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NGHIEN CUU MO HINH HOA GIAI PHAP GIAM PHAT THAI NO,
TREN PONG CO DIESEL THE HE CU BANG KHI GIAU NI TO
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Tém tit: Bai bdo nay trinh by két qua nghién ciru mé phong giam phat thai NO, trén dong co diesel
thé hé cii sir dung hon hop khi giau ni to NEA (Nitrogen Enriched Air). Khi giau ni to NEA dwoc cung
cdp vao ddng co bang cach bé tri mét voi phun khi ni to trén dwong nap, phia sau két lam mat khi ting
dp trueée khi vao dong co. Lueu heong khi ni to phun vao dwong nap dwoc diéu chinh dé cé thé dat dwoe
1y 1é khoi lwong ciia ni to trong khong khi nap 16n hon 77 %. Két qua nghién ciru cho thdy, sir dung khi
gidu ni to trong ving tdi via va nhé c¢é khd ndng giam thiéu rat tot phat thai ddc hai NO,. Trong khi doé,
cong sudt ciia dong co khong bi anh hudng véi ty 1¢ cung cdp ni to nhé hon 80%. Cdc thanh phan phat
thai dc hai khdc cia déng co nhir CO va soot ¢6 xu hiedng giam & mot sé ché dg lam viée. C6 thé thay,
viée sir dung khi giau ni to la mot giai phdp hiéu qua dé giam phat thai NO, ma khéng gdy anh huéng

nhiéu t6i tinh ning ky thudt va cdc thanh phan phat thai khéc ciia déng co.
Tir khéa: Phat thai dong co diesel, giam thiéu NO,, NEA.

1. GIOI THIEU CHUNG

Phat thai 6 xit ni to (NOy) 1a mot trong nhiing
thanh phan phat thai doc hai chinh cia dong co
diesel. NO, 14 san pham cua qua trinh 6 xy hoa ni
to & didu kién nhiét d6 cao. Nhiéu cong nghé lién
quan t6i dong co di duoc 4p dung dé giam NO,.
Trong d6, ludn hdi khi thai EGR (Exhaust Gas
Recirculation) 1a mdt trong nhitng bi¢n phap hiiu
hiéu dé giadm sy hinh thanh NOy trén dong co
diesel. Tuy nhién, giai phap EGR c¢6 nhiéu nhuoc
diém nhu: khi nap ban hon do cac chat thai dang
hat trong khi thai luan hoi, tudi tho va d6 bén cua
dong co giam do anh hudng cua axit, khi luan hoi
c6 nhiét d6 cao s¢ giam hé sb nap va dong co lam
viéc kém 6n dinh, dao dong giita cac chu ky 16n.
Ngoai ra, khi thyc hién luan hoi khi thai s& lam
tang ham luong phat thai dang hat PM (Paticulate
Matter) va khoi den, dac biét 1a & ché d6 tai 16n
(Ladommatos et al. 1996; Kreso et al. 1998).
Ngoai ra, thyc thién ludn hdi khi thai con anh

'Khoa Co khi, Ty ruwong Dai hoc Sw pham Ky thudt Nam Dinh
’Khoa Co khi Pong luc, Truong Co khi, Pai hoc Bdch
Khoa Ha Noi

huéng dén chat luwong dau bdi tron (Leet,
Matheausand Dickey 1998) va giy mai mon
piston, xylanh, giam do bén va tudi tho cua dong
co (Dennis, Garner and Taylor 1999; Nagai et al.
1983; Nagaki and Korematsu 1995).

Mot s giai phap khac da dugc nghién ciru dé
giam thiéu NOy va khic phuc duoc nhitng nhuoc
diém con ton tai ciia phwong phap EGR. Céc nha
nghién clru tdp trung danh giad anh hudng cua ty 1€
oxy/ni to trong khi nap td1 qua trinh hinh thanh
phat thai NOy trong dong co (Plee, Ahmad and
Myers 1981; Ropke, Schweimer, and Strauss
1995; Lapuerta, Salavert, and Doménech 1995; Li
et al. 1997). Cac nghién ctru chi ra ring ham
luong ni to trong khi nap c6 anh hudng 1on té1 sy
hinh thanh phat thai NOy.

Olikara va Borman (1975) da thuc hién nghién
ctru danh gia anh hudng cia ham lugng ni to trong
khi nap dén nhiét 6 doan nhiét cua ngon lua. Két
qua nghién ctru thé hién trén Hinh 1 cho thiy nhiét
dd doan nhi¢t ciia ngon lra giam manh khi ham
luong ni to trong khi nap tang 1én ¢ cung mot ty 1€
khong khi nhién liéu A/F (Air/Fuel). Cu thé, khi
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ham luong ni to trong khi nap ting tir 79% dén
83% thi nhiét d cua ngon ltra gidm khoang 250K.

& 2300

et , Ty 1é A/F

= 2100 1.0

= 1900

St

2 1700 \
= 1500

‘= 1300

Z 79% 81% 83% 85%

% ni to’ trong buéng chay

Hinh 1. Quan hé giita nhiét do ngon lia
va nong do ni to

Str dung khi nap v6i ham lugng ni to cao hay
con goi la khi giau ni to NEA (Nitrogen Enriched
Air) ¢ thé khic phuc duoc nhitng nhuge diém
ctia phuong phap EGR. Nhiing vu diém c6 thé ké
dén cta phuong phap dung khi NEA nhu: khi nap
méi sach hon nén khong anh huong t6i tudi tho va
d6 bén cia dong co; khi nap khong bi gia nhiét
nén khong 1am giam hé sé nap; dong co lam viéc
6n dinh hon. Tuy nhién, dé ap dung phuong phap
ndy, can c6 thiét bi tach khong khi dic biét lip
trén dudng nap. Diéu nay c6 thé gy ton that vé
lvu Iwong va ap sudt khi nap ciing nhu lam hé
thdng nap tro 1én phirc tap hon.

Nhiéu nghién ciru tao khi NEA dé cung cap
cho dong co da duogc thuc hién, trong d6 co thé ké
dén nghién ctru ciia Poola va cong su (Poola et al.
1998). Nguyén Iy hoat dong dng tach khi duoc thé
hién trén Hinh 2.

Khong khi

Hinh 2. Nguyén Iy lam viéc ciia ong tach khi

Nhu thé hién trén Hinh 2, khi khong khi ¢
ap suit cao di qua 6ng, sy chénh léch ap suét
bén trong va bén ngoai ng lam cho nhiing
phan tir ndng hon nhu 6 xy, CO; va hoi nudc
duogc wu tién di qua thanh 6ng ra ngoai méi
trudng con ni to thi di chuyén doc theo mang
loc dén dau ra ciia dng tach khi. Pau ra cua 6ng
tach khi 1a khong khi dugc lam giau ni to. B
tao khi NEA c6 thé lip truc tiép trén duong nap
dé cung cip khi nap cho déng co. Mang tach
khi dang dng c6 thé hoat dong & dd chénh ap
suat trude va sau 6ng kha nho va hiéu suit lam
giau ni to cao.

V61 muc dich 1am rd hon danh hudng cua khi
gidu ni to téi thanh phan phat thai NO, trén dong
co diesel thé hé cii, nhém tic gia thuc hién
nghién ctru bang cong cu mod phong. Trong do,
md hinh mé phong mét chidu duoc xay dung trén
phan mém mé phong nhiét dong hoc AVL Boost.
Phim mém AVL Boost dugc st dung rong rai
trong cac nghién ctru 1y thuyét vé& chu trinh nhiét
dong hoc cua dong co. Phan mém cho phép tinh
todn mo phdéng duogc chu trinh 1am viéc cua dong
co va du doan dugc ham lugng cua cac thanh
phan phat thai doc hai. Qua trinh nghién ctru mé
phong dugc thuc hién trén ddi tuong dong co
diesel D1146Ti. Day la loai dong co diesel thé hé
cii, khong trang bi hé thdng xtr 1y khi thai vi vay
ham luong phat thai doc hai rat cao, dic biét la
NOy va khoi den. Nghién ctiu da danh gid duogc
anh huong cua ty 1€ ni to trong khi nap to1 cac
thong sb k¥ thuat va phat thai ddc hai chinh cta
dong co. Nhitng két qua chi ra trong nghién ctru
nay 1a co sé dé thuc hién nhirng giai phap giam
thiéu phat thai doc hai tir dong co diesel thé hé cii
dang luu hanh tai Viét Nam.

2. NOI DUNG NGHIEN CcUU

2.1. Xay dung mo hinh mo6 phéng

Pbi twong nghién ctru 1a dong co diesel thé hé
cii D1146Ti. Pay la dong co ting ap bang tua bin
méay nén, sir dung hé théng nhién liéu co khi va
khong trang bi hé thong xir Iy khi thai. Cac théng
s6 co ban ctia dong co thé hién trong Bang 1. Dya
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trén cac thong sé k¥ thudt ciia nha san xuat ciing
nhu cac thong sb do dac trén dong co thuc té, mo

hinh dong co dugc xay dung trén AVL Boost nhu
thé hién trén Hinh 3.

Bang 1. Cic thong s6 co bin ciia dong co D1146Ti

TT Thong sb Pon vi
1 Tén D1146Ti
2 S6 xylanh (-) 6 xylanh thing hang, ting ap
3 Kiéu (-) Chay do nén
4 Duong kinh x hanh trinh (mm) 111x139
6 Cong suét dinh mirc-téc d6 (kW-v/ph) 154-2200
7 M6 men 16n nhét-toc do (Nm-v/ph) 880-1600
8 Ty sb nén 16,7

2.2. Mo hinh chay
M6 hinh tinh toan phat thai doc hai ctia dong
co st dung trong nghién clru nay la mé hinh AVL
MCC (Mixing Controll Combustion). M6 hinh
MCC c6 thé du doan dugc téc d6 toa nhiét va tinh
toan dugc cac thanh phan phat thai doc hai chinh
ctia dong co diesel nhu NO,, bd héng (soot) va
mond xit cacbon (CO). Theo md hinh MCC, tbc
d6 toa nhiét dugc xac dinh tir qua trinh chay dong
nhit va quéa trinh chay khuéch tan theo phuong
trinh 1:
dQ _ dﬂpmc_‘_ AQpcc )
de da drx’ )
Ham Viber dugc st dung dé xac dinh toc do

toa nhiét tir qua trinh chay hdn hop dong nhét nhu
thé hién trong phuong trinh 2 va 3:

(T2%) a @
PMC L _ . +1). y™ g7¥ (m+1)
der A, (m ) y-€
_ o — o, 3
y=— (3)

c

Trong d6: @, 1a luong nhiét trong giai doan
chay dong nhat, @,.- la nhiét trong giai doan
chay khuéch tan, o 14 goc quay tl}lc khu}ilu (do truc
khuyu), Ae la thoi gian chay dong nhat, o, thoi
gian chay tré, m va a 1 hai hé sé xac dinh cua
phuong trinh Vibe.

Qua trinh chdy tré dugc md hinh héa theo
phuong phdp Arrhenius and Magnussen

(Magnussen and Hjertager 1976, Chmela et al.

2007). Trong d6, thoi gian chay tré a,; duoc 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 duoc xac dinh 13 ham sb
ctia lugng nhién liéu (f;) va mat @6 nang luong rdi
trong budng chay (f5) nhu thé hién trong phuong
trinh 4:

dQ

% = Coomp-F1(Mp,@).Fo(k, V) )
Trong do:

fi(Mg, Q) = MF_%;_

fo(k,V) = exp(C,arpiz)s Coom 1 hing sb
chay, Cyu. hing sb tbc do hoa tron, k 1a mat do
nang luong roi, My la lugng nhién liéu bay hoi,
LHYV 1a nhiét tri thép cua nhién li€u, Q 1a luong
nhié¢t tich liiy, va V' 1a thé tich xylanh.

2.3. Quy trinh nghién ciru

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

e Buéc 1: Xay dyng md hinh dong co
D1146Ti nguyén ban (Hinh 3), tién hanh d4nh gia
d6 chinh x4c bang cach so sanh mot s6 két qua
tinh toan mo phong voi két qua do dac va tién
hanh nhiing hi€u chinh dé mo hinh dat duoc do tin
cdy can thiét.

e Buérc 2: Tién hanh diéu chinh lai két ciu
duong nap cua dong co dé co6 duoc mé hinh
dong co stir dung khi gidu ni to nhu thé hién trén
Hinh 4. Phan t I1 duoc st dung dé cung cép
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khi ni to vao duong nap cia dong co, phia sau
két lam mat khi nap.

e Budc 3: Tién hanh mé phong qua trinh
lam viéc cua dong co & ché do tbe do6 1000,
1600 va 2200 v/ph, tai thay dbi lan luot tir

Hinh 3. M6 hinh dong co D1146Ti nguyén ban

O mdi mot ché do 1am viée cua dong co, ty 1&
ni to trong khi nap x(%) dugc xac dinh theo

phuong trinh 5:
Mg Mprpg

Trong d6, Ly, 1a tong lugng ni to nap vao
dong co (kg/h), my, 14 luong ni to cung cip bd
sung vao duong nap tr voi phun I1(kg/h), my =
Mpps 12 téng lugng khong khi nap bao gé)m ni to
bd sung (kg/h), myps 13 lwong khi nap (kg/h).
Nhitng dai lugng myp, myps, myps duoc xac dinh
tir két qua mo phong.

3. KET QUA MO PHONG VA THAO LUAN

3.1 Danh gia d¢ chinh xac ciia m6 hinh

Do tin cdy ciia mo hinh duoc danh gia bing
cach so sanh két qua mo phong va thi nghiém
nhu thé hién trén Hinh 5. Su sai léch giita cong
suat mo phong va thyc nghiém & 75% tai va
50% tai dugc thé hién trong Hinh 5-a. Ngoai ra,
cac thanh phan phat thai NO,, CO va soot duoc
so sanh giita mo phong va thi nghiém & hai ché
d6 tbc @6 1600 v/ph (Hinh 5-b) va 2200 v/ph
(Hinh 5-c) ung véi tai 75%. Két qua so sanh

25%, 50% va 75% tuong Uung lugng nhién li¢u
cung cip trén chu trinh 1a 22, 44 va 66 mg/chu
trinh. Ty 1& ni to trong khi nap dugc diéu
chinh nho thay d6i luong ni to cung cap boi
phén tir I1.

Hinh 4. M6 hinh dong co c6 voi phun ni to

giita moé phong va thuyc nghiém cho thiy cong
sudt co gia tri sai 1éch 16n nhat -4,9% tai téc do
2200 v/ph, 50% tai. Trong khi d6, dbi véi mé
hinh phat thai, gia tri sai I¢ch cia NOy 1a 6,2%
va 7,8%, CO la 3,7% va 8,5%; soot 1la 7,2% va
5,7% tai tbc @6 1600 va 2200 v/ph (Khong Vi
Quang nnk. 2012). Nhin chung, gitta két qua mo
phong va thi nghiém c6 su sai léch & muc do
cho phép voi sai Iéch 16n nhat 13 8,5%. M6 hinh
duoc st dung dé thyuc hién céc tinh toan, nghién
ctru tiép theo.

Hinh 6 thé hién dién bién cong suét c6 ich cua
dong co theo ty 1& ty 1& ni to trong khi nap & ché
d6 tbe d6 1600 va 2200 v/ph, 75% tai. Két qua
cho thay, khi sir dung NEA, cong suét cia dong
co ¢6 xu hudng cai thién & nhimg ché d6 co ty 16
ni to nho. Khi ting ty 1& ni to thi cong sudt dong
co ¢6 xu huong ting nhe, khoang 0,75% o tde do
1600 vg/ph tig vai ty 18 ni to khoang 80%. O tdc
d6 2200 v/p thi cong sudt c6 xu hudng ting
khoang 0,5% ting véi ty 16 ni to tir 78% dén 80%.
Véi ty 18 ni to 16n hon 80% thi cong suét co xu
hudng gidm. Nguyén nhén 1a do ni to nhu 1a mdt
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khi tro lam ting nhiét dung riéng cia moéi chdt manh lam thay doi cdu trac ciia ngon lira chdy va
(khoang Y% so voi CO,), dong thoi lugng 6xy giam  thoi gian chay.

160 L- M6 phong 75% tai B Thyc nghi¢m 75% tai
EM6 phong 50% tai Thuc nghiém 50% tai
i i i i i i
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Hinh 5. So sanh cdc thanh phan phdt thdi tai ché d¢ tai 75%
3.2. Anh hwéng ciia NEA téi cong sudt cia  do cuc dai trong budng chay giam 320K & hai

dong co tbc @6 1600 va 2200 v/ph. Diéu nay khong
nhirng anh huong t6i cong sudt ciia dong co ma

1.0 \ 5 - 8] « X < X r \
~0-2200 v/ph con anh hudng manh téi dien bién céc thanh
-0-1600 v/ph A b An S PV T
o /O//O\ P phan phat thai doc hai, dac biét 1a phat thai NOy,
P%-\ \O khi ma nhi¢t d¢ chay 1a yéu t6 chinh hinh thanh
§0 ) phat thai doc hai nay.
2/ \
S A S 80 §4 2 N\ 84 3300
e 5 & ~-2200 v/ph
3250 ’\ ~0-1600 v/ph
0.6 3200
3150 \
-1.0 e . € 3100
Ty 1€ ni to trong khi nap (%) z
£ 3050 \A
[l \
3000 \
Hinh 6. Dién bién cong suat co ich 2050 *9\\
theo ty 1¢é ni to trong khi nap 2900 —Q
2850
.. = o . o 77 78 79 80 81 82 83 84
Sy thay d6i nhi¢t dung riéng ctia moi chat T§ 1 ni to trong khi nap (%)

cling nhu sy suy gidm ham lugng 6xy lam gidm
nhiét @6 qua trinh chay nhu thé hién trén Hinh  Hinh 7. Dien bien nhié¢t do lon nhat trong buong
7. Khi ting ty 1& ni to tir 77% dén 82% thi nhiét chay theo ty I¢ ni to trong khi nap
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3.3. Anh huwéng cia NEA téi phat thai doc
hai ctia djng co

Két qua mo phong anh huong cua khi giau ni
to dén cac thanh phan phat thai doc hai NOy cua
d6ng co duogc thé hién trén Hinh 8. Céac d6 thi trén

Hinh 8 cho thiy, khi giau ni to c6 anh hudng
manh dén dién bién thanh phan phat thai NO,.
Thanh phan phat thai nay giam manh khi ma nhiét
d6 chay va ndng do 6 xy trong budng chdy giam
khi tang ty 1€ ni to trong khi nap.

2500 i 2500 2500 )
Toc d§ 1000 v/ph Téc d6 1600 v/ph Toc d§ 2200 v/ph
2250 | - L ' 2250
-0—-75% tai 2250 —0—-75% tai —0-75% ti
2000 —=50%tai 2000 | ~0-50% tai 2000 o 50% ti
0 tai . o tai
1750 sl e L —o-25% tai 1750 —o-25% tai
_ y=-236.15x+20159 y=-304.94x + 25641 _
) 1500 R>=0.976 H 1500 | R2=0.9993 515 00
21250 S12s0 k 1250
S S 8 y=-291.7x + 24729
Z.1000 71000 |- Z.1000 R2=0.9995
750 —15436x+12997 5o | y=-186.56x+15564 550 |
2=0.9634 R2=0.9997 y=-17145x + 14525
500 | s00 | 500 | R*=0.9988
I y=-49.189x +2081.7 [ y =-55.216x + 4606.6 )
250 2 — 0.9488 250 1\6\5\362:\02928 250 y=-49382x + 4315.7
oL P I o R>=0.9829 ,
77 78 79 80 81 82 83 77 78 79 80 81 82 83 77 78 79 80 81 82 83

Ty 1€ ni to trong khi nap (%)

Ty 1€ ni to trong khi nap (%)

Ty 1€ ni to trong khi nap (%)

Hinh 8. Phat thai NO, theo ty I¢ ni to trong khi nap

Mbi twong quan gita thanh phin phat
thai NOy va ty 1€ ni to trong khi nap duogc
thé hién qua phuong trinh héi quy téng hop

trong bang 2. Cac phuong trinh thé hién
trong bang 2 dwoc xdy dung bang cong cu
hdi quy tuyén tinh.

Bang 2. Méi quan hé giira NO, va ty 1¢ ni to

Téc Tai (%)

do

/ph) 25 50 75

1000 |y = -236,15x + 20159 |y = -304,94x + 25641 |y = -291,7x + 24729
2=0,976 2=(,9993 2=0,9995

1600 |y = -15436x + 12997 |y = -186,56x + 15564 |y = -17145x + 14525
R2=0,9634 2=(,9997 2=,9988

2200 |y = -49,189x + 4081,7 |y = -55216x + 4606,6|y = -49382x + 43157
2=(),9488 2=(,9928 2=(),9829

Cung xu huéng véi thanh phin phat thai
NOy, viéc tang ty 1€ ni to cdé xu hudng lam
giam mot phan phat thai CO nhu thé hién
trén Hinh 9. Khi cung cép ni to vao duong
nap chi ¢6 anh huong chiém chd cua khong

khi nap ma khong dnh hudng tdi nhiét do khi
nap. Pong thoi, moéi chat nap dong déu hon
nén giam thiéu duogc cac vung chay thiéu 6
xy cuc b0 khi st dung NEA véi ty 1€ ni to
nho (<82%).
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Hinh 9. Phat thai CO theo ty Ié ni to trong khi nap

Nguoc lai v6i xu hudng thay ddi ciia NO, va CO,
Hinh 10 thé hién dién bién ciia phat thai soot theo ty
1é ni to trong khi nap. Két qua cho thay sir dung
NEA c6 gay anh huong té1 hinh thanh phat thai soot,

tuy nhién mirc d6 khong dang ké. Boi véi ty 1¢ ni to
trong khi nap nhé hon 82%, thi khi nap van tuong
d6i dong déu va khong gy anh huong 16n téi qua
trinh 6 xy hoa nhién liéu trong budng chay.

1.0 1.0
24 } 5. 4n Sc d6 .
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. o n
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L . o
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12 = &
S S 3
209 | §04 304
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Hinh 10. Phat thai soot theo ty ¢ ni to trong khi nap

4. KET LUAN

Nghién ctru m6 hinh hoa giai phap gidm phat
thai NOy trén dong co diesel thé hé cii bang khi
giau ni to NEA duoc thue hién bang cong cu md
phong mét chiéu. Cac két qua nghién ciru co thé
duoc tom tit nhu sau:

- St dung NEA co6 thé cai thién duogc cong
sudt cta dong co voi ty 1& ni to nho hon 81% &
vung tai vra va nhé mac du mac dé cai thién
khong dang ké. Tuy nhién, néu tiép tuc ting

tang ty 18 ni to cung cip trén dudng nap, cong
sudt dong co s& giam.

- Gidi phép st dung khi giau ni to co6 kha
ning giam thiéu phat thai NO, rat tot dic biét
la & vung tai vura, con ¢ vung tai nho thi hi¢u
qua giam di.

- Sur dung khi giau ni to khong gay anh huong
nhiéu t6i phat thai soot, trong khi d6 phat thai CO
¢6 xu hudng giam dang ké.

Viée str dung khi giau ni to véi ty 1€ phu hop s€
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giai quyét duoc dang ké ham lugng phat thai NO,  hé cii dang luu hanh khi nhitng dong co nay co
trén dong co diesel thé hé cii va khong gdy anh mirc phat thai cao do sir dung hé thdng cung cap
hudng nhiéu dén tinh niang k¥ thut cia dong co.  nhién liéu co khi va khong trang bi hé théng xir 1y
Giai phap nay c6 thé ap dung trén cac dong co thé  khi thai.
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Abstract:
MODELLING OF NO, REDUCTION FROM OLD GENERATION DIESEL ENGINE
BY NITROGEN ENRICHED AIR

This paper presents the study results of NO, reduction on diesel engines by providing nitrogen enriched
air (NEA) to the engine. NEA is provided to the engine by a nitrogen injector which is placed on the
intake manifold after the intercooler. The mass flow of nitrogen injected to intake air was controlled to
archive the proportion of nitrogen in intake air greater than 77% by mass. The results show that NEA
could decrease NO, emission at low and medium load conditions. The brake power of the engine could
be enhanced slightly with the supplied ratio of nitrogen less than 80%. CO emission was decreased, and
soot was constant. It can be concluded that using nitrogen-enriched air is a feasible solution for NO,
reduction while the effects on other exhaust pollutants and engine performance are eligible.

Keywords: Diesel emission, NOy reduction, NEA.
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