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Tém tit

Bai béo trinh bay két qua nghién ciru tang hiéu qud
chuyén d@oi khi thai ciia b xiic tac (BXT) khi thdi xe
mdy trong giai doan khoi dong lanh va chay dm mdy
nho phirong phdp sy néng bé sung BXT bang dong
dién cao tan. Qua trinh nghién ciu dugc thuc hién
bang phuwong phdp tinh todn mé phong BXT trén xe
mdy Honda Lead 110. Két qud nghién ciru cho thdy
Véi cdng sudt sdy 400W duroc duy tri trong thoi gian
30 gidy (S) ngay sau khi déng co duot khdi lanh va
chay khéng tai nhanh ¢ 2000v/ph, BXT dwoc kich
hogt rdt nhanh, gidp giam thoi gian khong lam viéc
ciia BXT trong giai doan nay tir 150s xudng 20s. Do
d6 hiéu qud chuyén doi khi thai ciia BXT trong giai
doan nay dwoc cdi thién dang ké, gop phan giam
phat thai chung cua xe.

Tiur khoa: Séy nong bo xuc tac, kich hoat nhanh
bo xuic tac, khoi dong lanh.

Abstract

This paper presents the results of study on
improvement of the efficiency of the motorcycle
exhaust catalytic converter (Catalyst) during the
engine cold start and warm up phase by the
additional heating method of the catalyst by high-
frequency electrical current. The study was
carried out by the simulation method of the
catalyst on Honda Lead 110 motorcycle. The study
results showed that with a heating capacity of
400W maintained for 30 seconds (s) right after the
engine was cold and started with fast idling at
2000 rpm, the convertor is activated very quickly,
reducing the idle time of the catalyst during this
period from 150s to 20s. Therefore, the emission
conversion efficiency of the catalyst in this period
is significantly improved, contributing to reducing
the overall emissions of the vehicle.

Keywords: Catalyst heating, fast catalyst light-
off, cold start.
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1. Giéi thiéu chung

BXT c6 hiéu qua xtr 1y khi thai kha cao trén cac xe
0 td chay xang khi dat trang thai nhiét du 4m (trén
400°C) nén dugc sir dung rat phd bién dé kiém soat
phat thai cho loai phuong tién nay [1]. Tuy nhién,
BXT khi thai c6 nhugc diém 1a khong hoat dong hiéu
qua trong giai doan xe khoi dong lanh va chay 4m may,
khi 6 nhiét d6 BXT thuong thap dudi 523K (250°C)
do ning lugng khi thai trong giai doan nay thap khong
du dé siy nong nhanh BXT [2]. Dic biét, dbi voi xe
may, s6 1an khoi dong lanh va thoi gian chay 4m may
trén cung d¢ dai chu trinh hoat ddng so vdi 6 t6 thuong
16n hon nhiéu do cung dudng di chuyén ciia xe may
thuong ngan. Do vdy, van d& 6 nhidm khi thai cia xe
may trAm trong hon nhiéu so vé&i 6 t6 mic du da duoc
trang bi BXT [3]. Do d6, dé kiém soat phat thai mot
cach hiéu qua cho xe may c6 trang bi BXT khi thai,
can phai nghién ctru nang cao hiéu qua chuyén déi khi
thai cia BXT trong giai doan khoi dong lanh va chay
4m may. Dua trén nguyén 1y hoat dong ciia BXT ¢
thé thay giai phap hiru hiéu cho van dé nay 1a siy nong
nhanh BXT trong giai doan khéi dong lanh va chay
4m may bang ngudn nhiét bd sung.

C6 mot s6 cach cép nhiét bd sung dé siy nong
nhanh BXT nhu ting nhiét khi thai bang chién lugc
diéu chinh danh lira mudn [4], sdy nong khi thai trudc
khi di vao BXT bang dién [5] va siy nong BXT bang
dong dién cao tan [6]. Trong d6, cong nghé ddt nong
truc tiép 161 BXT bang nang luong cao tan cho phép
d6t nong nhanh va it ton thit nhiét. O day, dong cao
tan dot nong truc tiép cac 14 thép cua 16i BXT lam
nhiét 6 161 BXT tang nhanh trong khi mat mat nhiét
ra bén ngoai do truyén nhiét giam. Do d6, cong suat
dién yéu cau thip hon so véi d6t nong bang dién [6].

Dé danh gia hiéu qua giam phat thai cta viéc sdy
néng BXT bang dong cao tan, bai bao trinh bay két
qua nghién ctru mdé phong BXT trén xe may Honda
Lead 110 c6 trang bi BXT va cudn day dét nong cao
tan cong sudt 400W.
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2. M6 hinh m6 phéng BXT
2.1. So do BXT va cugn ddy cao tin

Hinh 1 gi6i thiéu so d6 BXT va cudn diy cao tan
quan quanh 16i BXT lam bang 1a thép phu chat xuc tac.
Khi cap dong cao tin vao cudn diy, tir truong bién
thién s& tao trén cac 14 thép dong dién cam Gmg dot
noéng truc tiép cac la thép nén nhiét do ting rat nhanh.
Cong suat ¢t nong BXT c6 thé didu chinh dé phu hop
yéu cau. Cac 1 thép c6 hinh séng day 0,05mm phu
AlLO; va chit xuc tac JM (gdm Pt, Pd, Rh va CeO;)
dugc xép thanh 16i BXT vé6i do rdng (ti s6 thé tich
rOng/thé tich thép) 8=0,76 va ti trong 1,85g/cm?. Lai
BXT c6 duong kinh D=35mm, chiéu dai Lgxt= 60mm,
thé tich V=51,3 cm?, khéi luong 95g. Ti 1¢ khdi lwong
chat xtic tac trén thé tich 16i BXT la 2119g/m’, ti 18
dién tich bé mit cta 1g chit xuc tic 15m%g. Pong co
nghién ctru 1a dong co xe Honda Lead 110 ¢6 toc do
chay 4m may & khong tai nhanh 1a 2000v/ph.

2.2. Ché d tinh todn

Céc xe c6 trang bi BXT thudng c¢6 ché do ty dong
chay khong tai nhanh sau khoi dong lanh dé tang nhiét
khi thai siy nong nhanh BXT; tc d6 khong tai nhanh
0 xe may thudng la 2000v/ph va ciing dugc chon cho
nghién ctru trong bai bao nay.

Viée sdy nong bd sung BXT duoc thuc hién trong
thoi gian ngan (30s dén 50s) sau khoi dong lanh dé
tranh qua tai cho dcquy. O cudi qué trinh siy néng,
yéu cau nhiét do BXT phai dat dén nhiét do trén 523K
(250°C). Trén co s6 nay, c6 thé tinh so bd dugc cong
sut d6t nong t6i thiéu 1a 340W va cong suét dién cua
bo d6t nong cao tan khoang 400W. Véi bo dcquy 12
von, thi dong dién cp vao dé dat cong suit nay vao
khoang 33 A, hoan toan co thé duoc. Viéc tinh toan mo

0%
otetetelets
QRS

CXIOCOOOOOOOO)

o
>

$.0.9.0.0.0.9.0.0.0.0.9
90000600000 %a 00!

/
55

Q)

.A
.
k)

NN AW W W W WY WY W WY W Y
0 5ARRKKRKR?

S 00.0.0.0.0.0.00.99
(XX XX I

SO0 00009999900
Ot e e e et 0 O 0 0t
A’A’A.A.A.A.A.A.A.A.A.A.A.A.A.

>0
&
>

°

-
.0

>
o]
S

1 JOURNAL OF MARINE SQIENCE AND TECHNOLOGY

phong duoc thyc hién trong giai doan khdi dong lanh
va chay 4m may khong tai nhanh 2000v/ph, sir dung
cong suit cao tin 400W, thoi gian sdy 30s.
2.3 M6 hinh hoda BXT
2.3.1. Cdc phdn iing héa hoc va téc dg phan g
Céc phan tng dién ra bén trong BXT rat phtc tap.
C6 thé co t6i hang trim cac phan (mg khac nhau tiy
thugc vao thanh phan khi thai, nhiét do, thanh phan
céc chét pha cia BXT. Tuy nhién, dé don gian hoéa quéa
trinh tinh toan, chi cdn quan tim dén cac phan tmg lién
quan t6i giam cac thanh phan khi doc hai c6 trong khi
thai dong co. Cac phan tng xuc tac chinh ciing biéu
thirc tdc do phan tmg twong tng bao gdm [7]:

o+ % 025CO, (1)

k.CycoCuo, . KsCioCoo, Cono

Ri=Rep=——"o—"+ 5 ()
9
CsHg + E 0,— 3CO,+ 3H,0 (2)
R, =Ry, =t e
G

CH4 + 2 0,—CO,+ 2H,0 3)

k,C.., C
R, = RCH4 =2 S'Cg 20 (3
|(4.CS’H2 .CS‘O2 @)

H, + EOz—)HzO; R4:RH2: G

Cudndaycaotan

Hinh 1. So dé BXT vi cuén sdy cao tin

1. Lop cach nhiét, 2. Loi bcing la thep, 3. Cuon ddy cao tan, 4. Lop cach dién, cach nhiét,
5. Lop soi thuy tinh, 6. Vo BXT
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1
NO + CO — EN2+C02 (5)

1,4 0,3 0,13
_ kSCs,CO 'Cs,o2 'Cs,NO (5,)

5 = Mo
S

G=T,(1+KC scotKCocn, ).

1+ K,C2.,C? 1+ K,CY! ©
(1+KCeo s,C3H6)'( +R4Csno,

S=(1+ K4CSO,YIZIOX )’ (7

Ri, Ry, Rs, Ra, Rs (mol/m?/s) 1a téc d6 phan tng
ctia CO, C3Hs, CHy, H, va NO. Biéu thirc hé s6 dong
hoc phan tng ciia oxy dugc tinh toan tir viéc can bang
ndng d6 oxy tir cac phan tng trén do d6 ta c6:

Re= 0,5R+4, SR,+2R3+0, 5R4
Cac hang s6 toc do phan tmg & (j=1, 5) c6 dang

k, = Aj.e’EJ”T ; trong d6, hé s6 4; va nang lugng kich

hoat E; dugc xac dinh tir viéc phan tich cac dir li¢u
thuc nghiém va duogc xac dinh nhu sau [7]:

k, =1, 005,10 g 168574/, - k, =1,392. 105 g 19250/,

K, =7,32.10"0¢ 2% ; Téc d6 6 xy hoa cta H twong
duong vai toe d6 oxy hoa ctia CO do d6 ks=k; [8].
k, =3,067.10"e*"™:

Céc hang sb can bang hip thu duoc x4c dinh theo
Voltz [7]; K, =65,5¢%""; K, =2,1.10°™""

v s : e B s
K3 :4’ 081161 T, ; K4 —4,81056 3773/T,

K, =5,9028.10°¢%*%™

2.3.2. M6 hinh trao doi nhiét va chuyén doi khi
thai trong bé xuc tac

Vil6i BXT duoc cach nhiét kha t8t voi moi trudng
bén ngoai va tir trudng trong 16i BXT dugc gia thiét
phan bd déu, khi d6 nhiét say nong tir dong dién cao
tan dugc phan bo dong déu trong thé tich 16i BXT, nén
qua trinh truyén nhiét va phan tng xuc tac chu yéu
thay dbi theo huéng dong chay cia khi doc theo chiéu
dai BXT. Do d6, mé hinh toan biéu dién cac qua trinh
trong BXT dugc xdy dung trén co s& mo hinh mdt
chiéu khong 6n dinh (tinh dén yéu t6 thoi gian) doc
theo chiéu dai BXT.

Phuong trinh can bang ning lugng va phuong
trinh va khéi lugng ctia pha khi trong BXT ¢6 dang:

oT, oT, .

é‘pgcpgﬁz_p gUCng‘FhS(TS _Tg) ( )
acgj 0’>ng

o P -u x —hy S(Cy —Cy) )

Phuong trinh can bang niang lugng va phuong
trinh can bang khdi lugng cua pha rin trong BXT
duoc viét nhu sau:

Yo,
SCatRj ZVQhDjS(Cg j_Cs j) (10)

oT o
(1-8)p (Cps ﬁ—ts =(@1-6)k, ﬁ_x25+ hS(T, —Ty)+

5
S “AH R +Eun ep S et
CatZ( iR+ fg 1 Fsay?
= ot Stong (11)

Trong d6: O, cps, T lan lugt 1a khéi luong riéng,
nhiét dung riéng dang ap va nhiét 46 cua thanh BXT;
Py e Te 1a khdi lugng riéng, nhiét dung riéng dang

4p va nhiét do cua khi thai; k, 12 d6 dan nhiét cua 15i
BXT; S, Sear (m*m?) 14 dién tich bé mit truyén nhiét
va dién tich bé mat xtc tac trén mot don vi thé tich
BXT; Siing 1a téng dién tich bé mat truyén nhiét cua
BXT; Py, 1a cong suat dong cao tan; 7 1a hiéu sudt siy
néng ciia dong cao tan; j 1a thanh phan khij (j = 7 d6i
véi CO, 2 d6i voi C3He, 3 dbi voi CHa, 4 ddi v6i Ha,
5 @6i v6i NO va 6 ddi voi 02); h 1a hé s6 truyén nhiét
(W/m?K); hp; 1a hé s6 trao d6i chat (m/s); Cj: 1a ndng
d6 ctia khi j (%); u 1a téc d6 dong khi doc BXT; (-AH;)
la Entanpi cia phan (rng toa nhiét j, gia tri cia n6 dugc
xac dinh theo cac tai liéu tham khao [7, 8].

Diéu kién dau: Ts(x,0) = T,; C,(x,0) = 0(12)

Diéu kién bién: Tai mat ddu vao ciia BXT, cac
thong s ciia dong khi thai (van téc, nhiét d6, ndng do
cac chét trong khi thai) dugc ldy tir sd liéu thuc
nghiém; tai thoi diém dong co dugc khoi dong lanh
(thoi gian =0), nhiét d6 thanh cia BXT béng nhiét do
mdi trudng xung quanh:

Ce (0.1) = Cg T,(0t) =T/ (13)
dT, dT,
in — = > (L =
c,.(ot)=cn 4, OV="5 (LD=0 "

Thong s6 khi thai vao BXT dugc xac dinh bang
thuc nghiém va dugc thé hién trén cac d6 thi Hinh 2.
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Hinh 2. Nhi¢t dg va leu lwgng khi thii vio BXT ¢
ché dp khéng tii nhanh

3. Két qua nghién ciru

Céac phuong trinh & trén két hop cac diéu kién
dau (12) va diéu kién bién (13, 14) duoc giai bang
phuong phép sai phan hiru han, thuc hién trén may
tinh st dung ngdn ngir lap trinh FORTRAN cho
BXT lap trén dong co xe Honda Lead 110 ¢ ché do
khdi dong lanh va chay Am may khong tai nhanh.
Luu lugng Gy, nhiét ¢ va thanh phan khi thai vao
BXT duwgc xac dinh dwa trén cac sb liéu thuc
nghiém. Két qua tinh toan nhiét d6 trung binh cia
161 BXT, thanh phan khi thai sau BXT va hiéu qua
chuyén ddi khi thai caa BXT duogc thé hién trén céac
Hinh 3 dén Hinh 7. Céc d6 thi Hinh 3 thé hién nhiét
d6 trung binh ctia 16i BXT & ché d6 khong tai nhanh
duoc sdy voi cong sudt 400W trong 30s so véi
truong hop khong sdy. Co thé thay, khi khong siy
) sung, BXT dat nhiét d6 1am viéc hi€u qua sau
220s tir luc khoi dong lanh. Khi sdy voi cong sudt
400W trong 30s, BXT dat nhiét do lam viéc hiéu
qua sau 20s tur lac khoi dong lanh. So véi truong
hop khong sdy bo sung BXT thi chién lugc sy nay
da rat ngan thoi gian BXT lam viéc khong hiéu qua
tir 220s xudng 20s, twong ung rit ngan dugc 90%
thoi gian BXT khong lam viéc hodc lam viéc khong
hiéu qua.

Hinh 4 mé ta su thay ddi ham luong céc chat
doc hai trong khi thai, phia trudc va sau BXT theo
thoi gian ké tir lac khoi dong lanh. Luc diu do nhiét
dd bo xuc tac con thép, cac phan ung xuc tac trong
BXT chua dién ra nén ham luong cac chét doc hai
khong thay d6i khi qua BXT, cac duong biéu dién
ham lugng chit doc hai phia trudc va sau BXT nam
chf‘mg lén nhau. Khoang 130s sau, khi nhiét 40 BXT
tang l1én, cac phan tng oxy hoa CO, HC va khit NO
bit dau dién ra manh lam cho ham luong céc chat
doc hai giam xuéng, duong biéu thi ham lugng cac
chit doc hai phia sau BXT tach khoi duong phia
trudc BXT va di xudng.

1 JOURNAL OF MARINE SQIENCE AND TECHNOLOGY

Hinh 5 cho thiy ring & khoang 130s dau tién &
ché do khong tai nhanh hiéu qua xu ly CO, HC va
NO bang khong. Sau dé bat ddu 1am viéc tuy nhién
hiéu qua xur 1y lac nay con rat thap. Bo xuc tac duoc
coi chinh thtc 1am viéc hiéu qua tai 270s sau khoi
dong lanh khi ma hi¢u qua xur ly HC dat 50%.

700
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Hinh 4. Ham lwong cdc chit djc hai trong khi théi
phia truoc va sau BXT theo thoi gian

Hinh 6 thé hién ham lvgng CO, HC va NO phia
trude va sau BXT ¢ trudong hop siy nong 400W, 30s.
Ham lugng CO, HC va NO trong khoang 20s dau
sau khoi dong lanh 1a khong thay déi, do nhiét do
BXT chua dat t¢i nhi¢t d§ lam viéc nén ham luong
céc chat nay khong thay ddi khi qua BXT. O nhiing
gidy tiép theo do BXT tiép tuc dugc sdy nong, no
bét dau lam viéc do d6 ham lugng cac chat nay giam
manh, mac giam 16n nhét tai 30s sau khoi dong sau
d6 ham lugng cac chét nay tang 1én mot chat do lic
nay nhiét 46 BXT giam nhe. Cubi cung ham luong
cac chit nay giam dan do nhiét d6 BXT ting nho
dugc khi thai siy nong. Trong truong hop nay co
thé théy BXT lam viéc hiéu qua sau 30” tu luc khoi
dong lanh.
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Hinh 7 thé hién hiéu qua trung hoa khi BXT duoc
sdy nong véi cong suit sdy nong 400W va thoi gian
séy noéng 30s. O ché @6 nay, BXT bat ddu lam viée sau
khi sdy 20s, sau d6 hiéu qua trung hoa HC ting nhanh
dén 60% & cudi giai doan sdy 30”. Sau khi két thuc
qua trinh sdy néng, hiéu qua chuyén doi giam mot chit
roi tir tir tang, nén co thé nodi véi chién luge siy nay,
BXT dat hi¢u qua tai 30” tir lac khoi dong lanh.

& Khéng tai nhanh, khéng sy
@© 100
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w | emeee co gl
g 80 e
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e 7 7
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<«
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Hinh 5. Hiéu qud xi Iy CO, HC vi NOx & ché dj

khaoi dong lanh

25000 — - 500
Khong tai nhanh, say 400W, 30s
T -
§20000 I ——COtueeBXT .- cosaubar 400 £
o | 7 -HOu6eBXT —— HCsou BXT s
15000 [\ —..NOXtruoc BXT ----:NOxsauBxT | 300 &
o | 2
o oo
910000 200 £
5 5
‘e 5000 100 £
AT I
I

0
0 50 100 150 200 250 300
Thei gian tir lac khéi ddng lanh (s)

Hinh 6. Ham lwong cdc chét dpc hai trong khi théi
phia triwde va sau BXT khi cé sdy 400W, 30s

Khéng tai nhanh, sdy 400w, 30"

Hiéu qua trung hoa (%)

0 50 100 150 200 250 300
Théi gian tir lac khéi dong lanh (s)
Hinh 7. Hiéu qud xiu ly khi thdi ciia BXT khi sd'y
400W, 30s

4. Két luan

Xe may thuong hoat dong véi cung duong ngin,
s6 giai doan khoi dong lanh va chay 4m may nhiéu.
Trong giai doan nay, BXT thudong hoat dong khong
hiéu qua hodc thdm chi khong hoat dong do nang

luong khi thai thip khong du dé sdy nong nhanh BXT,
gdy phat thai doc hai 16n. Bién phap khéc phuc 1a siy
néng bd sung cho BXT. Sdy néng bang ning luong
dién cao tan ¢ ché do khong tai nhanh 1a bién phap
hiru hi¢u dé giup BXT xe may nhanh dat ché d¢ lam
viéc hiéu qua. O nghién ctru nay sdy néong BXT véi
cong suit 400W trong 30s & ché d6 chay 4m may
khong tai nhanh giup BXT dat nhiét d¢ lam viéc hiéu
qua sau 20s tur lac khoi dong lanh va dat hi€u qua
chuyén d6i 50% HC tir gidy thtr 30 cua qué trinh chay
4m may so voi gidy thi 230 khi khdng siy néng, tir
do tang dang ké hiéu qua chuyén doi cua BXT trong
giai doan xe méy khai dong lanh va chay 4m may.

TAI LIEU THAM KHAO
[1] Hu et al. (2008), Three-way catalyst meeting euro

11l emission standards for motorcycles, Chinese
Journal of Catalysis, Vol. 29, pp.677-679.

[2] Burch, S.D., T.F. Porter et al. (1995). Redungcing
cold start emissions by catalytic converter thermal
management. SAE paper 950409.

[3] Manqun Lin et al. (2009), Influence factor analysis

of light-off tests for motorcycle catalytic converters,
SAE Technical Paper No. 2009-32-0023.

[4] Chan, S. H. (2001), A Practical Approach for
Rapid Catalyst Lightoff by Means of Strategic
Engine Control, Pro. Instn. Mech. Engrs., Part D,
Journal of Automobile Engineering, Vol.215(4).

[5] Fatemeh M., Alireza S., Masoud A.(2017), Effect
of electrically heated catalytic converter on
emission characteristic of a motorcycle engine in
cold-start  conditions,  Applied
Engineering, Vol.127, pp.453-464.

[6] Nickolas Leahey, et al. (2018), Induction Heating
of Catalytic Converter Systems and its Effect on
Diesel Exhaust Emissions during Cold Start. SAE
2018-01-0327.

[7] Voltz, S. E., Morgan, C. R., Liederman, D. and
Jacob, S. M. (1973). Kinetic Study of Carbon
Monoxide and Propylene Oxidation on Platinum
Catalysts. Ind. Eng. Chem. Prod. Res. Dev.,
Vol.2(4), pp.294-301.

[8] Stetter, J. R. and K. F.Blurton (1980). Catalytic
oxidation of CO and H; mixtures in air. Ind. Eng.
Chem. Prod. Res. Dev., Vol.19(2), pp.214-215.

Thermal

Ngay nhén bai: 11/08/2023
Ngay nhan ban stra: 24/08/2023
Ngay duyét dang: 29/08/2023

SO 76 (11-2023)



