NGHIEN CUU MO PHONG TREN AVL BOOST
TiNH NANG CUA BONG CO XE MAY KHI BO
SUNG KHi HHO VAD BUGNG NAP

Tém tAt: Bai bdo trinh bay két qué nghién cuu b6
sung khi HHO (hdn hop cda har khi Hp va O, ¢6 dugc
1Y qua Irinh dign phan nudc, véi 1T 1§ theo thé tich ia 2:1)
vao duding nap cda déng co xe may voi sy hd Irg cua
phdn mém mo phdng AVL BOOST. K&t qud md phdng
cho thdy dnh hudng cua ligng khl HHO bd sung dén
dac tinh chay, cbng sudl cing nhu phat thai cua déng co.
Thoi gian chay tré va chdy nhanh gidm, 16¢ d¢ 1ang 4p
sudl cling nh cong sudt dgng co 1ang i6n. Phal thai
NOx gidm Irong khi HC va CO tang khi b6 sung HHO.
Néu gidd nguyén cong sual déng cd 8 1,97 kW (8 t6c do
vang quay déng co 3000 wiph va k = 0,85) lrudc va sau
khi b6 sung khi HHO., 1h cé thé it kiém dude 12,08%
Igng xang khi b6 sung 4 Iphtt HHO, néng dé NOx
tang gép 2,4 ldn, trong khi CO gidm 97,97%, HC gidm
46.98% so vdi khi sif dung xang.

Tif khod: Bong co xe may, khi HHO, AVL BOOST

Abstract: This paper presents simulahon resulfs of
HHO gas (a mixiure of Hp and Op in a ratio 2:1 by
volume -~ produced by the waler electrolysis) addiion
into intake manifold of a motorcycle engine with the
support of AVL BOOST software. The simulation resuits
indicate the effects of HHO gas addition on combuslion
characlenstics, engine power and emissions. lgnition
deiay and combustion duration are shortened, cylinder
pressure rise rale and angine power arg increased.
NOx emission are reduced, however CO and HC
emissions are increased with the grow of HHO cantent.
It engine power is kep! constant at 1,97 kW (al 3000
rom engine speed and lambda equal to 0.95) fuel
consumption will be saved about 12.08% when adding
4 fiters/min HHO gas. The NOx emission concenlralion
surges 2,4 limes, while CO and HC iSSi
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nhiém. Hydro ung dung trén & 16 & hai dang chinh:
s dung cho pin nhién liéu (luel cell) va cho dong ca
d61 Irang, Viéc bd sung khi hydro vao duéng nap clia
dong cg 461 lrong 63 dugc bil ddu nghign clu I
nhiing n&m ddu thap nién 70 cla thé ky trudc va da
cho thay dude nhiéu uu diEm ca vé tinh n&ng ky thuat
ciling nhu kinh 1€ [1). Khi st dyng han hgp xang - khi
hydro da cho thdy qua trinh chay dugc ci thién, tac
86 chay 1&ng lén, 1hai gian chay I8 va chay nhanh
giadm [2] )

Khi HHO Ia hén hap clia Hy va O vdi il 18 theo thé
tich 14 2:1-14 s&n pham cla qua Wrinh dién phan nudc,
duoc Yull Brown nghién cuu s dung ti thang 3 ndm
1978 |3]. Khi HHO co thanh phén chinh la Ha, vivay
dac linh chay gidng véi Ho. Tuy nhién, do ¢é O trong
hén hop nén khi HHO co kha nang chay trong mai
Iruing y&m khi. Vi vay, HHO ciing dudc st dung nhu
mol phu gia nhién liéu trén déng cd ddl trong bing
cach bd sung vao dudng nap. Nhitng két qua nghién
clfu da cho thay khi bé sung HHO véa dudng nap
déng co thi sudt litu hao nhién liéu gidm (4], cang
sudt, mé men dang cd duac cai thién, hiéu suat nhiet
tang, thé| gian chdy nhanh gidm. HC va CO gidm
trong khi NOx 1&ng |&n, Déc bit khi 1am viée & diéu
Kkién tai nhe va hén hgp nghéo Ihi nhitng dnh hudng
cha ludng HHO b sung la ral dang ké |5,6).

Bang 1. Ddc tinh cua nhién ligu

decrease 97,97% and 46,98% in compare with using
gasoline,

Keywords: Motorcycle engine, HHO gas, AVL
BOOST

1. M& ddu

Hién nay rat nhiéu nudc trén thé gidi da bit ddu
sif dung nhién ligu thay thé dé gidm bdt ganh nang
che xang diu va tang tinh kinh té. Trong dd, hydro
duge xem nhu nhign ligu cua tudng lai vi co nhigt In
Idn, qua trinh chdy sach, khi thai chl yéu 12 nude, Sl
dung hydro 1am nhién ligu thay th& ¢4 thé gidi quyét
dugc haivan dé ma khi sir dyng nhién ligu hoa thach
9dp phai la nguén cung c&p ciing nhu phat thai &

ic tinh Xing Hydra
M hinh phiin (0 Gl Ha
Kha&i lwdog phin 1 (gAnol) 107-114 | 202
Knidi Iuvong déng {(kgin’) 721-785 | 0.0838
FIé 6 AP 4.6 343
N3ng Iong dduh hva (mJ) 0.24 0.02
Nhi¢ 1 dd s chiv (K) 533731 858
Tdc dd el y (cm/s) 41.5 237
Nhié | i thip (MIkg) a4 120
RON 92-98 130
Kbod og d) p 1At mi ng Kra (cm) 02 0.064

V&i nhitng uu didm nhu vy, khi HHO ngay cang
duge ing dung rang rai hon. Tuy nhign, hdu hél cac
nghién cdu duge ap dung trong truéng hgp hén hop
nhat. VI vay, trang bal bao nay chung 18i xin Irinh bay
vé &nh hudng clia khi HHO dén d&c tinh 1am viéc cla
dang cd trong diéu kién hdn hgp dam vdi sy ho trg
cla phdn mém AVL Boost

2. Xay dung mé hinh mé phdng
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2.1. Xdy dyng mé hinh

Bdng 2. Théng 56 ky thug!l dgng co xe may
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Tir nhitng phén W trong phén mém, ta cé (hE xay

dung duge md hinh dgng cd xe may trén AVL Boos!
sif dyng hdn hgp nhign lidu xang-khi HHO nhu hinh
1 véi cac thdng s6 ky thuat cia dng co nhy irong
béng 2,

shuen

Hinh 1. Mé hinh mé phéng trén AVL Boost

1. loc khi: 2. ¢dn ddng. 3. vér phun HHO; 4, voi
phun xing; 5. xylanh; 6. bd xUe tdc: 7. binh dn 4p
(leu am)

2.2. M6 hinh chay

Ma hinh chay Fractal 14 mit trong nhing méa hinh
chay théng dung nhit d€ md phdng qué rinh chay
r6i trong déng co danh lifa cudng buc. M3 hinh chay
mé A lac dng val Iy cda viée hinh thanh mang Ifa
& phan 1dp dén hién Wong xody 1y do thao ly thuy&t
fracta! (7,8,3]. Phugng trinh déc trung cla mé hinh
chay Fractal [4 phuang trinh mé 14 tdc g8 cha qua

trinh chay
s d dm,
(%)muir =il (d_":t ,‘rarleu+ s [d_ra)w-c

2.3. M6 hinh hinh thanh phat thai

a) Phal thii NOx

8ang 3. Chudi phadn tng hinh thanh NOx. Hé sé
16c dg cha md hinh k =AT "EXP (- E/T)
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M8 Kinh hinh thanh phét thal NOx trong phan mém
AVL Boost dugc dua trén ma hinh déng ive hee phdn
(ng duge phat irién béi Pattas va Halner [10). Su hink
thanh cha NOx duoc tinh lodn thee thing s8 nhap
du vao nhu 16c ¢4 Adng cd, nhién liéw cing nhu ag
suat, nhidl ¢, hé 88 dur lugng khing khi &, thd tich va

khéi lugng, thisi gian chay cling nhu 58 vUng chiy,
Mé& hinh st dyng 6 phan Ung cba chudi Zeldovich v
cdc hé 56 18e db duge trinh bay trong bing 3. Qus
Irinh tinh todn duge b4t ddu lic thii diém chdy bl
d8u. Mic di trong khi ithdi NOx cla déng cd xng,
NO chiém phén l8n (20-88%) tuy nhién vidc linh todn
N30 cling khang thd bd qua. Lugng NpO sinh ra ¢
méi quan hé nhu sau:

-18.71

M20  _ 11802.105T 5 exp [—

N2 Oz RT

T6c dd hinh ihanh NO duge tinh 1oan theo cing

thife sau;

d[vo Rie R
{ ]=2(I—n1)[ 1 ol ]1
dt 1+ak; L+KJRT

b) Phat thai CO

CO |4 s4n phdm chay thiéu Op. chi y&u sinh ra it
qué irinh chay cac hydrocachon khiing hoan (odn, Vithe
dé Hinh toan CO cé thé dya trén cae phan dng sau (11}

CO+OH—+COp + H

CO3+0—=CO+ 0

Va t6c d& phan dng 1go thanh CO dugce tinh heo
cang thie:

alco) ¢ leo) )

Tk (R + R;Jl_l fcal,

trong dé [COg 1a ham lugng cén bing cda CO,
cac gid Iri Ry va Hp duge linh theo cang thije:

R, = ki (€01, [0H], = 6.76. 10" exp(T /1102)

Ry = k7[€01,[0:), = 2.5. 10" exp(- 24055/T)

¢) Phal thdi HC

Phat thal HC 14 nhing hydrocacbon chua chdy
hél, cé thé hinh thanh 1 nhidu nguyén nhan va cb
thé xdc dinh hdng qua nhifng yéu 18 sau [12]

- T11& khi nap i1 qua kha hd va khang chay duge
vl mang Iira by dap taL

- Hiéu ting chay sdl vach.

- Hai nhign ligu cung mang ddu baj lron bam lén
mat guong xylanh trong ky nap va ky nén.

- Hi#n tugng chdy khéng hoan toan hodc b i
khi chal lugng chay kém

- Hoi nhién ligu lrong dudng dng xa.

Knhi d6 t8c do hinh thanh HC duge tinh ahu sau [11}

d[HC] e/, "

~dr = CHcAnee m[HC1e[0,]

voi Apye = 7.7 € 10" ((m¥mol)*®/s)

Epe = 156222 (Jimol)
R = 8314 (J/mol K)

Tow= (T, +T )2
[I-?gi vaulagzi Igylrlnwa%”dﬁ cila HC vd O
{maolim?)
€ 18 hang sé diéu chinh 16c db phan dng Wi
thude ting ché 46, Iing loai ddng ca
a,bla cac hiing 58 mi, thudng bing 1
2.4. Ché 8¢ md phing
Tién hanh ma phéng va danh gia dnh huding cla
vigc b sung 2 va 4 |IUphit kn| HHO (2 HHO va 4
HHO} dén dac tinh lam viée cing nhy phat thal cle
déng cd xe may khi lam viéc & ché do hin hgp dim
{A b 0,8 + 1) vai 16c A déng co gilt nguysn & g il
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3000 vong/phit, budm ga mé hoan toan. Sau khi b3
sung HHO vao dudng nap. thl hé sd du lugng khang
kh! A dugc tinh lai nhu sau:

1= Micngng ki

Mying-A/Fring * Muso-A/Funo

3. K&t qua va thdo luan

3.1. Ddc tinh chdy

Hinh 2 thé hién didn bi€n ap suit va téc do tod
nhit frong xylanh dong o W/ -20°TK trudc diém chét
trén (BCT) dén 50°TK khi b3 sung 2 va 4 IlUphit HHO
=1

Do khi Hydro ¢6 18¢ dd chay rat nhanh né&n khi b
sung thém HHO vao dudng nap dong cd s& din dén
t6c dd 104 nhiét dn, thd) diém dat gia trj cyc dai sdm
han. Didu nay cting lam cho thai gian chay t:é, thdi
glan chay nhanh giam. Ngoai ra do séng ap suét cla
qud trinh chdy 18n nén gia tri cuc dai cla 4p sust
trong xylanh ¢ling s& 16n hon so vé6i khi st dung xang.
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Géc quay Injc khuyu (°TK)
Hinh 2. Dién bién 4p sudt, 16c d¢ 16a nhigt khi
b6 sung thém HHO & A =1
Do thdi gian chady nhanh gidm, trong khi 4p sudl lai
lang nhanh trong giai doan nay. Vi vy t6c do 13ng
4p sult 16n, déng cd lam viéc rung giat va cé do bn
16n (hinh 3).

B 88 {— exang .
2 mXang ¢ 2 HHO .
.5 881+ axang ¢ 4 HHO
gu
08 085 '

09 085
Hé sé dw lvgng khdng khi A
Hinh 3, D) 6n qué trinh chiy §).=1 khi bd sung HHO
B3ng 4. Sy thay d6) thoi glan chdy tré, chdy
nhanh va toc d¢ 1dng 4p svat khi b6 sung HHO &

A=1 50 vdi khi s dung xing
Xang+2 HHO | Xang+4 HHO
Géc chdy 1r& -267% - 8%
Géc chdy nbanh - 10.79% = 17.75%
T6ec dd tang 4p +30,165% +56,77%
st

Hinh 4 biéu dién nhiét d6 trong xylanh theo gbéc
quay tryc khuyu khi b8 sung thém khi HHO. VI hydro
chay rét nhanh, dan dén kha nang chdy rét giam, vi
vdy nhiét dé & cubi qua trinh chay gidn nd va qua
{rinh thai s& gidm xuéng.
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Géc quay tryc khuyu (°TK)

Hinh 4. DIEn bién nhidt d khi b6 sung HHO =1

3.2. Béc tinh lam viéc cla adng ca

Hinh 5 thé hién sy thay d8i cong suét dong cd khi
b3 sung them khi HHO vao dudng nap & c4c gia trix
khac nhau. Ta cé thé thdy ro cdng sudt dgng ca 1ang
16n khi bé sung HHO vao duéng nap vl khi d6 diém
két thuc qua trinh chay nhanh 1ién gén dén vung “31
uu” clia ddng cd xang (10-15°TK sau BCT).

g?DA
2 oX
= BXAog + 2HHO
82927 [Xang + 4 HHO
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Hé s6 du lrgng Khong khi A
Hinh 5. Céng suét ddng cd khi b6 sung HHO
TU dé th) cong sudl, ta c6 thé dé dang tinh toén
dudc suat ibu hao nhién lidu. Khi bé sung thém HHO
thl sudl tiéu hao nhién ligu cba déng cd sé giam, dugc
thé hién trong bang 5.
Bang 5. Sy thay d6) cba sufit tiéu hao nhién Higu khi

bd sung HHO so véi khi sir dung xdng theo ) (%)

X 08 | 085 ] 09 |09 | 1
| Xang+2 HHO| -10 | -1.3 | -10 | -15 | -22
Xing+d HHO| -20 | -1.9 | -2.2 | -2.6 | -36

3.3. Déc tinh phat thai cda déng co

Hinh 6 va hinh 7 biéu diBn ndng dé clia NOx, CO,
HC khi b8 sung HHO vao dudng nap Ung véi cac gia
1rj » khac nhau. T hai hinh nay ta cé thé thay ro, khi
bd sung thém HHO thi NOx ¢6 xu hudng giam, trong
khi d6 CO va HC lai tang I&n. Didu nay c6 thé gidi
thich mol cdch dé dang qua hé s8 du lugng khong
khi A va d6 thj bidu didn méi quan hé gita ndng dd
phat thal dbc hai clia dong cd xdng theo A. Khi ta bd
sung HHO vao dudng nap, do Iugng khi HHO chiém
chd, dan dén ludng khong khi nap vao gidm vi vay
hé s8 du lugng khang khi X gidm. Theo dé th| néng dd
khi thai X clia dng ¢d xang ta thay & nhiing diém bén
{réi gia trj & = 1 th khi  gidm, ndng 46 NOx giam, CO
va HC ting lén.
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Hé 56 du luong khong khi A
Hinh 6. N6ng d¢ NOx khl b6 sung thém HHO
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Hé s6 dut lrgng khong khi A
4Xdng BXdrg e 2HHO 4 Xang + 4 HHO
Hinh 7. Néng d¢ CO va HC khi b6 sung thém HHO
Ta thay khi bé sung thém HHO vao dusng nap thi
céng suat déng co dugc cdi thién, NOx giam, 1uy
nhién CO va HC lai tang lén. Khi céng suéat tang qué
gid tri céng suat dinh muc, 8¢ do véng quay tang cé
1hé anh hudng dén tinh dong Ive hoc, dé bén cling
nhu Wai the cha ddng cd. VI vay 1a phai gidm cong
suat dong co xudng thap hon gia tri dinh milc bang
cach gidm Iugng x&ng cung cédp. Gid sU ta mudn giv
cong suét & gia Iri toan 12 khi sit dyng xang (1,97 kW
khi A = 0,95) ma vAn b3 sung 2 va 4 liyphit HHO, 1a
¢6 thé gidm dugc lugng xang. gidm dugc néng dd CO
va HC. Tuy nhién lic d6 NOx lai tang (bdng 6).
Bang 6. Sy thay d6l lugng nhién ligu xdng, NOx,
CO, HC khi gity nguyén cong suét 6 1,97 kW (%)

B3 amg Xing NOx Co HC
200 | 872 | 4100 [ . 97.54 | -36.02
AHHO [ - 1208 [ + 140 [ -9797 [ -46.98
4. K&t luan

Bai bao trinh bay k&t qua nghién clu kha nang
bd sung khi HHO cho 83ng ¢o xe may trén phin
mém md phdng AVL Boost. K&t quéd nghién cuu d3
cho thdy, khi b3 sung thém HHO vao dudng nap
déng cd danh IUa cudng buc ma van gill nguyén
lugng xang th t8c do chdy lang 1&én, thdi gian chay
tr€, chay nhanh gidm, t6c 46 1ang 4p suat cao, din
dé€n db 8n 16n. Cong sudt ddng co dudc cAi thién,
NOx ¢6 chiéu hudng gidm trong khi CO va HC lai
tang lén. Tuy nhién céng sudt ting qua gia trj dinh
muc ¢6 thg anh hudng dén dé bén, kha ning déng
Iyc hoc clia ddng co.

NEu diéu chinh gidm bét lugng x&ng cung cAp phi
hgp véi luu lugng khi HHO b sung dé céng su4t
déng cd khdng ddi thita cé thé 1hu dusc mét & Igi lch

vé mat nhién libu cing nhu v& moi trudng. K&l qui
mé phdng a3 cho thdy khi gilt nguyén céng suft &
gi4 trj dinh muc, n&u bd sung thém khi HHO véi lwy
lugng 14 2 va 4 livphut thi ta cé thé gidm 8,72% vy
12,08% lugng xang. Lac 86 néng dd phat thai NOx
s& 1ang 1&n gip 2 va 2,4 I4n. Trong khi CO giai
97,54% vé 97,97% con HC gidm 36,02% va 46,98%.

M3ac du theo dy dodn lugng cdng sudt dugc Igi khi
b8 sung tham HHO khang 8i cung cdp ning lugng
cho qué trinh san xu#l khi [6), tuy nhién véi nhing wy
di8m nhu trén thi HHO ciing ¢6 thé coi 14 nguén nhién
lidu cla tuong lai. VI vAy cdn quan 1am dén vigc didu
chinh géc danh Ita sém, lugng nhidn ligu phi hgp
ng véi mdi lvu Iugng khi HHO bd sung dé dam bio
adng cd lam viéc dat hidu quéd cao nhat va phat thii
adc hai gidm 1hidu d&n muc 16i 9a O
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