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TOM TAT:

Bai béo nay trinh bay nghién ctru dnh hwéng cua thoi gian phun dén déc tinh qué trinh
chéy va khi thai trén déng co diesel phun truc tiép, bubng chay théng nhét bang phdn mém
mé phéng KIVA-3V. Trong nghién ctru nay, thoi gian phun duoc thay déi tir 6° dén 12° géc
quay truc khuyu (CA) khi gitv nguyén thoi diém phun dé danh gia sw tac déng dén cong suét,
suét tiéu hao nhién liéu va phat thai bé héng ciing nhwr NO, trong khi thai déng co’ diesel
RV125-2. Két qua nghién ctru chi ra rdng céng suét cta déng co dat gia tri I6n nhét, dbng thoi
b héng va NO, gidm dang ké khi thoi gian phun ném trong khoéng tir 6° dén 9° CA.

Twr khéa: Thoi gian phun, déng co diesel phun truc tiép, mé phéng, KIVA 3V.

1. PAT VAN DE

Bong co Diesel dugc biét dén voi hiéu suét
nhi¢t cao hon nhitng dong dong co khac nén
chung dugc ung dung rong rai trén cac phuong
tién van tai, dac bi¢t la van tai hang hoa, chéng
han nhu: 6 t6 khach, 6 t0 tai, xe lira, tau thuy,
may néng nghi¢p,... Tuy nhién, dong co diesel
sinh ra 6 nhiém bd hong va NOx ¢ mirc cao. Nhur
chung ta da biét, 4p suit phun nhién liéu trong
dong co Diesel co anh huong dén qua trinh chay
va khi thai gdy 6 nhiém mai truong. Tuy thudc
vao 4p sudt phun ma nhién liéu phun vao budng
chay dong co co thé anh huong dén qua trinh
chay, mirc d6 6 nhiém trong khi xa va tiéu hao

nhién li€u s€ khac nhau [1]. H¢ théng nhién li€u
“Common Rail” ra doi @ t6i wu hoéa qua trinh
phun nhién liéu, v6i 4p sudt phun cao s& lam cho
ndng d6 6 nhiém bd hong giam vi didu nay giap
cai thién qua trinh phan rd hat nhan, bay hoi
nhién li€u va hoa tron véi khong khi cta tia nhién
liéu. Tuy nhién, ap sudt phun cao lai lam cho
ndng d6 6 nhidm NOx ting theo, nguyén nhan do
nhiét do trong budng chdy cao va cac viing khong
khi gidu 6xi xung quanh diém lira gy ra [2].
Trong bai bao nay, tac gia nghién clru anh
huéng coa thoi gian phun nhdm xé4c dinh thoi
gian phun t6t nhét gitp giam cac ngudn phat thai
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trén dong co Diesel bing phuong phap méd
phong, trong khi thoi diém phun giit nguyén
khong dbi.

2. CAC MO HIiNH TOAN SU DUNG TRONG
MO PHONG

Viéc nghién ctru anh hudng cta qua trinh
phun nhién li¢u trén dong co Diesel phun truc
tiép dugc thuc hién béng phin mém mo phong
KIVA-3V. Pay la chuong trinh m6é phéng ma
ngudn mé duoc phat trién boi Phong thi nghiém
Quéc gia Los Alamos (Hoa Ky¥), dua trén céc
phuong trinh bio toan va chuyén héa vé nhiét,
khdi lugng va mé men giita cac pha khi trong xy
lanh. P& mé phong dong chuyén dong rdi, mé
hinh dong chiay rdi “Renormalized Group k-
epsilon” (RNG k-¢) dugc Han va Reitz xay dung
nén [3]. Ngoai ra, viéc két hop giita hai mo hinh
Kelvin-Helmholtz va Rayleigh-Taylor dé hinh
thanh nén moé hinh lai KH-RT dugc st dung dé
md phéng qua trinh phan ra tia nhién li¢u (Kim
va nhom tac gia, 2004, [4]; R.D.Riezt, 1987,
[5]). Bén canh d6, KIVA-3V con s dung rat
nhiéu cdc mé hinh phu khac d& mé phong cac
qué trinh xay ra khi nhién liéu phun vao budng
dbt cho dén khi bit dau bén lira nhu md hinh bay
hoi nhién liéu, mé hinh truyén nhiét giita cac
phﬁn ttr, mo6 hinh va cham gilra cac hat nhién liéu
(F.B.Kirrholm, 2008, [6]). Dé khao sat sy tac
dong cua cac thong s6 phun dén 6 nhiém moi
truong, KIVA-3V st dung mo hinh Zel’dovich
cho qua trinh hinh thanh NOx (Y.B.Zel’dovich,
1946, [7]) va tinh toan sy hinh thanh bd hoéng
cling nhu qua trinh 6 xi hoa bd héng dugc mo
phong bing md hinh bd héng “8 budc” cua
Foster (N.L.D.Khai; N.Sung, 2009, [8]).

2.1. M6 hinh phan ra tia phun “Kelvin-
Helmholtz va Rayleigh-Taylor”

MO hinh Kelvin-Helmholtz va Rayleigh-Taylor
(KH-RT) 14 su két hop gitra hai md hinh phan ra

tia phun: M6 hinh Kelvin-Helmbholtz, giai thich
su phat trién khong 6n dinh cua cac song bé mit
clia tia nhién liéu 16ng gdy ra bdi sy sai khac vé
van toc gitta pha long va pha khi, va mo hinh
Rayleigh-Taylor, giai thich su phat trién séng bé
mat cta cac hat nhién li€u do boi su co xat giira

céc bé mat hat va khi.

Theo Kelvin - Helmholtz, 16p bién cia truong
tia nhién liéu sinh ra su phét trién nhanh chong
vé chiéu dai séng (AKH) va toc d hinh thanh
(QKH) hat nhién li¢u:

|
{1 + 0.450hé ](1 +0.472%7 )

-9.02
1.67 )0~6

AKH
(1 +0.856We
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Trong d6, Oh: s6 Ohnesorge; Ta: sb Taylor;
We: s6 Weber.

3
0.34 + 0.38W64]
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Ban kinh t4i han cta hat nhién liéu rc - ban
kinh hinh thanh sau khi hat nhién li¢u thoat khoi
tia phun - phu thudc chiéu dai séng AKH va téc

do ma tai d6 hat nhién li¢u thoat khoi tia phun,
hodc gia tri thoi gian phan ra tia phun tKH (dai
dién cho tbc d6 phan rd) phu thudc vao chidu dai
song AKH, tdc do hinh thanh QKH va ban kinh

hat nhién liéu, r:

Tp = Boﬂ. KH 3)
3.726B;r
oy =————
KH
Qrpikn @

Vi, rc: ban kinh téi han cia hat nhién liu;
BO, B1: héng s6 mo hinh; r: ban kinh hat nhién

liéu
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Sy bién thién kich thudc hat ¢ thé duoc xéc
dinh béng phuong trinh sau:

dr r—r,

Phuong trinh trén mo ta tbc d6 ma hat nhién
lidu dat dén trang thai can bang. thong sb BO va
BI duoc tra trong Bang 1. Thong sb B0 s& xac
dinh diéu kién dé sy phan rd bat dau. néu We <
Wegidi han, cac hat nhién li¢u s€ tu dat toi trang
thai 6n dinh va qué trinh phén ra tia phun khong
xay ra. Thong s6 thir hai, B1, kiém soat thoi diém
ma tai d6 hat nhién liéu méi duoc hinh thanh.

Bing 1. Hing s6 mo hinh KH-RT

Thong sb mé hinh Gid tri
Bo 0.61
B4 40.0
C. 1.0
Crr 0.1
Wegisi han 6

Theo Rayleigh - Taylor, viéc xudt hién hat
nhién lidu bi chi phdi boi tde do xdo tron trén bé
mat hat. Su x4o tron nay bét dau tir dudi cua 16p
bién. Chidu dai song (ART) va tc d6 hinh thanh
(QRT) cho bdi cong thuec:

1.5
Z‘gt PI=Pg

o =
RT | 3\30(p,+p X ©
@)

(3)

Trong d6, CRT la théng s6 mo hinh. CRT xéac
dinh diéu kién dé hat phén rd thanh cac hat méi

¢6 kich thudc nho hon, va thong sé nay ciing xac
dinh kich thudc ma hat méi dat duoc.

2.2. M6 hinh bay hoi hat nhién li¢u

Théng s6 co ban d& mé phong qua trinh bay
hoi cia hat nhién liéu d6 chinh 1a thong s6 thoi
gian tdn tai cua cac hat nay. DPé xac dinh thoi
gian tdn tai ctia cac hat, ta s& léy dao ham theo
thoi gian khéi luong cua hat.

3
dm d| 4 (D Py o dD
_d:pd_ T2 284 p2 Y
dt dr| 3 \ 2 2

dt
(9
Mait khac ta co,
2
dD db C,
—=Co=>—=—
dt dt 2D (10)

Trong do, Ce 14 hing s6 dugc tra trong Bang 1.
Tir phuong trinh trén tich phan 2 vé theo thoi

gian ta dugc:

2 2
D™ =C,t+ D,
e 70 (11
Dé x4c dinh thoi gian (te) ma mot hat co kich
thude DO bdc hoi hoan toan, ta cin thay D =0
vao phuong trinh trén va két qua ta s& c6 phuong
trinh:

€ (12)

Gia tri chua biét cta phuong trinh 1a Ce, dugc
xac dinh:
X, X
C, = -4Sh 2V gn| 14 205 0
1-X
Pd V.S (13)

Trong d6 hing sb Sh 1a hing sé Sherwood,
dugc tinh bang su twong quan Ranz-Marshall:
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1 1
Sh=2+0.6 Reé SCA (14)
Phuong trinh (12) bay gior c6 thé sir dung bién
Ce duogc tinh tir phuwong trinh (13):
dm d_ M

dt 7o (15)

Trong d6, thoi gian tdn tai cta hat nhién lidu

duoc xac dinh:

2
pyD

Te:

X, - X
6RShp,, In| 1+ 2 —V%
—Xys
’ (16)

2.3. Tao mo hinh lwéi cho dong co RV125-2

Va tuong tu cho duong kinh (tir phuong trinh
(10)):

€ (17

Trong d6, md: khéi luwong hat nhién liéu; pd:
khdi lugng riéng cta hat nhién liéu; D: dudng
kinh hat; DO: duong kinh ban dau cua hat nhién
lisu; N : hée s khuéceh tan khdi luong; Xv,s: hé
s6 khdi luong cta hoi nhién ligu tai bé mat hat;
Xv,00: hé s§ khi luong ctia hoi nhién li¢u & vi tri

xa hat.

Bang 2. Thong sb ki thuat cia dong co diesel RV125-2.

STT Thong s6 Gia tri
1 Kiéu loai 1 xy lanh, DI (Béng co RV-125)
2 Buwdng kinh x hanh trinh piston 94 x 90 (mm)
3 Tisd nén 18:1
4 Thoi diém xu pap nap déng 135° BTDC
5 Thoi diém xa pap xa mé 130° ATDC
6 Kiéu kim phun Bosch 200kgf/cm?
7 S6 16 tia 4
Bang 3. Diéu kién md phong.
STT Thong sé qua trinh mé phoéng Gia tri
1 Théng sb hinh hoc mé phéng 90.0°
2 S vong quay dong co 2400 vong/phut
3 Tai dong co 80%
4 Lwu lwgng phun 38mm®/chu trinh
5 Thoi diém phun 20° BTDC
6 Ti sb xoay léc ban dau 1.0
7 Nhiét do tia nhién liéu ban du 323 (K)
8 Nhién liéu dac trung C14H30
9 Nhiét do khi xupap nap déng 313 (K)
10 Ap suét khi xupap nap dong 0.99 bar
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| 1 ‘Gécphun

140°

Sau khi xac dinh céac thong sb can thiét cho tap
tin ddu vao, két qua ta thu dwoc mot mé hinh ludi
cua dong co Vikyno RV125-2 nhu Hinh 1.

Hinh 1. Chia luéi budng dbt piston sau 2° CA tai thoi
diém phun 20° BTDC.

3. ANH HUONG THOI GIAN PHUN DEN
QUA TRINH CHAY VA KHI THAI

Muyc tiéu cta bai bao nay la nghién ciru anh
huéng cua thoi gian phun dén dic tinh qué trinh
chay va khi thai. Qua trinh m6 phong duoc thuc
hién ¢ cac thoi gian phun nhién liéu khac nhau:
6° CA, 7° CA, 8° CA, 9° CA, 10° CA, 11° CA,
12° CA va diéu kién mo phong dugc trinh bay &
Béng 3.
3.1. Anh huéng cia thoi gian phun dén &p
suét trong xy lanh

Hinh 2 1a dd thi 4p sudt bén trong xy lanh khi
thay ddi thoi gian phun nhién ligu: 6°CA, 7°CA,
8°CA, 9°CA, 10°CA, 11°CA, 12°CA.

90

—6'CA
| —=—7"ca
——38"'CA
——9"CA
—+—10° CA
——11"cA

80+

704

60

50

Ap suét xylanh [Bar]

404

Gie quay truc khuyu [deg|

Hinh 2. D6 thi 4p suét trong xy lanh khi thay déi thoi
gian phun.

Quan sat tir d thi Hinh 2 ta thy ring khi thoi
gian phun giam dén tir 12°CA xudng 6°CA thi ap
suat cuc dai trong xy lanh ting dan tuong tng.
Cu thé, khi thoi gian phun 1a 9°CA thi 4p suét cuc
dai trong xy lanh dat gia tri 72,0 bar va khi thoi
gian phun giam xudng 8°CA thi p suat cuc dai
trong xy lanh tang 1én va dat gia tri 1a 76,6 bar,
c6 nghia 1a khi giam thoi gian phun tir 9°CA
xubng 8°CA thi 4p suét cuc dai trong xy lanh
tdng 6,4%.

3.2. Anh hwéng ciia thoi gian phun dén nhiét
d¢ trong xy lanh

Hinh 3 1a d6 thi nhiét do trung binh bén trong
xy lanh khi thay d6i thoi gian phun nhién ligu.
Khi giam dan thoi gian phun tir 12°CA xudng
6°CA thi nhiét do cuc dai trung binh trong xy
lanh ting din tuong tmg. Cu thé, khi thoi gian
phun 1a 9°CA thi nhiét d6 cuc dai trung binh
trong xy lanh dat gia tri 1767,4°K va khi giam
thoi gian phun xuéng 8°CA thi nhiét dd cuc dai
trung binh trong xy lanh tang l1&én va dat gia tri 1a
1843,5°K, c6 nghia 1a khi giam thoi gian phun tir
9°CA xudng 8°CA thi nhiét d6 cuc dai trong xy
lanh ting 4,3%.

Hinh 4 thé hién su phéan bd nhiét dd cuc dai
bén trong Xy lanh trén mit cit doc & 10° ATDC
khi thay dbi thoi gian phun nhién lidu: 6°CA,
8°CA, 10°CA, 12°CA nhim ching minh cy thé
hon cho sy gia ting 4p suit va nhiét do trong xy
lanh khi giam din thoi gian phun dugce trinh bay

& trén.

3.3. Anh hwéng cia thoi gian phun dén téc do
téa nhiét
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Hinh 5 1a d thi thé hién toc d6 toa nhiét trong
xy lanh ¢ céc thoi gian phun nhién li¢u khéac
nhau.

Khi thoi gian phun giam déan tir 12°CA xubng
6°CA thi gia tri téa nhiét cyc dai tang dan tuong
tmg. Cu thé, khi thoi gian phun 13 9°CA thi gia trj
tda nhiét cuc dai la 181,6J/deg va khi thoi gian
phun 1a 8°CA thi gia tri tda nhiét cuc dai ting 1én
206,9J/deg, co6 nghia la khi giam thoi gian phun
tir 9°CA xudng 8°CA thi gia tri toa nhiét cyc dai
tang 13,9%. Mit khac, ta thiy ring mdi duong
cong téa nhiét didu xuat hién mot dinh thir hai
thdp hon dinh thir nhat, nguyén nhan 1a do hén
hop nhién li¢u-khong khi hoa tron trude da chay
hét thi qué trinh chay khuéch tan tiép theo sau,
tdc do toa nhiét duge khéng ché béi tde do hoa
tron gitra nhién li¢u va khong khi dé dat dugc
thanh phan hdn hop trong giGi han bdc chay.

2000

—6'CA
—a—7"'CA
—e—38'CA
—v—9"CA
——10°CA

——11"CA

1800

1600 4

1400

1200+

Nhiét dg [K]

1000 4

800 4

Gae quay truc khuyu [deg]

Hinh 3. D4 thi nhiét do trung binh trong xy lanh khi
thay ddi thoi gian phun.

DOI=6CA

L |

Hinh 4. Phan b nhiét 46 cuc dai trong xy lanh trén
mit cit doc & 10°ATDC khi thay ddi thoi gian phun.

350
3004
0
T 250 r.uu\
= —=—8§ CA
= —e—9"CA
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[-]
=
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z
b}
3 100
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Hinh 5. D6 thi tdc d6 toa nhiét & cac thoi gian phun
khac nhau.

Hinh 6 thé hién tia nhién liéu phun vao buéng
chay sau 2°CA tai thoi diém phun nhién liéu 20°
BTDC khi thay ddi thoi gian phun.

Hinh 7 1a db thi téc do bay hoi cta nhién nhién
liéu khi thay ddi thoi gian phun.

Quan st tir d0 thi trén Hinh 7, ta thiy rang khi
giam dan thoi gian phun tir 12°CA xubng 6°CA
thi lwong nhién liéu bay hoi ting din tuong tmg.
Diéu nay hoan toan phu hgp véi phan tich va
trinh bay & trén.
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DOI=8%CA

DOl = 12CA

S
T
T

Hinh 6. Tia phun nhién liéu phun vio budng chay sau
2°CA tai thoi diém phun nhién liéu 1a 20° BTDC khi
thay ddi thoi gian phun.

0,025

—s'CcA
—=—7'CA
0,020 4

0,015

0,010 4

Lugng nhién li¢u bay hoi [g]

0,005 4

0,000

- l- T T T T T T -
230 25 220 415 <10 -5 0 5 10 15 20 25 30

Gic quay trye khuyu [deg]

Hinh 7. DJ thi téc d6 bay hoi cua nhién liéu khi thay
d6i thoi gian phun.

3.4. Anh hudng ciia thoi gian phun dén hinh
thanh b héng

Hinh 8 1a d6 thi lugng bd hong phat thai khi
thay dbi thoi gian phun tir: 6°CA dén 12°CA.

90X 107 g
—'CA
—a—T7'CA |
—e—35"CA
—v—9"CA
6.0x10° 4 —*—10"CA |
——11"CA
505107 ——12ca

8,0x107

705107 4

4,0x1074

Bil hing [g/kWh]

3,0x107

2,0x107° 4

Goe quay tryc khuyu [deg]

Hinh 8. Lugng b hong phat thai twong tmg vai thoi
gian phun.

Quan sat trén do thi & Hinh 8, ta thay ring khi
giam dan thoi gian phun tir 12°CA xubng 6°CA
thi lugng phat thai bd hong giam dan twong tng.
Cu thé, khi thoi gian phun 9°CA thi luong phat
thai bd hong 1a 1,3.10°(g/kW.h), khi giam thoi
gian phun xudng 8°CA thi lugng phat thai bd
héng 1a 0,6.10-5(g/kW.h), c6 nghia 1a khi giam
thoi gian phun tir 9°CA xudng 6°CA thi lugng
phat thai bd hong giam 53,8%.

3.5. Anh huéng ciia thoi gian phun dén hinh
thanh NO,

Hinh 9 14 d thi anh huéng ciia thoi gian phun
dén hinh thanh NO, . Quan sat trén d thi & Hinh
9, ta thiy rang khi giam dan thoi gian phun tir
12°CA xubng 6°CA thi lugng phat thai NO, ting
dan tuong Gng. Cu thé, khi thoi gian phun la
9°CA thi lugng phat thai NO, dat gid tri la
11,5.10-4(g/kWh), khi giam thoi gian phun
xudng con 8°CA thi lugng phat thai NO, ting 1én
va dat gia tri 1a 12,3.10-4(g/kWh). C6 nghia 1a
khi giam thoi gian phun tir 9°CA xudng 8°CA thi
nong d6 phat thai NO, tiang 6,9%. Mat khac,
cling quan sat tir dd thi Hinh 9, khi gidam thoi
gian phun tir 8°CA xudng 7°CA thi luong phat
thai NOy lai giam trd lai.

Hinh 10 1a d thi téng hop anh huong cua
thoi gian phun dén hinh thanh bd hong va NO,.

1,6x10°
1,4x107 A
1,2x107 4
—  1,0x107
=
Z -4
£ 8,0x107
S 6,0x10™ —6'CA
z —a—7"CA
4,0x107 A | —e—8'ca
—v—9'CcA
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! ——11"CA
0.0 —#—12"CA

=+ T T T T T T T T
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Hinh 9. Luong NO, phat thai khi thay déi thoi gian
phun.
Quan sét trén db thi Hinh 10 ta thiy ring, khi
giam dén thoi gian phun tir 12°CA xubng 6°CA

1,5x107

thi luong phat thai NO, tang dan twong tng va
luong phat thai bo hong giam dan twong tng.

1.4x107 4
1,3x 107
1,2x107 o
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9

T T T 0.0
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Th&i gian phun ["CA|

Hinh 10. Luong phat thai bd héng va NO khi thay ddi thoi gian phun nhién lidu tir.

9 : . r . . 300

3 ‘\A_____‘_‘___‘_ F200

7 ] — 280 z
= =
- - @
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3 54 / 260 &
] g
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S

34 —a— Céng sudt L240 2
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Hinh 11. D) thi dic tinh cong suit va sudt tiéu hao nhién lidu khi thay ddi thoi gian phun nhién lidu.

Hinh 11 1a dd thi dic tinh cong sult va suét
tiéu hao nhién liéu cta dong co diesel RV125-2 &
cac thoi gian phun nhién li¢u khac nhau.

Quan sat tir d thi Hinh 11 ta thdy rang, khi
giam dan thoi gian phun nhién lidu tir 12°CA
xudng 6°CA thi cong suét ciia dong co tang dan
trong tmg, dong thoi sudt tiéu hao nhién liéu cua
dong co giam dan twong tmg. Cu thé, khi thoi
gian phun 1a 9°CA thi cong suat ciia dong co 1a
7,8kW va khi giam thoi gian phun xubng 8°CA
thi cong suét coa dong co tang 1én dat 7,9kW.

4. KET LUAN

Thoi gian phun nhién liéu vao budng chay cua
dong co diesel c6 anh huong dén qua trinh chay
va khi thai. Khi giam thoi gian phun, lvong nhién
lidu s& phun vao budng chay trong thoi gian ngén
va do d6 dan dén tdc d6 phun cao (4p suit phun
tang), lam tang tdc d6 hoa tron gitta nhién li¢u va
khong khi, lugng nhién li¢u chay & diéu kién hoa
trén trude ting, lam 4p sudt va nhiét do trong xy
lanh tang, do d6 lugng phat thai NO, tiang va
lwong phat thai bd hong giam.

Thoi gian phun nhién liéu vao budng chay cta
dong co diesel co anh huéng dén dac tinh cong
sudt va sut tiéu hao nhién liéu cia dong co. Khi
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giam thoi gian phun (téc do phun ting), cong Tir viét tit:

s1.lat ctua dong co ting va suat tiéu hao nhién liéu ATDC  : After Top Dead Center

giam.

i ) BTDC  : Before Top Dead Center
Tur két qua md phong, phan tich va danh gia &

trén, ta thiy rang déi véi dong co dang khao sat CA : Crank Angle

RV125-2 thi thoi gian phun nhién liéu ndm trong DI . Direct Injection

khoang 6° d&én 9°CA cho cbng sut 16n nhat, déng

thoi suét tidu hao nhién lidu thp nhit va ndng do

6 nhiém bd hong va NO, ciing thép.

A Study on the Effects of Duration of
Injection on Emissions and Combustion
Characteristics in a Direct Injection Diesel
Engine

e Nguyen Van Tong Em

An Giang Vocational College

¢ Nguyen Le Duy Khai

University of Technology, VNU — HCM - khainguyen@hcmut.edu.vn

ABSTRACT:

This paper present a study of the effects of duration of injection on emissions and
combustion characteristics in a direct injection diesel engine using CFD code KIVA-3V. In this
study, duration of injection was also changed from 6° to 12° CA while the injection timing is
constant to evaluate the effect on DI Diesel engine performance, indicated specific fuel
consumption and particulates and oxides of nitrogen emission. The obtained results indicate
that the capacity of the engine reaches its maximum value and NO, and soot emissions is
decreased when the duration of injection is in the range of 6° to 9° CA.

Keywords: Duration of injection, direct injection diesel engine, modelling, KIVA 3V.
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