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NGHIEN CU'U GIAM PHAT THAI NO, BANG PHUONG PHAP
LUAN HOI KHi THAI (EGR) VA SU DUNG KHI GIAU NI TG (NEA)

NO, REDUCTION BY EXHAUST GAS RECIRCULATION (EGR) AND NITROGEN ENRICHED AIR (NEA)

Tom tat

Bai bso nay trinh bdy k&1 qud nghién ciu gidm phat thai NO, trén dong ca diese! bing hai phutang phip
Juan héi khi thar (EGR) va sif dung hn hop khi gisu nita (NEA). Luan héi khi thai duac thuc hién bang cach
trich mt phan khi thai sau khi ra khoi ddng codufa trd lai dung nap, phia trudc mdy nén nha 6 chénh
8p. Ty 1é ludn hdl duoc diéu chinh bing cich thay ddi 3 md cha van EGR. Khi gidu i ta (NEA-Nitrogen
Enriched Air) dutac cung <&p 4o d3ng co bang cich b3 tri mdt vdi phun khi ni ta trén duang nap, phia sau
két lam mit khi t3ng ap truc khi vdo dang ¢d. Luu luang khi it phun vao duimg nap dugc diéu chinh dé
< thé dat dutac ty I khéi huamg cGia s ta trong khong khi nap Idm han 77 %. Két qud nhién cliu cho thy,
sit dung khi gidu ni to ¢ kha nang gidm thiéu phét thii dic hai NO_ tuiong dudng vén phuong phap EGR
trong khi d6 cong suat cda dgng ¢ duac ci thién véi ty I NEA phit hop, phat thai (O gidm va phat thai
dang hat thay ddi khong ding ké.

Tir khda: phat thai dang ca diesel, gidm thiéu NO,, luan hoi khi thdi EGR, NEA.

Abstract

This paper presents the study results of NO, reduction on diesel engine by mean of providing nitrogen
ennched air (NEA) to engine and using exhaust gas reorculation (EGR) method. EGR was conducted by
introducing an amount of exhaust gas from the engine into ntake manifold before the compressor thank
to the pressure difference between exhaust gas and intake air. The EGR ratio vsas adjusted by EGR vaive,
which placed on recirculation pipe. NEA provided to the engine by a nitrogen injector which is placed
on ntake manifold after the intercooler. The mass flow of nitrogen injected to intake air was controlled
to archive praportion of nitrogen in inake air greater than 77% by mass. The results show that NEA
could decrease NO, emission as well as EGR method; (O emission was decreased and Soot emission was
constartt, while as the brake power of the [CE improved slightly.

Keywords: diesel emission, NO, reduction, EGR, NEA.
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1. GIOI THIEU CHUNG

Phat thai 6 xit ni to (NO,) la mot
trong nhing thanh phan phat thai déc
hai chinh clia dong co diesel, dac biét
trén dong ca diesel tang ap bai n6 1a

két qua cla sy du thita ham lugng
6xy va nhiét @6 qua trinh chay cao. Da
6 nhiéu cong nghé giam NO, dugc
nghién cdu va phat trién. Luan héi khi
thai (EGR - Exhaust Gas Recirculation)
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dugc biét dén la mét bién phap hiu
hiéu @& giam sy hinh thanh NO, trén
Adng co diesel. V& nguyén tac, khi théi
sau khi ra khoi déng co Gugc trich mét
phan trd lai dudng nap va hoa trgn
véi khi nap trusc khi vao dong ca. Khi
luan héi bao gém chu y&u 6 xit cac bon
(CO,), M1 ta (N,) va hoi nudc s& duge duz
ted lai xylanh @@ lam loang hon hgg
chéy va gidm néng dé oxy trong budng
chay. Ngoai ra, nhiét dung riéng clakh
luén héi kén hon rat nhiéu so vdi khong
khi nap nén khi luan héi 1am tang nhié
dung riéng cba khi nap, do do sé lam
giam dd tang nhiét d6 trong Géng c
véi cung lugng nhiét gidi phong cli
qua trinh chay trong budng chéy. Hint
1 thé hién so dé hé théng luan héi kh
thai.
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Hinh 1. S0 @6 hé thang luan hé khi thai EG"

Luén héi khi thai mét bién phd
kinh té gidm thiéu phat thai NO,, L
nhién ¢é nhiéu han ché& nhu 1am tan
ham lugng phat thai dang hat (PM)\
Khéi den, d3c biét 1 & ché do tai lon?
lam gidm chat lugng dau boi tron'"!
nhiéu kha nang gay mai mon pistc
xylanh, gidm d6 bén clia dong ca®”.

Ngoai bién phap luan héi khi th
cdn cd mot s6 gidi phap da duoge nghi



(u khéng nhiing gidm thiéu NO, ma
on khdc phuc Gugc nhing nhugc
1€m con ton tai clia phuong phap nay.
4c nghién cdu cho thdy ham Iuong
xy trong khi nap 1a yéu t3 anh husng
$n nhat tdi hinh thanh phat thai NO,
rong déng co®,

Anh hudng cua ham lugng oxy
nay ham lugng ni tg) trong khi nap
1€n nhiét d6 doan nhiét cta ngon lua
1a duoc thir nghiém bdi Olikara va
iormant'?, Hinh 2 thé hién quan hé
ihiét @9 doan nhiét vai ham hsgng ni
o trong buéng chay. D6 thi cho thay
ihiét do gidm khi ham luong ni to
rong khi nap tang 1én & cing mot ty
3 A/F. Khi ham luong bxy giam ti 21%
uéng 17% vé thé tich hay ham lugng
i Lo tang tir 79% dén 83% thi nhiét do
y thuyét clia ngon lua gidm khoang
'50°K. Nghién cutu gidm lugng oxy hay
ang lugng ni ta trong khi nap dé giam
\hiét do qua trinh chay sé lam gism
uong NO, hinh thanh trong budng
‘hay.
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Hinh 2. Quan hé giiia nhigt o ngon |a va nong
Gnitg?

Vigc cung cap khi nap véi ham
uong éxy thap, hay con goi la khi giau
\i tg NEA (Nitrogen Enriched Air} c6 thé
hay thé duac bién phap truyén thong
:GR véi nhiéu han ché. Dud day 1a mot
3 50 sanh uu nhuoc diém cua phuong
»hap st dung khi giau ni ta NEA so v6i
shuong phap luan héi khi thai EGR
bang 1).

€6 nhiéu nghién cdu tao khi NEA @&
ung cip cho dong ca, trong d6 dién
iinh 1a nghién ctfu ciia Nemser va cong
W, Nguyen ly hoat dong co ban va
‘6t cdu ca mang tach khi dugc thé
\ién trén hinh 3. Mang tach khi dang

Bang 1. So sanh hai phuang php EGR va NEA

Cung cdp kil gidu i tg NEA

Ludn hoi kbi thdi EGR

Khi nap sach, khong co ¢4¢ chét dang hat.
Khéng dnh hudng toi tusi tho hay dé bén cla
dang ca.

Nhigt dd khi nap thap, tdng duoc lugng moi
chdt nap.

Hn hop déng nhat, déng calam viéc 6n dinh
hon.

(dn 6 thiét b tich khong khi dac biét lap trén
duding nap, gay t8n that vé luu lugng v &p
sudt.

Khi nap ban hon do céc chat théi dang hat trong khi
thai luan hoi.

Tudi tho v dd bén cda dang co gidm do dnh hudng cla
axrt trong khi luan hor,

Khiluan ho1 ¢6 nhiét dd cao $& gidm hé s nap.

Dong <atam viec kém on dsnh; dao dong giida cic chy
ky lon,

Can b6 tri két 1am mat khiludn hé, van diéu chinh ty 18
ludn héi va b6 loc chat thir dang hat va hap chét cia
Iuu huyah.

Sng 16 ¢6 thé hoat ddng ¢ dé chénh
léch &p sudt kha nho va c6 kha nang
tao ty 1& khi [n han cac phuong phap
tao khi ni ta khac.
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Hinh 4. Bgng ¢ diesel tang ap trang bi bo tao NEA
Khi khéng khi ¢é 4p suat cao di qua
éng, sy chénh léch ap suat bén trong
va bén ngoai éng 1dm cho mot phan
oxy dudc uu tién di qua thanh éng
(bé mat bén ngoai thanh éng la lop
perfluoropolymer) ra ngoai méi truong
<on ni to bi chan lai va di chuyén doc
theo 6ng dén dau ra cia thiét bi. Dau ra
cua thiét b 13 khéng khi dugc lam giau
ni ta. Bo tao khi NEA ¢6 thé 13p truc tiép
trén dudng nap dé cung cap khi cho

dong ca tly theo cac ché 4o 1dm viéc.
Hinh 4 thé hién so d6 nguyén ly
dong co diesel ting ap bing tua bin
khi thai c6 trang bi thiét bi tao khi giau
ni to. Khi tang ap ra khoi may nén sé&
dugc lam maét qua két lam mat trung

Ketm e

gian trudc khi 8i qua thiét bi tao NEA.
Ap sudt cta khitang 8p sau két lam mat
quyét dinh dén ty & khi ni to trudc khi
divao déng ca.

Bé lam rd hon uu viét clia phuong
phap sit dung khi NEA nhém gidm
thiéu NO, trén dong co diesel tang 4p,
trong nghién clfu nay, mé hinh tinh
toan 1 chiéu giadm thiéu phat thai NO,
cla dong co diesel ting ap bing hai
phuong phap EGR va NEA dugc thuc
hién dé so sanh. M& hinh tinh todn duac
xdy dung trén phin mém mé phong 1
chiéu AVL Boost. Phan mém cho phép
tinh todn mé phdng dugc chu trinh [am
viéc cia dong co cing nhu tinh todn
dugc cac thanh phan phat thai ddc hai.
Két qua nghién cdu danh gia dugc anh
hudng cua hai phuong phép tdi cac
thong s ky thuét va phat thai doc hai
clta dong co, nhit la phat thai NO, va
Soot.

2. NOI DUNG NGHIEN CUU

2.1.Xay dung mé hinh mé phéng

Déi tugng nghién clu |3 dong ca

Fe(Pp——x ¢ > -

Hinh 5. M6 hinh 1 chiéy dong co D1146Ti
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diese! D1146Ti, tang ap bang tua bin
may nén, 13p trén xe bus. Cac thong
3 ¢ ban cua ddng co thé hién trong
bang 2.

Dua trén cac thong s6 ky thuat cla
nha san xudt cang nhu cac thong sé
do dac trén déng cd thuc té. Mé hinh
1 chiéu cha dong co D1146Ti dugc xay
dung trén AVL Boost nhu thé hién teén
hinh 5.

Bang 2. C& thong s& co ban clia déng

Hinh 6 thé hién mé hinh ddng co khi
trang bi hé théng luan hoi khi thai ap
suat thap. Khi thai sau khi ra khoi déng
o dugc trich mot phan trudc tua bin 88
dua qua két 1am mat trung glan trd lai
dudng nap, sau d6 tron vai khong khi
trudc khi dudc hut vao may nén.

m Théng s§ Don vi

U | Ten 0114611

2 | SExylanh{-) 6

3 | Kiéu(-) Chiy do nén

4 | DXS(mm) 111x139
(ong sudt dinh

6 | micteced (ewmpn) | SV
Mo men l4n nhat/téc thai

i dd (Nm/v/ph) hiindiig

8 | Tysinén 168

2.2. Md hinh chay

M6 hinh tinh toan phét thai doc
hai clia dgng co st dung trong nghién
cu nay 13 mod hinh AVL MCC. M6 hinh
MCC c6 thé du doan dudc tdc dé téa
nhiét va tinh todn duoc cic thanh
phén phat thai doc hai chinh cha déng
co diesel nhu NO,, bé héng (Soot) va
mond xit cacbon (CO). M4 hinh yéu cdu
céc thdng s6 két cau va thong s6 lam
viéc nhu s6 16 kim phun, dudng kinh 16
phun v ép suat phun.

2.3.Quy trinh thuc hién

Nghién clu dugc thuc hién theo
quy trinh sau day:

- Xay dung mé hinh déng co
D1146Ti nguyén ban, tién hanh dinh
gid dd chinh xac bang céch so sanh
mot s6 két qua tinh todn mé phong
véi két qua do dac va tién hanh nhing
hiéu chinh d& mé hinh dat duoc dé tin
cay can thiét.

- Ti€n hanh diéu chinh lai két ciu
dudng nap, thai cla dong co sau khi
kiém nghiém dé c6 dugc hai mo hinh
gidm phat thai nhu thé hién trén hinh
6va hinh 7.

Hinh 7.6 hinh dgng ca ¢ vor phun ni g

Hinh 7 th& hién mé hinh ddng co s
dung bién phap gidm NO, béng cach
st dung khi NEA. Dé don gidn, khf NEA
duoc tao ra béing cach bé tri 1 voi phun
khi nito (I - Injector) vao dudng nap dé
hoa trén véi khong khi trude khi di vao
déng co.

-Tién hanh mé phong qué trinh lam
viéc clia dong ca khi trang bj hé thdng
EGR va NEA & ché 86 téc d6 1600 va
2200 v/ph, 75% tai. Luong khi luan
héi dugc diéu chinh nha thay d86i do
mé clia phén tir can (R, trén hinh 6) 8é
dat dugc cac ty 18 ludn héi khac nhau.
Lugng khi ni to phun vao dudng nap
dugc diéu chinh & cac luu lugng khac
nhau 8é chiém chd mét phén khi nap.

Thong s6 chung dé danh gia ty 1&
EGR hay ty 1 ni to phun vao duang nap
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13 0(%) - hé s6 ty 1.

- Trudng hop luan héi khi thi, o
dugc xac dinh nhu sau

a = et 41009 = L x100%

& 492

V6i M= M, 12 lugng khi thi
luan héi (g/s); my, = m,,,, 14 16ng lugng
méi chat nap (g/s)

- Trudng hgp st dung khi giau ni to,
a dugc xac dinh nhu sau:

=% 100% =

i Mype

3. KET QUA MO PHONG VA Thio
LUAN

3.1.Péanh gia mé hinh

D6 tin cdy chia md hinh duge dénh
gid bdng cich so sanh két qua mé
phéng va thi nghiém c6ng sudt ¢6 ich
& cac dudng déc tinh téc dé cla dong
o nguyén ban nhu thé hién trén Hinh
9. K&t qua mé phong thu duoc cdng
sudt c6 gia tri sai lech 1on nhat -49%
tai t6c do 2200 v/ph, 50% tai va sai léch
trung binh -0,2% trén toan dai téc dé
clia d6ng co. K&t qua kiém nghiém mo
hinh chay dugc thé hién qua cac d6 th
so sanh cac thanh phan phat thi doc
hai clia dong co (NO,, Soot va CO) gida
mé phéng va thi nghiém tai ché 8
75% tai, t8c 46 1600 va 2200 v/ph (tU
hinh 10 dén hinh 12). Nhin chung, gila
két qua mé phong va thi nghiém cd s
sai léech ndm trong gidi han cho phép.
Sai lech 16n nhét 13 8,5% d&i voi phit
thai CO & t8c dd 2200 v/ph. Nhu vay 6
thé st dyng mé hinh nay dé thyc hién
cac tinh toan nghién ciu khac teén
dong co.

Ny

x100%

Nty

Hinh 9. C6ng sust va sut tiéu hao nhién litugié
mb phéng va thec nghiém
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Hinh 15. Phét thai NO, theo ty 1¢ o
) 1600 vdng/pht; b) 2200 vong/phdt

Hinh 13 thé hién dién bién céng
suat ¢6 ich cua dong co theo ty le ty lé
a & ché d6 téc d6 1600 (hinh13-a) va
2200 v/ph (hInh13-b), 75% tai. Két qua
cho thay, khi thuc hién luan hdi khi thai
thi cong sust cua dong ca gidm xudng,
cang ting ty |& a c6ng sudt cang giam.
Nguyén nhan |3 do chét luong qué
trinh chdy kém di vi thiéu oxy cing
nhu do nhiét d6 chay gidm xudng bai
thanh phéan CO, va ni to trong khi thai
lam tang nhiét dung riéng cda moi
chat. Nguac lai, khi sir dung NEA, cong
sudt chia ddng co ¢6 xu hudng cai thién.
Cuy thé la khi tang ty |é a thi cong suat
dong co tang khoang 1,7% (a = 20%) &
t6c 86 1600 vg/ph va 1,4% (a = 15%) &
téc @6 2200 vong/phut. Tuy nhién, khi
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Hinh 16. Phat thar €O theo ty [é a
a) 1600 vang/phut; b) 2200 vdng/phit

ti€p tuc ting ty 1é a, cdng suét bi gidm
xuéng do ni ta nhu la mét khi tro [dm
tang nhiét dung riéng ctia moi chat
(khodng Y; so vdi CO,), déng thai luang
oxy giam manh lam thay ddi cdu tric
cua ngon lifa chdy va thoi gian chay.
Sy thay @i nhiét dung riéng cta moi
chét cing nhu su suy gidm ham lugng
6xy 1am gidm nhiét d6 chdy nhu thé
hién trén Hinh 14. Khi tdng a dén 17%
thi nhiét do cyc dai trong budng chay
gidm 180°K @81 véi EGR va 320°K d6i
vai NEA & hai t6c do 1600 va 2200 v/
ph. Diéu nay khong nhing anh hudng
tdi cdng sudt clta dong ca ma con anh
hudng manh téi dién bién cac thanh
phén phat tha déc hai, dac biét a phat
thai NO,, khi ma nhiét d¢ chay la yéutd
chinh hinh thanh phét thai doc hai nay.

Hinh 15 thé hién dién bién cha phat
thai NO, theo ty lé a. Két qua cho thay
c4 hai phuong phép déu ¢4 kha nang
giam thiéu NO, tuong duong nhau
vai ty lé a<15%. Phét thai NO, gidm
khodng 14,5% (& 1600 v/ph) va 15,5%
(& 2200 v/ph). Véi ty 1 a Ién hon, EGR
cho thay kha nang giam NO, tét han
so v&i NEA. Nguyén nhan chinh lam
gidm phat thai NO, |a do sy suy giam
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Hinh 17. Phat thai Soot thea ty léa

) 1600 vong/phiit; b) 2200 vong/phiit
nhiét d6 qua trinh chdy va ham luang
6xy nhu @a phan tich & trén.

So véi phat thai NO,, anh huéng
cla ty & a tdi phat thai CO va Soot thi
c6 xu hudng nguoc lai. Hinh 16 cho
thdy dién bién cua phét thai CO theo ty
1& a. Véi phuong phép EGR, khi ting ty
l& a, phét thai CO tang 1én trong khi do
sir dung NEA lai gidm thiéu dugc phat
thai CO. C6 thé gidi thich hién tuang
nay nhu sau: khi s dung EGR ngoai
4nh hudng chiém ché khi nap, khi luan
héi con lam tang nhiét do cua khéng
khi nap tir d6 lam giam lugng oxy dan
t6i CO tdng, Trong khi d6 vai phuong
phap NEA, lugng ni to phun vao dudng
nap chi ¢ anh hudng chiém ché cla
khong khi nap ma khéng anh huang
téi nhiét dé khi nap nén luong khéng
khi nap nhiéu hon va muc dé suy gidm
ham lugng 6xy trong khi nap it hon so
vdi phuong phép EGR. Ddng thai, mo
chit nap déng d&u hon nén gidm thiéu
duoc cdc vang chéy thidu dxy cuc bo
khi sif dung NEA véi ty 1é a nho (<20%)
dan téi gidm phat thai CO. Két qua
cho thay, vdi a lén tdi 17%, phat thai
CO téng 10,5% & téc d6 1600 v/ph va

8,3% & téc 46 2200 v/ph khi sif dung
EGR; phat thai CO gidm 20,5% va 24,2%
tuong Ung & téc @9 1600 va 2200 v/ph
khi s& dung NEA.

Hinh 17 thé hién di&n bién cua phat
thai Soot theo ty 1& a. D3 thi cho thay
st dung NEA gén nhu khong gay dnh
hudng téi hinh thanh phét thai Soot,
trong khi 86 vdi phuong phap EGR
phét thai Soot tang manh. Cu thé véi ty
1& a tdi 17% phat thai Soot tang 158%
va 116% & téc @ 1600 v/ph va 2200 v/
ph. Su khéc biét nay la do khi nap sach
va déng @éu hon khi su dung NEA, con
st dung EGR khi nap bdn hon do cac
chat thai dang hat chia trong khi thai
lam ting khd nang hinh thanh phat
thai Soot.

4. KET LUAN

Nghién ctu giam phat thai NO,
bang hai phuong phép luan héi khi thai
EGR va sirdyng khi giau ni to NEA dugc
thuc hién bsng cong cu mé phdng 1
chiéu. Cac két qua nghién cdu cd thé
duoc tom tét nhu sau:

- Sirdung NEA c6 thé cai thién dugc
cong sudt cua ddng co vdi ty & ni to
phu hop, trong khi dé su dung EGR
c6ng suat dong co giam.

-Kha néng gidm thiéu phét thai NO,
clia hai phuong phép la tuong duong
nhau vdi ty 1& a<17%.

- Hai thanh phan phét thai Soot va
CO tang manh khi st dung EGR, trong
khi @6 phat thai CO c6 xu huéng gidm
va Soot tang rét it khi s dung NEA.

Phén bién khoa hoc: 5. Lé Hong Quin
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