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TOM TAT
Pong co diesel ding lam may chinh ciia tau danh cd thuong phai kiém tra, bao dwdng, sira chita triée
khi tau ddnh bdt xa bo dé bao dam an toan va hiéu qua khi hoat dong trén bién dai ngay. Trong dé, voi phun
duge thao dé can chinh dp sudt phun nhién liéu vé gid tri tiéu chudn dé cdc chi tiéu cong tac cia dong co dat
Yéu cau. Mot trong cdc thong s6 c6 thé givp danh gid sw suy giam dp sudt phun trong qud trinh déng co lam
viéc la lwong phat thai bo hong, thong qua né cé thé danh gid tinh trang voi phun nhién liéu, gép phan dé ra
gidi phdp bao dieong, sira chita phit hop, han ché thoi gian va kinh phi. Bai bdo nay trinh bay ndi dung nghién
cieu mé phong déi véi dong co Yanmar 4CHE cua tau cd bang phan mém AVL-Boost. Két qua cho thay khi dp
sudt phun nhién liéu suy giam 5-10% so véi tiéu chudn, phdt thai bé héng tang trén 20%.
Tir khoa: dong co diesel, tau ca, bo hong, dap sudt phun, AVL-Boost
ABSTRACT

Diesel engines used as main engines of fishing vessels often need to be inspected, maintained, and
repaired before the boat goes offshore to ensure safety and efficiency when operating at sea for long periods.
In particular, the nozzle is removed to calibrate the fuel injection pressure to the standard value so that the
engine s performance criteria meet the requirements. One of the parameters that can help evaluate the decrease
in injection pressure during engine operation is the amount of soot emission, through which the condition of the
fuel injector can be assessed, contributing to Appropriate maintenance and repair solutions, limiting time and
expense. This article presents the content of simulation research using AVL Boost software on 4CHE Yanmar
engines of fishing vessels. The results showed that the fuel injection pressure decreased by 5-10% compared to
the standard, making for the soot emission increase of over 20%.

Keywords: diesel engines, fishing vessels, soot, injection pressure, AVL-Boost

I. GIOI THIEU

Dong co diesel dung 1am may chinh trén tau
danh ca rat phong pht, da dang va sb luong 16n
tap trung vao cac hang c6 thuong hiéu ndi tiéng
lau nam, dugc ngu dan lya chon [6]. Tai khu vuc
Duyén Hai Nam Trung Bo bao gém cac tinh,
thanh phd: Pa Néang, Quang Nam, Quang Ngii,
Binh Dinh, Pha Yén, Khanh Hoa, Binh Thuén,
Ninh Thuén véi dic diém tu nhién 13 c6 duong
b bién dai, c6 ngu truong danh bét thay hai san
rong 16n & Bién Dong, nén nganh danh bat thiy
hai san & day réat phat trién. S6 lidu didu tra vé
ching loai dong co diesel lam may chinh lip
trén cac tau ca khu vuc Duyén Hai Nam Trung

B trinh bay trong hinh 1 [3, 6].

Nghé dénh c4 cua Viét Nam 1a nghé truyén
théng, do vay viéc str dung dong co chinh cua
tau danh c4 chu yéu theo tap quan (thoi quen)
cua ngu dan. Cong tic bao dudng, sua chita
khong theo tiéu chuan, hu dau stra d6. Sy gidm
sat ky thuat may chinh cta co quan Pang kiém
chua cu thé, vi thiéu thiét bi kiém tra [3]. Vi
thé cong tac chan doan trang thai k¥ thuat dong
co 14 hoan toan mdéi. Do d6, xac dinh mdi lién
hé gitra phat thai khi x4, chu yéu 1a ham luong
phat thai bdo hong vai ap suat phun nhién li¢u
tai voi phun, dé chan doan trang thai k¥ thuat
ctia hé théng phun nhién liéu, trong d6 c6 voi
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phun trude khi tau thyc hién chuyén hanh trinh
dai ngay trén bién 1a mot trong nhitng yéu cu
can thiét, gop phan 1am cho qua trinh khai thac
dong co duoc an toan va kip thoi ngdn ngura,
khic phuc su ¢6 hu hong xdy ra. Vi ap suit phun
nhién li¢u anh hudng dén cdu triic tia phun, dic
biét d6i voi dong co c6 budng chay thong nhat,
qua d6 anh hudng truc tiép dén qué trinh hinh
thanh hon hop chay va chay nhién liéu, dan
dén thay ddi cac chi tiéu cong tac cua dong co
diesel, trong d6 c6 ham lugng phat thai khi xa
(bd hong) [2, 4, 7]. Nhiéu nghién ctru xay dung
cdc md hinh toan hoc dé dy doan céc thong
s6 dic trung cua bd héng, cac mo hinh tao bd
hong don gian, mot chiéu da duogc thiét 1ap dé
tinh toan ngon Itra chay bén ngoai khi quyén va
bén trong budng chay dong co. Cac mé hinh da
phuong phtc tap hon da duoc xdy dung dé mo
phong va tinh toan phat thai bd hong. Du cac
mo hinh don gian hay phirc tap ciing déu dua
trén ly thuyet tao bo hong nén tang, trong d6
1y thuyét ciia Tesner-Magnussen dugc st dung
rong rai[1, 9, 11]. Theo do6, phat thai bo hong
nhan duoc sau van thai 1a hiéu sb cta luong bd
hong hinh thanh va luong bd héng bi 6 xy hoa.
Qua trinh 6 xy hoa bd héng phu thuoc lon Vao
nong do bd hong (C,), dong nang rdi (k) va toe
do tleu tan roi cua ngon lura (¢), thoi gian phun,
ap sudt phun va 4p suit trong xy lanh tai thoi
diém phun nhién liéu [2]:
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Thong s6 phun lién quan dén qua trinh oxy
hoa va phat thai boé hong duogc thé hién qua
phuong trinh (4):

e 1 V.Py-6.0
b TU3A6C (Piy —P.)

Trong do: A - hang s0; r- -tdc d9 oxy hoa bo
hong, [-]; v -hing sb thé hlen phan ning luong
16i qué trinh hinh thanh hon hop, [-]; AB -thoi
gian phun nhién li¢u, [dd]; n n -tdc do dong co,
[v/ph]; C, - h¢ s6 xa voi phun, [T]; P, -4p suét
phun nhién li¢u, [bar]; p_ - ap suat cuoi ky nén,
[bar].

Tir phuong trinh (4) cho thiy qua trinh hinh
thanh va phat thai bd hong trong khi xa dong
co phu thudc vao nhiéu yéu td, trong dé co ap
suat phun nhién liéu. Khi tinh trang k¥ thuat
ctia hé thong phun nhién liéu khong dam bao,
s& anh huong tryc tiép dén qua trinh phun, hinh
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Hinh 1. Cac loai dgng co dung cho may chinh tau danh ca.
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thanh hon hop chdy, 1am cho qué trinh chay
kém hi€u qua, mirc phat thai khi xa tang 1én,
dic biét 1a bd hong.
II. POI TUQNG VA PHUONG PHAP
NGHIEN cUU

1. Pdi twong nghién ciru

Tir hinh 1, chon déi tugng nghién ctu 1a
dong co diesel 4CHE cua hang Yanmar san
xudt, day 1a dong co thuong ding lam may
chinh tau danh ca, cac thong s6 dong co cho
trong bang 1.

Bing 1. Thong s6 djng co nghién ciru

Tén céc thong sb Pon vi Gia tri
Kiéu dong co 4CHE
Kiéu budng chay Thong nhit dang ®
S6 xilanh 4
Puong kinh xilanh x hanh trinh piston mm(in) 105x125(4.13x4.92)
Cong suat dinh mirc HP/rpm 70/2300
Ty sb nén 16.4:1
Thi tu nd 1-2-4-3
Ap suét chay cuc dai kG/cm? 85

Bom cao ap Kiéu bosch - bom cym

B¢ dicu toc

Diéu toc ly tam nhicu ché do

L phun

L phun nira dai

B¢ diéu toc

Kiéu ly tim

Hé thong nhién lidu

S6 16 tia phun x
duong kinh (mm) x
hudng phun

4x0,32 x 140°

Thoi diém phun
TBCT

18°

Ap suat phun (bar) 220

Cac goc dong mé xu pap: IVC, EVO

IVO; IVC

16° BTDC; 52° ABDC

EVO; EVC 52°BBDC; 16° ATDC
Chiéu dai thanh truyén 215mm
Khe hé piston va nap may khi piston & DCT 0,9+1,1mm

2. Nghién ctru mo phéng

Trong nghién ctu nay, bai bao st dung
phuong phap nghién ciru mé phong bang phan
mém AVL Boost ciia hang AVL, Cong hoa Ao,
day 1a phdn mém chuyén dung dé tinh toan mo
phong cac qua trinh nhiét dong va hinh thanh

d(m,.u)
- M6 hinh chay:
Mo hinh chay AVL MCC duogc dung dé du
doan cac chi ti€u cua qua trinh chay trong dong

o 4V do,
dt da do

phat thai trong dong co dbt trong. Co s& tinh
toan mo phong dugc thuc hién boi cac phuong
trinh co ban sau [10]:
- Phuong trinh nhiét dong hoc thi nhat:
Dinh lut nhiét dong hoc thir nhat thé hién
mdi quan hé giita sy bién thién ndi ning hay
enthalpy voi su bién thién cua nhiét va cong:

ZdQ_W dmy, (5)

da ' da
co phun nhién lidu tryc tiép. Qua trinh giai
phong nhiét dugc xac dinh boi viée diéu chinh
chat luong nhién liéu va mat do chuyén dong
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r6i, thé hién qua phwong trinh (6):
dQ _

- M6 hinh truyén nhiét:

Q

= . ——).€X C B
d(X Mod( F LVC) p( rate W)

vk (6)

Qua trinh truyén nhiét tir trong budng chay qua thanh xylanh va ra ngoai dwgc tinh toan dua vao

phuong trinh truyén nhiét (7):

Qui =Aa (T -Ty) ()
Dé xac dinh hé s truyén nhiét trong phuong trinh (7) di v6i dong co diesel, md hinh Woschni

1978 thudng duogc st dung dé tinh [5]:
a =130.D7%.

Trong cac phuong trinh trén: m_ - khoi
luong modi chat bén trong xylanh, [kg] u - ndi
nang, [kJ]; V - thé tich xylanh [m’]; Q, - nhiét
luwong cua nhién li€u cung cap, [kJ]; Q -nhiét
luong ton that cho thanh vach, [kJ]; h._ - tri
sO enthalpy; m_, - luong lot khi, [kg]; C
mo hinh khong d01 [kJ/kg.°TK]; C_. - hang sé
toc do hoa tron, [s]; k - mat do cua dong nang
chuyén dong cuc bo, [m?¥/s?]; M, - khéi luong
nhién liéu phun, [kg]; LCV - nhlet tri thap, [kJ/
kg]; Q - su toa nhiét tich Itty, [kJ]; *-goc quay
truc khuyu, ['TK]; Q,, - nhiét luong truyén cho
thanh xylanh, piston, ndp may, [kJ]; A - dién
tich truyén nhiét piston, xylanh, nip may, [m?];

PL1

- vp T,
pg.S'Tc 0,53.[C1‘Cm+cz' D ~cl (pc _pco)]O.S (8)

cl* Vel
a. - hé s6 truyén nhiét; T, - nhiét d6 moi chat
trong xylanh, [K]; T , -nhlet d6 thanh vach, [K];
C, —228+0308C C.C= 0,00324 dbi voi
dong co phun truc tlep, D duong kinh xylanh,
[m]; C - toc do trung binh cua piston, [m/s]; C
=n.D. n/60 - thé tich cong tac, [rn3] P_- ap
suat khi troi, [bar] T- nhlet dd cudi qua trlnh
nap, [K]; p,- ap suét cu01 qua trinh nap, [K].

- Xay du’ng mo hinh trong phan mém AVL
Boost:

M6 hinh m6 phéng dong co diesel Yanmar
4CHE dugc xay dung trong phan mém AVL
Boost v6i cac phan tir trong tmg, md ta cac
cum chi tiét ciia dong co. Thong s6 dau vao cho

s82
420
W WPiz

T~ Ri4

)( MP11

SBI- diéu kién bién; PL- vi tri khoang, miéng, CL-loc khong khi; MP- diém do;
R- diém han ché, gioi han; J- diém néi
Hinh 2. M6 hinh mé phéng dfng co diesel Yanmar 4CHE.
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mo hinh dong co bao gom kich thudc hinh hoc
cac chi tiét, diéu kién lam viéc, thong s6 diéu
khién qua trinh lam viéc cua dong co. M6 hinh

dugc xay dung nhu trén hinh 2, thong s6 chinh
cta che d0 mo phong trinh bay trong bang 2.

Bang 2. Thong s6 chinh cia ché dd mé phong

TT Théng s6 chinh Gia tri Pon vi
1 Nhiét d6 moi truong 28 °C
2 Ap suit méi truong 1 bar
3 Nhiét tri thép cua nhién li¢u (DO) 10915 Kcal/kg
4 Tai 60 %
5 Téc 4o 1800 v/p

3. Két qua nghién ctru va thao luin

Su thay d6i ap suat phun nhién lidu s& anh
huéng téi d6 dong déu ctia qua trinh phun (phun
swong), qua trinh phun anh hudng dén su phan
b6 cac hat nhién lidu trong khong gian budng
chay. Néu sy phan bd nho (gbc nén tia phun
nho, d6 xuyén sdu tia phun ngin) s& dan dén
qué trinh hinh thanh bd hong ra tang. Trén hinh
3 va hinh 4 thé hién ap suét va nhiét do chay
khac nhau cta dong co khi c6 su thay d6i 4p suat

60+
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Hinh 3. Ap suét chay trong xy lanh dong co.

25x10° 4
2.0x10* 4
1.5¢10°
1.0x10"*
5.0x10° 4

004

phun. Ap suét phun giam, sy hinh thanh hén hop
chay kém hiéu qua, nhiét d6 chay thap, dan dén
qué trinh 6 xy hoa bd hong giam. Hé qua 1a phat
thai bd hong gia tang, vi luong bd hong di ra
khoi van x4 1 hiéu s6 ctia lugng bo hong hinh
thanh véi lugng bd hong bi 6 xy hoa. Diéu nay
thiy 13 sy gia ting bd hong nhu trén hinh 5 khi
ap suat phun nhién liéu ctia voi phun giam di 5%
va 10% so v6i tidu chudn (220 bar) va nguoc lai
& &p suét phun tiéu chuan, bd hong giam xudng.

1400
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Hinh 4. Nhiét do chay trong xy lanh dgng co.

——P,, =200 baf
——P,,=210bar
—— P, =220 bar

T T T T T
-50 40 -30 20 10 O

T T T T T T T 1
10 20 30 40 50 60 70 80

Gde quay true khuyu (do)

Hinh 5. Phat thai bd hong cia dong co.
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IV. KET LUAN VA KIEN NGHI

1. Két lugn

Trén co s¢ két qua mod phong cho thay, ap
suat phun nhién liéu giam khién cho céu triic
tia phun giam, sy hinh thanh hon hop chay
trong budng dét khong dong déu, diéu nay lam
gia ting sy hinh thanh bd hong. Trong nghién
ctru nay, khi 4p suit phun nhién liéu suy giam
5-10% so v&i tiéu chuan, phat thai b hong tang
trén 20%. Diéu nay khong chi gay 6 nhiém moi
tredng ma hé qua 1a hiéu suat chéy cua dong
co thap, dan dén glam cong suat, tang tiéu hao
nhién liéu, co thé giy ra cac sy cd cho may
chinh tau, anh huong nhiéu dén hiéu qua khai
théac, tinh kinh té va dic biét 1a sy an toan cia

TAI LIEU THAM KHAO

ngudi va tau khi danh bt cé trén bién. Do do,
viée do phat thai bd hong ciia dong co sau thoi
gian lam viéc dai ngay trén bién s& gbp phan
hd tro chian doan trang thai k¥ thudt dong co,
trong do6 co6 tinh trang voi phun nhién liéu, tur
do6 co bién phap sua chira, bao dudng kip thoi,
hi¢u qua.

2. Kién nghi

K¢é thira nghién ciru md phong nay, to chirc
thuc nghiém va thiét 1ap mdi quan hé gitra ap
suat phun nhién liéu voi phat thai khi xa dé
chan doan trang thai k¥ thudt voi phun va quéa
trinh hinh thanh hon hop chay trong dong co
diesel Yanmar 4CHE dung lam may chinh tau
ca.
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