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TOM TAT

Bd sung khong khi trén dutng thai la phuong phap da dugc st dung trén mot
50 ddng co trang bi hé thdng nhién liéu diing b ché hda khi. Day la phuong phap
tan dung nhiét khi thai d€ tang cudng céc phan ng dxy héa trén dutng thai.
Ngoai ra viéc bd sung thém khdng khi sé khdc phuc nhiing han ché khi trang bi bd
XU Iy khi thai ba thanh phan (BXT) trén loai ddng co nay khi nd gidp cai thién moi
trudng oxy hoa trong BXT, tir d6 ndng cao hiéu sudt chuyén di cc thanh phan
phét thai €0, HC. Hiéu qué chuyén d6i cac thanh phan phat thai cia BXT khong chi
phu thudc vao lugng khdng khi bé sung ma con phu thudc vao céc thdng s6 clia
voi phun nhu: vi tri, goc nghiéng cling nhu két cu hoa trén giifa hai dong khi. Noi
dung bai bdo sé trinh bay két qua mé phdng su hoa tron gitia hai dong khi trén
phan mém Ansys fluent. Két qua nghién ciu cho thdy, khi B = 120° két hgp véi bo
sung canh hudng dong dang xodn, mic do hoa tron gitia dong khong khi va dong
khi thai dugc cai thién dang ké vdi ving hoa tron hiéu qué @y dat t6i 52,1%.

Tirkhda: Khi'thdi, CFD, bé xtic tdc ba thanh phdn, dng co dét trong.

ABSTRACT

Adding air to the exhaust is a method that has been used on engines equipped
with carburetor fuel systems. This is an effective solution to utilize heat in the exhaust
to enhance the oxidation reaction on the exhaust manifold. Moreover, the addition air
will overcome the limited of equipping the three-way catalyst (TWC) on this engine
because it helps to improve the oxidation environment in catalyst thereby enhancing
the conversion efficiency of CO and HC. In fact, the efficiency of TWC is not only
dependent on the amount of addition air, but also on the other parameters such as:
the position and angle of the nozzle air as well as the mixing texture between the two
streams gas. In this paper we will present the results of simulating the mixing
between two air flows on Ansys fluent. Research results show that, when B = 120°
combined with the addition of a spiral vane continuous, the effective mixing zone of
two gas streams is improved significantly @i by up to 52.1%.

Keywords: Exhaust, CFD, three-way catalyst, internal combustion engine.
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1. DAT VAN PE

Vi ddc thu 1a mot nudc dang phat trién, xe may hién la
loai phuong tién dang dugc st dung phd bién tai Viét Nam.
Theo théng ké clia cuc dang kiém, hién nay nudc ta c6 trén
60 triéu xe may, trong dé phan 16n la cac xe trang bi hé
théng nhién liéu sttdung bd ché hoa khi [1]. Bén canh nhiing
uu diém nhu gia thanh phu hop véi thu nhap cha da s6
ngudi dan, thuan tién trong qua trinh di chuyén dic biét la
trong cac dudng, ngd phd chat hep... Xe may hién ciing
dang la tac nhan chinh gay 6 nhiém moi trudng khéng khi
dac biét la tai cac thanh phé 16n nhu Ha Néi va thanh phé HE
Chi Minh [2]. Nham kiém soat phat thai cho cac phuong tién
san xuat va lap rap trong nudc cling nhu cac phuong tién
nhap khau nudc ta hién dang ap dung tiéu chudn EURO5
cho 6 t6 va EURO4 cho xe may [3].

Dé& gidm thi€u 6 nhiém maéi trudng cling nhu dap Ung céc
tiéu chuan khi thai ngay cang cao doi héi ngoai nhing cai
ti€n cong nghé lién quan téi ddng co thi viéc trang bi thém
hé théng xur ly khi thai gan nhu la yéu cau bat budc. Trén
doéng co st dung hé théng nhién liéu dung bo ché hoa khi
thi viéc trang bi hé théng xt ly khi thai ma cu thé 1a bé xuc
tac ba thanh phan (BXT) la tuang déi kho khan. Trong qua
trinh van hanh hé sé du lugng khong khi A cia déng co cé
bién dé thay d6i Ién va dong co thudng lam viéc & vung c6
hé s6 du lugng khong khi A nhod hon 1. Do d6 hiéu qua cua
BXT khéng cao dan t&i ham lugng phat thai doc hai ca
déng co sau BXT van rat 16n [4].

Nhiéu nghién ctu cho thdy phun bé sung khéng khi trén
dudng thai la gidi phap khong chi tang cuong cac phan tng
Oxy héa trén dudng thai ma con cdi thién moi trudng 6 xy hoda
do dé céi thién hiéu suat chuyén déi cac thanh phan CO, HC
trong BXT [4, 5]. Tuy nhién hiéu suét chuyén héa ctia BXT vdi
cac thanh phan phat thai ngoai phu thudc vao nhiét do, hé sé
du lugng khong khi con phu thudc vao mic dé déng nhat
trong qua trinh hoa tron gilta dong khéng khi b6 sung va
dong khi thai. Vi vay, trong néi dung bai bdo nay nhém tac gid
hudng t6i mo phdng xac dinh goc dat voi phun khong khitrén
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dudng éng thai (B) pht hgp nham dat dugc hiéu qua hoa tron
t6t gilia hai dong khi. Qua trinh mé phong dugc thuc hién trén
phan mém Ansys fluent. Qua trinh thr nghiém xéc dinh cac
thong s6 dau vao ctia mo hinh dugc tién hanh tai trung tam
nghién cttu Cac ngudén dong lyc va Phuong tién tu hanh,
Trudng Co khi, Pai hoc Bach khoa Ha Néi.
2. NOI DUNG NGHIEN CUU
2.1. Xay dung mé hinh mé phéng

M6 hinh moé phdng la 1 doan dudng thai clia xe Zip 100
cUa hang piaggio Viét Nam (tir ctia thai dén trudc vi tri lap
BXT). Trong bai bdo ndy nhdm tac gia sé tién hanh thay déi
két cdu éng véi hai trudng hop nhu sau: Trudng hgp 1 (TH1)
g6c b sung khéng khi nghiéng véi phuong ngang mét goc
B = 120°. Trudng hgp 2 (TH2) va trudng hgp 3 (TH3) gilr
nguyén goc bé sung khéng khi B = 120°, b6 sung thém canh
hudng dong dang xoan &c dat phia trudc (+), sau (-) va cach
voi phun 15mm (hinh 1 va bang 1).

Bang 1. Thong so két cau dng hoa tron khi thai va khong khi
™ | TH | ™3
T6ng chiéu dai dng (mm) 280

Théng s6

Dudng kinh dng thai (mm) 021/24
Dudng kinh voi phun khdng khi (mm) 03,5/5
GOc phun b sung khong khi B (%) 120°
Chiéu dai canh huéng dong (mm) - 20

Khoang canh canh hudng dong so véi voi

phun khdng khi (mm) - (015

(+)15

TH2

TH3

Hinh 1. Ban vé két cau doan dng thai (ing vdi 3 trudng hop
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Dai tugng st dung trong qua trinh thir nghiém xac dinh
cac théng s6 dau vao cia mo hinh mé phéng la xe may Zip
100 cGia hang Piaggio, day la mét trong nhitng dong xe may
hién nay st dung hé thong nhién liéu dung bo ché hoa khi
nhung da dugc trang bi bd xic tac ba thanh phan trén
dudng thai. Cac théng so ky thuat clia déng co trang bi trén
xe dugc thé hién trong bang 1.

2.2, Xay dung mo hinh moé phéng trén Ansys fluent

Ansys Fluent |a phan mém bac cao dung dé mé phéng,
khao sat rat nhiéu Ung dung, hién tugng ngoai thuc té€ dua
trén viéc chia ludi theo phuong phap thé tich hiru han. Ansys
Fluent dugc thiét lap dua trén cac phuong trinh co ban cua
co hoc chat 16ng nhu cac phuong trinh lién tuc, phuong
trinh bdo toan dong lugng va nang luong [71:

+ Phuong trinh lién tuc

ou,

a—xi=0 M

+ Phuong trinh déng lugng

U%—_£+i %J’_% — E (2)
e iaxj ox;  OX, H ox;  0x PU,
+ Phuong trinh ndng luong
L NG (3)
cU—=—/|A——-pc uT
p P Iat 8)(||: aXi p p i :|

Trong dé: U; va T la van t6c va nhiét d6 trung binh cla
moi chat, u/; uj’ va T' 1a cac thanh phan dao dong theo thai

gian; puu; va pc,uT la (ng sudt Reynolds va (ng suét
nhiét. Cac phuong trinh trén tinh toan dua theo gia thiét
Boussinesq nham mé hinh hoa ting suat Reynolds:

- ouU. an 2 ouU.
uu =y, | —+—=>|—=| pk+u,— |8, (4)
PUH, ut(6x. Ox J 3(‘) He 8x] !

j i i
Tuong tu d6i vai nhiét dé, cling thu dugc phuong trinh
sau:

pc uT =—— (5)
o

Theo [10], mé hinh dong ndng réi k va dong nang réi tiéu
tén € (M6 hinh k-g) thudng dugc st dung dé xac dinh ©
(velocity scale) va £ (length scale) nhu sau:

k3/2 k2
8:k1/2; (=—}; “t:pcu? (6)
p%+pui%:i u+& a_k
ot ox, OX o, ) OX;

7
ou, du; \ou; )
—+—L|—L-pe

ox,  ox Jox e
Joe, e o[ wee
o Pk ax|\" o, Jax,
8
e[, e o
Ml ax Tax Jax, Pk
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Trong d6, cac hang s6 thuc nghiém sir dung trong mé
hinh k-¢ tiéu chuan cé gia tri nhu sau: C, = 0,09; ok = 1,00;
0:.=130;C;=144;,CG=192vac:=0,85

Vi diéu kién bién khong truot dugc ap dung trén thanh
cGia md hinh mé phong. Van toc la cuc dai khi 6 xa thanh
tudng va giam manh & khu vuc gan thanh tusng. Qua trinh
chia lugi dugc thuc hién sao cho s6 diém Iugi gan thanh
tudng dau tién P, nam trong khoang 30 < ys* < 500 nham
thdéa man dinh luat log-law [8], do d6 khi st dung gia dinh
nay va (6) sé xac dinh dugc maéi lién hé gilta Uing suat cat cuc
bé clia thanh tudng (théng qua u.) véi van téc trung binh, k
vae:

u*=£=%ln(Ey;); k= ; e=—* )

Ché& d6 thtt nghiém dugc thuc hién & téc d6 xe 50km/h,
dé ma budm ga 50%. Cac thong s6 do dugc thé hién trong
bang 2.

Bang 2. Cc thong s6 do

STT Théng sé Gia tri Don vi
1 Nhiét d6 khi thai 901 K
2 Hé s6 du lugng khong khi 0,88 -
3 Lugng nhién liéu tiéu thu 1,2 kg/h

Luu lugng khéng khi b sung dugc tinh todn nham dam
bdo hé sé du lugng khong khi trén dudng thai bang 1 va
dugc xac dinh theo cong thiic sau:

Gk = Go(1-Ao) = Gri.(A/F).(1-Ao) (12)

T6ng hgp cac théng s6 khéac ctia dong khdong khi bé sung
va dong khi thai dugc thé hién trong bang 3.

+ 1 +

T =Pr, [Eln(Ey )+P} (10) Bang 3. Céc thong diéu kién bién khac [10,11]

Trong d6, K 1a h&ng s6 Von Karman's, K = 0,41; E |a d6 STT Théng sé Khéng khi Khi thai
nham cda tudng, doi véi tudng nhan thi E = 9,8; Pr, 1a hang 1 Nhiét 49 ddu vao (K) 300 901
sO Prandt‘l r?' (Pry = 0,8A,5. doi véi khong khi); P la ham clia s6 5 Khéi luong riéng (kg/m’) 1225 0,367
Prandtl va s6 Prandtl réi.

3 Nhiét dung riéng (J/kg.K) 1006,430 117,715
L Tu phan tich khi
Thide bl do thai CEBII 4 | Hé s dan nhiét (W/m.K) 0,0242 0,0626
Iwon
Kknong khi A 5 D nhét (kg/m.s) 1,789.10° 3,973.10°
6 Luu lugng (kg/h) 2,09 16,50
7 Hé s Reynold 6027,4 12455,1

IMan hinh hé trof

ngusi 1ai Thiét bi do nhiét
dé khi thai
P —
— \g’ - Loc |—— '
. P khi
— BN
Quat gié

Béng thiy dong lwe hoe Hé théng ldy méu CVS

Hinh 2. So dd thi nghiém xac dinh thdng s6 diéu kién bién cia md hinh
2.3. Xac dinh diéu kién bién ctia mé hinh

Cac thong s6 diéu kién bién, dau vao ciia mé hinh mo
phéng trong Ansys Fluent, nhu nhiét do, hé sé du lugng
khéng khi va luu lugng khi thai dugc xac dinh bang thuc
nghiém trén bang thd CD20 tai Trung tam nghién clu
doéng co, nhién liéu va khi thai, Pai hoc Bach khoa Ha Noi.
SG dé hé théng thir nghiém dugc thé hién nhu trén hinh 2.
Trong d6, lugng nhién liéu tiéu thu dugc do bai thiét bi fuel
balance 733S, nhiét d6 khi thai dugc do béi cdm bién loai K
(0 - 800°C) két ndi vdi thiét bi hién thi. Hé s6 du lugng
khéng khi dugc xac dinh béi cam bién A dairong Bosch LSU
4.9. Luu lugng khi thai sé dugc xac dinh gian ti€p thong qua
Iuu lugng nhién liéu va hé s6 du lugng khong khi theo céng
thiac (11).

Gkt = Gin+ Gni = G A(A/F) + Go = Gu.(A(A/F)+1) (11)

Trong d6: Gy - luu lugng khi thai; Gk, - luu lugng khi nap;
Gui- luu lugng nhién liéu; A - hé s6 du lugng khéng khi. Theo
Juan E. Tibaquira [9] hé s6 A/F ctia nhién liéu RON95 la 14,49.
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3. KET QUA MO PHONG VA THAO LUAN

3.1. Phan b van tdc cta khi thai va khéng khi trong
dudng éng

pathlines-1
Velocity Magnitude (mixture) ™

6.00e+01

T 4.80e+01

4.20e+01
3.60e+01
3.00e+01
2.40e+01
1.80e+01

1.20e+01
I 6.00e+00
0.00e+00

[mis]

Hinh 3. Phan bé van toc khi thai va khong khi khi ¢d va khdng c6 canh hudng
dong

Hinh 3 thé hién su phan bé van téc ctia hén hgp khi thai
va khéng khi bé sung luu déng trong 8ng ting véi 3 két cau
8ng khac nhau. C6 thé nhan thdy dong khéng khi bé sung
vGi van téc cao khi di vao sé gay ra hién tugng réi xody va
lam tang muc d6 hoa tron gitra hai dong khi. Ngoai ra, nhin
trén hinh 3 c6 thé thay trong hai trudng hgp TH2 va TH3 khi
6ng thai cé bé tri thém canh hudng dong thi mic d6 xody
r8i ctla dong khil6n han so véi TH1, diéu nay c6 thé lam tang
muc d6 hoa tron gidra khi thai va dong khi bé sung, qua dé
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lam ting hiéu qua lam viéc ctia BXT. Hinh 4 thé hién phan bé
nhiét d6 cta hon hgp khi trong dudng éng thai. Két qua cho
thay su phan bo nhiét dé ctia hén hgp doc theo dudng éng
trong ba trudng hgp la khac nhau, tuy nhién nhiét do trung
binh tai dau ra clla dong khi thai (mat ct C-C) van nam trong
pham vi lam viéc hiéu qua cta BXT (t > 350°C), do do qua
trinh bé sung khéng khi vao khi thai khong &nh hudng dén
nhiét do lam viéc hiéu qua ctia BXT.
A-A

.8

e
r—

B-B
—_—
&

— S—

B-B

M

(’]2

TH2

B-B

9

Hinh 4. Phén bo nhiét do cta khi thai va khang khi khi c6 va khdng cd canh
huéng dong
3.2, Danh gia muic d6 hoa tron gitta khong khi va khi thai
Muc d6 hoa trén gilta khong khi va khi thai dugc danh
gia théng qua hé s6 luu lugng ¢ (Air Volume Fraction) va
dugc tinh todn theo céng thuc:

(4 — Gkk
k
Gkk + th

Kl TH3

(13)

Trong d6 Gy luu lugng khong khi bé sung & phan t6
khéo sét, Gy luu lugng khi thai & phan té khao sat. Ap dung
cong thuc (11) va (12), céng thic (13) dugc bién déi nhu sau:

£ o= G, _ G, (A=A))A/F)

“ G +Gy Gy A=A )A/F)+G, A\ (A/F)+1) (4
(AN=N)A/F)
MNA/F)+1

Trong dé Ao la hé s6 du lugng khong khi khi khéng c6 b6
sung khong khi (\o= 0,88 - tai ché dé6 mé phdng); A 1a hé s6
du lugng khéng khi trén dudng thai khi c6 bé sung khéng
khi. Theo [12], b xuc tac hoat déng hiéu qua khiA~ 1 (0,975
< N £1,025), thay gia tri A va A vao (14), hé s6 luu lugng
khong khi (gw) dugc xac dinh nhu sau:

+V6i\=0,975
4o = (\=X,)(A/F) (0,975-0,88).14,49
“OMA/F)+1 0,975.14,49 +1

=0,091
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+V6iA=1,025
. (N=X)(A/F) (1,025-0,88).14,49
KOMA/E)+1 1,025.14,49 +1

Nhu vay, vung hoa trén hiéu qua trong dudng thai la cac
vling c6 hé sé luu lugng ¢ nam trong khoang 0,091 +0,133.

Mic d6 hoa trén gitita khong khi va khi thai dugc thé hién
trén hinh 5. K&t qua téng hgp cho thay dién tich ving c6 hé
s6 dong nhat ¢w trong gidi han dé ra (0,091 + 0,133) tang khi
¢6 thém céanh hudng dong va dat gia tri l6n nhat trong TH2
v6i G = 52,1%. Nguyén nhan cda hién tugng nay la do khi
Idp thém canh hudng dong dang xoén thi sé lam tang su roi
x04y cla dong khi, tir d6 lam cai thién muc do hoa tron gilra
2 dong moi chat.

=0,133

TH 1

Phiin trium dign tich (%)
AERERS

-
e

=
=

=
=

Pl (i dign lich (%)
i
=

=
=

0.00 013 0.201 0281 0.36 LUEE I
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™3

Conour 1
3.0008-01
2.7008-01
2.400e-01
2.100e-01
1.8008-01
1.500e-01
1.200e-01
9.000e-02
€.000e-02
3.000e-02
0.000e+00

EL
|
H

S — — e [t ey

-

025 036

4

P et dién fieh (%)

0 | |
065 0,081 LIRTIC N b SR

Phén tram dién tich (%)

Hinh 5. Ty 1& % theo ¢ (0,091 + 0,133) tai mét cat C-C
4, KET LUAN

Trong nghién cu nay, nhdm nghién ctu da st dung
phucng phap CFD d€ mé phéng qua trinh phun khéng khi
trén dudng thai cla xe mdy, tu dé danh gia muc d6 hoa tréon
gitta khong khi va khi thai. K&t qua mé phong cho thdy viéc
bé tri hudng dong khi bé sung ngugc chiéu két hgp véi canh
dan huéng dang xoén sé lam tang chuyén déng xoay réi qua
dé lam ting muc d hoa tron gitia hai dong khi. Cu thé véi
viéc b8 sung canh hudng dong dang xodn da giup cai thién
vung c6 hé s6 du luong khéng khi & tir0,975 dén 1,025 (vung
hoat déng hiéu qua ctia BXT) so véi truong hgp khong céd
canh huéng dong la 55,1% (du tUr 33,4% Ién tGi 52,1%). Tuy
nhién viéc b6 tri cAnh xo3dn c6 thé lam tdng can trd trén
dudng thai do dé c6 thé anh hudng téi cac tinh nang kinh té
va ky thuat cla xe. TU két qua nay sé |a cd s& quan trong dé
nhom nghién ctu tién hanh thiét ké va xay dung hé théng
b6 sung khéng khi vao dudng thai déng co.
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