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Tém tit: Bai bdo nay trinh bay két qua nghién ciru mé hinh héa cdc thanh phan phat thai doc hai trén
dong co diesel thé hé cii khi trang bi hé thong ludn hoi khi thai (EGR). Qud trinh nghién ciru dwoc thiee
hién trén cong cu tinh toan mé phong AVL Boost. Hé théng IuGn héi khi thai dwoc thuc hién bc%ng cach
trich mot phdn khi thai sau khi ra khoi dong co dwa tro lai duwong nap. Ty 1¢ ludn hoi duoc diéu chinh
bang cdch thay déi dé mé ciia van ludn hoi. Qud trinh mé phéng dwoe thiee hién ¢ cdc ché dg tai 25, 50,
75% va toc do 1000, 1600 va 2200 viph. Céc két qua thu dwoc bao gom cdc thanh phan phat thai NO,
CO va soot ciing nhw cdc thong sé lién quan ti tinh ndang kj thudt cia dong co. Trén co s¢ nhitng
théng s6 thu dwge, xdy dung diroe méi quan hé giita toc do dong co, ché dp tai va ty 1¢ ludn hoi phit hop
dé dat muc tiéu giam thiéu NO, va khéong lam tang nhiéu thanh phan phat thai CO va soot.

Tir khéa: Phit thai dong co diesel, giam thiéu NO, luan hoi khi thai EGR.

1. GIOI THIEU CHUNG

Phat thai 6-xit ni-to (NOy) 1a mot trong nhiing
thanh phan phat thai doc hai chinh ciia dong co
diesel, dac biét trén dong co diesel ting ap. NOy
dugc hinh thanh nhd ham lugng 6xy du thira trong
budng chay va nhiét d6 qua trinh chay cao. Nhiéu
cong nghé gidm NO, da dugc nghién ciu phat
trién va ung dung thanh cong, trong dé phai ké
dén giai phap luan hdi khi thai (EGR — Exhaust
Gas Recirculation). Luan hoi khi thai dwgc biét
dén 1a mot bién phap hitu hidu dé giam sy hinh
thanh NO, trén dong co diesel. Vé nguyén tic, khi
thai sau khi ra khéi dong co dugc trich mot ph?m
tro lai duong nap va hoa tron véi khi nap trudc khi
vao dong co. Khi ludn hdi bao gébm chi yéu 6 xit
cac bon (CO,), ni to (N;) va hoi nudc s€ dugc dua
tro lai xylanh dé 1am loang hon hop chay va giam
nong do 6xy trong budng chdy. Ngoai ra, nhiét
dung riéng cta khi luan hoi 16n hon rat nhiéu so
voi khong khi nap nén khi luan hoi lam ting nhiét
dung riéng cua khi nap, do d6 s€ 1am giam do tang
nhiét do trong budng chy voi cung luong nhiét

! Khoa Co khi, Ty ruong Pai hoc Su pham Ky thudt Nam Dinh.
2 Vien Co khi Dong luc, Pai hoc Bach Khoa Ha Noi.

giai phong cta qua trinh chay. Hinh 1 thé hién so
d6 chung ciia mot hé théng luan hoi khi thai
(Hitoshi Y okomura et al. 2005).

Pudng ludn hoi
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Hinh 1. So do hé thong ludn hoi khi thai EGR

Luan hoi khi thai mot bién phap kinh té giam
thiéu phat thai NO,, tuy nhién c6 nhiéu han ché
nhu lam tang ham lugng phat thai dang hat va
khoi den, dic biét 1a ¢ ché do tai 16n
(Ladommatos et al. 1996; Kreso et al. 1998). Diéu
nay lam giam chat luong dau boi tron (Leet et al.
1998) va gay mai mon piston, xylanh, gidm d¢
bén cua dong co (Dennis et al. 1999; Nagai 1983;
Nagaki and Korematsu 1995). Mot s6 nhugc diém
c6 thé ké dén khi ap dung phuwong phép luan hoi
khi thai nhu: khi nap ban hon do cac chat thai
dang hat trong khi thai luan hdi; tudi tho va 6 bén
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ctua dong co giam do danh hudng cua axit trong khi
luan hoi; khi luan hoi c6 nhiét d6 cao s& giam hé
sb nap; dong co lam viéc kém on dinh; dao dong
giita cac chu ky 1on. Dé cai thién dugc chit luong
lam viéc cua dong co khi d4p dung gidi phap nay,
can bd tri két 1am mat khi luan hdi, van diéu chinh
ty 16 luan hoi va bo loc chit thai dang hat va hop
chit cia lvu huynh trudc khi dua khi luan hoi
quay tr¢ lai duong nap.

Trong nghién ctru nay, mo hinh tinh toan mot
chidu dugc ap dung d& mo phong sy anh hudng
ctia luan hdi khi thai dén cac thanh phan phat thai
ctia dong co diesel ting ap thé hé cii. M6 hinh tinh
toan dugc xdy dung trén phin mém mo phong mot
chiéu AVL Boost. Phan mém cho phép tinh toan

md phong dugc chu trinh lam viéc cia dong co
ciing nhu tinh toan dugc cac thanh phan phat thai
doc hai. Két qua nghién ctru danh gia duoc anh
huong ctia phuong phap téi cac thong ) k¥ thuat
va phat thai doc hai ctia dong co, nhit 1a phat thai
NOxy va soot.

2. NOI DUNG NGHIEN CUU

2.1. Xay dung mo hinh mo6 phéng

P6i twong nghién ciu 1a dong co diesel
D1146Ti, ting 4p bang tua bin may nén. Cac thong
s6 co ban cta dong co thé hién trong bang 2. Dya
trén cac thong sd ky thuat ciia nha san xuét ciing
nhu cac thong sb do dac trén dong co thuc té. Mb
hinh mét chidu cia dong co D1146Ti dugc xay
dung trén AVL Boost nhu thé hién trén Hinh 2.

Bang 1. Cic thong sb co ban ciia dong co

TT Thong s6 Pon vi
1 Tén D1146Ti
2 S6 xy lanh (-) 6 xylanh thing hang, ting ap
3 Kiéu (-) Chay do nén
4 Duong kinh x hanh trinh (mm) 111x139
6 Cong suét dinh mirc/toc do (kW/v/ph) 154/2200
7 M6 men 16n nhat/toc do (Nm/v/ph) 880/1600
8 Ty s6 nén 16,7
2.2. M hinh chay A0y, (3)
M6 hinh tinh toan phat thai doc hai ctia dong Orrc a )
co st dung trong nghién ctru nay 1a md hinh AVL Ja A (m+1)y".e
MCC. M6 hinh MCC ¢6 thé du doan duoc téc do y ¢
toa nhiét va tinh todn duge céc thinh phin phat  y =" )
a

thai doc hai chinh ciia dong co diesel nhu NOy, bd
hoéng (soot) va mond xit cacbon (CO). Theo mo
hinh MCC, téc d6 téa nhiét dugc xac dinh tir qua
trinh chay dong nhat va qua trinh chay khuéch tan

theo phuong trinh 2:
dQ _ AQpuc + dQyscc @)
da da do

Ham Viber dugc st dung dé xac dinh téc do
toa nhiét tir qua trinh chay hdn hop dong nhét nhu
thé hién trong phuong trinh 3 va 4:

c

Trong do: Q,,,.. 1a lugng nhiét trong giai doan
chay dé)ng nhit, Ouice la nhi¢t trong giai doan
chay khuéch tan, o 14 goc quay truc khuyu (d6 truc
khuyu), A, la thoi gian chay dong nhat, o, thoi
gian chay tré, m va a 1 hai hé sé xac dinh cua
phuong trinh Viber.

Qua trinh chdy tré dugc md hinh héa theo

phuong phdp Arrhenius and Magnussen
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(Magnussen and Hjertager 1976, Chmela et al.
2007). Trong d6, thdi gian chay tré a;, dugc tinh
tir thoi diém bat dau phun nhién lidu t6i khi qua
trinh chay dién ra. Téc d6 toa nhiét trong giai
doan chay khuéch tan duwoc xac dinh 13 ham sb
ctia luong nhién liu (f;) va mat @6 nang luong rdi
trong budng chdy (f5) nhu thé hién trong phuong
trinh 5:

d
% = Copm FiM 0V Loy O
(04
Trong do:
fl(MFaQ):MF _%3

e

chay, Cyue hing sb tbc do hoa tron, k 1a mat do
nang lwong réi, My 1a lwong nhién lidu bay hoi,
LHYV 1a nhiét tri thép cua nhién li€u, Q 1a luong
nhiét tich lity, va ¥ 1a thé tich xylanh.

Hinh 2. M6 hinh dong co D1146Ti nguyén ban

e Bude 3: Tién hanh mo phong qua trinh lam
viéc ctia dong co khi trang bi hé théng EGR ¢ ché
d6 téc @6 1000, 1600 va 2200 v/ph, tai thay do6i
lan luot tir 25%, 50% va 75% tuong Ung lwong
nhién liéu cung cip trén chu trinh 13 22, 44 va 66
mg/c. Luong khi luan hdi duoc diéu chinh nho
thay d6i d6 mé cia phan tir can (R1 trén Hinh 3)
dé dat dugc cac ty 18 luan hdi khac nhau. Thong
s6 chung dé danh gia ty 16 EGR 1a a(%) — hé sb ty

2.3. Quy trinh nghién ciru

Quy trinh nghién ctru dugc thuc hién theo cac
budc sau day:

e Buwdc 1: Xay dung mé hinh dong co
D1146Ti nguyén ban, tién hanh danh gia d6
chinh xac bang cach so sanh mot sé két qua tinh
toan mo phdéng vaoi két qua do dac va tién hanh
nhitng hi€u chinh dé mo hinh dat dugc do tin
cay can thiét.

e Buée 2: Tién hanh diéu chinh lai két ciu
duong nap, thai ciia dong co sau khi kiém nghiém
dé c6 duoc hai mé hinh giam phat thai bang
phuong phap luan hoi khi thai nhu thé hién trén
Hinh 3. Trong mé hinh dong co trang bi hé thng
luan hoi khi thai 4p sudt thap, khi thai sau khi ra
khoéi dong co duoc trich mét phﬁn truedc tua bin
(TC1) dé dua qua két 1am mat trung gian (CO2)
tro lai dudng nap, sau do tron voi khong khi trude
khi dugc hat vao may nén (TC1).

Hinh 3. M6 hinh dong co trang bi EGR

1€ dugc xac dinh theo phuong trinh 1:

o = TEGR x100% = ML x100% M
My, Mypo

3. KET QUA MO PHONG VA THAO LUAN

3.1. Panh gia d¢ chinh xdc ciia m6 hinh

Do tin cdy ciia md hinh dugc danh gia bang
cach so sanh két qua moé phong va thi nghiém nhu
thé hién trén Hinh 4. Trong d6 cac thanh phan
phat thai CO, soot va NOy dugc so sanh gitta mo
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phong va thi nghiém ¢ hai ché d6 toc do 1600
v/ph va 2200 v/ph Gng véi tai 75%. Két qua md
phdng thu dugc gid tri sai 1éch ciia NOy 12 6,2% va
7,8%, CO 1a 3,7% va 8,5%; soot la 7,2% va 5,7%
tai tbc d6 1600 va 2200 v/ph (Khéng Vii Quang

2.5
E BMo6 phong @ Thi nghiém
2 207 6,2%
= ~
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=
SE1st
g %D 1.0

210 +
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= 051
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nnk. 2012). Nhin chung, gitta két qua mo
phong va thi nghiém co6 su sai léch & muc do
cho phép véi sai léch 16n nhat 1a 8,5%. Mo
hinh dugc st dung dé thuc hién céc tinh toan,
nghién ctru tiép theo.

25
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Hinh 4. So sanh cdc thanh phan phdt thdi tai ché d¢ tai 75%

3.2. Anh huéng cia luin hoi khi thai téi
phat thai doc hai cia djng co

Két qua mo phong anh hudng cua ty 1& luan
hoi khi thai dén cac thanh phan phat thai doc hai
ciia dong co dugc thé hién trén hinh 5 dén 7.

2500

Khi luan hdi c6 anh huéng manh dén dién bién
cac thanh phfin phat thai d6c hai, dac biét 1a
phat thai NOy, khi ma nhiét d6 chay va né)ng do
6 xy trong budng chay cé su thay d6i theo xu
hudéng giam.

2500
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SN - A SR 4 S e
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Hinh 5. So sanh phdt thai NO, theo ty 1¢ ludn hoi

Hinh 5 thé hién dién bién cua phat thai NOy
theo ty 1& ludn hoi ¢ cac ché do mo phong. Két
quéa cho thdy kha ning giam thiéu NO, cua giai
phap luan hdi khi thai, dic biét 1a & ché d6 tai 1on.
Ly do chinh 1am giam phat thai NOy gidm manh la
do su suy gidm nhiét d¢ qud trinh chdy va ham
luong 6xy nhu da phan tich & trén.

Méi tuong quan giita thanh phin phat thai
NOx va ty 1& ludn hoi duge thé hién qua phwong
trinh hoi quy tong hop trong bang 2 (x 1a ty 18 luan
hdi). Cac phuong trinh thé hién trong bang 2 dugc
xay dung bang cong cu hdi quy tuyén tinh (Linear
regression) va hdi quy logarit (Logarithmic
regression) dua trén két qua tinh toan mo phong
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su thay ddi cia NOy theo ty 1€ luan hdi x. Dua vao
phuong trinh hdi quy trong bang 2 c6 thé dé dang

xac dinh dugc murc giam NOy theo ty 1€ luan hoi &
tung ché @6 toc @6 va tai trong.

Bang 2. Mdi quan hé giira NO; va ty 1¢ ludn hdi x

Téc dd Tai (%)
(v/ph) 25 50 75
1000 |y=-03116x"+2,6509x + |y = -1,2098x* - 6,847x + |y = -1,2567x* - 45,714x +
311,49 R2=0,9997 1159,3 R2=0,9987 2037,9 R2=0,9988
1600 |y=-03444x*+3,4736x+ |y = -1,3908x* - 1,5855x + |y = -1,9978x* - 30,064x +
360,56 R2=0,9998 | 1207,6 R2=0,9991 | 2180,1 R2 = 10,9994
2200 |y=-0,3137x*+3,2249x + | y = -1,3758x* + 1,4799x + |y = -2,3608x* - 10,065x +
523,1 R2=0,9997 1335,7 2=0,9986 |2286,1 R2=0,9987
300 e 5 1000 rpm 300 ™78 35 1600 pm 300 =5e 62200 rpm
(I): 67 mg/cc (I): 66 mg/cc (I): 63 mg/cc
250 | (11): 44 mg/cc 250  (II): 44 mg/cc 250 | (ID): 42 mg/cc
(III): 22 mg/cc (II): 22 mg/ce (I1I): 21 mg/cc
E 200 ,E« 200
B 2 U]
élSO ® S 150 an
an ©
100 100 (I
[111))
50 50
0 t t t t t t 0 L L L L 0 1 1 1 1
0 5 10 15(%2)0 25 30 35 0 5 1()“(%)15 20 25 0 5 1(21(%)15 20 25

Hinh 6. So sanh phat thai CO theo ty 1é ludn hoi

Nguoc lai so vd1 xu hudng ctua phat thai NOy,
luan hdi khi thai 1am ting phat thai CO & ché o tai
vira va 16n nhu thé hién trén hinh 6. Khi ting ty 1¢
luan hoi, phat thai CO ting 1én do anh huéng chiém
chd khi nap cta khi ludn hdi. Piéu nay lam giam
nong do 6 xy trong budng chidy dan dén ting san
phdm cta quéa trinh 6 xy hoa khéng hoan toan.
Ngoai ra, tong lugng khi nap ciing giam do nhiét do
mdi cht nap ting. Tat ca cac yéu t6 trén déu dan toi
xu hudng tang ham lugng phét thai CO. Tuy nhién,

& ving tai nho khi lwong nhién lidu cung cip 1
22mg/cc, thi ham lugng phat thai CO c6 xu hudng
giam khi thuc hién bién phap luan hoi khi thai. O
ché d6 nay, ham lugng khong khi nap 1a du thira nén
khi luan héi khong gy anh huéng xdu quéa trinh
chdy, ma nguogc lai qua trinh chay duoc cai thién
mot phan & cac ving hén hop nghéo nho viée gia
nhiét cho khi nap méi. Mdi twong quan giita thanh
phan phat thai CO va ty 1& luan hdi duoc thé hién
qua phuong trinh hdi quy tong hop trong bang 3.

Bang 3. Mdi quan hé giira CO va ty 1¢ luin hdi x

Téc dd Tai (%)

(v/ph) 25 50 75

1000 |y = -02999x + 44,513 |y = 04307x + 61,849 |y = 0,3554x*> + 0,9853x +
R2=0,9918 R2 = 10,9934 103,13 R2 = 0,9886

1600 |y = -0,5618x + 74,697 |y = 0,5182x + 92,987 |y = 0,3566x> + 0,7188x +
R2=0,9847 R2=0,9907 113,51 R2=0,9959

2200 |y = -08362x + 104|y = 0,6042x + 12441 |y = 4291x + 118,11
R2=0,9779 R2=0,9242 R2=0,9959
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Nhu thé hién trén hinh 7, phét thai soot ting
manh khi thyc hién luan hoi khi thai, dic biét 1a &
ché d6 75% tai. Nhu da trinh bay ¢ trén, khi sir
dung luan hoi khi thai, cic chét thai dang hat chta
trong khi thai lam tang kha nang hinh thanh phat

thai soot. O ché d6 téc d6 thip, anh hudng cua khi
luan hoi 1a 16n hon so véi ving téc do cao. Mdi
twong quan giita thanh phan phat thai soot va ty 1
luan hdi dugc thé hién qua phuong trinh hdi quy
tong hop trong bang 4.

Téc dd 1600 rppm

Tée dd 1000 rppm Téc dd 2200 rpm
o Fab e o Hab e o [,
(I11): 22 fng/cc (I10): 22 mg/ee (I1I): 21 mg/cc
3 5 5L
2 a s 2
1 (1) am
0 0 ; 1.0 1.5 2.0 2.5 3.0 3.5 40 ’ 0 5. 1.0 1.5 2.0 2.5 30 0 5. 1.0 1.5 2.0 2.5 30
(%) a (%) (%)
Hinh 7. So sanh phdt thdi soot theo ty I¢ ludn hoi
Biang 4. Mdi quan hé giira soot va ty 1¢ ludn hi x
Téc dd Tai (%)
(v/ph) 25 50 75
1000 |y = 0,0078x + 03675 |y = 0,0037x* - 0,0075x + |y = 0,9967¢"!94%
R2=0,9802 0,6791 R2=0,9958 2=0,9939
1600 |y = 0,0059x + 03013 |y = 0,0016x* + 0,0034x + |y = 0,4299¢" 1458
R2=0,9847 0,4447 R2=0,9979 R2=0,9745
2200 |y = 0,005x + 0,3015 |y = 0,0011x*> + 0,0062x + |y = 0,0098x*> - 0,0473x +
2=0,9709 0,4248 2=0,9993 0,5731 R2=0,992

3.3. Anh hwéng ciia luan hoi khi thai téi tinh
nang ky thuit cia dong co

Hinh 8 thé hién dién bién cong suét c6 ich cua
dong co theo ty 18 ty 1¢ ludn & ché do toc d6 1600
v/ph tng véi ché @6 tai 25, 50 va 75%. Két qua
cho thdy, khi thyc hién ludn hoi khi thai thi cong

suét co ich ciia dong co giam xudng, cang ting ty
1¢ luan hoi cong sudt cang giam. Nguyén nhan 1a
do chat lwong qua trinh chay kém di vi thiéu 6xy
ciing nhu do nhiét do chay giam xubng boi thanh
phﬁn CO; va N trong khi thai lam tang nhiét dung
riéng ctia moi chét.

22

62 95
Tée d6 1600 rpm Tée do 1600 rpm o4 b Tbe dd 1600 rppm
21 25% tai (22 mg/cc) 50% tai (44 mg/cc) 75% tai (66 mg/cc)
60
20
S £ 58
_35 19 z
2 e
L 7
18 56 »--\()\)\( 89
—
17 F T~ 88
54 87
16
86
15 5 . L R 35
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

a (%) o (%) a (%)

Hinh 8. Mirc do suy giam cong sudt c6 ich theo ty 1¢ ludn hoi
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Cu thé, tai ché 36 25% tai, cong suét giam
3,25% o ty 18 luan hoi 23,8%; tai ché do 50%
tai, cong suit giam 2,96% & ty 1& luan hdi
22,25%; tai ché d6 75% tai, cong sudt giam
2,19% o ty 1€ luan hdi 21,44%. Nhin chung, &
ché d¢ tai vira va nhé, luan hdi khi thai voi ty 1¢
dudi 25% khong gdy anh hudng nhiéu téi tinh
nang k¥ thuat cia dong co.

4. KET LUAN

Nghién ctru m6 phdéng anh hudng cua luan
hoi khi thai tdi cdc thanh phan phat thai cia
dong co diesel thé hé cii di dugc thuc hién
trén cong cu md phong AVL Boost. Két qua
nghién ciru mot 1an nira khing dinh hiéu qua
giam phat thai NO, cua phuong phap luan hoi
khi thai. Phat thai NOy gidm manh & vung tai

TAI LIEU THAM KHAO

vra va lon so v&i vung tdi nho. Hai thanh
phan phat thai soot va CO ting khi sir dung
luan hdi khi thai dic biét & ché do tai lon. Giai
phéap luan hdi khi thai co thé d& dang 4p dung
trén dong co diesel thé hé cii, tuy nhién cong
suat co ich cia dong co co suy giam do qua
trinh chay kém hon. Tuy theo yéu cau vé muc
d6 cat giam nong do phat thai NO,, ty 1& ludn
hoi ¢6 thé dugc lya chon dua vao phuong
trinh hdi quy mé ta quan hé giita cac thanh
phan phat thai va ty 1& luan hoi. Ty 1& nay co
thé duoc lya chon dam bao hai hoa gilta cac
tiéu chi nhu cit giam dwogc lugng 16n NO,
nhung khong gdy anh huong nhiéu téi cong
suat c6 ich cua dong co ciing nhu lam ting
qué nhiéu ham luong phat thai CO va soot.
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Abstract:
A PREDICTION MODEL OF POLLUTANT FROM OLD GENERATION
DIESEL ENGINE RETROFITTED EXHAUST GAS RECIRCULATION SYSTEM

This paper presents a simulation study of an old generation diesel engine's pollutant utilizing an exhaust
gas recirculation method. The study process was conducted on the simulation tool AVL Boost. The
exhaust gas recirculation was executed by introducing an amount of exhaust gas from the engine into
the intake manifold before the compressor, thanks to the pressure difference between exhaust gas and
intake air. The recirculation ratio was adjusted by the recirculation valve. The simulation was
conducted at various operating load conditions of 25, 50, 75% and speeds of 1000, 1600, and 2200 rpm.
The simulation results were used to develop the relationship between the speed, load condition, and

exhausted recirculation rate for NO, reduction and less affects to CO and soot pollutants.
Keywords: Diesel emission, NOx reduction, EGR.
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