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TOM TAT

Khi NO_(NO, NO,, N,O) la logi chat gay 6 nhiém khéng khi ma ching ta thieong xuyén gdp
trong moi truwong do thi (phwong tién giao thong) va cong nghiép. No tac dong tiéu cuc dén hé ho
hdp, tiéu héa va néi tiét. NO, co thé gay kich thich niém mac dwong hé hap, viém nhiém, dau nguec,
hen suyén, anh hwong hé tiéu hoa nhat la nhitng nguoi co nhiéu bénh nén. Bé giam thiéu tac dong
nay, hién da va dang c6 nhiéu bién phap kiém sodt 6 nhiém méi trwong, dong thoi khuyén khich sw
chuyén doi sang nguon ndng liwong sach va bén viing. Viéc dp dung cdc gidi phdp cong nghé tién
tién la mét trong nhirng gidi phap quan trong dé giam thiéu tac hai cia khi NO ., nhat la tir hoat
dong giao thong vdn tdi. Trong nghién ciru nay, tac gia dé cdp den giai phdap khir NO_ thong qua bo
xit Iy xiic tac SCR d@é gidam NO_cho dong co xe 6 t6 dang luu hanh. Két qua giam NO_dang ké da
g6p phan chung vao giam 6 nhiém méi trwong, ndng cao sirc khoe con nguoi.

Tur khéa: O nhiém méi truong; NO ; Sicc khoe con nguoi; SCR; Giam phat thai NO ..
ABSTRACT

The NO_(NO, NO,, N,O) is a common air pollutant in urban (transportation) and industrial
environments. It negatively impacts the respiratory, digestive, and endocrine systems. NO, can
irritate the respiratory tract lining, cause inflammation, chest pain, asthma, and affect the digestive
system, especially in individuals with underlying health conditions. To mitigate these impacts,
various measures are being implemented to control environmental pollution and encourage the
transition to clean and sustainable energy sources. The application of advanced technological
solutions is crucial for reducing the harmful effects of NO , particularly from transportation. This
study examines a solution for NO_removal using an SCR catalytic converter to reduce NO_in
operating vehicle engines. The significant NO_reduction results contribute to overall environmental
pollution reduction and improved human health.

Keywords: Environmental pollution; NO_; Human health; SCR; NO_emission reduction.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
ﬂ TAP CHI CO KHI VIET NAM, S6 337+338, thang 14+2 nam 2026
cokhivietnam.vn



NGHIEN CUU - TRAO DBOI

1. TONG QUAN

Phat thai doc hai tr phuong tién giao
thong nhu PM, CO, HC, NO, dé va dang dugc
nhiéu nha khoa hoc, Chinh phu quan tam dac
biét do su tac hai ctia chiing gdy anh hudng ticu
cuc dén stre khoe con nguoi, moi sinh va nhiéu
nhit 1a anh huong dén chat luong cudc sdng,
nhat 12 noi d6 thi c6 nhiéu phuong tién giao
thong hoat dong. Theo théng ké, hién tai Viét
Nam c6 khoang 70 triéu xe may va hon 5 triéu
xe 0 t6. So sanh voi dan s6 Viét Nam duoc ghi
nhan vao nam 2025 (khoang 100 tri¢u), chung
ta co thé thay sb lugng phuong tién glao thong
sir dung nhién liéu tai Viét Nam 1a rat 16n. O 1o,
xe may chinh la nhiing tdc nhan c6 lugng phat
thai doc hai PM, NO_, CO,, HC,... 16n

Khong it cac d& tai nghién ctru duge
thuc hién hang nim nham tim ra cac bién phap
gitip cai thién van dé phuong tién giao thong
gdy 6 nhiém khong khi tai nudc ta. Tir Ung
dung cac phuong tién st dung ngudn nhién liéu
sach cho dén phat trién hé théng giao thong
cong cong, tham chi da co ké hoach cidm xe
di vao khu vuc noi thanh. Tuy nhién, hodc vi
chua du ngudn luc, hodc vi can thém thoi gian,
céc bién phap van chua cho thay nhiing két qua
tich cyc. Du da c6 cac phuong tién su dung
nang luong dién dé thay thé nhung lai chua du
strc thuyét phuc dé nguoi dan san long tir bo xe
xdng chuyén sang xe dién. Phuong tién cong
cong ciing 1a mot phwong phap duge nhiéu
nudc phét trién trén thé gisi tin dung dé han
ché 6 nhiém khong khi tir giao thong. Cac quéc
gia c6 hé théng giao thong cong cong phat trién
nhu Nhat Ban hay Han Quoc chat luong khong
khi tai ddy cling rat tot. Tuy nhién, hé thong
glao thong cong cong tai nudc ta chua du phat
trién vé chat lan luong, dé nguoi dan sin dong
tir bo xe ca nhan chuyén sang st dung xe cong
cong. Nhing bién phap trén déu 1a nhitng bién
phdp dugc 4p dung va mang lai hiéu qua tai
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nhiéu qudc gia trén toan thé gidi. Tuy nhién,
tat ca bién phap déu can thoi gian dé thuc hién
cling nhu cho ra két qua tot.

Khi NO, dong gop nhiéu vao 6 nhiém
khong khi, dac blet 1a trong cac thanh phd va
khu virc cong nghiép. NO, twong tac véi cac chat
khéc trong khong khi, tao ra cac hat byi min va
céc chat gay 6 nhiém khac. O nhiém khong khi
c6 thé giy ra nhidu van dé sirc khoe nhu bénh
phoi, dau dau, va c6 thé dan dén cac bénh ly
nghiém trong nhu ung thu phoi. NO, con dong
vai tro quan trong trong hi€u tng nha kinh. NO;
tac dong vdi cac chat khac nhu hydrocarbon dé
tao ra ozone ¢ tang thip ctia khong khi, 1a mot
thanh phan chinh ctia smog. Ozone khong chi
gay hai cho sttc khoe ma con 1a mét khi nha
kinh manh mé, 4nh hudng dén bién d6i khi hau
toan cau. Khi NO, ¢co6 thé bi hoa tan trong nudc
mura, tao thanh axit nitric. Axit nitric sau do roi
vao mat dat, tao ra 6 nhiém nuéc va dit dai.
Anh huong tiéu cuc nay c6 thé gay ra tinh trang
axit hoa dat, 1am giam chat lugng nudc va giy
hai cho hé sinh thai nudc ngdm va nude mét
Tac hai cua khi NO_ dén moi trudng 1a mot van
dé da chiéu, anh hu:orng khong chi dén khong
khi ma con dén nudc va dat dai. Dé giam thiéu
tac dong nay, can thiét 1ap va thuc hién cac bién
phap kiém soat 6 nhiém mai truong, dong thoi
khuyén khich sy chuyén doi sang ngudn ning
luong sach va bén viing [3].

Mot s6 cong nghé giam phat thai NO,
tién tién:

Hinh 1. Cac giai phap giam phdat thai PM va NO,
nham hudng toi cac tiéu chudn Chau Au [4]
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Dé giam thiéu tac hai cta khi NO dbi
véi stic khoe con ngum va moi truong, can trlen
khai cac bién phép kiém soat va giam thiéu hiéu
qua. Trén day 1a mot s bién phap quan trong
ma céc to chirc va Chinh phu co thé thuc hién
nhu: ap dung cong nghé xe 6 to tién tién 1a mot
trong nhing bién phap quan trong nhét dé giam
thiéu tac hai cua khi NO_ tir giao thong van tai,
dong co hiéu suit cao va hé thong xur 1y khi
thai co thé giup glam phat thal NO,. Chinh phu
va cac nha san xuét xe hoi can hop tac dé dat
ra cac tiéu chuan cao vé tiéu thu nang luong va
chat luong khong khi. Nhat 1a cac dong xe da
qua stir dung hay con nién han str dung c6 lugng
phat thai NO_ 1on. Ap dung cac cong nghe XU
ly khi thai hlen dai, chang han nhu hé théng
SCR (Selective Catalytic Reduction) va EGR
(Exhaust Gas Recirculation), c6 thé dugc tich
hop vao cac nha may dién, nha may san xuat va
céc nguodn phat thai 16n khac dé giam thiéu phat
thai NO_ [5].

2.MO PHONG PHAT THAI NO, VA CONG
NGHE SCR GIAM PHAT THAI NO_

2.1. Co sé ly thuyét mdé phéng ngudn phat
thai NO_

Trong dong co diesel, co ché hinh thanh

NO, dién ra nhanh do hdn hop chay khong dong
nhat Thanh phan chinh cua NO, la NO, NO,,.
Trong do, NO la khi khong mu1 khong mau
con NO, co mau nau dé va mui gat Ca hai loai
khi déu rat doc nhung NO, doc gap 5 1an so v6i
NO, phan 16n NO, hinh thanh tr viée Oxy hoa
NO. Thanh phan NO phu thudc rat nhiéu vao
hé s6 du luong khong khi A va nhi¢t do cua qua
trinh chay, trén 2000K. Nong do NO_dat gia tri
cuc dai tai A= 1,05+ 1,1. Tai day, nhi¢t do cua
qué trinh chay du 1on dé 6xy va nito phan hiy
thanh nguyén tir c6 tinh nang hoat héa cao va
ndéng do 6xy du 16n cho phan tmg 6xy hoa, do
d6 NO, dat cyc dai.

Do dic diém ctia dong co diesel la hinh
thanh hon hop bén trong nén hé s6 du lugng
khong khi A ndm trong mot gi6i han rat rong,
cu thé 1a 1,2 dén 10. Khi A ting, nhiét d chay
giam nén thanh phan NO, giam. So v6i dong co
xang thi dong co diesel c6 thanh phan NO thap
hon. Tuy nhién, thanh phan NO, trong NO lai
cao hon, chiém 5 + 15% trong kh1 ty 1€ nay ¢
dong co xang 1a 2 + 10%.

Co ché hinh thanh NO, trong m6 phong
AVL-Boost dua trén co sé Pattas va Héifner
[6]. Qua trinh hinh thanh cua ching dugc thé
hién qua 06 phuong trinh phan tng theo co ché
Zeldovich duogc trinh bay trong Bang 1.

Bang 1. Chudi phan wng hinh thanh NO _[7]

Phén @ng thuin Phan @ng nghich
TT Phan wng A B E A B E
(cm*/mol s) © (kcal/mol K) | (cm*/mol s) © (kcal/mol K)
N,+O«< NO+N | 493 x10" | 0,0472 - 75,59 1,6 x 10" 0 0
2] 0,+N-NO+O | 1,48x10° 1,5 - 5,68 1,25 x 107 1612 - 37,69
OH+N - NO+H | 422 x10"% 0 0 6,76 x 10 | - 0,212 -49,34
+ +
4 N0 CI\)I((; NO 4,58 x 10" 0 -24.1 7,39 x 10® 0,89 - 58,93
O,+N,«NO+0 | 2,25x10" | 0,825 -102,5 3,82 x 10" -24,1
6 | OH+N,<NO+H| 9,14x10" | 1,148 -71,9 2,95 x 10" - 10,8
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Hé s6 tbe do cua mé hinh [7]:
k =ATBexp (-E/T) (1)

Trong do: A — H¢ s6 toe do phan ung
(cm?*/mol s); E — Nang lugng hoat hoda cta phan
tmg (kcal/molK); B — Hang sé nhiét do cua
phan ung (-); T — Nhi¢t do ctua phan tng (K).

Su hinh thanh cua NO_dugc tinh toan
theo thong s6 nhap dau vao nhu toc d6 dong co,
nhién lidu ciing nhur ap suat, nhiét do, hé sé du
luong khong khi A, thé tich va khéi lugng, thoi
gian cling nhu s viing chdy. Qua trinh tinh toan
dugc bit dau lac thoi diém chay ban dau. Mic
du trong khi thai NO_ ctia dong co, NO chiém
phan 16n (90 + 98%) nhung viéc tinh toan NO
ciing khong thé boé qua. Luong NO sinh ra c6
mdi quan hé nhu sau:

N,O —6m0,6125 -18,71
e = 11802, 10T P exp =2 o
T6c do hinh thanh NO_duoc tinh nhu
sau:

d[no] _ 2 [ R.g Rye ] b
dt 2(1—a) 1+|:sz+ 14K, | RT 3)

Tbc @6 phan huy NO [mol/cm?®] duoc

tinh toan nhu sau:

h s
1+0.4K, 1+ 4K,

10 = Crastprocttu-Chineriova -2 0-(1 = 0ty) 4)
2.2. M6 phéng gidm phat thii NO_ biing
cong nghé SCR cho dong co diesel sir dung
AVL-Boost

Duya trén cac phuong trinh thuy khi
dong luc hoc, Pranit S. Metkar va cong su [10]
da xay dung m6 hinh mé6 phong bd xuc tac SCR
(phun uré vao bd xuc tac SCR). Theo do, céac
phuong trinh dugc dién giai nhu sau:
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Phuong trinh lién tuc cta pha khi:
8& _ 0p, v,
ot 0z

Phuong trinh bao toan dong nang dugc
cho boi phuong trinh Steady State Darcy:

(6)

P,
0z

Phuong trinh bao toan nang lugng:

=—4,v, (7)

0P, Wi _, op, WV, 0 (,0 - 6wk7gj
-

& +e,— —
Ca b a7 o
! .

MGy D W1 (e Ty) ®)

Phuong trinh cén bang ning luong chat
ran:
1 (CP’S'TS)_ 1 0 ) 67;
O Y=

(T, )+ S (T ) 4,0 9)

Céc phan ung duogc lya chon dé mo
phong trén phan mém AVL [9]:

1 HED Selective Catayic Reduston
Lo s

Lo of Seciom 1 |1 H  Lovgmof Sscien 3 H

-
: Longm of Sachon 3 | H
| oo
B 1] M ovacnes Phray ke Liny lnbrad U basones
] bt 800|180, 800 | A meee

Serl  Wawl a3

Hinh 2. Giao dién khai bdo théng sé co ban ciia
bo SCR

Trén day, tac gia trinh bay tong quan

co s& Iy thuyét cia phan mém AVL-Boost nhu <~
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tinh toan dugc chu trinh cong tac, cac mo hinh
diéu kién bién bao gdm mé hinh trao ddi chit
qua ctra nap va thai, mé hinh truyén nhiét vé6i
hé sb truyén nhiét dugc xac dinh theo mo hinh
Woschi 1978, m6 hinh chdy MCC cho dong co
hinh thanh hon hop bén trong. Nhitng co ché nay
duoc st dung dé xay dung cac mo hinh tinh toan
phat thai doc hai trong phan mém AVL-Boost.

3.MO HINH MO PHONG PONG CO D4BB
TREN PHAN MEM AVL-BOOST

3.1. Tinh toan chu trinh cong tic ctia dong
co’ trén phan mém AVL-Boost

Tac gia sir dung phan mém AVL-Boost
dé danh gia kha ning 1am viéc cua dong co khi
st dung bd xtic tac chon loc SCR lam giam phat
thai NO,. Két qua mo phong cho phép danh gia,
lwa chon dwoc phwong 4n giam phat thai t6i uu
cho dong co diesel, giam thoi gian va chi phi
khi thyc nghiém. Chuong trinh chinh gdm céc
thudt toan mé phong dugc tdi wu hoa cho tit
céc cac phan tir. Dong khi trong dng dugc coi
nhu chuyén dong theo mot phuong. Piéu do6 co
nghia la ap suit, nhiét do, tbc do dong khi thu
duoc tor nhitng phuong trinh khi dong hoc 1a
gid tri trung binh trén toan by duong éng. Ton
that dong khi do higu g ba chiéu, tai nhimng
vi tri cu thé cua dong co duogc thé hién béng hé
sO can.

M0 hinh chay AVL-MCC du doan duogc
ty 1 lugng nhiét trao doi va lugng NO_ hinh
thanh trong dong co diesel dwa vao khéi luong
nhién lidu va dong ning rdi clia tia phun nhién
liéu. M6 hinh doi hoi s6 lwong 16 phun, duong
kinh 18 phun, hé s6 bop dong ciia cac 16 phun
va ap suat duong ong phun dé tinh hiéu suit
phun hiéu dung, téc d6 va tir d6 tinh dong ning
cta tia nhién lidu. Cac thong sb sau dung dé
diéu khién tdc do truyén nhiét va hinh thanh
NO, [8]:

C6 nhiéu phuong trinh mé phong tinh toan
chu trinh cong tac cua dong co trén AVL-Boost
nhu phuong trinh nhiét dong hoc thir nhat, phuong
trinh trang thai. Cac mo hinh diéu kién bién: Mb
hinh trao di nhiét, truyén nhiét trong xy lanh, trao
d6i nhiét trén thanh xylanh, trao d6i nhiét tai cta
nap, thai, phuong trinh mé hinh chay AVL-MCC.
Céc phuong trinh nay c6 trong AVL-Boost nhung
do khuén kho bai bao ma tac gia chi néu 1én tén cac
phuong trinh ma khong tién trinh bay.

Duéi ddy 1a phuong trinh tong quét
nhi¢t dong hoc thu nhét [7]:

d(m, 1) dv  do: do, dmgg
— =P+ - LIS . 10
da “da da 2 de % da (10)
Trong do:

@ - Bién di n6i ning bén trong xylanh (J/do):;
(04
[

-p, z? : Cong chu trinh thyc hién (J/d0);
o

k. Nhiét luong cap vao (J/do);
o

dQ

27

- Tén that nhiét qua vach (J/do);

hgg dj ;‘E : Ton thét enthalpy do lot khi (J/d9).

3.2. Thong s6 k¥ thuit co ban cia dong co
dé mé phéng

Thong s6 két cau co ban cua dong co
duoc lya chon nghién ctru nhu thé hién trong
Béang 2, m6 hinh dong co D4BB dugc xay
dung bao gébm cac bo phan va thong sé nhu
sau: Pong co diesel 4 xylanh thang hang, thir tur
1am viéc cua cac xylanh 1-3-4-2, két ciu duong
nap bao gdm thong sé duong kinh va chiéu dai
cac duong dng nap, binh loc khi nap, dng gop
va cac phan tir can ciia két cau duong dng.
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Bdng 2. Cdc théng so két cau ciia déng co D4BB [7]

TT Thong sb Ky hi¢u Gia tri Pon vi
1 Hanh trinh piston S 100 mm
2 Puong kinh xylanh D 91,1 mm
3 S6 xylanh i 4 -

4 Chiéu dai thanh truyén L 230 mm
5 | Cong suat dinh muc (4000v/ph) N, 59 kW
6 Mo-men dinh mue (2200v/ph) e 170 Nm
7 Suat tiéu ha?1 }I}Elén liéu nho 8. 200 o/kW.h
Ty sb nén € 22:1 -
9 Goc mo sGm xupap nap o} 16 do
10 Go6c dong mudn xupap nap 0, 36 do
11 Go6c mo som xupap thai 0, 46 do
12 Go6c dong mudn xupap thai 0, 14 do
13 Goc phun soém 0, 16 do
14 Puong kinh ndm xupép nap D, 50 mm
15 DPuong kinh nim xupép thai D, 46 mm
16 Tht ty 1am viéc 1-3-4-2
17 Hé théng nhién liéu diesel thong thudng, sir dung bom phan phdi

3.3. M6 hinh mé phéng dong co D4BB trén AVL-Boost

C1 —C4: Phintirxylanh
SB1-SB2: Phin ti¥ didukién bién
CL1: Phantirloc khi

PL1-PL2: Phin tirbinh fn ép
R1-R9: Phén tir cin dong

J1-J3: Phint diém n&
MP1-MP2: Phin ti¥ diém do

El: Phin trkhai bdo chung

Hinh 3. M6 hinh djng co D4BB trén phan mém mé phéng AVL-Boost
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Mo hinh dong co D4BB duogc xay dung
trén phan mém AVL-Boost dwa trén thong sb
két cau do dac truc tiép trén dong co nhu duogc
thé hién trén Bang 2 duoc sir dung dé xay dyng
mo hinh. Ngoai ra, cdc md hinh diéu kién bién
nhu md hinh chay, moé hinh truyén nhiét, mo
hinh trao d6i chat di duoc lya chon phu hop
voi dong co diesel D4BB noi riéng va dong co
diesel n6i chung.

3.4. Danh gia d¢ chinh xic ctia m6 hinh

Két qua mo phong thé hién dién bién
ap sudt c6 ich trung binh BMEP (Brake mean
effective pressure) theo s6 vong lap. Két qua
cho théy, ké tir chu trinh thir 20 tré di, su thay
d6i cia BMEP nho hon 0,01%, diéu nay chimg
t6 két qua mo phong da hoi tu. Bé dam bao do
chinh x4c ctiia md hinh, cac thong sb lam viée
cua dong co dugc xac dinh qua thyc nghiém tai
Trung tam Nghién ctru dong co, nhién liéu va
khi thai, Vién Co khi Bong luc, Truong Dai hoc
Béch khoa Ha N¢i. Trén co sé so sanh giita két
qua mo phong va do dac thuc nghiém s€ hi¢u
chinh cac hé sb trong mo hinh diéu kién bién
nhu mo hinh ton hao co gidi, mé hinh chay, mé
hinh phat thai. B9 chinh xac cia mo hinh mo
phong duge danh gia thong qua so sanh két qua
cong sudt va suit tiéu hao nhién liéu (Hinh 4)
va thanh phan phat thai ¢ hai ché d cong suit
16n nhat va mé-men 16n nhat (Hinh 5, 6) giita
mo phong (MP) va thuc nghi¢m (TN).

704
701
6% | |

695 \‘

62

6% \/‘Wﬁ*ﬁu*i
65

633 |

630 L

0 10 2 30 a0
S vomg lip (-)

BMEP (bar)

Hinh 4. Danh gia do hoi tu cua két qua mé phong

3.5. Két qua mé phéng danh gia N, M, G,
gitra m6 phéng va thwe nghi¢m

Muc dich dé danh gia hiéu qua hoat
dong ctia dong co trude va sau khi lap bo xir ly
NO_. Tir d6 rit ngén thoi gian trién khai va 1a
co s& dé tién hanh thuc nghiém ma it tén kém
nhét.

YL ey

T e o
Hinh 5. So sanh cong sudt, mé-men va sudt tiéu
hao nhién liéu ¢ ddc tinh ngoai giita moé phong va
thuc nghiém

2000
oTH oMP

6.9

455

(ke & doim fai
Hinh 6. So sanh thanh phéan phat thai NO_giita mo
phong va thuc nghiém

4. KET QUA THU'C NGHIEM VA PANH
GIA

Thong s6 vé toc do, cong suét va mo-
men cua dong co duoc xac dinh qua cac thiét
bi trén bang thir Alpha 160 va théng qua phan
mém PUMA (hinh 7). Luong nhién liéu tiéu thu
duoc do dac bﬁng thiét bi can nhién liéu AVL
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733S. Céc thanh phan phét thai dang khi NO_
va mot sb khi khac dugc xac dinh qua h¢ théng
phan tich khi thai CEB (Combustion emission
bench).

Hinh 7. So do bé thir Alpha 160 va chay thuc
nghiém b SCR khu NO_ tai xuong AVL Boost

Két qua thtr nghiém trén Hinh 8, 9 cho
thdy, hi¢u suat khir NO_ phu thudc vao luu
lugng phun uré (thoi gian phun uré€) di vao bd
SCR véi ap suat phun uré 1a 3 bar. Khi tang thoi
gian phun uré thi hiéu suat khur NO, tang Ién va
dat gia tri cuc dai, sau do hi¢u suét khur NO, s¢
giam xudng do luong uré thira. Tai hai ché do
1500 vg/ph, 100% tai (mg v&i ché do phat thai
NO_ nhé nhat, 1160,32 ppm) va ché do 2200
vg/ph, 100% tai (img véi ché do phat thai NO_
16n nhat, 1348,81 ppm) cho thy thoi gian phun
uré t6i wu 1an luot 13 1300 ps (luu lwong phun
uré la 93,76 g/h) va 1400 ps (luu lugng phun
uré 1a 102,24 g/h).

NP
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Hinh 8. Hiéu sudt khir NO_ theo thoi gian phun uré
voi ché do 10% va 50% tdi tai toc do 2200 vg/ph
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Hinh 9. Hiéu sudt khir NO_ iig vé6i ché dg 100%
tdi tai toc dé 1500 va 2200 vg/ph

Ngoai ra, két qua thir nghiém ciing cho
thiy, v6i gia tri NO, nam trong gi6i han tir NO,
nho nhat dén NO, lon nhit theo dudng dic tinh
ngoai tir toc d6 1000 vg/ph dén 2200 vg/ph thi
hiéu xuét khir NO_ 16n nhat khi thoi gian phun
uré tir 1300 dén 1400 ps.
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