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TOM TAT

Ap sudt phun ciia hé thong phun nhién liéu déng co diesel va dp sudt cudi ky nén dnh hieong truec tiép dén
cdu triie tia phun nhién liéu, dan dén thay doi qud trinh hinh thanh hén hop chdy va chdy nhién liéu, lam dnh
hieong dén cong sudt ciia dong co. Do vdy, xdc dinh mirc giam dp sudt phun va dp sudt cudi ky nén dé kip thoi
sika chita, bao dieong hé thong phun nhién liéu, ddc biét la bom cao dp, voi phun va nhém bdo kin buong chay
€ gilip ndng cao hiéu sudt lam viéc va ngan ngira cdc sw ¢é xdy ra doi voi dong co diesel mdy chinh tau cd.
Két qud nghién ciru mé phong trén phan mém Matlab Simulink doi véi dong co diesel tau cd 4CHE —Yanmar
cho thdy, khi ép sudt phun giam dén 14% va ap sudt cudi ky nén giam dén 12% thi cong sudt giam dén 17,2%.
Tir khéa: Gp sudt phun nhién liéu, dp sudt cudi ky nén, voi phun nhién liéu, cdu tric tia phun nhién liéu,

cong sudt dong co, dong co diesel mdy chinh tau cd.

ABSTRACT

Fuel injection pressure and pressure of the end compression stroke directly affect to spray structure, and
changethe process of combustion mixture formation and burning fuel, and affecton power of engine. Therefore,
determining reduction level of fuel injection pressure and pressure of the end compression stroke to timely
repair and maintenance of fuel injection systems, especially high-pressure pumps, injector, piston, segment,
cylinder would help improve working efficiency and prevent incidents for main diesel engine. The simulation
results by Matlab Simulink software for 4CHE-Yanmar main diesel engine of fishing vessels showed that, ifthe
Juel injection pressure decreased by 14% and pressure of the end compression stroke decreased by 12%, the
power decreased by 17.2%.

Keywords: fuel injection pressure, pressure of the end compression stroke, injector, fuel spray structure,
power of diesel engine, diessel engine of fishing vessel.

L. DAT VAN PE khai thac; hiéu qua sir dung thip va dic biét

Thong s6 ap suat phun nhién liéu (p,, ) va ap
suat cudi ky nén (p, ) quyét dinh dén chu tric
tia phun dic biét ddi v6i dong co c6 budng
chay thong nhit (4CHE-Yanmar), qua d6 anh
hudng truc tiép dén qua trinh hinh thanh hdn
hop chay va chay nhién liéu, ddn dén thay ddi
cac chi tiéu cong tac cuia dong co diesel [2],
[5]. Thuc té hién nay O nudc ta, cac dong co
diesel dung 1am méy chinh trén tau phan 16n 14
dong co cii (gdm ca dong co 6 t6). Pidu d6 dan
dén giam d¢ an toan, tin cdy trong qua trinh
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1a c6 thé hu hong dot ngdt trén bién giy nguy
hiém cho nguoi va tau.

Nghé ca Viét Nam 1a nghé c4 nhan dan, do
vay viéc st dung may chinh hoan toan theo tap
quan cua ngu dan. Ngoai ra. Pong co tau ca
thuong 1am viéc & cac ché do khai thac trong
mot thoi gian dai, lién tuc, trong moi truong
thudng xuyén co su thay doi vé cac diéu kién
vat Iy (nhiét do, 6 am...) va hoa hoc (ti 1¢
mubi trong khong khi). Cong tac bao dudng,
sua chira khong theo tiéu chuin, hu dau stra do
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[1]. Su giam sat ky thudt may chinh hay céng
tac chan doan trang thai k¥ thuat may chinh
chua duoc chu trong. Do do, xac dinh anh
hudng ciia 4p suit phun nhién liéu va ap suat
cubi ky nén dé chan doan tinh trang k¥ thuat
ctia dong co trude khi dua xudng tau dé thuc
hién chuyén hanh trmh dai ngay trén bién la
mot trong nhitng yéu ciu can thiét, gop phan
lam cho qué trinh khai thac dong co dugc an
toan va kip thoi ngan ngua, khéc phuc su )
hu hong.
II. NOI DUNG NGHIEN CUU
1. Co s6 ciia qua trinh mé phéng

D6i v6i hé théng phun nhién liéu (HTPNL)
dong co diesel tau ca, cum bom cao ap — voi
phun (BCA-VP) va nhom bao kin budng chay
(NBKBC) dugc coi 1a cac cum chi tiét quan
trong nhat. Viéc dam bao HTPNL hoat dong
t6t c6 thé dua vé viéc dam bao trang thai ky
thuat cia cum BCA-VP va NBKBC dat yéu
cau cho phép. Su suy giam ap sudt phun nhién
li¢u trong mét pham vi nhét dinh khong c6 anh
hudng dén giai doan chay tré nhung anh hudng
to1 do déng déu cua su phun suong, do anh
huéng boi cdu triic tia phun nhién liéu trong
khong gian budng chay. Chinh diéu nay ciing
dan dén qua trinh chay & dong co diesel bi suy
giam, khién cong suit cuia dong co giam theo
[3], [4]. Ngoai ra lugng nhién liéu thuc té duoc
phun vao trong xy lanh dong co trén mdi chu
trinh cong tac (mf) cling chiu anh hudng tur su
hao mon cua bd do6i: Piston — xi lanh BCA;
Kim phun — bé VP, khe h¢ nay tang s€ lam tang
lot dau hoi. Piéu nay lam cho lugng nhién liu
phun vao dong co giam di va day ciing 1a yéu

t6 anh huong dén cong sudt ciia dong co [6].

Khi dong co lam viée, tbc do luu luong
phun nhién li¢u trong 1 gio (m,,,) xac dinh
duogc lugng ti€u hao nhién li¢u gio Ge (g/h) cua
dong co, khi do.

Ge=mMyp; = Apvipy (1)

Méi quan h¢ gilra p, . v6i cong suét (dong
co (N, sudt tiéu hao nhién lidu c6 ich thé hién
qua cac cong thirc sau [10]:

G

g =—¢ [g/kW.h] @)
Ge =T 3)
A C
g, =——%.(2p,.Ap)"” 4)
NC
Trong do6:

v =C4-28p/p)", Ap=(p,;—D.).

Chuyen ddi va dit dai luong: l/g=A, gia
trj cong suit duoc xac dinh:

N, =Ap.A A, .C,.2p" (5
Qua trinh chay duogc xac dinh tir phuong
trinh cua J. Abraham [7].

dp, __ Pu—Pun
dt T

Trong d6, nhan t6 quan trong cia md hinh
chay la thoi gian dic trung dé dat dugc sy can
biang (r),no la tong cua thoi gian chay tang va
thoi gian chay roi khi qua trinh chay dién ra va
phu thudc vao dong ning rdi (k) duoc xac dinh
theo Yogesh V [8], toc d6 tiéu tan rdi (g) duoc
tinh theo Dent JC [9]. Khi d6 mo hinh chay
dugc viét lai.

(6)

dp,, _ P~ Po ] o
dt ~(Pco, TPHy0 PO +PH, )/ (1-PN,)
(1= om0 ) T 01 26 02 Ap
0.632 2ny.py,
+ A [Fuel]o'75 [O ]71'5 exp Es
? RT,,

Luong cung cp nhién liéu chu trinh 13 tong
khoi lugng nhién liéu phun qua voi phun trong
mot hanh trinh cua piston BCA, ciing la khoi

luong nhién liéu dugc phun vao xy lanh trong
mot chu ky.
Luong nhién li¢u cap chu trinh:
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AO
m. =C,A 2p"* Ap"*.—— 8
f d n pl p 3601’1 ( )
Téc d9 toa nhiét duoc xac dinh:
d +1 _ m _al #=®s0c
Trong dé Xb((P) — a(m )((p (pSOC] e ( AQcp ] (10)
A(PCD A(PCD A(PCD
(p _ (P m —a[ P~Psoc jm”
Hodc L=Qp ud(m+1)| ¢ | ¢ L2 (11)
¢ (‘I)CD

Qtotal = M Qpy: téng nang luong toa ra; Qy: nhiét tri thép nhién nhién liéu:

dQ;
d

¢

Trong cac cong thicc trén, ¢, g6¢ bt dau
chay [do]; Ag,,: thoi gian cha’y, P Pspc<p<
Psoc T AP AP: do chénh ap sudt qua 16 phun,
[bar] A, dién tich mat cat 16 phun, [m2]; Pr,
khoi lu’o*ng riéng nhién li¢u, [g/m3]; C, he 6
gian dong cuia voi phun [-];p:ap suat cuoi ky
nén, [bar] Py, - dp sudt phun nhién liéu, [bar];
v van tocphun [m/s];A0: thoi gian phun [do]
n: téc dg dong co [vong/phut]; a, m: hé so cia
phu"o’ng trinh; p : khoi lu"ong riéng phan cia
chdt m; p* : gid tri can bang nhiét déng lec
hoc tuc thoi va cuc bé ciia khoi Zu’O'ng rzeng
phan; E,; nang luong kzch hoat; y: hang sé thé
hién phan ndang leong réi.

2. Xdy dung md hinh mé phéng trén phén
mém Matlab Simulink

Simulink 12 mot phan m& rong cua phan
mém Matlab hay con goi 1a Matlab Simulink
dé mo hinh hoa va mo phong hé théng. Trong
Simulink, xay dung mo hinh 1a tap hop cac
khéi dai dién cho mot hé thong. N6 bao gém
khéi va duong: Khéi duge ding dé tao, chinh
sira, két hop dau ra va hién thi dir liéu. Puong
sir dung dé truyén dir liéu tir khdi nay sang
khéi khac theo chiéu miii tén. Céc khéi chinh
st dung trong mo hinh nhu:

Sources: dugc su dung dé tao cac dir liéu
(gia tri 4p suat phun, 4p suit nén va cac hang
s0).

Sinks: dung dé biéu dién dir lidu (gia tri
cong suat, bién thién tdc do toa nhiét).
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AO
= C.A 20" Ap"?.——
Q,.C,.A,2p, p 3600

(p _ (P m _a((P—RDsoc ]mﬂ
.a(m+1)[¢} e /) (12)
Ocp

Continuous: biéu dién cac yéu td hé théng
lién tuc theo thoi gian (phan trim 4p suat phun
va 4p suat nén dé xac dinh trang thai tinh toan
cho dau ra)

Operation math: chira cac biéu thirc toan
hoc (cong thuce 5, 7, 12).

Théng sb dong co 4CHE-Yanmar, thong sd
dau vao va thong s sai 1éch (hu hong) thay doi
khi m6 phong duogc trinh bay nhu trong bang 1
va bang 2 voi gia tri ap suat cubi ky nén duoc
do tir dong co & ché d6 téc dd nho nhat, ma tai
d6 dong co o thé nd (720 v/p) [1]. Luu d6 tinh
toan trong Matlab thé hién nhu trén hinh 1.

3. Két qua nghién ciru va thao ludn

Anh huéng cua ap sudt phun dén cong
suét dong co diesel 4CHE-Yanmar thé hién
trén hinh 2. Khi ap suat phun nhién li¢u giam
khong dang ké va ap suat cudi ky nén trong
Xy lanh khong giam, d§ xuyén sau tia phun c6
Xy huéng ngan lai do do anh hudéng cua van
tdc phun bi glam dan dén suy giam qua trinh
hinh thanh hon hop chay, khién cong sudt giam
theo. Ap suat phun cang giam thi qua trinh hinh
thanh hon hop chay cang giam, dan dén cong
sudt dong co giam manh.

Tuong ty nhu trén, anh hudng cua ap suét
cubi ky nén dén cong suit dong co diesel
4CHE-Yanmar thé hién trén hinh 3. Khi ap
suat cudi ky nén giam khong dang ké va ap suét
phun nhién li¢u khong giam, d xuyén sau tia
phun va géc non chum tia bi anh hudng khong
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Bang 1. Thong s6 k¥ thuat dong co 4CHE-Yanmar

Tén cac thong sb Pon vi Gia tri
Kiéu budng chay Budng chay thng nhét, ®
z < Py ;
vy o hnh o piston. | ™ 47105 %125
Cong suat HP/rpm H: 70/2300
Ty s6 nén - 16.4:1
Bom cao ap Kiéu bosch - bom cum
S6 16 tia Phun x duong kinh 4% 0.32 x 1407
(mm) x gdc phun (°)
Hé¢ thong nhién liéu Goc phun sém (TDCT) 18°
Ap suét phun tiéu chuén (bar) 210

Bing 2. Cac thong s6 diu vao va thong sb sai 1éch (hw hong) thay dbi khi mé phéng

TT hli?il Gia tri | Pon vi Ghi chua
1 p. 21,31 bar |Murc giam so vdi tiéu chuén (%): 2,4,6,8,10, 12, 14, 16, 18, 20
2 Pini 210 bar |Murc giam so vdi tiéu chuin (%):2,4,6,8,10, 12, 14, 16, 18, 20
3 n 1600 v/p | Theo quy trinh thir nghiém cua Nhat Ban
4 | G, [4454,20 g/lh | Theo thyc nghiém khi p;, va p. ¢ trang théi ti€u chuin

ot wib o gyl e
wila maing

Hinh 1. Lwu d tinh toan trong Matlab.

Cong suat (kW)

T T T T T T 1
10 12 14 16 18 20 22
Mifc gidm dp sudt phun nhién liéu (%)

2 4 6 8

Hinh 2. Anh huéng ciia p suit phun nhién liéu

dén cong suit dong co.

nhiéu, vi the cong suat gan nhu it thay doi. Khi
ap suét cudi ky nén giam trén 4% tro 1én, s&
khién tia phun c6 xu hudng dai hon, goc nén
chum tia nho lai, vi lic nay luc can khi dong
trong khong gian budng chay glam qua trinh
chay dién ra khong hoan toan, dan dén cong
suat gam manh. M6 ta anh hudng cua ap suit
phun va ap suit cudi ky nén dén cong suit dong

co duogc thé

hién trén db thi hinh 4.
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Cling suslit (kW
¢
.
L]
]

2 0 2 4 6 @& 0 12 14 16 W 2o =
Milfe gham dp sudi codi kY nén (%)

Hinh 3. Anh hwéng cia ap suat cuoi ky nén dén

cong suat dong co.

Trén hinh 4 chi 13, ap suat phun chi anh

hudng nhiéu den cong suat khi giam vuot qua
14% va &p suat cubi ky nén suy giam vuot qua

Bisiro Qi cdineg sbt (9%

Hinh 4. P6 thi md ta anh hwéng cia ap suit
phun va ap suét cudi ky nén dén cong suit dong co.
12%. Céng sudt giam manh khi hai thong sb
trén cung dong thoi xay ra. Két qua cu thé trinh
bay trong bang 3.

Bang 3. Két qua tinh toan cong suat khi ap suit phun va ap suit nén thay doi

Do
Ap suét giéin 0 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
cubi ky nén | (%)
21,31 (20,88 (20,45 [20,03 | 19,60 | 19,17 | 18,75 | 18,32 17,90 | 17,47 | 17,04

Ap suét phun

Po | .., .
gié‘m (zllairtil Cong suat (kW)

(%)

0 | 210 14,39 | 14,20 | 14,17 [ 13,78 | 13,62 | 13,29 | 13,03 | 12,77 | 12,56 | 12,44 | 12,14
12 | 182,56 13,64 | 13,43 (13,33 12,78 | 12,57 | 12,34 | 11,90 | 11,75 | 11,56 | 11,30 | 11,13
14 |177,43 13,36 13,05( 12,90 | 12,39 | 12,18 | 11,99 | 11,59 | 11,30 | 11,00 | 10,78 | 10,36
16 |173.23 13,19 12,75( 12,59 | 12,08 | 11,83 | 11,64 | 11,25 | 11,04 | 10,78 | 10,45 | 10,07
18 |168.,83 12,73 [ 12,14 12,00 | 11,48 | 11,20 | 11,04 | 10,68 | 10,47 | 10,20 | 9,77 | 9,39
20 |166,31 12,14 | 11,49 | 11,21 | 10,75 | 10,51 | 10,40 | 9,89 | 9,67 | 9,26 | 9,01 | 8,66

IV. KET LUAN VA KHUYEN NGHI

Tir két qua mod phong trén cho thay, khi ap
suat phun giam dén 14%, ap suat cudi ky nén
khong giam (21,31 bar) thi cong suat dong
co giam so v6i cong sudt ¢ trang thai khi ap
suat phun chua giam (210 bar) 1a 7,12%. Khi
ap_ suat cubi ky nén suy giam den 12%, ap
suit phun khong giam thi cong suat dong co
giam so voi cong suét ¢ trang thai khi ap cubi
ky nén chua giam 12 9,45%. Néu dong thoi ca
hai gia tri 4p suét trén déu giam dén 14% va
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12% thi cong suit giam dén 17,2%. Do viy,
c6 thé do ap sudt phun va ap suéat cudi ky
nén va dbi chiéu véi tiéu chuin cua nha san
xuat hodc dbi chiéu voi gia tri ban du cia
hé thdng nhién liéu dong co luc bao dudng
(stra chita) trudc khi dwa xudng tau, dé chin
doan tinh trang ky thuat dong co 1a rit can
thiét, vi dong co may chinh tau ca da phan
sau chuyén lam viéc dai ngay trén bién déu
phai kiém tra, bao dudng.
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