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P4nh gid 4nh huéng cua viéc tuan hoan
khi thai (EGR) dén céc chi tiéu kinh t&,
nang lugng, moi truong cua dong co diesel

Toém tét: Bai bao trinh bay két qua danh gia anh
hudng cla ty 16 EGR dén cac chi tiéu kinh té, nang
lugng, méi truéng ctia déng co diesel théng qua mé
hinh mé phéng chu trinh céng tac dugc xay dung
trong phan mém chuyén dung AVL-Boost.

Abtract: This paper presents the results to evaluate
the effects of EGR rate on performance and emission
characteristics of diesel engine by specialized
software AVL - Boost.

1. Dat van dé

Hai chat & nhiém dudc quan tam nhiéu nhat trong
khi thai dong co diesel 1a NOy va PM. Trong dé, viéc
gidm muic phat thai NOy ngay tai ngudn phat sinh (trong
buéng chay dong cd) va x{ ly chung (bang cac bd xi
ly khi thai) trén dudng thai gap phai nhiéu kho khan.
Hién nay, cac bién phap chinh dé gidm muic phat thai
NO, ngay tai nguén phat sinh bao gém [1, 2, 3, 6]:

+ Gidm goc phun s6m (GPS) nhién liéu: Viéc giam
GPS va gidm t6¢c do phun nhién liéu c6 thé lam giam
muc phat thai NOy nhung sé lam gidm hiéu suat nhiét
clia chu trinh.

+ Tuén hoan khi thai - EGR (Exhaust gas Recircu-
lation): S dung mét lugng nhat dinh khi xa (cé thé
dugc lam mat) tuan hoan ngudc trd lai dudng nap dé
hoa trén véi khi nap méi (khéng giam lugng moi chat
nhung gidm ham lugng 6 xy ctia khai khi nap mdi vao
xi lanh), qua d6 lam gidm nhiét d6 cuc dai clia qua
trinh chay va dan dén gidm muc phat thai NOy.

EGR dang dudc sl dung réng rai trén déng co
diesel (nhét la cac dong co diesel phun nhién liéu diéu
khién dién tl) do hiéu qua gidm muc phat thai NOy
(40-60%). Tuy nhién, khi tinh toan xac dinh ty 1&6 EGR
phl hgp, can xét dén cac yéu té sau [1, 3, 6, 7]:

+ Can dam b&o dd déng nhat hén hgp nap;

+ EGR ¢6 thé lam tang ma sat va mai mon déi véi
déng ca;

+ D& dam bao su lam viéc 6n dinh clia ddng co &
cac ché do khdi dong, khong tai va toan tai thi muc
EGR = 0;

+ Viéc tdng % EGR sé gidm dugc muc phat thai
NOx nhung sé lam giam cong suét cé ich N,, giam mo
men xo0an cé ich Meg; lam tang suét tiéu hao nhién liéu
c6 ich g, clia déng co;

+ EGR gidm dugc muc phat thai NOy nhung sé
[am tang ham lugng CO, HC va dac biét Ia PM trong
khi thai.
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% EGR dén cac chi tiéu kinh t&€ (g,), nang lugng (N,
M,), moi trudng (NOy va PM) clia ddng ca diesel theo
dac tinh ngoai; théng qua mo hinh mé phéng chu trinh
cong tac dugc xay dung trong phadn mém AVL-Boost.

2. Xay dung mé hinh danh gia anh hudéng clia %
EGR dén cac chi tiéu kinh t&€, nang lugng, méi
truéng cuia dong cd trong AVL - Boost

2.1. béi tugng nghién cuu

D&i tugng nghién ctu dugc lya chon la dong co
diesel 1 xi lanh, phun tryc ti€p, dung hé théng phun
nhién liéu ca khi truyén théng (Bosch), lam mat bang
nudc vGi cac thdng s6 ky thuat chinh dugc trinh bay
trong Béng 1 [4].

Bang 1. Mt s théng sé ky thuéat cta déi tugng
nghién cuau

TT Théng sé Gia tri | Bon vi
1 | Budng kinh xi lanh 84 mm
2 | Hanh trinh pit téng 90 mm
3 | Ty s6 nén 18 -

4 | Céng suat dinh mic 11 kW
5 | Vong quay dinh 2600 rpm

2.2. M6 hinh mé phdng chu trinh céng tac

M6 hinh mé phdng chu trinh cong tac cla déi
tugng nghién cudu xay dung trong AVL-Boost [4] dugc
trinh bay trén Hinh 1.

E1

l sB2

C-xi lanh; PL-binh &n 4p; SB-phdn ti bién;
MP-diém do; CO-binh lam maét;
R-van EGR; J: phan nhanh.
Hinh 1: M6 hinh danh gia anh huéng ctia %
EGR dén cac théng sé céng tac ctia déng co
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Trén Hinh 1, viéc st dung EGR (c6 lam mat) dugdc
thé hién b&ng céc phén ti ré nhanh J1, J2; cac doan
éng 14, 15, 16; khi EGR dugc lam mat béng phan ti
lam mat khi (CO1) va % EGR dudc diéu chinh b&ng
cach thay déi do mé clia phan tii tiét luu R4 (thay cho
van EGR).

M6 hinh dugc xay dung da xét dén cac yéu té cla
qua trinh tao hdn hgp va chay; cac théng sé két cau,
van hanh cla dong cg; quy luat cung cdp nhién liéu,
thudc tinh clia nhién liéu...

3. K&t qua danh gia anh huéng ctia % EGR dén
chi tiéu kinh t&, nang lugng, méi truéng ctia déng co

3.1. Bdc tinh ngoai ctia dgng co khi chua st dung
EGR

K&t qua xay dung dac tinh ngoai (Ging véi lugng
nhién liéu cung cdp cho 1 chu trinh g, = 0,04 g/chu
trinh) cGia déi tugng nghién cuu, khi chua st dung
EGR (% EGR = 0) dugc trinh bay trén Hinh 2.
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Hinh 2: Dac tinh ngoai véi % EGR = 0

3.2. Xac dinh % EGR I6n nhat cta ddng co

Ty 16 EGR (% EGR) dugc xac dinh dya vao cac
két qua do G cac phan ti MP2, MP3 va MP11 (Hinh 1)
va dudc tinh theo céng thtc:

%EGR =100 o] (1)

mMP3

Trong do: mypq; - Khdi lugng khi xa quay tré lai
dudng 6ng nap dugc do bdi phan t& MP11, [g/chu
trinh]; myps - T8ng khéi lugng hdn hgp nap vao xi lanh,
[g/chu trinh].

Ty 18 EGR phu thudc vao nhiéu yéu t6: Kich thuée
hinh hoc clia dudng 6ng tuan hoan khi théi, nhiét do
khi thai, do chénh ap suét gitia khi tuan hoan va dudng
nap.. Vi md hinh da xay dung (Hinh 1), dé thay déi %
EGR can thay déi d® m& cla phan ti R4 (md phdng
van EGR). Gia tri can nhap cho phan ti R4 thay déi tu
0 (van déng hoan toan) dén 1 (van ma hoan toan).

K&t qua tinh toan % EGR I6n nhét cGa dong co
dugc trinh bay trén Hinh 3. Ta thdy, % EGR I6n nhat
giadm khi ting s vong quay (v6i n=1800 vg/ph thity &
EGR I6n nhat 1a 32,35% nhung khi n=2600 vg/ph thi
ty 1& nay chi con 28,07%). Diéu nay c6 thé giai thich
la do khi tang t6c do truc khuyu, nhiét dé khi thai va
luu lugng khéi lugng cla dong khi nap tidng dan dén
% EGR giam.
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Hinh 3: Sy thay déi
% EGR I6n nhét
theo téc dé truc
khuyu déng co
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K&t qué tinh todan % EGR theo cac dé mé khac
nhau clGa van EGR, tai n=2400 va 2600 vg/ph (la t6c
dé dinh mdc cla truc khuyu va 1an can gia tri nay),
dugc trinh bay trong Bang 2.

Béang 2. Su thay déi % EGR theo dé md cua van
EGR tai n=2400 va 2600 vg/ph

n Ty lé EGR (%) theo d6 mé cuia van
(vg/ph) | 0 | 02 | 04 | 06 | 0,8 1
2400 0 |912 | 16,1 | 21,69| 26,12 | 29,18
2600 0 9,21 |15.45| 20,8 | 25,08 | 28,07

3.3. Anh hudng ctia % EGR dén céc chi tiéu kinh
té, ndng lugng ctia déng co

K&t qua khao sat anh hudng clia % EGR dén N,
[kW] va g, [g/kW.h] tai n=2400 va 2600 vg/ph dudgc
théng ké trong Béang 3 va trinh bay trén Hinh 4.

Bang 3. Anh hudng cia % EGR dén Ne va ge tai
n=2400 va 2600 vg/ph

n = 2400 vg/ph n = 2600 vg/ph
EGR, | AN., | Ag. | EGR, | AN, | Ag.,

[%] | [%] [%] [%] [%] [%]

0 0 0 0 0 0
9,12 | -11,35| +12,80 | 9,21 | -11,80 | +13,47
16,10 | -20,27 | +25,58 | 15,45 | -20,24 | +25,50
21,69 | -27,64 | +38,38 | 20,8 | -27,68 | +38,64
26,12 | -33,56 | +50,96 | 25,08 | -33,76 | +51,42
29,18 | -37,63 | +60,88 | 28,07 | -37,93 | +61,70
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Hinh 4: Tac déng ctia % EGR dén N, va g, tai
=2400 va 2600 vg/ph

Tathdy, EGR cé tac dong manh dén N, va g,; mtc
dé anh hudng tang lén khi tang % EGR. Tai n =2600
vg/ph, v6i ty 16 EGR la 28,07% thi N, c¢6 thé giam ~
38%, con g, tang = 62%. Vi vay, véi ddong cc nghién
cliu nay, ty 16 EGR phu hgp nén & mdc dudi 10% (khi
do N, giam khoang 12%, g, tdng khodng 14%).

3.4. Anh huéng ctiia % EGR dén muc phat thai
NO, va PM ctua déng co

K&t qua khao sat &nh hudng clia % EGR dén muc
phat thai NO, [g/kW.h] va PM [g/kW.h], tai n=2400 va
2600 vg/ph dugc thong ké trong Bang 4 va trinh bay
trén Hinh 5.

Khi ting % EGR muc phat thai NOy gidm nhung
mUc phat thai PM tang manh; muc do &nh hudng tang
I&n khi ting % EGR. Tai n=2400 vg/ph, véi ty 16 EGR
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= 26,12%, c6 thé gidm muc phat thai NO, 96,72%
nhung sé lam tang rat I6n muc phat thai PM, 1&én dén
805,86%. Vi vay, v6i dong co nghién ciu, ty 1&é EGR
hgp Iy c6 thé chon khodng 10% (khi d6 muc phat thai
NO, giam dugc khodng 50%; muc phat thdi PM sé
tang khoang 250%).

Bang 4. Anh hudng ctiia % EGR dén muc phat
thai NO, va PM tai n=2400 va 2600 vg/ph

clia dong co diesel. K&t qua nay ciing la tién dé cho
cac nghién cuu ti€p theo (xac dinh % EGR phu hgp
cho déng co diesel khi chuyén sang sl dung nhién
lidu diesel sinh hoc [7]; diéu khién cha dong ty 16 EGR
theo tai va t6c do thong qua ECU..).

EGR cd tac dung gidm muc phat thdi NOy nhung
cling sé lam tang manh muc phat thai PM. Vi vay,
can két hgp viéc tuan hoan khi thai vai viéc sl dung

n = 2400 vg/ph n = 2600 vg/ph b6 loc PM T
EGR, | ANOy, | APM, EGR, | ANOx, | APM, Tai lidu tham khao
(%] | [%] [%] [%] | [%] [%] [1]. Nguy&n Hoang Vi (2010), O nhiém méi trudng
0 0 0 0 0 0 do déng co dét trong, NXB. Quan doi nhan dan, Ha
9,12 | -47,80 | +242,84 | 9,21 | -53,07 | +235,12 N6i, 2010.
16,10 | -79,18 | +549,39 | 15,45 | -80,24 | +474,17 [2]. Ha Quang Minh (1992), Nhiing néi dung chinh
21,69 | -91,93 | +741,52 | 20,80 | -92,27 | +631,90 trong nghién cuu va tinh toan chu trinh céng tac clua
26,12 | -96,72 | +805,86 | 25,08 | -96,77 | +679,71 déng co dét trong, Hoc vién Ky thuat Quan su.
29,18 | -98,34 | +795,93 | 28,07 | -98,34 | +667,43 [3]. Kh6°n,g Vi Quéng (2011), Bdo cdo téng hop dé
tai NCKH cédp TP. Ha Noi “Nghién cuu céng nghé giam
16 X———T——= 7 =TT o gm e T 18 phdt thai cho déng co diesel lap trén xe buyt Ha N6i”,
14 ____: ______ L1575 Trudng Pai hoc Bach khoa Ha Nbi.
: [4]. AVL List GmBH, Thermodynamic cycle simula-
12 - 13,5 tion Boost, Primary, Version 2011.
= —— 125 [5]. Jessica Bralora, A comprehensive combustion
E ~ & —NOx-2600 Vg/ph 2 model for biodiesel-fueled engine simulation, SAE
= T T —¢—NOx-2400Vgph [ & International N°2013-01-1099.
é -~ ® ~PM-2600Vgph | 575 2 [6]. Harilal S. Sorathia, effect of exhauts gas recir-
——PM-2400 Vg/ph culation (EGR) on NOx emission from C.l engine, In-
BEEES it e Rt e ternational Journal of Advanced Engineering
L 225 Research and Studies N° E-ISSN2249-8974.
[7]. K. Rajan, K.R. Senthikumar, Effect of exhaust
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Hinh 5: Tac déng ctia % EGR dén muc phat thai
NO, va PM tai n=2400 va 2600 vg/ph

4. K&t luan va kién nghi

V&i md hinh da xa&y dung trong AVL-Boost cho
phép khao sat, danh gia chi tiét anh hudng clia %
EGR dén céac chitiéu kinh t&, nang lugng, méi trudng

gas recirculation (EGR) on the performance and emis-
sion characteristics of diesel engine with sunflower oil
methyl ester, Jordan Journal of Mechanical and
Industrial Engineering ISSN1995-6665, Volume 3,
December, 2009.
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phat sinh trong thuc tién hoat
dong clia nganh Hang hai, cac
yéu cau ky thuat cta Cong udc
da dugc bb sung va stia déi lién
tuc. Cho dén nay, céu tric cla
Cong udc SOLAS 74 da dudgc
tang Ién 14 chuong.

Vé téng quat cac chuong cla
Cbéng uéc SOLAS dua ra céc tiéu
chu&n d6i véi viéc thiét k& va tinh
8n dinh viing chic cla tau khach
va tau chd hang, lap dit may
moéc va dién, phong chéng chay
nd, phudng tién ctiu sinh, thong
tin lién lac, an toan hanh hai, van
chuyén hang hoa nguy hiém, két

c4u va khai thac tau... dé bao vé
an toan sinh mang cho tat ca moi
ngudi trén tau bién, bao gém ca
hanh khach.

Nam 1988, cac nudc thanh
vién clia T6 chiic Hang hai quéc
té€ (IMO), trong dé cé Viét Nam la
mot thanh vién, da théng qua mot
hé théng thong tin dugc stia ddi
va b sung Coéng udc SOLAS 74,
dugc goi la SOLAS 74/88. Theo
dé, Hé théng Cép cliu va An toan
Hang hai toan cau co hiéu luc
day di vao 01/02/1999.

V@i tu cach la mot thanh vién,
Viét Nam da trién khai xay dung
va nang cdp Hé théng Dai thong
tin duyén hai ti nam 1998 dé
cung cép cac dich vy théng tin
dap ung theo Cong udc nay.

Ngay ti nhiing ngay dau dua vao
khai thac st dung, Hé théng da
phat huy hiéu quéa kinh té - xa hoi
va la cd s ha tang thong tin cho
cac hoat dong kinh t& bién, dam
bdo an toan cho céac tau thuyén
va phuadng tién hoat dong trén cac
vung bién Viét Nam va qudc té.

Vi mot y nghia va vai tro hét
stic to I6n clia cong udc qudc té
vé an toan sinh mang trén bién,
cac quéc gia, cac chu tau ciing
nhu ngudi di bién da, dang va sé
cung nhau hanh déng dé phong
nglia, gidm thi€u rdi ro cho cac
hoat déng trén bién. Do d6, da
gbép phan to I6n trong viéc han
ché& bét nhiing thiét hai vé ngudi
va cla, gop phan bao vé moi
tridng bién O





