
KHOA HpoxtuiGjaat4e- Tap chl GTVT 8/2012 I Q 

NGHIEN cufu MO PHONG TREN AVL BOOST 
TINH NANG CUA DONG COf XE MAY KHI BO 
SUNG KHI HHO VAO DlTOfNG NAP 

Tdm tat: Bdi bio trinh bdy kit qui nghidn cdu bi 
sung khi HHO (hdn hgp cua hai khl H2 vd O2, cd dddc 
td qud trinh dign phdn nddc, vdi tl 1$ theo thi tfch Id 2:1) 
vdo dddng ngp cua ddng cd xe mdy vdi sd h6 trg cua 
phin mim md phdng AVL BOOST. Kit qui md phdng 
cho thiy inh hddng cOa Iddng khl HHO bi sung dd'n 
dac tinh chiy, cdng suit cung nhd phit thii cda ddng ca. 
Thdi gian chdy tri vd chdy nhanh giim, td'c dd tdng dp 
suit cung nhd cdng suit ddng cd tdng Idn. Phdt thii 
NOx giim trong khi HC vd CO tdng khi bi sung HHO. 
Neu gid nguydn cdng suit ddng cd d 1.97 kW (d tic do 
vdng quay d0ng cd 3000 v/ph vd A, = 0,95) trddc vd sau 
khi bo sung khi HHO, thi cd thi tid't kiim dddc 12.08% 
Iddng xdng khi bi sung 4 lit/phut HHO, ndng dd NOx 
tang gip 2,4 lan, trong khi CO gidm 97.97%, HC giim 
46,98% so vdi khi sd dung xdng. 

Tii khoa: Ddng eP xe may, khi HHO, AVL BOOST 
Abstract; This paper presents simulation results of 

HHO gas (a mixture of H2 and O2 In a ratio 2:1 by 
volume - produced by the water electrolysis) addition 
into intake manifold of a motorcycle engine with the 
support of AVL BOOST software. The simulation results 
indicate the effects of HHO gas addition on combustion 
characteristics, engine power and emissions. Ignition 
delay and combustion duration are shortened, cylinder 
pressure rise rate and engine power are increased. 
NOx emission are reduced, however CO and HC 
emissions are increased with the grow of HHO content. 
If engine power is kept constant at 1.97 kW (at 3000 
rpm engine speed and lambda equal to 0.95) fuel 
consumption will be saved about 12,08% when adding 
4 liters/min HHO gas. The NOx emission concentration 
surges 2,4 times, while CO and HC emissions 
decrease 97,97% and 46,98% in compare with using 
gasoline. 

Keywords: Motorcycle engine, HHO gas, AVL 
BOOST 

1. Mddau 
Hidn nay r i t nh i lu nudc trdn t h i gidi dd b i t dau 

sU dung nhidn lidu thay the de gidm bdt gdnh ndng 
cho xdng dau vd tdng tinh kinh t l . Trong dd, hydro 
dupc xem nhu nhidn ligu eOa tUPng Iai vi ed nhidt tn 
ldn, qud trinh chdy sgeh, khf thdi chO y l u Id nudc. SU 
dung hydro Idm nhidn lidu thay t h i cd t h i gidi quy l t 
dupe hai van d l md khi sO dyng nhidn lidu hod thgch 
gap phdi Id ngu In cung d p eung nhu phdt thdi 6 
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nhidm. Hydro Ung dyng trdn d td d hai dgng chinh: 
sU dung cho pin nhtdn lidu (fuel cell) vd cho ddng cd 
dot trong. Vide b l sung khf hydro vdo dUdng ngp cOa 
ddng ed ddt trong da dupc b i t d i u nghidn eUu tU 
nhQng ndm 6 l u thdp nidn 70 cua t h i ky trUde vd dd 
cho th ly dupc nhi lu uu diem cd v l tinh nang ky thudt 
cung nhu kinh t l [1 ]. Khi sO dpng h i n hpp xdng - khi 
hydro da cho thay qud trinh ehdy dupc cdt thidn, tdc 
do ehdy tdng Idn, thdt gian chay trd vd chdy nhanh 
gidm [2] 

Khi HHO la hdn hdp cua H2 va O2 vdi tf Id theo t h i 
tich Ia2:1-Iasdn pham cOa qua trinh didn phdn nUdc, 
dUOe Yull Brown nghien cUu sU dung tU thdng 3 nam 
1978 [3]. Khf HHO cd thanh phan chinh Id H2, vi vdy 
ddc tinh chdy g i lng vdi Hg. Tuy nhidn, do eo O2 trong 
hdn hdp ndn khf HHO ed kha nang chay trong mdi 
trudng yem khi. Vt vdy, HHO cung dUdc sU dung nhu 
mpt phu gia nhidn lidu trdn d6ng cd dd't trong bdng 
cdch bo sung vao dudng nap. NhUng k i t qud nghien 
eUu da eho thay khi bo sung HHO vdo dudng ngp 
ddng cd thi s u i t tieu hao nhien lidu gidm [4], cdng 
su i t , md men dpng ed duoc cdi thidn, hieu su i t nhiet 
tang, thdt gian chay nhanh gidm. HC vd CO gidm 
trong khi NOx tang Idn. Dac biet khi lam vide 6 d i l u 
kidn tdi nhe vd hdn hpp nghdo thi nhQng dnh hUdng 
cOa lupng HHO bo sung la rd't dang ke [5,6]. 

Bing 1. Dgc tinh ciia nhiin ligu 

Dtctfah 
M6 liinli P M D tijr 
Kh6i lifdag phSn idr (gAnol) 
Kh6i l(fdng rieng (keAn'l 
HgsS'AyF 
N^ne liTchiK ddnh ltfa (ml) 
Nlii6ld5lU-chfiy(IQ 
TdcdftcWvCcm/s) 
Nlii^t Iri thJip (MJ/kg> 
RON 
Khodngd^ptStTTHD^ Kfa (cm) 

xauE 
CiHiB 

107-114 
721-785 

]4,6 
a 2 4 

533-733 
41.5 
44 

92-98 
0.2 

Hpdro 
H. 

2.02 
0.0838 

34.3 
0.02 
858 
237 
120 
130 

0,064 

Vdi nhUng Uu diem nhU vdy, khf HHO ngdy cdng 
dupc Ung dyng rdng rai hPn. Tuy nhidn, h l u h i t ede 
nghidn cUu dupe dp dpng trong trUdng hpp hdn hop 
nhat, Vi vdy, trong bdi bdo nay ehung tdi xin trinh bdy 
v l dnh hudng eOa khf H H O d I n dgc tfnh lam vide cOa 
66ng ed trong dieu kidn h6n hpp dam v6i sp h6 trd 
cua ph ln mem AVL Boost. 

2. Xiy dtfng md hinh md phong 
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2.1. Xiy di/ng mdhlnh 
Bing 2. Thdng s6 kf thu$t ddng cd xe miy 

K i d u d d n i i c(J 

So' XV 1:1 lib 
IXftlnnkiiih xvli'iih 

lliinli liinli pislon 
l^iiiK Ucli xvliinii 

11 s(> nC'ii 
Cioc di'nih lira sdm 

ilrtnh liVii cifOim bUc 

1 
.•iO m m 

49.5 m m 

97 c m ' 

9:1 

- 1 2 " r K 

khSi luong, th«i gian chSy cOng nhJ s6 vung chiy. 
M6 hinh sii dgng 6 phJn Lfng cua chu6l Zeldovich v« 
c4c h# sd tfic ao duoc trinh bSy trong b i n g 3. Qui 
trinh tinh t o i n duijc b i t dSu luc thdi d i l m ch iy bSl 
dSu. M i c dCi trong khl t h i l NOx cOa dSng co xSng, 
N O c h i ^ m p h i n i a n (90-98%) tuy nh i i n v i i c linh toSn 
N2O cOng k h i n g t h i b i qua. Luong N2O sinh raco 
m i l quan h i nhu sau: 

NiO t n.:,5t r-18.711 
^ - 1.1802.i.O-%^^^^exp[ ' 

Til nhOng ph in tit trong p h i n m i m , ta c i t h i x i y 
dung duoc m i hinh d i n g co xe m i y t r i n AVL Boost 
sii dgng h i n hop nh i in l i i u xang-kh( HHO nhu hinh 
1 vOi cac t h i ng s i ky thu i t cCia d i n g co nhu trong 
b i n g 2. 

\ 
I.' ' K € [ ) - ^ " < ~ I 

-^<-H 

Hinh 1. Md hinh md phdng tren AVL Boost 
1. loc khi; 2. c i n dong, 3. voi phun HHO; 4. v i i 

phun xang; 5. xylanh; 6. bo xuc tdc; 7. binh on i p 
(tieu am) 

2.2. Md hinh chiy 
Mo hinh chay Fractal l i mot trong nhOng mo hinh 

chay thong dung nhi't d i m i ph ing qua trinh chdy 
roi trong d i n g cd d i n h lilfa cu ing bUc. M i hinh chay 
m i ta t i c d i n g vat ly cua v i i c hinh thanh mang ICfa 
roi p h i n l i p den h i i n tUOng xoay to do theo iy thuy i t 
fractal [7,8,9]. Phuong trinh dac trUng ci ja m i hinh 
chay Fractal la phUdng trinh m i t i t i c d i c i a qua 
trinh chay 

(^] = (1 -w ) (^] + w f ^ l 
^ dt fomraU ^ \ dt Jfractalj ^\ dt /„-c 
2.3. Md hinh hinh thinh phil thai 
a) Phat t h i i NOx 
Bang 3. Chuoi phin ijrng hinh thinh NOx. H$ sd 

tdc dd cua md hinh k=AT' EXP (- B/T) 

TS 
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Phenitqinfliidi 
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Md hinh hinh thanh phat thdi NOx trong phan mem 
AVL Boost dupc dua trdn md hinh 66ng lUe hpc phdn 
Ung dUde phat trien bdi Pattas va Hafner [10]. Su hinh 
thdnh cOa NOx dUde tfnh todn theo thong so nhdp 
dau vao nhU t i c 66 ddng cd, nhien lieu cung nhU dp 
suat, nhidt d 6 , h d s d d u lupng khdng khl?., t h i tich vd 

NzVOz RT 

T i c 66 hinh thdnh NO dupe tfnh todn theo c6ng 
thUc sau: 

d[NO] \ Ru . R^ ] V 

b) Ph i t t h i i CO 
CO l i s i n ph im ch i y thiSu O2, chij y i u sinh ra til 

q u i Irinh ch iy c i c hydrocacbon khing ho in lo in . VI Ih^ 
d i llnh to in CO c i I h i dOa t r i n c i c ph in ijing sau [11): 

C 0 + 0 H - > C 0 2 + H 
CO2 + 0 - > C O + 0 2 
V i t i c d i p h i n ufng lao t h i nh CO dUOc tinh theo 

c i n g thlJc: 
d[CO] , I {C0\\ 

trong do [COlg Id hdm lUpng edn b i n g cua CO, 

cde gid tri R-] vd R2 dUpc tfnh theo edng thUc: 

Jii = fc*[CO],[0//l, = 6.76. lO^f fxpCr/ l lOZ) 

flj = k^[CO],[0-X = 2 .5.10" f l : tp( -24055/r ) 

c) Phat thdi HC 
Phdt thdt HC Id nhQng hydrocacbon chUa chay 

h i t , ed t h i hinh thanh tU n h i l u nguydn nhdn vdco 
the xdc dinh thdng qua nhQng y l u to sau [12]: 

- Tl 16 khi ngp ipt qua khe hd va khong chay diiflc 
vi mang lUa bj dgp t i t . 

- Higu Ung ehdy sdt vdch. 
- Hdi nhidn Hdu eung mang dau bdi trdn bdm I6n 

mdt gUdng xylanh trong ky ngp va ky ndn. 
- Hidn tupng chay khdng hoan todn hode b6 Ii!la 

khi eh l t lupng chay kem. 
- HPi nhidn li^u trong du6ng dng xd. 
Kht 66 t i e 66 hinh thanh HC dUpc tinh nhU sau [11]: 

^ = -CHcAHce-'"'^'^^[HCn02? 

vdi A^Q=1,1 X 10^ {(m3/mol)«*''Vs) 
E^Q= 156222 (J/mol) 
R = 8 3 1 4 ( J / m o l K ) 

^gw = (Tgas ••• ^cyLvt/all)'^ , . 
[HC] va [O2I Id mat do cOa HC va O2 

(mol/m^) 
c^^Q Id hang sd d i l u ehlnh toe 66 phdn Ong tuy 

thu6c tUng che 66, tUng logi d6ng cP 
a,dla cdc hang sd mu, thu6ng bang 1 
2.4. Chi d0 md phdng 
T i l n hanh m6 phdng vd ddnh gid dnh hu6ng cfla 

viec bo sung 2 va 4 ift/phut khf HHO (2 HHO va 4 
HHO) d i n dgc t(nh Idm vtec cung nhU phdt thdi cLia 
d6ng cd xe mdy khi ldm vide 6 c h l d6 hon hpp dim 
{X Xii 0,8 ^ 1) vdi t i c dp dpng cd giQ nguyen 6 gidt^ 
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3000 vong/phut, budm ga md hodn toan. Sau khl bd 
sung HHO vao dUdng nap, thi he sd du lupng khong 
khf X dupc tfnh Igi nhu sau: 

'"^khong ithi 

^xkng-^/^xang + ^HHO-A/FHHO 

3. Ki t qud va thdo ludn 
3.1. Dgc tinh chiy 
Hinh 2 the hien d i l n b i l n dp suat va t i e dd tod 

nhiet trong xylanh ddng cd tU -20°TK trUdc d i l m eh l t 
tren (DCT) den 50°TK khi bo sung 2 vd 4 Ift/phijt HHO 
6 ^ = 1 . 

Do khf Hydro ed t i c 66 ehdy rat nhanh ndn khi b l 
sung th6m HHO vdo 6U6ng ngp dpng eo se d i n d i n 
toe 66 tod nhiet Idn, thdt diem dgt gid trj cpc dgi sdm 
hdn. D i lu nay eung lam cho thdi gian ehdy tr^, thdt 
gian chay nhanh gidm. Ngodi ra do sdng dp s u i t cOa 
qua trinh chdy Idn nen gid trj eUc dgi cOa dp s u i t 
trong xylanh eung se Idn hdn so vdi khi sO dpng xdng. 

Goc quay tnjc khuyu CTK) 

Hinh 2. DiSn biin ip suit, tic d0 toa nhlgt khi 
bisung them HHO dX=1 

Do thdi gian chdy nhanh gidm, trong khi dp su i t Iai 
tang nhanh trong giat doan nay. Vi vdy toe dd tang 
dp sudt Idn, ddng ed lam vide rung giat vd ed dp on 
Idn (hlnh 3). 

• Xang 
I X a n g + 2 H H 0 

• AXang + 4HH0 

H I s6 du- lu-o-ng khdng khl A 
Hinh 3 Dg on qui trtnh chdy dX=1 khi bisung HHO 
Bang 4. Stf thay doi thdi gian chdy tre, chdy 

nhanh vd tdc dg tang ip suit khi bo sung HHO d 
X=1 so vdl khi sur dgng xing 

Goc chav tri 
Gdc ch^v nhanh 
Toe dp tang Sp 
suâ t 

XanK+2 HHO 
- 2,67% 
- 10,79% 

+ 30,16% 

XanE44 HHO 
- 8% 

- 17.75% 

+ 56,77% 

Hlnh 4 bieu dten nhidt dp trong xylanh theo goe 
quay trpc khu^u kht bo sung them khf HHO. Vi hydro 
chdy rat nhanh, dan d i n khd ndng chay rdt gtam, vi 
vdy nhiet 66 6 c u l i qua trinh ehdy gian nd va qua 
trinh thdi se gidm xuong. 
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• Xing 
- - X i n g + 2 HHO 
—Xang + 4 HHO 

Gdc quay tmc khuyu ("TK) 
Hinh 4. Diin biin nhi$t d0 khi bisung HHOdX=1 
3.2. Dgc tinh lam vigc cOa dpng cd 
Hinh 5 t h i hien sp thay doi cdng su i t ddng cd kht 

b l sung them khi HHO vdo dudng ngp 6 cac gia tri X 
khdc nhau. Ta co t h i t h l y ro cdng su i t dong cd tang 
I6n khi bo sung HHO vdo dudng ngp vi khi dd diem 
k i t thiJc qua trinh chdy nhanh t i l n g i n den vung "tot 
Uu" cua ddng cd xang (10-15°TKsau DCT). 

S"2 04 T 

He so du' lu'ong khong khf A 
Hinh 5. Cdng suit dgng ca khl bo sung HHO 
TU do thj cdng su i t , ta eo t h i d l dang tfnh todn 

dUde su i t ti6u hao nhien lieu. Kht bo sung thdm HHO 
thi suat tieu hao nhi6n lidu cOa dpng ed se gtam, dupc 
the hidn trong bdng 5. 

Bing 5. Stf thay doi cua suit tiiu hao nhien llgu khl 
bdsung HHO so vdl khl sd dgng xing theo X(%) 

I 
xan);+2 HHO 
Xang+4HHO 

0.8 
-1,0 
-2,0 

ass 
-1.3 
-1,9 

as) 
-1,1 
-2,2 

0.95 
-1,5 
-2,6 

1 
-2,2 
-3,6 

3.3. Dgc tinh phit thai cua d0ng ca 
Hinh 6 va hlnh 7 bieu d i l n nong 66 cOa NOx, CO, 

HC khi b l sung HHO vdo 6Udng nap Ung vdi eae gia 
tri X khac nhau. TU hai hlnh ndy ta ed t h i thay rd, kht 
b i sung them HHO thi NOx cd xu hUdng gtam, trong 
khi dd CO vd HC lai tang Ien. D i l u ndy ed t h i giai 
thieh m6t cdch d l dang qua he s l dU lUpng khdng 
khi X vd do thj bieu d i l n moi quan he giUa nong dp 
phdt thdt doe hgi cOa ddng cd xang theo X. Khi ta bo 
sung HHO vao dudng nap, do lupng khf HHO ch i lm 
chd, dan d i n IUdng khdng khi nap vao gidm vi vdy 
he s l du lupng kh6ng khf A. giam. Theo dd thi nong 66 
kfif thdi X ciia d6ng co xdng ta thay d nhQng d i lm ben 
trai gid trj A = 1 thi kht A gidm, nong dp NOx giam, CO 
va HC tang Idn. 
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H I SO du' lu'png khing khi A 
Hinh 6. Ndng d0 NOx khl bd sung thim HHO 
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He so du lu'png khfing khi A 
• xang •xang + 3HHO 4Xana*4HHO 

Hinh 7. Ndng dg CO vi HC khl bd sung them HHO 
Ta thdy kht b l sung them HHO vdo dudng ngp thi 

edng s u i t 6dng ed dupc cdi thidn. NOx gidm, tuy 
nhien CO vd HC Iai tang Ien. Khi cdng su i t tdng qud 
gid trj cong s u i t dmh mUe, t i e do vdng quay tdng c6 
t h i dnh hudng 6en tinh 66ng Ipc hpc, dp b i n eung 
nhu tuoi thp cOa ddng ed. VI vdy ta phdi gidm cdng 
s u i t 66ng cd xuong thap hpn gid tri dinh mUc b i n g 
each gidm IUdng xang eung d p . Gid sO ta m u l n giQ 
cdng s u i t 6 gia tri todn tdi khi sO dpng xang (1,97 kW 
khi A = 0,95) md vdn bo sung 2 vd 4 lit/phut HHO, ta 
CO t h i gidm 6Upc lupng xdng, gidm dUpc ndng 66 CO 
vd HC. Tuy nhidn lue 66 NOx Igi tdng (bdng 6). 

Bing 6. Stf thay doi lugng nhiin li$u xing, NOx, 
CO, HC khl giU nguyen cdng suit 6 1,97 kW (%) 

Bo aing 
2IIIIO 
4 HHO 

Xane NOx 
-8,72 

- 12,08 
+ 100 
-1- 140 

CO 
- 97,54 
- 97,97 

lie 
- 36.02 
-46,98 

4. Ket iugn 
Bdi bdo trinh bdy k i t qud nghien cUu khd ndng 

b l sung khi HHO cho d6ng cd xe mdy tren p h l n 
m i m md phdng AVL Boost. K i t qud nghidn cUu da 
cho t h l y , khi b l sung thdm HHO vdo dUdng ngp 
ddng cd ddnh lOa cUdng bUe md van giQ nguydn 
lupng xdng thi toe dp chdy tdng ldn, thdi gian ehdy 
t r i , chay nhanh gidm, t i c dd tdng dp s u i t cao, ddn 
6 l n 6d on Idn. Cdng s u i t ddng ed dUde cdi thidn, 
NOx ed e h i l u hUdng gidm trong khi CO vd HC Igi 
tang Ien. Tuy nhien cdng s u i t tdng qua gid trj dmh 
mUc CO the dnh hudng den 66 b i n , khd ndng d6ng 
luc hpc cOa 66ng ed. 

N l u d i l u ehinh giam bdt lupng xdng eung d p phO 
hdp vdi luu lupng khf HHO b l sung dS cong s u i t 
dpng cd kh6ng doi thi ta ed t h i thu dUde mot s6 Ipi fch 

v l mdt nhidn li^u cung nhu v l mdi trudng. K i t qud 
md phdng da cho t h l y khi giQ nguydn cdng s u l t d 
gid trj djnh mUc, n l u b l sung thdm khl HHO vdi luu 
lupng id 2 vd 4 Ift/phOt thi ta cd t h i gidm 8,72% va 
12,08% lupng xdng. LOe 66 n i n g 66 phdt thdi NOx 
se tdng I6n g l p 2 vd 2,4 l l n . Trong khi CO gifift 
97,54% vd 97,97% e6n HC gidm 36,02% vd 46,98%. 

Mdc du theo dp dodn lUpng cdng s u i t dupe Ipi khi 
b l sung t h i m HHO khdng 60 eung d p ndng lupng 
cho qud trinh sdn x u l t khf [6], tuy nhtdn vdi nhOng i/u 
d i l m nhutrdn thi HHO cung cd t h i coi Id nguIn nhien 
li6u cOa tuong lai. VI vdy c i n quan tdm d i n vide dilu 
ehfnh gdc ddnh lOa sdm, lupng nhidn li$u phij hpp 
Ung vdi m6i luu lUpng khf HHO b l sung d l ddm bdo 
d i n g CO Idm vi^c dgt hi6u qud eao nhdt va phdtthSi 
ddc hgi gidm th i l u d i n mUc t l i da Q 
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