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NGHIEN CUU MO PHONG SU DUNG KHi GIAU NI TO' (NEA)
GIAM PHAT THAI NO, CHO BONG CO DIESEL

SIMULATION STUDY ON NO, REDUCTION VIA NITROGEN ENRICHED AIR (NEA) ON DIESEL ENGINES

TOMTAT

Bai bao nay trinh bay két qua nghién clru gidm phét thai NO, trén dong co
diesel béng phuong phap sit dung hén hop khi giau ni to (NEA). Khi giau ni to
(NEA-Nitrogen Enriched Air) duoc tao ra bang céch cung cép vao dong co qua
mat voi phun khi ni to trén dudng nap. Luu lrgng khi ni to phun vao duong nap
duoc diéu chinh dé cd thé dat diroc ty 18 khdi lrong clia ni to b sung trong khong
khi nap Ién tdi 20%. Két qua nghién ctu cho thay, st dung khi giau ni to ¢6 kha
nang giam thiéu phat thai ddc hai NO, trong khi dd cong suat clia dong co duoc
céi thién voi ty 1& NEA phil hop, phét thai CO giam va phat thai dang hat thay ddi
khdng dang ké.

Tir khda: phat thi dong co diesel, giam thiéu NO,, NEA.

ABSTRACT

This paper presents the study results of NO, reduction on diesel engine by
mean of providing nitrogen enriched air (NEA) method. NEA provided to the
engine by a nitrogen injector which is placed on intake manifold. The mass flow
of nitrogen injected to intake air was controlled to archive proportion of nitrogen
in intake air greater than 20% by mass. The results show that NEA could decrease
NO, emission; CO emission was decreased and soot emission was constant, while
as the brake power of the engine improved slightly.

Keywords: diesel emission, NOy reduction, EGR, NEA.

Trutng Bai hoc Cong nghiép Ha Noi

ryong Bai hoc Bach khoa Ha Noi

“Email: chinhbv@haui.edu.vn

Ngay nhan bai: 01/6/2018

Ngay nhan bai stra sau phén bién: 15/7/2018
Ngay chdp nhéan dang: 25/10/2018

1. GIOI THIEU CHUNG

Phat thai 6 xit ni to (NO,) la mdt trong nhitng thanh
phan phat thai doc hai chinh clia dong co diesel, dac biét
trén dong co diesel tdng ap béi no la két qua cla sy du
thira ham luvgng 6xy va nhiét dé qua trinh chay cao. Trén
thé gi¢i c6 nhiéu cong nghé gidm NO, da va dang duoc
nghién ctru va phat trién. Luan hoi khi thai (EGR - Exhaust
Gas Recirculation) dugc bi€t dén la mot bién phap hiru hiéu
dé giam su hinh thanh NO, trén déng co diesel. V& nguyén
téc, khi thai sau khi ra khoi dong co dugc trich mot phan tré
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lai dwdng nap va hoa tron véi khi nap trede khi vao dong
co. Khi luan héi bao gém chul yéu 6 xit cac bon (CO,), ni to
(N,) va hoi nwéc sé duoc dua trd lai xylanh dé lam lodng
hon hop chay va giam ndng do 6xy trong budng chay.
Ngoai ra, nhiét dung riéng cla khi luan héi Ién hon rat
nhiéu so véi khdng khi nap nén khi luan héi lam tang nhiét
dung riéng cla khi nap, do d6 sé lam giam do tang nhiét
dd trong dong co véi cung lvgng nhiét gidi phéng cda qua
trinh chay trong budng chay. Luan hoéi khi thai mot bién
phap kinh té giam thiéu phat thai NO,, tuy nhién cé nhiéu
han ché nhu lam tdng ham lvgng phat thai dang hat (PM)
va khéi den, dac biét 1a & ché do tai lén [2, 3], lam gidm chat
lvgng dau boi tron [4] va nhiéu khd nang gay mai mon
piston, xylanh, giam dd bén ctia déng co [5-7].

Ngoai bién phap luan hoi khi thai, con c6 mot s giai
phap da duoc nghién cu khéng nhitng giam thiéu NO, ma
con khéc phuc dwoc nhitng nhuoc diém con ton tai cla
phuong phap nay. Cac nghién ctru cho thdy ham lwgng oxy
trong khi nap 1a yéu t6 anh huédng Ién nhat t¢i hinh thanh
phat thai NO, trong dong co [8-11].
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Hinh 1. Quan hé gitta nhiét d6 ngon Irava ndng dd ni to [12]

Anh hudng ctia ham lvong 6xy (hay ham lueng ni to)
trong khi nap dén nhiét dé doan nhiét clla ngon Ira da
dugc thir nghiém béi Olikara va Borman [12]. Hinh 1 thé
hién quan hé nhiét d6 doan nhiét véi ham lugng ni to
trong budng chay. Bo6 thi cho thay nhiét do giam khi ham
lvgng ni to trong khi nap tang I1én & cung mot ty 1é A/F.
Khi ham lwgng 6xy gidm tir 21% xudng 17% vé thé tich
hay ham lvgng ni to tang tir 79% dén 83% thi nhiét do ly
thuyét clia ngon Itra gidm khoang 250°K. Nghién clru giam
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lvgng Oxy hay tang lugng ni to trong khi nap dé giam
nhiét dd quda trinh chay sé lam gidm lvgng NOy hinh
thanh trong budng chay. Viéc cung cép khi nap v&i ham
lwgng Oxy thap, hay con goi la khi giau ni to NEA
(Nitrogen Enriched Air) c6 thé thay thé dwoc bién phap
truyén théng EGR v6i nhiéu han ché. Bién phap st dung
khi NEA c6 nhiéu vu diém nhu: Khi nap sach, khdng c6 cac
chét dang hat; Khong anh hudng téi tudi tho hay do bén
cla dong co; Nhiét do khi nap thap, tang dugc lvgng moi
chat nap; Hon hop ddng nhat, dong co lam viéc 6n dinh
hon; Can c6 thiét bi tach khong khi dic biét 1&p trén
duong nap, gay tén that vé lvu lwvong va ap suat.

Cé nhiéu nghién ctru tao khi NEA dé cung cdp cho dong
co, trong do6 dién hinh la nghién cru ctia Nemser va cong
st [13]. Nguyén ly hoat dong co ban va két cdu clla mang
tach khi duoc thé hién trén hinh 2. Mang tach khi dang 6ng
16 c6 thé hoat ddng hoat dong & do chénh Iéch ap suét kha
nho va cé kha nang tao ty Ié khi I6n hon cac phuvong phap
tao khi ni to khac.
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Hinh 2. Nguyén Iy lam viéc clia bd tao NEA
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Hinh 3. Ddng co diesel tang ap trang bi bd tao NEA

Khi khéng khi cé ap suéat cao di qua ng, st chénh léch
&p suat bén trong va bén ngoai 6ng lam cho mot phan oxy
duwoc wu tién di qua thanh 6ng (bé mat bén ngoai thanh
ong la I6p perfluoropolymer) ra ngoai mdi trvéng con ni to
bi chan lai va di chuyén doc theo 6ng dén dau ra clia thiét
bi. Bau ra cla thiét bi la khdng khi dwgc lam giau ni to. BO
tao khi NEA c6 thé 1ap truc tiép trén dwdong nap dé cung
cdp khi cho dong co tuy theo cac ché do lam viéc.

Hinh 3 thé hién so d6 nguyén ly déng co diesel tang ap
bang tua bin khi thai c6 trang bi thiét bi tao khi giau ni to.
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Khi tang ap ra khéi may nén sé dwoc lam mat qua két lam
mat trung gian tredc khi di qua thiét bi tao NEA. Ap suét
cla khi tang ap sau két lam mat quyét dinh dén ty 1é khi ni
to trwéce khi di vao déng co.

Pé lam rd hon wu viét cia phuvong phap st dung khi
NEA nham giam thiéu NO, trén ddng co diesel tang ap,
trong nghién ctru nay, moé hinh tinh todn mot chiéu giam
thiéu phat thai NO, clia déng co diesel tang ap bang hai
phuong phap NEA dugc thuyc hién. Md hinh tinh toan
duwoc xay dung trén phan mém mo phédng mot chiéu AVL
Boost. Phan mém cho phép tinh toan mé phéng dugc chu
trinh lam viéc clla dong co cling nhv tinh toan dwgc cac
thanh phan phat thai déc hai. K&t qua nghién ctu danh
gia duvgc anh huéng clia phrong phap NEA t6i cac thdng
sO ky thuat va phat thai doc hai clia dong co, nhat la phat
thai NO, va soot.

2. NOI DUNG NGHIEN CUU
2.1. Xay deng mo hinh mé phéng

DBa6i twvgng nghién ctru la dong co diesel D1146Ti, tang
ap bang tua bin may nén, lap trén xe bus. Cac thong s6 co
ban clia dong co thé hién trong bang 1. Dya trén céac théng
s0 k¥ thuat cia nha san xuét cling nhu cac thong s6 do dac
trén dong co thyc t€. M6 hinh mét chiéu ctia dong co
D1146Ti dwoc xay dwng trén AVL Boost nhw thé hién trén
hinh 4.

Hinh 4. M@ hinh 1 chiéu dong co D1146Ti

Béng 1. Cac thong s6 co bén clia ddng co

TT | Thongso Ponvi
1 | Tén D1146Ti
2 | Soxylanh(-) 6
3 | Kiéu(-) Chay donén
4 | DxS(mm) 111x139
6 | Cong sudt dinh mirc/t6c o (KW/v/ph) 154/2200
7 | M6 men Iénnhat/toc do (Nm/v/ph) 880/1600
8 | Tysonén 16,8
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2.2.Mb hinh chay

M6 hinh tinh toan phat thai doc hai ctia dong co st
dung trong nghién cttu nay la mé hinh AVL MCC. M6 hinh
MCC c6 thé dv doan duoc tdc dd tda nhiét va tinh toan
duwoc cac thanh phan phat thai doc hai chinh ctia dong co
diesel nhu NOy, bd héng (soot) va méné xit cacbon (CO).
M hinh yéu cau céac théng so két cdu va thdng s6 lam viéc
nhu s6 16 kim phun, dudng kinh 16 phun va ap suét phun.
2.3. Quy trinh thyc hién

Nghién ctru duwoc thiee hién theo quy trinh sau day:

- Xay dwng mo hinh déng co D1146Ti nguyén ban, tién
hanh danh gia do chinh xac bang cach so sanh mot s6 két
qua tinh toan md phoéng voi két qua do dac va tién hanh
nhitng hiéu chinh dé mo hinh dat dwoc d6 tin cay can thiét.

- Tién hanh diéu chinh lai két cau dwdng nap cla dong
co sau khi kiEm nghiém dé c6 dwgc mo hinh gidm phat thai
nhw thé hién trén hinh 5.
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Hinh 5. M& hinh dong co ¢6 voi phun ni to

Hinh 6 thé hién m6 hinh déng co sir dung bién phap
giam NO, bang céch st dung khi NEA. D& don gian, khi NEA
duoc tao ra bang cach bd tri 1 voi phun khi ni to (I -
Injector) vao dudng nap dé hoa tron véi khong khi trée khi
di vao déng co.

- Tién hanh mé phéng qua trinh lam viéc clia dong co
khi trang bi hé théng NEA & ché do toéc do 1600 va 2200
v/ph, 75% tai. Lwgng khi ni to phun vao duong nap dugc
digu chinh & cac lvu lvgng khac nhau dé chiém chd mot
phan khi nap. Théng s6 chung dé danh gia ty 1é NEA phun
vao duong nap la o (%) - hé so ty 1é.

mN mN
a=—=.100% = —=.100%
mkk mMP4
Trong dé: my, 1a lvu lvgng khéi lvgng khi ni to phun bd
sung vao dudng nap; My, la lvu lvgng khéi lvgng khi nap
méi do ngay phia truedc ¢6 gép chung ctia 6 xylanh.

3. KET QUA MO PHONG VA THAO LUAN
3.1. banh gia do tin cay ciamo hinh

D6 tin cay ctia mod hinh duogc danh gia bang cach so
sanh két qua mo phéng va thi nghiém cong suét c6 ich &
cac duong dac tinh téc do cta dong co nguyén ban. Két
qua mdé phoéng thu dwgc cong suat cé gia tri sai Iéch I6n
nhat -4,9% tai t6c d6 2200 v/ph, 50% tai va sai léch trung
binh -0,2% trén toan dai téc do clia dong co. K&t qua kiém
nghiém mo hinh chay duoc thé hién qua cac do thi so sanh
cac thanh phan phat thai doc hai ctia dong co (NO,, Soot va
CO) gilra m6 phong va thi nghiém tai ché do 75% tai, téc do
1600 va 2200 v/ph. Nhin chung, gitta két qua mo phdng va
thi nghiém c6 su sai léch ndm trong gi¢i han cho phép. Sai
léch Ién nhét la 8,5% ddi véi phat thai CO & téc do 2200
v/ph. Nhu vay c6 thé sir dung mo hinh nay dé thuc hién cac
tinh toan nghién ctvu khéc trén dong co.
3.2. Anh hudng toi cong suét va phat thai doc hai clia
dbéng co
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Hinh 6. Dién bién cong suat ¢d ich theo ty I a & 2200 v/ph va 1600 v/ph

Hinh 6 thé hién dién bién céng suét co ich ctia déng co
theo ty | ty 1é o & ché dd tdc d6 1600 va 2200 v/ph, 75%
tai. Két qua cho thdy, khi s dung NEA, cong suét cla
déng co c6 xu hwéng cai thién mot chat. Cu thé 1a khi
tdng ty 1é a thi cong sudt dong co tdng khoang 1,7%
(a=20%) & toc d6 1600 vg/ph va 1,4% (o = 15%) & toc do
2200 vong/phut. Tuy nhién, khi ti€p tuc tang ty & a, cong
suat bi giam xu6ng do ni to nhw la mot khi tro lam tang
nhiét dung riéng ctia moi chét (khoang 1/2 so v6i CO,),
déng thoi lvgng 6xy giam manh lam thay déi cau tric cla
ngon Ira chay va thoi gian chay. Sy thay doi nhiét dung
riéng ctia moi chat cling nhv suw suy giam ham lwgng 6xy
lam giam nhiét dé chay nhu thé hién trén hinh 7. Khi tang
a dén 17% thi nhiét do cuwc dai trong budng chay gidm
320K & tdc do 1600 va 2200 v/ph. Biéu nay khdng nhitng
anh huéng téi cong suat clia dong co ma con anh hudng
manh t6i dién bién cac thanh phan phat thai doc hai, dac
biét la phat thai NO,, khi ma nhiét d chay la yéu t6 chinh
hinh thanh phat thai doc hai nay.
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Hinh 10. Dién bién phat thi soot theo ty 1€ o' 2200 v/ph va 1600 v/ph

Hinh 8 thé hién dién bién cha phat thai NO, theo ty Ié
a. K&t qua cho thay phuong phap NEA c6 kha nang giam
thiéu NO, véi ty 1é o < 15%. Phat thai NO, gidm khoang
14,5% (& 1600 v/ph) va 15,5% (& 2200 v/ph). So véi phét
thai NO,, anh huédng clia ty Ié a t&i phat thai CO va soot thi
¢ xu huéng nguoc lai. Hinh 9 cho théy dién bién clia phat
thai CO theo ty I& a, khi tang ty 1& a phat thai CO cé xu
hwéng giam xudng khi st dung NEA. Diéu nay cé thé duoc
ly gidi la lugng ni to phun vao dudng nap chi cé anh
hudng chiém chd cia khong khi nap ma khéng anh
huéng téi nhiét do khi nap nén mic do suy gidam ham
lvgng Oxy trong khi nap nhé. Bong thoi, moi chat nap
déng déu hon nén giam thiéu dwgc cac vang chay thiéu
oxy cuc bd khi st dung NEA v6i ty 1& a nhd (< 20%) dan tgi
gidm phat thai CO. K&t qua cho thdy, véi a 1én t6i 17%,
phéat thai CO gidm 20,5% va 24,2% twong tng ¢ toc do
1600 va 2200 v/ph khi st dung NEA. Hinh 10 thé hién dién
bién clia phat thai soot theo ty 1é a. D6 thi cho thdy s
dung NEA gan nhu khéng gay anh huéng téi hinh thanh
phéat thai soot nguyén nhan la do khi nap sach va dong
déu hon khi st dung NEA nén khéng lam tang kha nang
hinh thanh phat thai soot.
4. KETLUAN

Nghién ctru giam phat thai NO, bang phuong phap st
dung khi giau ni to NEA dugc thuc hién bang cong cu mo
phdng mot chiéu. Cac két qua nghién ctru c6 thé dugc tdm
tat nhu sau:

- Sr dung NEA cd thé cai thién dwgc cong sudt clia dong
co voi ty 1€ ni to phu hop.

- Kha nang giam thi€u phat thai NO, clia phuong phap
NEA véi ty 1& a < 17% c6 thé Ién téi hon 15%.

- Hai thanh phan phat thai CO c6 xu huéng giam va soot
tang rat it khi st dung NEA.
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