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ABSTRACT

This paper presents the experimental results of a water electrolysis module
which provides mixture of Oxygen and Hydrogen for the intake air
motorcycle. It aims to reduce HC-gas into the environment through exhaust
gas. The water electrolysis module is a subsystem installed in the
motorcycle, using electrical energy from alternator to produce Hydrogen
and Oxygen mixture. With the balance of Hydrogen and Oxygen ratio from
the electrolysis system and the study does not discuss the A/F ratio, the
experiments only focus on optimizing HHO supplement to balance energy
between producing energy from burning HC gas and electric energy
consumption. The study evaluates the responsiveness of the HHO module for
popular motorcycles first and then it helps to optimize operation parameters
for different operating modes. This system is controlled by an electronic
controller. These results of study are foundation for research to reduce
emissions from motorcycle engines, reduce fuel consumption and protect the
environment.
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TOM TAT

Bai b4o nay trinh bay két qua nghién ciu, thir nghiém bé dién phdn nuwéc
cung cdp thém lrong hon hop Oxy va Hydro vao hon hep khi nap déng co xe
gan may Véi muc dich giam heong phat thai HC ra méi trwong qua dwong
ong xa. Hon hep phy nhién lieu HHO bao gom Hydro va Oxy duroc tao ra véi
Mot hieong nho tir hé thong dién phan miedc gan kém trén xe nho nguon dién
phét ra tir mdy phat dién. Véi sw can bang heong Hydro va Oxy tir hé thong
dién phan, sau qué trinh chay tao ra hoi nieéc nén nghién ciru khéng dé cap
den ty I¢ hoa khi ma chi tdp trung téi uu héa luong HHO can thiér dé can
bang nang luong sinh ra tir dét sach HC trong hén hop chay va lwong dién
nang mdt di tiv qud trinh dién phdn nude. Buoc dau nghién cuu tap trung
danh gia mirc do dap vng cua bg cung cap HHO cho dong xe gan may pho
théng. Qua dé lam tién dé cho huéng phat trién, t6i wu héa cdc théng sé hoat
déng pht hop véi cac ché dé hoar dong khac nhau. Két qud cho thdy firong
HHO cung cdp dii cho dong co véi ty 1é dat duoc trén 20%. Hé thong duoc
md hinh héa va tinh toan, kiém soat bai bé diéu khién dién tir. Két qua nay
dat nén méng cho viéc nghién cizu giam phéat thdi tir dong co xe gan may. Tir
dé gbp phan giam sudt tiéu hao nhién liéu, bdo vé méi triong.
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1. Gioi thiéu

Khac véi cac nude phét trién phuong tdy hay mot sé nuéc Chau A khac, xa hoi Viét Nam wa thich
st dung xe ca nhan tham gia giao thong, déc biét la xe gan mdy. V6i thoi quen sinh hoat hang ngay nhu
hién tai, xe may 1a mot phan khong thé thiéu cta cude séng va L ngdy cang tang 1én vé s6 lugng. Pic diém
xe gin may 14 xe sir dung dong co xang c¢& nho nén xe may gan nhu khong duoc trang bi cac cong nghé
moéi diéu khién va kiém soat giam tiéu hao nhién liéu cung véi co quan chirc nang khong yéu cau kiém
tra dinh ky nén xe may tré thanh nguén phat thai HC gay 6 nhiém méi trudng hang dau, dic biét 1a trong
d6 thi. Mot phuong phép hiéu qua dé giam luong khi thai dong co CO2, HC, NOy va céc loai khi doc
khac 1a sir dung nhién liéu khong chira thanh phan cacbon nhu Hydro vahdn hop hydro va oxy hay con
goi la HHO. Vi thuc té ddt chédy nhién li¢u khdng cacbon chi tao ra nudc sach [1][2]. V6i cac dac tinh
chay ciia hydro [3], khi bo sung hdn hgp HHO vao thanh phan hoa khi cia dong co s& mang lai nhiéu
hiéu tmg tich cuc nhu : kha ning giam tiéu hao nhién liéu; ting hiéu sudt dong co [4]; giam ndng do
phat thai HC, CO [5]. Trén thé gigi, Hydro duoc san xuét tir nhiéu ngudn khac nhau nhu khi thién nhién,
dau, than d4 va phuong phap dién phan nudc [6]. Trong cac phuong phap trén, phuong phap dién phan
nud6ce cho chi phi thap nhat va gan nhu can bang khi xét vé mirc d6 6 nhiém méi truong va nd dugc xem
nhu mot ngudn nang luong tai tao. Hién nay co nhiéu nghién ciru khac nhau duoc thyc hién vé dién
phan dé san xuét hydro nhu phuong phép dién phén kiém, dién phan st dung mang trao d6i proton PEM
va dién phan nudc nhiét do cao, tuy nhién chi yéu tip trung vao dién phan kiém v6i mé hinh HHO- -dry
cell str dung trén cac dong co xe 6 t, xe may [7]. Mic di d6 1a mot giai phap cai thién hiéu sudt va giam
phat thai dong co nhung ngugc lai phai trang bi thém hé thdng nhién liéu va binh chira khi hydro [ [8][9]
du 16n dé cung cap nhién liéu. Trong khi tich trit loai nhién liéu nay gdy ranguy co chay no rat cao trong
nhimg truong hop va cham va ro ri khi lap dat. Trong khi d6, ban chét qué trinh phat thai HC ciia dong
co xe gan mdy la do qua trinh hoa tron nhién liéu chua hoan hao. C6 nhiing vung trong budng @t duoc
goi la khong gian chét, noi nhién liéu va oXy khong tiép xtc dugc véi nhau dan téi HC khong dugc dot
chdy va bi cuon theo khi thai ra ngoai moéi truong. Chinh vi vy, giai phap str dung mot binh dién phan
nho, s dung ngudn dién trén xe dé dién phan nudc cung cip mot lugng khi HHO vira du truc tiép vao
duong 6ng khi nap cua dong co nham muc dich tan dung luong oxy bd sung hoa tron vao khong gian
chét ddng thoi tan dung mang lira hydro c6 tc do chay nhanh dé khuéch tan Oxy vao khu vuc hdn hop
nghéo Oxy truéc khi mang ltra chay chinh lan t6i dé d6t chay triét dé nhién liéu giam 6 nhidm méi
truong.

2. Xac dinh thong sé co ban

2.1. Pinh lwgng nhién ligu

Qua trinh chay cia dong co xing khi str dung hon hop hoa khi c6 HHO, ti 1¢ hoa khi dugc tinh theo
Cong thac 1 [10].
m
A== ~ (1)

my. AFRgst + Myno-AFRyyost

Trong dé: i, 12 khdi lugng khi nap, rig 12 khdi lwong nhién lidu, minmo 1a khéi lugng hdn hop HHO,
AFRgs 14 ti 18 khdi lugng khong khi/nhién liéu xing 1y tuong; AFRumost 14 ti 18 khong khi/nhién liéu
HHO [3][5]. Trong phuong trinh chdy cua HHO trong xylanh dong co chi sinh ra nuéc. HHO ty Chay
can bang ma khdng anh huong téi lugng khi nap [3]. Do d6 AFRurost = 0, dan dén ti 1¢ hoa khi caa hon
hop nhién liéu kép HHO-xang la:

ma
A= thg. AFR g )

Phuong trinh (2) 14 ti 16 cua hé théng nhién liéu xing. Didu d6 c6 nghia 1a khi thém HHO vao xylanh,
ti 18 hoa khi trong hdn hop van khéng thay ddi so voi dong co xing nguyén thuy va hé thdng didu khién
nhién liéu khong can diéu chinh ti 1¢ nay [10][11]. Tuy nhién trong hdn hgp nhién liéu ¢ thanh phan
HHO s¢& c6 sy thay doi thong sé gidi han kich no vi tinh chat chay ctia Hydro khéac so voi nhién lidu
xang nhu Bdng 1 sau:
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Bang 1. Tinh chdt cia cac nhién li¢u.[12]

Tinh chét Ha Xiing
Gidi han chay [%V] 4-75 1,2-6
Néng lugng danh lira [mJ] 2 25
Téc do chay [m/s] 1,9 0,37-0,43
Nhiét d6 tu chay [K] 858 500-750
Nhiét d6 chay [K] 2933 2282
Nhiét tri thap [MJ/kg] 119,96 44,79

Tir day, dé bao dam an toan khi cung cép lugng HHO vao dong co can kiém soat luu luong theo tin
hiéu kich né tir cam bién kich n6 gan trén than dong co.

Luu lugng khi nap dugc tinh theo phuong phap toc do ty trong. Trong phwong phap nay, luu luong
khéi lwong khi nap duoc xac dinh dua trén cac bién s6 &p suat va nhiét do caa khong khi, toc do dong

co va hiéu suat nap [13].
. n D p To
mg = [(60 Uv) EGR] do.— o T )
Trong do: D[m°] Ia dung tich xylanh; nvlé higu suét nap; i, [Kg/s] 1a luu lrong khdi lugng khong
khi; n[RPM] la téc do dong co;  Megg [M $/s] 1a luu lugng khdi lugng khi luan hoi; dO[Kg/mS] po[Atm],
To [F] lan luot 1a mat do, 4p suat, nhiét do khong khi tai diéu kién chuan; p[Atm], T[F], 1an lugc 1a mat
do, ap suét, nhiét do khong khi tai diéu kién thuc té.

Hiéu suit nap cua dong co 1a dai lwong phu thudc vao rat nhidu yéu t va diéu kién hoat dong va
duogc xac dinh boi Cong thac 4 [10].
1 Ty B,
e—1T,+AT P,

1
P =
TIU = E. Al - At'AZ' (P_r>m (4)
a

Trong d6, ¢ 1a ti s6 nén cua dong co, Py[Atm] la ap sudt khi nap truc xupap nap, T«[F] 1a nhiét o
khi nap trudc xupap nap, Pa[Atm] la ap suét cubi qua trinh nap, 47TF] 1a d6 tang nhiét d¢ khi nap méi,
A1 12 hé sb nap thém, 1212 hé s6 quét budng chay, At 1a hé sb hidu dinh ty nhiét, P,[Atm] I ap suat khi sét,
m 12 chi sé gian no da bién trung binh.

Xe gan may tham gia giao thong & viét nam c6 nhiéu chung loai. Tuy nhién hau hét sir dung dong co
xdng 4 ky ¢& nho ¢ dung tich tir 50 dén 125 phan khdi, tap trung chu yéu 1a 110cc. Chinh vi thé nhom
nghién ctru chon thong s6 xe Wave Alpha 110cc ctia hing Honda dé lam thir nghiém. Thong s co ban
nhu Bdng 2 [14].

Bang 2. Thong sé ky thudt co ban xe Wave Alpha

Théng s6 Tinh chat
Loai dong co Xang, 1 xy lanh, 4 ky
Dung tich Xy lanh 110[cc]
Ty s6 nén 9:1
Cong suét toi da 6,12[KW] tai 7500 [RPM]
M6 men xoén cuc dai 8,44][Nm] tai 6000[RP]
Mc tiéu thu nhién liéu 1.6 [L/100Km]
Kiéu nhién liéu Phun xang dién ti

Ap dung thong s6 dong co Wave Alpha vao cong thirc (3) voi dac diém dong co xe gin may khong
¢6 hé thong luan hdi khi xa ta wéc lugng khoi lugng khong khi tdi da & 7500 vong/phut theo thong s6
hoat dong cua dong co & diéu kién khi hau 30°C, buém ga m¢ hoan toan va xem nhu ton that ap suat
trén duong 6ng nap khong dang ké. Hiéu sudt nap 1y tudng hoa dé dugc luong khi nap 16n nhit cé thé
nhu sau:

. 7500 110
g = |(

1 32 .
B8 8 .1) - 0].1,29.7.22 =3,33.103[ Kg/s|=198 g/phui] (5)
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Tir luu lugng khi nap 16n nhit cin cho dong co, nhém nghién ctru dit didu kién tinh toan dua ra
thong s6 mot bo dién phan co thé dap tmg dugc lwgng HHO 16n nhat can thiét cung cép cho dong co
hoat dong theo mot ty 1¢ nhét dinh tir d6 st dung thi nghiém tim thong $6 t6i wu cho hé théng.

2.2. Thong sé qud trinh dién phén nwéc

Trong nghién ctru nay, nhém nghién ciru str dung phwong phap dién phan dung dich kiém. Hai dién
cuc kim loai dugc nhing vao chat dién phan long. Bo dién phan sir dung thi nghiém bao gdm 2 phan
chinh la phﬁn dién cuc va phﬁn diéu khién. Dién cuc st dung 1am thi nghiém dugc lam tr cac thm thép
khong gi mong ga‘in xen ké va két ndi so le lai voi nhau. Toan b cac cap dién cyc nhung vao trong dung
dich. Giira cac cap dién co cac 16 thong hoi va dan dung dich nhu Hinh1.

Hinh 1. Bdn thiét ké cdc cuc dién phdn

bién cyc sau khi gia cong dugc gin vao trong mot vo dc quy loai nhé phit hop cho viée 1ap dit cho
xe gan may nhu Hinh 2.

Hinh 2. Bé dién phadn sau khi gia céng
Dung dich dién phén 1a dung dich kiém c6 d6 din dién riéng cta dung dich OH" 1a 54.3x10%Ohm/cm
tai 25°C [7][15]. Qua trinh dién phan khir nudc xay ra & 2 dién cuc theo md hinh dién phan dung dich
kiém duoc mé ta nhu Hinh 3.

H: + H20 %Oz + H:0

i

H,O=2H'+

2H*+2e=H,

I

Hinh 3. Mb ta qua trinh dién phan
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Cathode:

2H,0 + 2e" — H, + 20H~ (E%= -0,828V) (6)
Anode:
2H,0 — O, + 4H* + 4e" (EJ= +0.401V) (7)

Dong dién cung cip cho qua binh dién phan dugc tinh theo dinh luat Faraday. Khéi lwgng HHO thu
duoc tinh theo Cong thac 8 [16].
~(9).(4 ®)
m=(z)-(7)

Trong d6: m[Kg] 1a khoi lugng cua chét bi phén ly, Q[C] 1a dién lugng chuyén qua chat dién phan,
F=96,485 [C/mol] 1a hang so Faraday, M la khoi lugng mol cua chat tham gia dién phén, z 1a s6 duong
lugng cua cac ion cua chat dién phan.

Thong luong dién Q theo thdi gian t vai dong dién Iy 1a :
Q= ln*t 9)

Khéi lvong HHO thu dugc theo dinh luat Faraday véi hidu sudt ¢ trong mot khoang thai gian t dong

dién Iy la :
Mo = 12 (10)
F.z

Vi ban than nudc khong thé dién ly nén phan mg xay ra can phai pha thém chat xac tac. Dung dich
nude pha voi bot Soda st dung dé dién phan nham ting ndng d6 OH- chinh vi thé trong hdon hop dung
dich ton tai nhiéu ion va ton that mot dong dién. Dong dién ton that nay phu thudc vao néng do xuc tac,
nhiét d6 lam viéc va dién ap dit vao hai ban cuc. Tir d6 dé kiém soat khdi lugng HHO sinh ra, dé tai
diéu khién dién ap dat vao dién cuc.
2.3. Thuc nghiém xdc dinh lwong HHO

Dé xac dinh dugc théng s6 phu thude gilta khdi lwong HHO va dién ap dat vao hai dau dién cuc, dé
tai thiét lap hé thong thir nghiém c6 thé diéu chinh dién ap bang phuong phap dleu ché xung tir b vi
diéu khién. San pham dién phén 1a hdn hop khi Hydro, Oxy va hoi nugc dugce loc 4 am, hoi nudc cho try
lai binh dién phan. Lugng HHO sinh ra dung bang lugng nudc hao hut sau qua trinh dién phan. Lugng
nudce hao hyt nay duge xac dinh béng can dién tir & diéu kién phong thi nghiém. B dién phan khép kin
lam thi nghiém nhu Hinh 4.

AR U

Hinh 4. B thi nghiém dién phdn nwdc
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Két qua thir nghiém duoc tong hop & mét sé diém tiéu biéu nhu Bing 3.

Bing 3. Két qua tong hop thit nghiém

TT Dién ap U[V] mHHO [g/h]
1 0 0
2 1 12,6
3 2.1 276
4 3.2 384
5 3,9 54,6
6 5,1 75,3
7 6,1 84,6
8 7.1 104,4
9 8,2 132,7
10 9,1 158,4
11 9,8 174,6
12 10,33 184,2

Tu bang thyc nghiém, bang phuong phap hdi quy, ta c6 phuong trinh su phu thudc cua dién ap t6i
khoi lwong HHO sinh ra trong mé hinh dién phan nhu Céng thirc 11.
3y

MurHo=0,876U%+8,614U+3,089
Ham phu thudc 14 ham da thac bac 2 trong dé U[V] 1a dién &p. Sau khi chay ham voi cac diém thuc
nghiém c6 phuong sai trung binh so v&i bang gia tri thuc nghiém 1a 62= 13,92 cho thay két qua twong
ddi gan v6i thyc té. DO thi hién thi két qua gitra gia tri thuc nghiém va ham phu thudc nhu Hinh 5. Cac
diém d6 thi 1a két qua thuc nghiém sau khi xir I s6 liéu. Puong lién tuc 1 d6 thi ham phu thudc ¢ cong
thirc (10). Tur két qua nay, tiy timg ché d¢ hoat dong ciia dong co, sau khi tinh toan lugng HHO can
thiét trong hoa khi, bo diéu khién chinh dién ap dit vao dién cuc theo ham sb phu thudc.

200 T

180

160 *

SRS
o o
o™

mHHO[g/h]
=)
o

60 | *
40 K

20 ¥

Voltage[V]
Hinh 5. D6 thi két qud thuwe nghiém bé dién phan

Qua thong sd qua trinh dién phan ta thiy b cung, cap HHO ¢ dién ap 12V ¢6 luong HHO sinh ra
khoang 232[g/h] trong khi luong khi nap & cong sut 1on nhat v6i hiéu suat xem nhu 1y tudéng gin
11880[g/h]. Udc luong ban dau bd cung cap HHO c6 thé dap ung t6i thiéu gin 20% lwong khi nap. Vé6i
ty 1& nay, dé tai tién hanh thir nghiém lap dat trén xe gan may dé danh gia kha nang dap ung.

2.4. Thir nghiém cdp HHO cho xe gin mdy

Sau khi tinh toan danh gia kha ning dap tmg va lwa chon phuong thirc diéu khién, kiém soat luong
HHO sinh ra. Nghién ctru tién hanh thir nghiém lp dat hé thong dién phan 1én xe gan may Wave Alpha
¢6 dung tich 110 phan khéi. Muc dich chinh cua thir nghiém 1a kiém tra déanh gia mirc do tuong thich
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clia bd dién phan voi cac thong sé xe gin may. Dé tir d6 tién hanh thuc nghiém cac thong sd hoat dong
nhu cong suit, moment suét tiéu hao nhién liéu va dic biét 1a méc do phat thai so vdi thong sb nguyén
thity ciia dong co khi chua gin b dién phan. Tir d6 t6i wu hda ngdn ning luong va danh gia dap tung
tiéu chuan khi thai. So d6 khéi b tri nhu Hinh 6.

‘l/

Adir Filter Ca.rbyretur Exhaust
ﬂ or Injectors
HHO
Power + Fuel-Cell
supply _

Hinh 6. B tri thir nghiém bg cung cap HHO

Véi cach bb tri nay, h¢ thong cung cap HHO s& lay dién tir may phét dién trén xe gan may, cung cap
HHO sau khi da loc am vao dudng 6ng nap & vi tri truge canh budng ga. Piéu ndy cho phep HHO s&
hoa tron tét voi dong khi nap dang xoay 16¢ trude khi vao budng dbt. Toan canh lap dat thi nghiém nhu
Hinh 7.

Hinh 7. Toan canh ldp ddt thir nghiém trén xe

O budc dau thi nghiém, nhom nghién ctru cho hé théng chay ¢ muc tdi da, dong dién tiéu thu 1a 10A
tuong duong cong suét tiéu thu 120W. Xe dau tai chd, chinh tay ga cho dong co chay o tdc dd 5000
vong/ phit. Thoi gian thir nghiém kéo dai 1 gio. Thong sé nhan dinh ban dau cho thay hé thong van hoat
dong binh thuong. Nhiét d6 dung dich dién phan khoang 80°C, lugng nude hao hut khoang 250g. Nhom
nghién ciru tién hanh kiém tra mau sic Bugi nhu Hinh 8.

Hinh 8. Mau sdc bugi trude va sau khi thie nghiém
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Theo d6, nhém nghién ctru nhan thiy bugi c6 s chuyén déi mau sic tir mau sam den sang mau do
gach c6 phan chuyén tring. Diéu ndy vé truc quan nhan dinh 13 lvong mudi than bam trén bugi di giam
mac du qua trinh thtr nghiém khong can thiép vao ty 1¢ hoa khi. Vi két qua nay chua dii luan chimg
khoa hoc két luan nhung budc dau cho thay khi bd sung mot lwong HHO vao khi nap da giip qua trinh
chay d6t sach mot phan HC du thira so v6i dong co nguyén thiy. Tuy nhién mic do giam nong do khi
thai chua dugc danh gia trong thir nghiém nay. Dong thoi thir nghiém nay chi méi khang dinh h¢ thong
cung cip dién trén xe gin may co thé cung cip ning luong cho bo dién phan dap tng t6i thiéu 20%
lwong khi nap va kha nang lap dat va hoat dong cua bd cung cAp HHO ma chua tdi uu mirc d§ cung cip
phu nhién liéu va can bang ning lugng. Pong thot thir nghiém nay chi méi lam tién d¢ ma chua d4nh
gia dugc su anh huong cia lugng HHO cung cap cho khi nap toi qua trinh hoat dong cua dong co cling
nhu su thay d6i cac théng s6 hoat ddng nhu moment, cong suat, suat tiéu hao nhién liéu va mirc do phat
thai.

3. Két ludn va huéng phat trién

Nghién ctru xdy dung thanh céng hé thdng cung cép phu nhién liéu HHO cho dong co ¢& nho. Hé
thdng duoc thuc nghiém x4y dung mé hinh toan va kiém soat dugc lwong HHO théng qua bd diéu khién.
Théng s6 ban dau cho thiy bo cung cap HHO c6 thé dap tung cung cip dugc tdi thiéu 20% luong hoa
khi ctia xe gan may c6 dung tich xy lanh phd bién 110cc. Budc dau nghién ciru thir nghiém lap dit trén
xe va cho hoat dong & ché d6 tinh tai. Két qua cho théy bd dién phan cung céip HHO duoc kiém soat tét,
thong s6 hoat dong 6n dinh va duy tri hdn hop hoa khi chita HHO cung cap cho dong co trong thoi gian
1 gio. Bang truc quan kiém tra mic do mudi than bam trén bugi so voi dong co nguyén thuy cho thay
hdn hop duge ddt chay tot hon va lugng mudi than bam trén bugi giam dang ké. Két qua nghién ciru
nay sé& lam tién d& cho hudng nghién ctru tiép theo 1a thir nghiém hé thong trén xe & cac ché do khac
nhau, kiém soat lwong HHO dua vao tin hiéu kich nd dé bao dam an toan cho dong co. Tur 6 dua ra
thong sd hoat dong tdi wru trong quan giita dién nang tiéu thy va mirc do giam phat thai, giam muc tiéu
hao nhién liéu. Tir két qua d6, nghién ciru s& trién khai do kiém danh gia thong sb khi thai so véi tiéu
chuin cua cuc dang kiém dé d& xuét hudng cai thién, don gian hoa hé théng t6i mire ¢ thé 1ap dat dién
rong trén xe gan may. Pong thoi s& thu thap dit liéu vé momnet, cong suét, mirc tiéu hao nhién lidu va
mirc d6 phat thai so sanh giita dong co nguyén thuy va dong co c6 bd HHO dé danh gia uvu nhuoc diém.
Qua d6 gop phan giam tiéu hao nhién liéu hoa thach, giam 6 nhiém moi truomg, dic biét 1a cai thién mic
d6 phat thai tir xe gin may & diéu kién giao thong Viét Nam.

Loi cam on

Nhom nghién clru xin cam on truong D’ai Hoc Su Pham K¥ Thuat Tp.HCM da tai tro kinh phi thuc
hién nghién ctru nay thong qua dé tai ma so T2022-97.
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