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Bai bao trinh bay két qua nghién clru mé phdng nham xac dinh &nh hwéng cla viéc bd sung
khi HHO trén dwdng 6ng nap cho dong co xang t&i dac tinh lam viéc va phat thai tai tbc do
6000 v/p v&i dd m& budm ga la 50%. Déng co nghién ciru la dong co Toyota 4A-GE. Phan
mém nghién cru 13 phan mém AVL Boost. Két qué nghién ctru chi ra réng khi bd sung khi
HHO 20% cdng suét ting trung binh 15%, phat thai NOx téng trung binh 1a 42,6%, phat thai

This article presents the results of simulation research to determine the effect of adding
HHO gas on the intake manifold for gasoline engines on the working characteristics and
emissions at a speed of 6000 rpm with a throttle opening of 50%. The research engine is the
Toyota 4A-GE engine. The research software is AVL Boost software. Research shows that
when adding 20% HHO gas, capacity increased by an average of 15%; NOx emissions
increased by 42.6%; CO emissions decreased by 37.7%; and HC emissions decreased by

AVL Boost.

Tom tat:

CO giam trung binh la 37,7% va HC gidm trung binh la 26,2%.
Ttr khéa: Khi HHO, dong co xang, khi thai dong co, mé phdng, AVL Boost.
Abstract:

26.2%.
Keywords: HHO gas, gasoline engine, emissions, simulation,
1. MG PAU

Pong co xiang la mot trong nhiing  ngudn
dong luc dugc tng dung rat nhiéu trong cudc
séng. Viéc cac ngudn nhién liéu héa thach
dang ngay gan can kiét dan tsi sy khing
hoang nang lugng. Tai Viét Nam hién nay co
mot s lwong 1on dong co st dung nhién liéu
xang co thoi gian st dung trén 20 nam. Day
chinh 12 mét trong nhitng nguén 6 nhidm tram
trong cho moi truong, dac biét 1a dong co
trang bi cho xe gdn may (loai phuong tién co
s6 luong 16n va khong trang bi bo xir ly khi
thai). Vi vai tro dic biét trong sy phét trién
nén kinh té thi khong thé cAm cac phuong tién
nay tham gia giao théng. Do vay dé giai quyét
cac van d& néu trén thi sir dung nhién liéu thay

thé 12 mot xu hudng tat yéu. Hydro duoc coi
Ia nhién li¢u cia tuong lai nhung c6 nhugc
diém I6n nhat Ia tich trir kho khan, dic bit 1a
trén phuong tién giao théng van tai. Bé co thé
thiét ké, ché tao thiét bi tao khi hydro cho cac
loai phuong tién nay ciing dang la mot thach
thurc cho khoa hoc cdng nghé ngay nay [1]. Vi
thé cac nha khoa hoc dang quan tim toi sir
dung hydro véi oxy (goi 1a khi HHO) dé giai
quyét van dé trén [2]. C6 mét s6 cong trinh
nghién ciru vé viéc sir dung HHO cho dong co
xing ¢ thé ké dén nhu: Kuware va cong su
[3] cho ring: viéc bé sung HHO cho dong co
xang lam giam lugng HC, NOy, CO va tang
cdng suat, mo-men xoan va hiéu suat nhiét.
Mot nghién cau khéc cua L& Anh Tuin va
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cong sy [4] cho thiy trudng hop chi bé sung
khi HHO thi luong phéat thai NOy ting va
lugng phat thai HC giam. Luong khi thai CO
tang 1én do hoa khi giau hon, trong khi xu
huéng phat thai CO, lai hoan toan nguoc lai.
Hiéu qua cua viéc bd sung khi HHO r6 rang
nhét ddi véi tai thap. Ngoai ra cac nghién cau
ctia Radu Chiriac [5] tién hanh nghién ctu st
dung HHO & tai nho & toc do 1600 v/p hay
ciia Changwei [6] déu cho thdy céc hiéu qua
cua st dung HHO dé giam phét thai cho dong
co xang. Tuy nhién c6 thé thay cac két qua
nghién cau ¢ trén c6 su mau thuan véi nhau vi
thuc hién trén cac mau dong co khac nhau,
mau nhién liéu khac nhau, cac ché do khac

nhau. Vi vy bai b4o nay s& trinh bay két qua
nghién cau md phong anh huéng caa viéc bd
sung HHO dén dic tinh 1am viéc va dién bién
phét thai cho céc xe thé hé cii dang sir dung
nhién xdng. Tur d6 dong gop co so ly thuyét
vao 16 trinh sir dung nhién liéu thay thé cho
phuong tién giao thong thé hé cii dang luu
hanh tai Viét Nam.

2. NGHIEN clrU MO PHONG
2.1. béng co nghién ciru

Dong co nghién cuu la dong co 4A-GE duoc
cung cap bai Toyota. Thong sb ky thuat cua
dong co dugc trinh bay trong bang 1.

Bang 1. Thong s6 ky thuat ctia dong co’ 4A-GE

TT Thong s6 Ky hiéu Gia tri Pon vi
1 Hanh trinh piston S 77 mm
2 Buong kinh xilanh D 81 mm
3 S6 xilanh i 4 -
4 | Suét tiéu hao nhién li¢u e 224 g/kWh
5 Dung tich Vh 1.587 lit
7 Momen Ién nhat Me max 105/6000 Nm- rpm
8 Ty s6 nén g 10.3 -
9 GOc mG sém xupap nap 0 24,5° -
10 Goc dong mudn xupap nap 04 55,57 -
11 GO6c ma sém xupap thai 04 54= -
12 Goéc dong mudn xupap thai 04 26° -
13 Goc danh ltra som N 10® -
2. Nhién liéu nghién ctru
Bang 2. Tinh chét caa nhién liéu hydro va xing
Tinh chat Hydro Hoi xing
Ti trong tai diéu kién 1 at va 300 K (kg/m?) 0,082 5,11
Hé s6 khuéch tan vao khong khi (cm?/s) 0.61 0.05
Gid tri nhiét tri thap (MJ/kg) 119,7 44,79
Mat d¢ nang lugng (kJ/m?)
O &p suit 1 atm, 15°C 10.050 228.495
O &p suit 200 atm, 15°C 1.825.000 -
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Tinh chat Hydro Hoi xing
O trang thai long 8.491.000 | 31.150.000
Y A A 41 X H H H 7= ~ (0, A

;I;?ﬁ;h phan thé tich trong hon hop stoichiometric véi khéng khi (% thé 2953 1,65

Ty Ié khéi lugng khong khi/nhién ligu ciia hdn hop stoichiometric 34,5 14,8

Luong khdng khi Iy thuyét (kg/kg nhién ligu) 34,5 14,7

Nhiét chay caa hdn hop nhién liéu vai 1 kg khdng khi ¢ stoichiometric 337 583

(MJ/kg khéng khi) ’ ’

Gidi han chay (lambda) 0,14-10 0,25-1,4

Gi6i han chay (% thé tich hoi “nhién liéu) 4-75 1,4-7,6

Ning luong danh lira toi thiéu yéu cau (MJ) 0,02 0,25

Tbc do mang lia (m/s) 3,2-4,4 0,41

Tri s6 Gctan >130 90-100

Nhiét do tu chay (K) 858 500-700

Khoang cach dap tit mang lira (mm) 0,64 2,0
2.3. M6 hinh m6 phéng TT| Ly thuyétvamd Pong co nghién

A, A L, L , hinh ciu

Trong nghién cau md phong co st dung cac PR T TR ———
md hinh chay, md hinh truyén nhigt va m | 2 | MO Hhinhhonhep moi | Hoa khi hinh than
Hinh bhét thai. M3 hinh ch  trinh cha chat ngoai buong dot

[n p at thal. .? Ir,] C\ © (A]ua\ rinn chay 3 M6 hinh chay AVL Fractal
cua dong co nghién ctru la md hinh Fractal. 2 |6 hinh travan nhiet | ™o Finh Wosehim
M6 hinh chay Fractal dugc xdy dung dé 0 Am‘ ruye,n n ﬂl_f‘: - ? ‘m 0s¢ !m
nghién cau v& qué trinh chdy & dong co chay | ° | MO hlrmg)r:at thai | M0 hinh Zeldovich
cudng buc duoc sir dung dé du doan toc do — —— — -

s, . R , , . M® hinh phat thai CO | M&6 hinh Onorati
giai phong nhiét cho dong co c6 khoang thoi — —
gian hoa tron dai (c6 thé coi 1a hdn hop ddng Mo hinh phatthai HC | AVL Fractal

nhat). Do d6 co thé xét dén anh huong cua cac
thong s6 nhu: Hinh dang budng chay, vi tri va
thoi gian danh loa. thanh phan caa khi nap

SB2

(khi s6t, khi xa luan hdi, bay hoi cua nhién
lieu), chuyén dong va cudong do xody cua
dong khi nap, toc do lan truyén cia mang lira
& bén trong budng chay cua dong co dét trong,
d6 day cua mang lira [7]. Cac ly thuyét va md
hinh dugc trinh bay trong bang 3.

Bang 3. Céc ly thuyét va mé hinh danh trong mé

phéng
TT| Ly thuyét va md Dong co nghién
hinh cliru
1 Ly thuyét co ban Phuong trinh nhiét

dong hoc thir nhét

lwéng nhién liéu

Hinh 1. M6 hinh dong co Toyota 4A-GE str dung
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Hinh 1 trinh bay mo6 hinh dong co xdng 4
xilanh dwoc phét trién boi phan mém AVL
Boost. Ky hi¢u E1 la dong co xang, trong khi
tir C1 dén C4 la cac xilanh cua dong co. PL1,
PL2, PL3 Ia c4c binh 6n &p; CL1 Ia bau loc
khi; 11 12 voi phun hydro SBI, SB2 la diéu
kign bién, MP1 dén MP13 14 c4c diém do.

3. KET QUA MO PHONG
3.1. Banh gia tinh chinh xac cia m6 hinh

Hinh 2 trinh bay dién bién cong suat va suat
tiéu hao nhién liéu cta dong co nguyén ban tai
dic tinh ngoai. Sai s6 cua nguyén ban va md
phong nho hon 5% vi thé co thé coi céc thiét
lap co khi trong mo hinh cua dong co diesel
dam bao db tin cay dé xay dung mé hinh cho
mot loai nhién liéu khac.
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Hinh 2. B thi danh gia tinh chinh xac ctia mé hinh
3.2. COng suat va tiéu hao nhién liéu
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Hinh 3. Céng suét va tiéu hao nhién liéu
Hinh 3 trinh bay dién bién cong suat va tiéu
hao nhién liéu. Két qua cho thay: cong suat
cua dong co cé xu hudng ting trong truong

hop phan tram thé tich cia HHO ting trong
hon hop nhién liéu. Cu thé muc ting cong
suit dao dong trong khoang tir 18% dén 28%,
trong d6 muc tang 16n nhit duoc ghi nhan la
tai luong HHO chiém 20% thé tich hdn hop
nhién liéu, nguoc lai mic ting nho nhat duogc
ghi nhan tai lwong HHO chiém 10% thé tich
hdn hop nhién liéu. Nhu vay, nhin chung viéc
b sung HHO trong hdn hop nhién lidu ciing
cung cap thém luong hydro nhit dinh cho qué
trinh chdy, qua d6 co thé gitp ting luong
nhiét cung cép ciing nhu cai thién chat luong
quéa trinh chay tir d6 tang cong suat dong co.
Khi muac b sung tiép tuc ting nhiéu 1&n 30%
thi cong suat lai c6 xu hudéng giam. Vai suat
tiéu hao nhién ligu thi c6 thé thay: o ty ¢ 10%
va 20% HHO thi suét tiéu hao nhién liéu giam
con dén 30% thi ge lai ¢ xu hudng ting. Cu
thé khi b sung HHO 10% va 20% thi suét
tiéu hao nhién liéu giam 20% va 12% so véi
dong co chay thuan xang. Tuy nhién khi ty 1¢
HHO c6 trong nhién liéu la 30% thi ge lai
tang khoang 12% so véi truong hop ty Ié
HHO c6 trong nhién liéu la 20%.

3.3. Dién bién ap suét

Hinh 4 thé hién dién bién su gia ting ap suat
trong xilanh. C6 thé nhan thiy khi phan trim
HHO c6 trong nhién ligu ting tir 10% dén
20% thi &p suat trong xylanh ting manh,
nhung khi ting phan trim thé tich HHO c6
trong hdn hop nhién ligu 1én 30% thi &p suit
trong xylanh lai c¢6 xu hudng giam so vaéi
truong hop phan tram thé tich HHO 1a 10% va
20%.

Viéc ting ap suit dinh cta qué trinh chay
trong nhing truong hop HHO 10% va HHO
20 %va giam trong truong hop HHO 30% co
thé duoc ly giai 1a do tai mot ché do 1am viéc
nhét dinh caa dong co, luong khi nap cho mai
chu trinh 1a khong doi, khi thém HHO vao thi
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hydro chéy s& toa ra nhiét 16n, do vay c6 thé
cai thién duoc qua trinh chay trong Xxylanh
nhung khi HHO chiém phan tram 16n s& lam
giam di luong xdng can thiét dé chay va du
HHO nén 4p suit c6 xu hudng giam.

35

30

0 100 200 300 400 500 600 700 800
Gébe quay true khuyu

Hinh 4. Dién bién &p suét trong xilanh

3.4. Phat thai HC

Hinh 5 thé hién luong phét tai HC. C6 thé
thay rd khi ta bo sung phan tram thé tich HHO
vao hdn hop nhién ligu thi xu huéng phét thai
HC giam. Ly giai cho diéu nay la khi toc do
¢b dinh, luong nhién liéu di vao nhiéu, khi bd
sung HHO ¢ lugng thich hop, HHO chay sé
toa nhiét cao va dét hét duoc nhién liéu.
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Hinh 5. Dién bién phét thai HC
3.5. Phat thai CO

Hinh 6 trinh bay dién bién phat thai cua CO.
C6 thé thay muc giam trong nhimg trudng
hop bo sung HHO dao dong tir 22,9% dén
53,2%, trong d6 muc giam 16n nhat caa phat
thai nay dwoc ghi nhan & trudng hop bd sung
30% cung véi d6 mac giam nho nhat duoc
tng véi trudng hop bd sung la 10%. Xu

hudng giam cua phéat thai CO trong truong
hop nay cé thé duoc ly giai l1a do khi ta tién
hanh bd sung them HHO, nho nhiét tri cao
cia hydro ma di cung cip thém maot nhiét
lwong nhét dinh cho qua trinh chéy, qua d6 hd
trg cho phan ng oxy hod CO thanh CO,.
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Hinh 6. Dién bién phat thai CO
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3.6. Phat thai Nox

Hinh 7 trinh bay dién bién phat thai cua NO,.
C6 thé thay muc ting dao dong tir 165,5% dén
395,9%, trong d6 mirc ting nho nhat duoc ghi
nhan & trudng hop HHO chiém 10% thé tich
hdn hop nhién liéu va cao nhat véi thé tich
HHO c6 trong nhién liéu 1a 20%, nguoc lai ¢
mirc HHO chiém 30% thé tich nhién liéu thi
phat thai NOy lai giam so véi truong hop
HHO chiém 20% thé tich nhién liéu.
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Hinh 7. Dién bién phét thai NOx

Xu hudéng tang cua phat thai NOy trong
truong hop nay la do khi bé sung thém HHO
s& giup cho nhiét d6 cua qua trinh chay tang
cao, cung vai do la sy tap trung cua oxy trong
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HHO bd sung da khién qua trinh phan ng tao
NOy, dién ra manh mé& hon. Ngoai ra, khi
lwong HHO bé sung & muc 16n thi qua trinh
gia ting cia NOy ¢6 xu huéng giam do chat
lugng qua trinh chay bi suy giam.

4. KET LUAN

Bai bao da danh gia dugc anh hudng cua viéc
bd sung HHO téi dic tinh 1am viéc va phat
thai cua dong co xing tai tbc d6 6000 (v/p)
V6i budm ga mé 50%. Két qua cho thay: cong
Suit tang trung binh 15%, phét thai NO, ting
trung binh la 42,6%, phat thai CO giam trung

binh la 37,7% va HC giam trung binh la
26,2%. Khi bd sung HHO vao nhién liéu ciing
gilp cai thién qua trinh chdy. Tuy nhién chi
nén bd sung HHO véi lugng phi hop, néu bd
sung qua nhiéu s& khdng cai thién dugc qua
trinh chéay. C6 thé két luan rang viéc sir dung
nhién liéu HHO Ia hoan toan co6 hiéu qua va
kha thi, gop phan giai quyét tinh trang nhién
lieu ngay cang khan hiém. Miac du két qua veé
phéat thai NOy c6 tang so vai dong co nguyén
ban, tuy nhién loai phat thai nay c6 thé sir
dung bién phap khac dé xu ly.
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