir dung khi Nito, duoc diéu khién bang
ddng hd do luu lwong, mic ty 18 EGR duoc tinh
theo cong thure sau:

N

—2—100%
Air+ N,

EGR =

Vi tri goc quay duoc xac dinh bang cam
bién quang hoc v&i d6 chinh xac + 0,1 CAD
va ap suit trong xylanh bang cam bién ap sut
(Kistler 6043A) duoc gin trong nip xylanh
v6i d6 chinh xdc + 2%. D4i véi tat ca cac thi
nghiém, dit lidu ap suét trong xylanh dugc ghi
lai va tinh trung binh trong 100 chu ky lién tiép
dé tinh toan cac dic tinh chay bang cach st
dung phan tich nhi¢t dong luc hoc. Cac gia tri

do ap suat xylanh duoc sir dung dé tinh toc do
tang 4p suat (PRR — Pressure Rise Rate), toc
do téa nhiét (HRR — Heat Release Rate), pha
chay (CA50 — Crank Angle 50), thoi gian chay
(CA90-CA10), hiéu sudt chi thi trung binh,
murc tiéu thy nhién liéu chi thi,... H¢ théng
nhién liéu Common Rail duy tri 4p sudt phun
400 bar. Thoi diém phun 1an thr nhit c6 dinh ¢
-35CAD, thoi diém phun 1an thir hai duoc thay
ddi tir -9CAD vé -3CAD. Céc thong sb co ban
ctia tién trinh thi nghiém dugc cho trong Bang 2.

Bang 2. Piéu kién van hanh dong co thi nghiém

STT Théng sb Gia tri | Pon vi
1 Nhiét d6 khi nap 165 °C
2 Ap suét khi nap 1 bar
3 Ap suat phun 400 bar
4 Ché d6 phun Phun kép
A s % khéi
5 | Ty I¢ gitra hai lan phun | 30/70 ltong
N A A CAD
6 | Thoi diém phun lan dau | -35 ATDC
L R vong/
7 Toc do quay dong co 1500 phit
8 | Nhién li¢u thir nghiém Xang

3. KET QUA VA BAN LUAN

3.1. Quy luét thay doi ap suit va toc do toa
nhiét trong xylanh
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Hinh 2. Bién thién dp sudt va toc d téa nhiét
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Bién thién ap sut va toc do toa nhiét
trong xylanh dong co véi truong hop khong
luan hoi khi thai duoc chi ra trén Hinh 2. Tur
d6 thi co thé thiy, thoi diém phun lan thi hai
c6 anh hudng rat 16n dén quy luat bién thién
ap sudt va toc do téa nhiét trong xylanh. Khi
thoi diém phun 1an thir hai cang sém, dién ra
cang xa diém chét trén, thi thoi diém bat dau
qué trinh chay thuc sy xady ra mudn hon. Hon
nira, luc nay toc do téa nhiét trong xylanh ciing
manh hon thé hién bang cac dinh cua dudng
tdc do toa nhiét cao hon va dich chuyén vé phia
bén phai. Piéu nay ciing chimg minh cho toc d6
chay dién ra nhanh hon.

Tuy nhién, néu thoi diém phun lan thi
hai mudn, tir -6CAD dén -3CAD, qué trinh
chay dién ra glong v6i1 qua trinh chay cua dong
co diesel truyen thong vai pha chay khuéch tan.
Do d6, thoi diém phun dé diéu khién qua trinh
chay GPPC 1a mot trong nhing thong s quan
trong anh hudng quyét dinh dén dic tinh chay.

3.2. Quy luét bién thién nhiét d9 trong xylanh

Mgt do IForg %3 lank [K)

=10 .1 1] - 10 (5] Pt

G quay truc kuju [CAD ATDHC)

Hinh 3. Bién thién nhiét ¢ trong xylanh

Hinh 3 thé hién bién thién nhiét d6 trong
xylanh dong co theo cac thoi diém phun chinh
khéc nhau. Véi vung nhiét d§ trudc khi phat
trién chdy manh, xung quanh -2CAD ATDC,
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nhiét d¢ trong xy lanh giam dan khi phun chinh
som 1én, thé hién anh huong ciia qué trinh phun
nhién liéu 1an tht hai co tac dung “lam mat”
hoa khi trong xylanh. Ung véi goc phun chinh
-9CAD c¢6 gia tri giam nhiét d6 nho nhat ¢ 1an
can vung -3CAD nhung ciing c6 gia tri nhiét
d6 cuc dai 14 16n nhét ¢ lan can ving 10CAD.

Trén d6 thi Hinh 3 cho thay, néu thoi
diém phun lan hai x4y ra cang mudn, thi nhiét
d6 cuc dai trong xylanh cang giam. Diéu nay
cho thay, khi phun 1dn hai mudn tirc 1a phun vao
hon hop hoa khi dang dién ra qua trinh chay,
s& lam cho téc d6 chdy giam xudng ciing nhu
nhién liéu modi phun vao thyc hién qua trinh
chay khuéch tan, voi toc do oxy hoa nhién li¢u
giam. Do d0, co thé thiy thay d6i thoi diém
phun 1an hai c¢6 thé diéu khién duoc nhiét do
cuc dai trong xylanh, s& lam thay d6i muc phat
thai doc hai nhu CO, NO .

3.3. Quy luit bién thlen pha chay va thoi
gian chay tré ciia dong co GCI
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Hinh 4. Anh huong ciia EGR vi thoi diém phun
lan hai -9CAD ATDC dén pha chay

Dé khao sat anh huong cua viée két hop
giita thoi diém phun 1an th hai va ti 16 luan hoi
khi thai, muc luan hdi khi thai duoc thay doi
tir mac 0 dén 25% trong khi thoi diém phun

&
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lan thir hai dwoc ¢b dinh ¢ cac gia tri -9CAD
(Hinh 4). Trén d6 thi Hinh 4, pha chay duoc thé
hién bang duong CA10, CA50, CA90, trong
d6 CA10 1a thoi diém bat dau chay tuong tng
10% nhiét luong téa ra, CAS50 la qua trinh chay
tuong tng 50% luong nhiét téa ra, CA90 la
thoi diém két thiic qua trinh chay twong ing véi
90% nhiét lugng toa ra. Khi tang ty 1¢ luan hoi
khi thai, thoi diém bat dau chay dién ra mudn
hon, thoi diém CAS50 ciing dién ra mudn hon
tuong tng véi thoi diém phun 1an hai & -9CAD.

Thoi gian chay tré duoc thé hién bang
duong ID (Ignition Delay) trén Hinh 4. Khi ty
1¢ luan hoi khi thai cang cao thi thoi gian chay
tré cang tang 1én. Piéu nay cho thdy, khi ting
ty 16 ludn hdi khi thai, dudng toa nhiét c6 do
dbc cang giam dan va dich chuyén sang phai va
ching minh rang da lam giam toc d6 6xy hoa
nhién liéu.

4. KET LUAN

Qué trinh chay GPPC dugc ap dung
trong dong co ddt trong 1a mo hinh chay c6 thé
dap ung duoc cac yéu cau ngdy cang chit ché
clia tiéu chuan vé khi thai trong dong co dang
ap dung ¢ cac nudce chau Au ciling nhu ¢ Viét
Nam. Viéc diéu khién cac théng s cua qua
trinh chay 1a nhan t6 quyét dinh dén dic tinh
phat thai cling nhu dac tinh 1am vi¢c cua dong
co. Két qua cua bai bdo da cho théy, viéc két
hop gitra hai thong sb 1a chién lugc phun kép
v6i thoi diém phun 1an tht hai hop Iy cung voi
ty 16 luan hoi khi thai s& 1am thay ddi duoc quy
luat chay, quy luat téa nhiét va cac pha chay
dién ra trong xylanh déng co.
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