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TOM TAT

Hé théng nhién liéu Common rail cung cdp lwong nhién liéu chinh xdc, diéu chinh dp sudt
phun, thoi diém phun hop 1y nhat ting ché dg lam viéc cia dong co. Dé dat dwoc nhitng muc tiéu
khéc nhau (cdi thién hiéu sudt nhiét dong co; kiém sodt mirc khi thai), cdc nha nghién cieu trong linh
viee dong co dot trong da phdt trién nhiéu chién heoc phun khdc nhau nhie: thay déi dp sudt phun,
hinh dang chiim tia phun, 1y 1 phun, thoi gian phun hodc thay déi chién lwge phun: tir phun mét
giai doan dén phun nhiéu giai doan (phun moéi, phun chinh, phun muén...), va ngay trong giai doan
phun chinh con cé thé tach ra nhiéu giai doan phun (phun chinh nhiéu giai doan). Bai bdo da xdy
dung mé hinh mé phéng qud trinh chdy ciia dong co diesel ding hé thong phun kiéu common rail,
6 thé sir dung mé hinh dé phan tich téc dé chay, toc dé téa nhiét, dp sudt xylanh, dong thoi la co
s6 dé xdy dwng mé hinh diéu khién déng co diesel.

Tw khoa: Common rail; M6 hinh chay; Te bc do téa nhiét.
ABSTRACT

Common rail fuel system provides precise fuel quantity, adjusts injection pressure, and the
most reasonable injection timing for each engine operating mode. To achieve different goals (improve
engine thermal efficiency; control emissions), researchers in the field of internal combustion engines
have developed many different injection strategies such as: changing injection pressure, spray beam
shape, injection ratio, injection time or changing injection strategy. from single-stage injection to
multi-stage injection (primer injection, main injection, late injection, etc.), and even in the main
injection stage, it is possible to separate multiple injection stages (multi-stage main injection). The
article has built a simulation model of the combustion process of a diesel engine using a common
rail injection system, which can be used to analyze combustion rate, heat dissipation rate, cylinder
pressure, and is also the basis for building a diesel engine control model.

Keywords: Common rail; Combustion model; Heat release rate.
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Céc tir viét tét:

TT | Ky hi¢u Y nghia
1 CR Common rail
2 HTPNL | Hé théng phun nhién liéu
3 BCA Bom cao ap
4 TDC | Diém chét trén
5 GTVT | Giao thong van tai
6 | VanSCV | Van diéu khién luong nhién liéu vao bom cao ap

1. TONG QUAN

Qua trinh chay trong dong co diesel
phu thudc chu yéu vao cach thirc nhién liéu
duoc phun vao trong budng chdy, thuong dugc
biéu dién thong qua quy luat phun nhién liéu
hodc dac tinh phun (Injection Characteristic).
Céc tiéu chi quan trong cua qué trinh phun
nhién liéu diesel bao gom: thoi diém phun va
khoang thoi gian phun; 4p sut phun; mtc do
phun toi va sy phan bd nhién liéu trong khong
gian buéng chay; tde do phun (Iugng nhién li¢u
dugc phun theo goc quay truc khuyu/truc cam);
tong luong nhién liéu cung cap cho 1 chu trinh,

[1].

Chat luong va hiéu qua cta qua trinh
tao hon hop phu thudc chu yéu vao hé théng
phun nhién liéu diesel. Nhirng thong sb thay
ddi ctia qué trinh phun c6 anh huong téi qua
trinh tao hdn hop, dién bién qua trinh chay (va
do d6 c6 anh huong t6i mirc d6 6 nhiém, cong
suat/hiéu suat cia dong co) bao gom: thoi diém
phun nhién liéu dic tinh phun, 4p sut phun;
huéng phun va sd tia phun. Hé théng phun
nhién liéu kiéu CommonRail 1 hé théng phun
nhién liéu ap suit cao (1én dén 2500 bar), ap
suat phun cho phép diéu chinh doc 1ap vai toc
d6 dong co, cho phép phun nhiéu giai doan,
ngoai ra con cho phép diéu khién céc thong sd
khac nhu EGR, tang &p hodc bo xur 1y khi thai,
[2].

Cuirmg 4§ dbug difn (A)—»

GOTK (@3 TK) —*

Hinh 1. Quy ludt phun nhiéu giai doan, [1]

Trong d6: Pilot I 1a phun mdi lan 1; Pilot
II 1a phun mdi 1an 2; Main 13 phun chinh; Post I
1a phun b6 sung 1, Post II 1a phun mudn; ET 1a
khoang thoi gian phun, (ms); DT 1a khoang thoi
gian gitra két thiic phun ctia 1an trudc va bat dau
phun ctia 1an sau.

Anh huodng cua cac giai doan phun t6i
qua trinh chay ctia dong co dugc trinh bay trén
Hinh 2. Phun méi 1an 1 va phun méi 1an 2 giam
manh tiéng on chdy cua dong co, giam sy hinh
thanh cia NOx. Phun b sung két hop véi nira
sau cua giai doan phun chinh c6 tac dung ting
cuong sy oxi hoa PM, lam giam phat thai PM.
Mot 1an phun mudn gitp ting nhiét d6 khi thai,
hd tro qua trinh tai sinh loc cho bo loc PM, [3].

NOx pEsEszEas Soal

Noise

NN/l an

Thii gian (ms) —p

Ap smit phun (MPa)—»

Hinh 2. Anh huéng cia cdc giai doan phun, [2]
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Phun modi lwong nhién liéu dugc phun
mot cach co chu dich bang mot lugng nho trude
qua trinh phun chinh, duoc goi 13 phun moi
(pilot injection), [4].

Bai b4o nay trinh bay viéc xay dung
moO hinh mo phéng qua trinh chdy trong xylanh
dong co Hyundai D4FA lip trén xe Hyundai
Getz, Hyundai Accent, day la céac loai xe cua
hang Hyundai do Han Qudc san xuat. Pong co
Hyundai D4FA 1a dong co 4 xylanh duoc bd
tri thang hang, co cdu phan phdi khi sir dung
truc cam kép dit trén nip may (DOHC) véi 16
xupap, gdom 4 xupap cho mdi xylanh, 2 xupap
nap va 2 xupap thai. Pay la loai dong co diesel
tang ap st dung hé théng phun nhién liu truc
tiép dung 6ng dan chung Common Rail diéu
khién boi ECU. Dong co co tong dung tich
xylanh 1a 1.51, cong suit cuc dai 1a 81kW &
vong tua may 4000v/ph. M6 hinh chay duoc
lua chon trong nghién clru nay 1a mo hinh chay
khong chiéu, mot ving str dung phuong trinh
Wiebe, cac théng sd cua phuong trinh chay
duogc xac dinh dya trén bién phap thuc nghiém
trén bang thir. Két qua nghién ciru phuc vu cho
viéc xdy dung mé hinh diéu khién dong co
diesel common rail.

2.CO SO LY THUYET

Qua trinh chay cua dong co diesel s
dung hé thdng phun nhién liéu CR thuong dugc
chia thanh hai giai doan co ban la chay nhanh
va chay chinh hay chay khuéch tan, [5, 6].
Phuong trinh Wiebe tinh toan khéi lugng nhién
liéu da chay theo cac nghién cuu [6, 7, 8], cu
thé nhu sau:

[ (E-Esml‘m”"]
s

18 )
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Trong do6: 6 - Goc quay truc khuyu,
- Thoi diém bat dau chay cua tung

(1)

(dd); 6
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giai doan, (d9); A, - Khoang thoi gian chay cua
tung giai doan, (d0); a, m.: Tham s6 md hinh
tuong Gmg v4i timg giai doan chay; i: S6 ham
Wiebe.

T d6 co thé xac dinh téc do chay
theo cac nghién cuu [6, 7, 8] nhu sau:

39 EGC..i 1Y ﬂ-_i_l
o[

2

dxy; _ g5(mi+1) (B-Bs0c; = .
da ag; T Ay ’

Téc d6 toa nhiét theo gdc quay truc
khuyu trong xylanh dong co dugc xac dinh
theo phuong trinh (3), [6, 7, 8]:

D=y o1, LHV.EE(14G) (3)
Trong d6: m_. . - Luong nhién li¢u tham

gia chay cua giai doan thtr i, (kg); x, - Phan
nhién liéu da chay trong mdi giai doan (%);
LHYV - Nhiét tri thdp cua nhién liéu, (J/kg).

Vi vay, toc do toa nhiét trong xylanh c6
thé duoc tinh toan theo phuong trinh sau:

=3 S (1/d) “

Theo [6, 7, 8] thi a, va AO. 1a hai thong
) khong phu thudc vao nhau. Do d6, mot trong
hai thong s6 trén c6 thé coi 1a hing sb. Theo céc
nghién ctru [6, 7, 8], chon a. = 5 véi ca hai qua
trinh chay (chdy nhanh va chiy khuéch tan),
chon m = 1,4 véi giai doan chdy nhanh, m =
0,65 voi giai doan chay khuéch tan.

Nhiét lugng truyén cho xylanh duogc
xac dinh theo cong thic:

d ¥ \'

a® 1P a8 -,f.1'

e SE+ C,.T — w).dm + A.hg(T ~T,)

dp +thT hm
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Trong do: dQ, /dt - Téc d6 toa nhiét
theo thoi gian (J/s); dU/dt - Téc @6 bién thién
n01 nang do nhi¢t do khi thay do6i (J/s); p - Ap
sudt xylanh (N/m?); dV/dt - Téc d6 thay dbi thé
tich cong tac cua xylanh (m’/s); dQ, /dt - Téc
d6 truyén nhiét cho xylanh (J/s); h, - Entanpi
cua khi nap (J/kg) h - Entanp1 cua khi thai
(J/kg); dm, /dt - Téc do thay doi lwong khi nap
(kg/s); dm Jdt- Tdc do thay doi lwong khi thai

(kg/s).
3. MO PHONG VA THAO LUAN

Trén co so 1y thuyét ¢ trén, nhom tac
gia da xay dung dugc md hinh dong co diesel
sir dung hé théng phun nhién liéu common rail
béng phﬁn mém Matlab Simulink, cu thé duge
trinh bay trén hinh 3 va hinh 4. M6 hinh bao

™

a1
[Py o)

ECEY

gdém cac khdi: mo hinh trao ddi khi, mé hinh
phun nhién li¢u, m6 hinh chédy, mo6 hinh ma sat
va mod hinh dong hoc mé men cua dong co. Cac
tham s6 cia md hinh Wiebe: thoi diém bét dau
chay, khoang thoi gian chay va ty 1€ nhién li¢u
tham gia chay & mdi giai doan chdy duoc xac
dinh bang phuong phap t6i uu tham sé Check
against reference trong Simulink véi diéu kién
dién bién ap suét xylanh tir mo hinh luén duoc
so voi ap SuAt xylanh thyc nghiém, cho dén khi
cong cu tdi wu xac dinh duoc cac tham sd cua
md hinh chdy dam bao 4p suét xylanh giita mo
hinh va thyc nghiém c6 sai s6 nho nht.

Ap suét xylanh va toc d6 toa nhiét & cac
che dg tai 25%, 50%, 75% va 100% dugc trinh
bay trén hinh 5 dén hinh 12.
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Hinh 3. M6 hinh dong hoc dwong nap thdi

SO0

Hinh 4. M6 hinh dong co su dung diesel va biodiesel lam viéc theo thoi gian thuc
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T mo hinh chdy xac dinh dugc dién

bién 4p suét trong xylanh dong co, dong thoi

SO

sanh voi dir ligu ap suat do duoc béng thuc

nghiém dong co trén bang thir. Két qua cho
thdy dién bién ap suat trong xylanh giita mo
hinh va thyc nghi¢m dam bao chinh x4c. Do do
6 thé sir dung mo hinh dé tinh toan toc do toa
nhiét, nhi¢t lugng tda ra cua nhién li€u ¢ cac
ché d6 tai khac nhau.

Ap suat xy lanh (bar)
w \
~

n=1000 (vg/ph)

——Presure_B0_model

——Presure_B0_exp

0,05 0,055 0,06 0,07 0,075

Thoi g08)

Hinh 5. So sanh ap sudt xylanh ciia mé hinh mé

phong va thuwe nghiém tai toc do 1000 vg/ph, 25% tdi

Ap suat xy lanh (bar)

n=1000 (vg/ph)

——Presure_B0_model

——Presure BO_exp

0,05 0,055 0,06 0,07 0,075

Thot g?:ig%)

Hinh 6. So sanh ap sudt xylanh ciia mé hinh mé

phong va thiee nghiém tai toc dé 1000 vg/ph, 50% tdi

Ap suat xy lanh (bar)

n=1000 (vg/ph)

— Presure_B0_model
—— Presure_B0_exp
0,040 gian (§0%5 0,047 0,049

0,039 0,041

Hinh 7. So sanh ap sudt xylanh ciia mé hinh mé

phong va thuc nghiém tai toc dé 1000 vg/ph, 75% tai
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Ap suat xy lanh (bar)

n=1000 (vg/ph)

120
100 ——Presure_B0_model
30 —Presure_B0_exp
60
40
20
I
0
0,05 0,055 0,06 0,07 0,075

Thoi pll]zigﬁes)

Hinh 8. So sanh dp sudt xylanh ciia mé hinh mé phong

va thuc nghiém tai toc dg 1000 vg/ph, 100% tai

PressureBO_model: Ap sudt xylanh ciia mé hinh mé
phong; Pressure B0 _exp: Ap sudt xylanh thiee nghiém

n=1000 (vg/ph)

80

60 —HRR_B0_exp
50 —HRR_B0_model
o
=)
o
oo

0,061 0,071

Thoi gian (s)

Hinh 9. So sanh toc dé téa nhiét ciia mé hinh mé

phéng va thue nghiém tai toc d¢ 1000 vg/ph, 25% tdi

n=1000 (vg/ph)

110
90 —HRR_B0_exp
——HRR_B0_model
g 70
2
o 50
Z
30
10 m '~.“\_“-7—_—_’L_ﬂ/_\ﬁ&‘_
1@ 056 0,061 0,066 0,071

Thoi gian (s)

Hinh 10. So sénh téc dé téa nhiét ciia mé hinh mé
phong va thuc nghiém tai toc dé 1000 vg/ph, 50% tai

&
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Hinh 11. So sanh toc dé téa nhiét ciia mé hinh mé
phong va thuc nghiém tai toc do 1000 vg/ph, 75% tai

n=1000 (vg/ph)
130
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Thoi gian (s)

Hinh 12. So sanh téc dg téa nhiét ciia mé hinh mé
phong va thiee nghiém tai toc dé 1000 vg/ph, 100% tdi
HRR B0 model: Toc dé toa nhiét ciia mé hinh mé
phong; HRR B0 _exp: Toc dg téa nhiét thuee nghiém

4. KET LUAN

Bai bao da xay dung mo6 hinh mo6 phong
qué trinh chay ctia dong co diesel dung hé thong
phun kiéu common rail khi sir dung biodiesel.
Tir cac két qua phan tich & trén cho thdy mé
hinh chdy dam bao chinh xéc, c6 thé sir dung
mod hinh dé phan tich toc do chay, toc do toa
nhiét, xac dinh thoi diém bét dau chay, khoang
thoi gian chay, ap suat xylanh, dong thoi 14 co
s& dé xdy dyng mo hinh diéu khién dong co
diesel dung hé thdng phun kiéu common rail.
Két qua tai cac toc do khac cling c6 quy luat
tuong dong, tuy nhién do gidi han cta bai bao
nén nhom téc gia s& dé cap tdi trong cac nghién
clru tiép theo. %
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