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TOM TAT

Dién bién dp sudt trén du’ong ong cao ap cua hé thong phun nhién liéu dong co diesel

phu thuéc vao bom cao dp va anh hwéng truc tiép dén cau tric tia phun nhién liéu, dan den

thay doi qua trinh hinh thanh hon hop Chay va chay nhién li¢u, lam anh hwong dén cong sudt

va phat thai cua dong co. Do vdy, xdc dinh mirc giam dp sudt trén dwong ong cao dp dé kip

thoi sita chita, bao dudng hé thong phun nhién ligu, ddc bi¢t la bom cao dp sé giup ndng cao

hiéu sudt lam viéc va ngdn ngira cdc sy co xay ra doi véi dong co diesel may chinh tau cd.

Két qua nghién civu mé ) phong bang phan mém AVL Boost/Hydsim déi véi dong co diesel tau

cd 4CHE —Yanmar cho thdy, khi dp sudt trén dwong ong cao dp giam 12+14% thi cdu triic tia
phun giam dén 14,6%.

Tir khéa: Dién bién dp sudt trén dwong ong cao dp; bom cao dp; truc cam; dp sudt phun
nhién liéu; cau truc tia phun; hé thong phun nhién liéu; dong co diesel may chinh tau ca.

ABSTRACT

Fuel injection pressure performance in the high-pressure pipe depends on the high
pressure pump and directly affects to spray structure, leading to changes in the process of
combustion mixture formation and burning fuel, affects on power and exhaust emissions of
engine. Therefore, determining the reduction level of pressure in the high-pressure pipe to
timely repair and maintenance of fuel injection systems, especially high-pressure pumps, will
help improve working efficiency and prevent incidents for a main diesel engine. The
simulation results of AVL Boost/Hydsim software for 4CHE-Yanmar main diesel engine of
fishing vessels showed that when the pressure on high-pressure pipe decreased by 12+14%
the spray structure decreased by 14,6%.

Keywords: Pressure performance in the high pressure pipe; high pressure pump; camshaft; fuel
injection pressure; spray structure; fuel injection system; diesel engine of the fishing vessel.

ong tuong duong co gin cam bién (4p suit
trén dudng Ong cao ap s& phan anh duoc ap
sudt nang kim phun tai voi phun). Thong sb ap
suat trén va ap suat trong xy lanh tai thoi diém

1. PAT VAN DE

Trong thuc té, khi dong co tau ca hoat
dong trén bién, vi¢c do cac thong s6 lam viéc

dé chan doan tinh trang ky thuét la rét kho
khan, ngoai trir do ap suat trén dudng 6 ong cao
ap (pinj) bang phuong phap thay thé dudng

phun nhién liéu (pc) quyét dinh dép céi,u tric
tia phun, qua d6 anh huong tryc tiép dén qua
trinh hinh thanh hon hop chay va chay nhién
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liéu, dan dén thay ddi cac chi tiéu cong tac ciia
dong co diesel [1], [2]. Do d6, xac dinh anh
huéng cia ap sut trén dudng 6 dng cao 4p ciling
tuong ty nhu ap suit phun nhién lidu tai voi
phun va p; 1a yéu cau can thiét dé danh gia
cau trac tia phun, tr d6 danh gia qua trinh
hinh thanh hdn hop chay, nhim chan doan
tinh trang k¥ thuat ciia dong co. Vi qua trinh
hinh thanh hdn hop chay trong dong co phu
thuoc nhiéu vao ciu trac tia phun, néu tia
phun qué ngin (d0 xuyén siu s), phun nho
giot hoac d6 mu hoéa khong cao (goc non
chum tia o) déu lam giam d6 dong nhat cia
hdn hop chay, khién hiéu suét nhiét giam, din
dén giam cong suat ctua dong co.

Thong thuong, nguyén nhan chu yéu
khién giam 4p suat trén duong 6 dng cao ap 1a
do mon cam va ro ri cac phan tir cia bd phan
bom cao ap. Do vay, qua trinh nghién ctru s€
thay d6i mirc do sai léch vé kich thudc cam,
gia tang cac ro ri phan tor dé danh gia anh
huéng ciia cac chi tiét nay dén Pinj va cau tric
tia phun (s, o). Khi pinj giam dén mot gia tri
nhit dinh, s& kéo theo su suy giam cua s, e va
tai d6 co thé lam thay d6i dang ké chi tiéu
cong tac cua dong co do qua trinh hinh thanh
hon hop chay kém hiéu qua [3]. Trén co s
nay c6 thé dua ra canh bao sira chita, bao
dudng hé théng phun nhién liéu, dic biét la
bom cao ap s€ giip nang cao hiéu sudt lam
viéc va ngin ngira cac sy cb xay ra doi véi
dong co diesel. Noi dung nghién ctru mo
phong hé thong phun nhién liéu dong co
diesel may chinh tau ca (4CHE-Yanmar) voi
cac thong s6 két cau cu thé va cac gia thiét
sai léch (hu hong) dugc thuc hién trén phén
mém AVL Boost/Hydsim.

2. NOI DUNG NGHIEN CUU

21 Phan mém mdé phéng AVL
Boost/Hysim va cac thong sé hé théng
phun nhién liéu cia dong co diesel
4CHE-Yanmar

- AVL Boost/Hydsim 1a mdt phdn mém
phan tich dong luc hoc cua nhitng hé thdng
thuy luc va thiy co, dugc xay dung trén co
so 1y thuyét dong luc hoc va dao dong chit
long cua nhimg hé théng da phan tir. Trong
dong co @6t trong, HydSim duoc dung dé mé

phong cho cac hé thong thay luc nhu: hé
théng nhién liéu, hé thdng boi tron, cac hé
thong truyén dong bang thuy lyc. Nhung chi
yéu phan mém dugc tng dung dé mo phong
hé théng phun nhién liéu [4]. Trén co sé ndy,
mo hinh mé phong hé théng phun nhién liéu
dong co diesel 4CHE-Yanmar dugc xay
dung nhu trén hinh 1.

Hinh 1. M6 hinh mé phong hé thong phun
nhién liéu dong co diesel 4CHE-Yanmar

- Bong co diesel 4CHE do Nhat Ban san
xuat, 13 loai dong co cong suit nho, thudng
dung lam may chinh cho céac tau ca tai khu
vuc Duyén hai Nam trung bd [5]. Thong s6
dong co trinh bay trong bang 1, cac thong sd
dau vao va thong sb sai léch (hu hong) thay
d6i khi mo phong & ché do 1400 v/p, 40% tai
(theo tiéu chudn thir nghiém Nhat Ban) voi
nhién liéu DO — Petrolimex thé hién trong
bang 2.

Bing 1. Théng s6 dong co 4CHE-Yanmar

Tén cic thong s6 | Pon vi Gia tri

Kiéu budng chay Buéng chay
thong nhat dang
w
S6 xy lanh x Puong | mm 4 x105x125
kinh xy lanh x hanh
trinh piston
Cong suét Hp/rpm| H: 70/2300
Ty s6 nén 16.4:1
Bom cao ap Kiéu bosch -
bom cum

S6 16 tia phun x mm, do| 4 x 0,32 x 140°
duong kinh x goc
phun
Goc phun som do 18°
Ap suét phun bar 210
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Bing 2. Cac thong s6 sai léch (hw hong) thay
doi khi mo phong

TT| Ky Thongsé | DJ gidm so véi
hi¢u | nhém chi tiét |tinh trang ban dau
gay anh huéng| (tiéu chuan), %
Piston - bom
cao ap
Cac chi tiét 16
11 A | X vong dém, 0; 2; 4; 6; 8; 10;
d6 kin khit 12;14; 16
Do sai léch cac
clra vao - ra cua
ong
0; 2; 4; 6; 8; 10;
2| B cam 12;14; 16

2.2 Co s6 cia moé phong

- Co s& qué trinh tinh toan cic phan tu
trong hé thong nhién liéu dugc thé hién bai
cac phuong trinh bao toan dong lyc hoc dong
chay trong duong ong:

Phuong trinh lién tuc:

0 o(p.u 1 dA
o __dby) 1 dA L
ot OX A dx
Phuong trinh bao toan dong luong:
opu) _ d(p.u’+p) ¥ 10A oA F @
ot OX AT X
Phuong trinh nang lugng:
E =_M_ U.(E+ p)ld_A_}_q_W
ot oX Adx V
©)

Trong cac phwong trinh trén: p-khoi hrong
riéng, kg. m>; u-toc do dong luu chdt mes™ L
X-toa do, m A dién tich mat cat ngang
dwong ong, m*; t-thoi gian, s; p-dp sudt tinh,
Pa; Fr-luc ma sat, N; E- thanh phan ndng

. _ 1
luong cua lvu chat (E=p.C, .T+E FR.p.uz),

Ki/Kg; c,-nhiét dung riéng dang tich, Kj/Kg
K; T-nhiét do, K; Qu-nhiét lwong truyén cho
véch, wim?.

Luc ma sat v&i vach co thé duge xac
dinh tr h¢ s6 ma sat vdi vach 1a As ciia duong
ong c6 duong kinh D:

FR
Vv 2D

St dung phuong trinh Reynold, dong
nhiét truyén cho thanh ong c6 thé tich tur luc
ma sat va chénh 1é€ch nhiét 4o gitra thanh va
dong luu chat la:

—Cp.uful @)

qw 7\"
VT p.Jul.c,.(Ty, = T) (5)
Luu luong cua dong luu chét tai cira vao
va ra duogc tinh toan tir cac phuong trinh cua
dong chay qua khe hep ding Entropi c¢6 tinh
dén hé s6 luu luong, duoc xac dinh ¢ trang
thai dong 6n dinh. Luu luong khdi luong c6
thé nhan dugc tir phuong trinh ning luong
d6i véi dong 6n dinh qua khe hep [6].

dm 2
dt ef‘f pln FW (6)

o in

Trong do: (:j—rtn - luu lwong dong lieu chat, gls;

Aeti - dién tich tiét dién luu thong, mz; Pin - dp
sudt trude cira vao, Pa; Tin-Nhiét do trudc
cira vao, K; Ry - hang sé chat khi,-, v - ham
dp sudt phu thudc vao tinh chdt cua heu chat
va 1y s6 dp sudt; Cp - nhi¢t dung riéng ding
ap, Kj/Kg ; Tw - nhiét do thanh ong, K; T-
nhiét do dong luu chat, K.

- Téc d phun nhién liéu. Téc d6 phun
nhién liéu bi chi phdi bai nhiéu yéu t cia hé
thong va voi phun, trong d6 néu khong xét
dén yéu t6 két cau, tinh chat nhién liéu thi ap
suit phun c6 tinh chat quyét dinh dén muc do
I6n nho cua luwgng nhién liéu ra khoi voi
phun. Ngoai ra, thong s6 c6 anh huong truc
tiép dén tdc do phun nhién liéu co thé phan
thanh hai nhom [7]:

+ Thong so dong chay bén ngoai (khéi
luong riéng, s6 Weber) kiém soat su tuong
tac gitra tia phun nhién li€u léong va moéi
truong (4p suat trong Xy lanh):
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vid
| :;)Iep (7)

S6 Weber pha long: w,, =

+ Cac thong sé dong chay bén trong (sb
Reynolds, ty s6 lhole/dnote, cac hé s6 Cd) kiém
soat su tuong tac gilta tia phun nhién li¢u
long véi voi phun:

. d
S Reynolds pha long: R, = Y0P (g)
u
v, = I’](pin _pout)
1 2
z 9
i . \/ 2ol @
Cdﬁsh Aﬁsh Cdﬁole Aﬁole

r‘hinj = Ahole 'Vl'p (10)

Trong do: Ap=1p,, — pout, do chénh ap, Pa;
v - téc dé phun, mes L Cdhore - hé s6 luu
lwong dong chay trong Zo phun - Ansh - dién
tich kKhu e dong chay hep nhdt trude cac 16
phun, m?; ; Cnsh - h¢é 50 xa dong chay trong
khu vuc tmmc 16 phun, i Anole — dién tich mat
cat ngang ctia cac 16 phun, m2 Pin, Pout - ap
sudt dau vao va dau ra, Pa; n — téc dé dong
co, vong/phut; m - luu lwong phun nhién liéu,
a/h; lnole-chiéu dai 16 phun, m; dnoe-duong
kinh 16 phun, m; l1L-dé nhot nhién liéu, mm°ls.

- Tinh toan goc non cua tia phun:

d._..p0"Ap®™
a =0,03824, e =8 —— %’45 o7

loie-2

- Tinh toan d¢ xuyén sau cua tia phun:

(11)

S=0,39t, |- Ap

Pb

(12)

Trong do: t - thoi gian tinh tir khi bdt dau

phun nhién liéu,s; S - do xuyén sau tia phun,

m; pp - khéi lwong riéng ciia hat nhién liéu,

kg.m™ khoi

lwong riéng cua khi, kg.m'g.

3. KET QUA NGHIEN CUU VA THAO
LUAN

;o - goc non tia phun, do; pg -

3.1 Anh huéng ciia cic sai léch (hu héng)

dén cac théng sé phun nhién liéu

Véi cac gia thiét thay doi khi mo phong
nhu trong bang 2, anh hudng ctia cac sai 1éch
(hu hong, mon) dén cac thong sé phun (ap
suat trén duong dng cao 4p, hanh trinh nang
Kim phun) trinh bay trén hinh 2. Trong do,
anh hudng cua mon cam (truong hop B) lam
giam 4p suét trong 6ng cao ap 16n hon so véi
cac sai 1éch cua trudong hop A. Ap suit trong
6ng cao ap giam dén khoang 10% khi A giam
dén 16%, ¢ truong hop khi B giam dén 16%
thi dién bién ap suit trong ong cao ap giam
khoang 18%.

240
2 20
= f
- ! e,
: ™ | S
= { —a
= 180 : b : »
o \
= 160 y. \
3 y_. . \ 4
? § —— TruSng hdp, 0% W
140 . X idm 6%
3- Trudng hop A gidm 6%
= —— Trudng hdp A gidm 8%
g - Trudng hop A giim 10%

T T T T T T T 1
34 36 38 40 42 44 46 48 50 52

a) Géce quay truc cam (dé)
240 4 P
£
< 2204 [A\Y
& I\
§ 2004 R} A
=3 -
= !
S 180 » ¢ 3 3
-4 - ‘
£ 160 Py 3 \
f; {4 *— Trudng hdp, 0% P\
= 140 4 J +— Trudng hop A giam 12% \.g
—d +— Trudng hgp A giim 14%
t
120 4 v Trudng hgp A giim 16%
T T T T T T r T T 1
34 38 38 40 42 44 48 48 50 82
b) Géce quay tryc cam (dé)
240 - ”
= 2204
2
& 2004
g il
= 180
.E -
-] L2 B
s 100 . . -
= ’
- / -
E‘ 140 y »— Truding hdp, 0% .
< = o Trudng hdp B gidm 6% ¥
120 { R N cor
’ L] +— Trudng hop B giam 8%
v Trudng hop B gidm 10%
100 +— T T T T T T T T 1
34 3 38 40 42 44 46 48 50 82
C) Gée quay tryc cam (d6)
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240 - -
= 204
kS A
£ 200 i -,
z -3
S
=¢ 180 - »
S - 31 .
=%
E 160 4 P 3 3 : Y -
- 3 -
g 140 4 J—=— Tndng hop, 0% \
3 - *— Trudng hdp B giam 12% ‘ '
1 B
20 —— Trudng hop B gidm 14%
¥ v Trudng hgp B gidm 16%
100 T T T T T T T ¥ T 1
34 3 38 40 42 4 46 48 50 52
d) Géc quay tryc cam (d§)

Hinh 2. Anh hwong cua cac hw hong dén
dp sudt trong 6ng cao dp

Tuong tu nhu trén, hanh trinh nang kim
phun phu thudc vao ap suat trong éng cao ap
va cang bi han ché & trudng hop cam mon
(truong hop B). Hanh trinh nang kim phun
giam 5% khi truong hop A giam dén 16% va
giam khoang 9% khi truong hop B gidm dén

16% nhu trinh bay trén hinh 3. Cac yeu t6
nay truc tiép lam gidm cdu trac tia phun
nhién li¢u vao xy lanh.

0.00040 -
E
=
2 0.00038
|
£
£
) 0.00036
=
£
£
/L=_I 0.00034
= —=— Trtdng hgp, 0%
£ 0.000324 —e— Trudng hgp A gidm 12%
—A— Trudng hdp A giam 14%
—w— Trudng hgp A giam 16%
0.00030 +— T T T T T T T T 1
34 36 38 40 42 44 46 48 50 52
a) Géc quay tryuc cam (d6)

0.00040 -

0.00038 -

0.00036 -

0.00034 4

—a— Trudng hap, 0%

—e— Trudng hop B gidm 12%
—a— Trudng hgp B gidm 14%
—v— Trudng hop B gidm 16%

0.00032

Hanh trinh ndng kim phun (m)

0.00030

T T T T T T T T T 1
34 36 38 40 42 44 46 48 50 B2

b) Géc quay truc cam (dd)
Hinh 3. Anh huong cia cdc hwe hong dén
hanh trinh ndng kim phun

3.2 Aph hudng cia cac sai léch (hu héng)
dén cau truc tia phun

Hai thong sd quan trong ctia cdu truc tia
phun la d6 xuyén sau s va goc non tia phun e,
cac théng s6 nay phu thudc vao ap suét trén
duong oOng cao ap. Khi ap suat trén duong
ong cao ap giam (cac sai léch, hu hong cia
bom cao ap gia ting) s& lam han ché hanh
trinh nang kim phun, khién suy giam cdc
thong so cdu tric tia phun, dan dén giam do
dong déu cua hdn hop khong khi — nhién
liéu. Hinh 4 thé hién anh huéng cua hu hong
va hao mon cac truong hop dén ciu trac tia
phun. Khi A giam dén 16%, s va e cuia tia
phun giam khoang 7%. Khi B giam tu
12+14% thi d0 xuyén sau tia phun gidm
khoang 12,7%, goc non giam dén 14,6%.

0.40

0.35

o o
N [
o o
TR

0.20 -

0.15

0.10

Gdce nén tia phun (rad)

0.05

0.00 -

-0.05 T T T T T T T T T 1

Goc quay truc cam (dg
a) quay try (d9)

—=&— Trudng hdp, 0%

g\hgp A gidm 12%
—&— Trudng |hgp A gidm 14%
—¥— Truwdng hdp A gidm 16%

D6 xuyén sdu tia phun (m)

34 36 38 40 42 44 46 48 50 52

b) Goc quay tryuc cam (d6)
0.40 4
< 035 Lt
£
= 0.30 / L \
=]
=
S 0.254 . \ ~~a
= s “‘n\
S 0.204
2 4 \:\.
g 0.154
0.10 4 —=— Trudng hdp, 0%
—+— Trudng hdp B gidm 12%
0.054 —a— Trudng hdp B gidm 14%
0.00 4 P \f —v— Trudng hépB gidan 16%
-0.05 T T T T T T T T T 1
34 36 38 40 42 44 46 48 50 52
Géc quay tryuc cam (d§)
<)



d)

Hinh 4. Anh huong cia cac hwe hong dén
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piston bom cao ap (A) va sy mon cam (B)
déu khién ap suit trong dng cao ap giam.

Khi 4p sudt trong Ong cao 4p giam
12+14% thi ciu trac tia phun suy giam dang
ké dén 14,6%, 1am cho qua trinh hinh thanh
hon hop chay kem hiéu qua. Do vay, co thé
do ap suét trén duong 6ng cao ap trong khi
dong co lam vi¢c va ddi chiéu véi tiéu chuan
ctia nha san xuat hodc ddi chiéu voi gia tri
ban dau cta hé thng nhién liéu dong co khi
Gée quay trye cam (40) bao dudng (stra chira) trude thoi diém dua
Xuong tau, dé chan doan tinh trang ky thuét
hé théng phun 1a rat can thiét, vi dong co
may chinh tau c4 da phin sau chuyén lam

Pé xuyén sdu tia phun (m)

cdu truc tia phun

4. KET LUAN VA KHUYEN NGHI vidc dai ngy trén bién déu phai kiém tra, bao

T két qua md phong trén cho thdy, mue  dudng.
dd anh huong cua sy ro ri, 10 xo..., hao mon
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