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TOM TAT

Bai bao trinh bay céc két qua nghién ctu thuc nghiém xac dinh
anh huong cua viéc bo sung khi HHO trén duong 6ng nap dén
su hinh thanh phét thai cua 6 t6 st dung dong co diesel thé hé
cii. O t6 nghién ciru 12 6 t6 Isuzu Hilander san xuat nam 2005.
Thi nghiém dugc tién hanh véi toe d6 dong co 1a 1500
vong/phit véi céc tai trong khéc nhau. Két qua nghién ctru cho
thay rang khi bo sung khi HHO trén duong nap hau hét cac phat
thai doc hai giam. Cu thé: phét thai khoi giam trung binh
26,4%; phat thai CO giam trung binh 13,75%; phat thai HC
giam trung binh 32,32 %. Riéng phat thai NOy tang trung binh

This paper presents experimental results to determine the effect
of HHO addition on the intake manifold on emission patterns
of cars using older generation diesel engines. The experimental
car is an Isuzu Hilander car manufactured in 2005. The
experiment was conducted with an engine speed of 1500 rpm
with different loads. The research results have showed when
HHO gas is added to the intake manifold, most of the harmful
emissions are reduced. Namely, smoke emission decreased by
an average of 26,4%; CO emissions reduced by an average of
13,75%; HC emissions decreased by an average of 32,32%.
Particularly, NOx emissions increased by an average of
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12,03%.
1. GIOI THIEU

Pong co diesel 1a ngudn dong luc quan trong
trong cudc song nhung dong co diesel lai san sinh
ra nhiéu chét phat thai doc hai. Ngay nay cac cong

nghé méi trén dong co diesel ¢ thé giam hau hét
cac thanh phan doc hai nhu: luan hdi khi thai, loc
muoi than, khir NOx...Nhung véi s6 lugng rat Ion
cac dong co tai Viét Nam chua dugc ap dung cac
cong nghé nay thi d6 1a mot diéu dang quan tim vi
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ching chinh 1a ngudn gay 6 nhiém mdi truong
tram trong. P& giam phat thai cho cac dong co
diesel thi viéc s dung nhién liéu thay thé da va
dang dugc nghién ciru trong d6 c6 hydro. Hydro 1a
mot loai nhién liéu day trién vong nhung kho khin
caa nhién liéu nay la viéc luu trir vo ciing kho khan
va phuc tap dac biét la trén phuong tién co gidi.

Hydro ¢6 mat d6 ning luong theo thé tich
thap, rat kho hoa long nén hydro thuong dugc nén
trong binh chira 18n tgi 700 bar dé dam bao yéu cau
st dung. Viéc ché tao thiét b tao hydro ngay trén
phuong tién van chuyén ciing 1a mot thach thuc.
Vi thé phuong an str dung hydro véi oxy (goi la
khi HHO) dang dugc cac nha nghién ciru quan tam
(Yilmaz et al., 2010)

HHO (khi Brown, khi Rhode va HRG) dugc
hinh thanh tir H2 (60,79%) va O2 (30,39%) cling
nhu mot lwong nho hoi nudc va cac chat hoat dong
nhu gdc oxy (O) va goc hydroxyl (OH); & nhiét o
570°C khi HHO s& bbc chay. Nang lugng can thiét
dé @6t chay hdn hop nay 1a 20 pJ. Qué trinh chay
xay ra khi ham lugng thé tich hydrogen trong hdn
hop HHO nam trong khoang 4% - 95%. Khi chay,
luong nhiét sinh ra 1a 41,8 kJ d6i véi 1 mole HHO.
HHO c¢6 tinh chit oxy héa kha manh trong kich
thich phan ¢ng day chuyén C — H nham thuc day
qua trinh oxy hoa phat thai HC, CO va PM trong
qua trinh chay caa nhién liéu vi thé khi HHO c6
thé sir dung phdi hop véi céc loai nhién liéu truyén
thdng trén dong co d6t trong dé cai thién hiéu suat
va giam phét thai 6 nhiém méi truong.

Tai Viét Nam c6 mot sé cac cong trinh nghién
ctru nhu nghién ctu ung dung lip dat hé thng
HHO cho dong co diesel HD700 str dung bom cao
ap, voi phun co khi va dong co diesel
MaxxForcell sir dung hé théng phun dau dién ti
duogc trang bi trén xe dau kéo. Két qua cho thiy
dong co HD700 vai 100 km cd tai tiéu thu nhién
lieu giam tir 34 lit xudng 28 lit (giam 14%), dong
co Maxfore c6 tai tiéu thu giam tir 38 lit xudng 35
lit (giam 8%). C6 thé thay HHO c6 hiéu qua tét
trong viéc giam tiéu hao nhién liéu véi cac dong

co thé hé cii hon so voi dong co phun dau dién ta.
V& viéc giam phét thai doc hai thi voi dong co
HD700, lugng khi CO giam 32,7%, khi NOyx giam
21,8%, muoi than giam 47,5%; voi dong co
MaxxForce 11, lugng khi CO giam 16%, lugng
khi NOx giam 18%, mudi than giam 15%. Lugng
phat thai CO> cling giam do viéc nhién li¢u tiéu thu
giam (Han, 2017).

Baltacioglu va cong su (Baltacioglu et al.,
2016) nghién ctru trén dong co diesel 4D32 dung
tich 3,6 lit cua Mitsubishi. Két qua nghién cizu cho
thay phét thai CO va HC giam nhung nong d6 NOx
khbng giam. M6t nghién cuiru thir nghiém khac trén
dong co Volvo Penta Type DSAT ciing duogc
Dobrzaniecki (Dobrzaniecki & Kaczmarczyk,
2016) thyuc hién. Két qua cho thay viéc bo sung
HHO c6 tin hiéu tich cuc trong giam phat thai CO
va CO2 nhung lai khéng tich cuc cho phét thai
NOx. Két qua nghién ctru cua Wozniak (Wozniak
et al., 2017) chi ra rang khi HHO lam ting toc do
chay, d6t chay hiéu qua hon do ning luong danh
lra thap va dé khéi dong hon. Cac tac gia cling cho
rang bd sung HHO 1am cho hdn hop khi nap dong
nhét hon. Khi bo sung HHO, phét thai khoi, CO va
HC giam trong khi tiéu hao nhién liéu ciing c6 xu
huéng giam nhe, phat thai NOx van con chua dong
nhat két qua giira cac cong trinh nghién ctu. Cac
nha nghién ctru ciing cho rang khi HHO ciing gay
ra mot s6 van dé nhu bét lira sém do ning luong
danh Itra hydro thap va pham vi chay cua hydro
rong.

Bai bao nay trinh bay két qua nghién cau thuc
nghiém anh huéng cia viéc b sung khi HHO dén
phét thai cua dong co diesel thé hé cii tir d6 dong
gop co so ly thuyét cho viéc sir dung nhién liéu
maoi nay.

2. PHUONG PHAP NGHIEN CUU
2.1. O t6 thir nghiém

O t6 thir nghiém 12 6 t6 Isuzu Hilander san
Xuat 2005, s6 km di duogc 1a 400 000 km. Pong co
duoc lap trén xe 1 dong co diesel 4JA1. Thong sb
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k¥ thuat cua dong co diesel 4JA1 dugc trinh bay &

Bang 1. SO ban cuc 11
Bang 1. Thong s ki thuat cua 6 to Isuzu Di¢n ap st dung 12 (V)
Thong sb Gia tri Cong suat 30 lit/phit tai 6A
Hanh trinh pit-tong 92 (mm) 2.3. So' d6 nghién ciru thye nghiém
. So d6 nghién ciru thyc nghiém duoc trinh bay
Dudng kinh xi-lanh 93 (mm) trén Hinh 1. Binh dién phan 4 duoc cung cép dién
36 xi-lanh 4 boi 4c qui bén ngoai 2 de khong lam tang tai dién
cho ac qui trén 6 t6. Dong dién cap cho bo dién
Suét tidu hao nhién 224 (g/kWh) phan co6 thé diéu khién dugc nhd bo kiém soét
lidu dong dién 3 do d6 co thé thay doi duge luong khi
HHO tao ra. Khi HHO tir b6 dién phan duoc dua
Dung tich budng 2,499 (lit) qua binh chéng chay nguoc 5 va luu lugng duoc
dot do nhé cam bién 6, hién thi trén may tinh 7 va dugc
: cung cap vao duong 6ng nap cia dong co. Khi
~Cong  suat  1on 50-3600(kW- dong co lam viéc, khi thai dong co duoc dua vao
nhat/toc d§ v/ph) méay phan tich khi thai dé do cac thong sé HC, CO
) va NOx. Hinh anh thuc té lip trén xe duoc trinh
_ Momen 16n 152-2000 (Nm- pay trén Hinh 2 va Hinh 3.
nhat/téc do v/ph)

Nghién ctu dugc thyc hién tai phong thi
Ty s6 nén 18,4 nghiém cé&c ngudn dong luc trén 6 td tai Trudng
DPai hoc Su pham Ky thuat Nam Dinh.

Tdc d6 khong tai 800( v/ph)
chuan

2.2. Thiét bi dién phan HHO

Bo tao khi HHO duogc cung cap boi nha san
xuat HHO Plus. Hé théng bao gdbm bo dién phan,
bo diéu khién dong dién phan, binh chéng chay
nguoc,... Dung dich dién phan la dung dich NaOH
¢6 ndng d6 25%. Thong sé bd dién phan duoc trinh
bay trong Bang 2.

Bang 2. Thong sé ky thuat caa b dién phan Hinh 1. So d6 nghién ciu thuc nghigm
HHO 1. O t6 nghién ciu; 2. Ac quy; 3. Bo diéu
- . khién dong dién phan ; 4. Bo dién phan; 5.
Théng so Gia tri Cam bién do luu luong khi HHO; 6. Binh

chéng chay nguoc; 7. May tinh; 8.Thiét bi

Kich thud i€ 110x110x1 . Lo
ic thuoc ti€u 0x110x180 phan tich khi thi

chuan (9mm)
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Hinh 2. Hé théng cung cap khi HHO
trén 6t
1. Binh chtra dung dich dién phan; 2. BJ di¢n

phan; 3. Binh chong chay nguoc; 4 Vi tri cung
cap khi HHO

Hinh 3. Lip dat 6 t6 1én bang thir

1. O t6 nghién clru;

2. Bang thir cong suét toan xe.
2.4. Trang thiét bi thir nghiém
2.4.1. Bé thir cong suit

Bé thir cong suét 1a bé thir Dyno mite c6 chic
ning gy tai cho banh xe sir dung moé to dién kiéu
Eddy Current. Trén mé to c¢6 1ap cam bién Loadcell
dé do luc va cam bién toc d6 mo to dé do tdc do
banh xe.

Hinh 5. Phin mém thu thap dir li¢u cua
Dyno

Céc s liéu thu thap trong qua trinh thi nghiém
s€ dugc phan tich va ghi lai.

2.4.2. May phén tich khi thai

Thanh phan cta khi thai dugc do bang may
phan tich khi thai SGA 400 duoc san xuat tai Thuy
Pién. Thiét bi c6 chtrc niang tu hiéu chinh thong s6
chuin dé d¢am bao d6 chinh xac khi do. Thong s6
k¥ thuat ciia may dugc trinh bay trong Bang 3.

Bang 3. Thong s6 ky thuat cia may do khi thai
SGA 400 va bo do khéi SST100

Thong Gia tri Do chinh xac
sO
CO 0 - 0,02%(0,05%)
10 %(10,-
15%)
HC 0 - 3%
2000 ppm
CO2 0 - 3% (5%)
16 %
(16,01-

20%)
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NOx 0- 1 Bang 4. Cac ché do thi nghiém
50?0 Mode Tai
vol.ppm rong
bamda 06 0,617 Mode 1 50
o km/h
AR - -5 Mode 2 40
Khoéi 0- 2% km/h
(e P Mode 3 30
Khoi 0- 2% km/h
(K) 16,06 m-1

2.5. Quy trinh thir nghiém

Theo cac tai liéu nghién ctru thi ti I¢ HHO bd
sung c6 thé dat tir 5% dén 20% (Shivaprasad et al.,
2014) lwong khong khi cung cip cho budng dét ma
van c6 thé dam bao du khong khi d6t chay nhién
liéu diesel. Luu lugng khi HHO tao ra phu thude
vao kich thude bo dién phan va cuong do dong
dién dién phan. Trong nghién ctru nay dé dam bao
luu lugng HHO 6n dinh thi b dién phan ludn duoc
duy tri véi dong dién phan khong dbi 1a 3A.

Thi nghi¢m dugc thuc hién véi cac ndi dung
sau:

1) Haim nong dong co dén nhiét do 1am viéc;

2) Cho d6ng co 1am viéc véi tbe do 1500 v/p
va toc do xe 1a 50 km/h & tay s6 5.

3) Gay tai cho banh xe dé toc d6 xe xudng con
40 km/h, 30 km/h sau d6 ting lwong nhién liéu dé
dat dugc 50 km/h.

4) Tién hanh do phat thai véi truong hop dong
co nguyén ban va bd sung khi HHO.

Céc ché do thi nghiém dugc trinh bay trong
Béng 3. Mdi ché d6 duoc thyc hién 2 lan. Két qua
do 13 két qua trung binh cta 2 1an thi nghiém.

3. KET QUA VA THAO LUAN
3.1. Dién bién phat khoi

23
21 1500 (v/ph)
19 el NB
17 HHO
15
13
11
9
7
5

Phat thai khoi (%)

Mode 1 Mode 2 Mode 3

Ché do thi nghi¢ém
Hinh 6. Dién bién phét khoi theo tai trong

Hinh 6 trinh bay dién bién phat thai khoi cua
xe khi tai trong xe thay d6i. C6 thé thay rang khi
b6 sung khi HHO thi kho6i giam manh. Giam trung
binh 26,4% trén cac ché do thi nghiém. Diéu nay
c6 thé 1y giai 1a HHO véi dic tinh chay nhanh va
nhiét tri 16n khi tham gia qua trinh chay s€ giup céi
thién qud trinh chay tir d6 thiic day qua trinh oxy
hoa nhién liéu va két qua 14 1am phat thai khéi giam
nhiéu hon.

3.2. Dién bién phat thai HC

Hinh 7 trinh bay dién bién phét thai HC cta xe
khi tai trong xe thay d6i. C6 thé thay rang khi b6
sung khi HHO thi HC gidm manh. Gidm trung binh
32,32 % trén cac ché do thi nghiém. Piéu nay co
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thé giai thich: khi bé sung HHO vao duong éng
nap, voi dac tinh chdy nhanh, nhiét tri 16n sé& gop
phan thuc ddy qua trinh chdy hoan toan lam giam
phat thai HC. Thém nira la gidi han chady cia HHO
rong nén giup nhitng ving sat vach c6 hon hop
nhat van c6 thé chay dugc. Diéu ndy cang lam
ndng d6 HC giam.

215 | 1500 (v/p)
195
=175

HHO

Mode 1 Mode 2
Ché do thi nghiém

Hinh 7. Dién bién phat thai HC theo tai trong

Mode 3

3.3. Dién bién phat thai CO

1500:/m/./.

0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11

0.1

Phat thai CO (%)

HHO

Mode 1 Mode 2
Ché 306 thi nghiém

Mode 3

Hinh 8. Dién bién phét thai CO theo tai trong.

Hinh 8 trinh bay dién bién phét thai CO ctia xe
khi tai trong xe thay d6i. C6 thé thay rang khi b6
sung khi HHO thi HC gidm manh. Gidm trung binh
13,75% trén cac ché do thi nghiém. Diéu nay co
thé 1y giai nhu sau: Phat thai CO 13 san pham cua
qué trinh chay hydrocacbon (HC) trong diéu kién
thiéu khéng khi. Trong trudng hop c6 bd sung
HHO, tirc 1a c6 bo sung O2 tir bén ngoai, nén quéa

trinh chay HC trong xi-lanh c6 thém O, dé chay,
cung vd&i nhiét do chdy cao cta nhién liéu thi CO
s& phan tmg tiép v6i O tao thanh CO,. Tur d6 lam
nong do CO giam.

3.4. Dién bién phéat thai NOx

300

1500 (v/,
250 v/P)

200
150
100

Phat thai NOx (ppm)

e \ B
HHO

Mode 3

[on)
o

Mode 1 Mode 2
Ché do thi nghiém

Hinh 9. Dién bién phat thai NOy theo tai trong.

Hinh 9 trinh bay dién bién phat thai NOx cua
xe khi tai trong xe thay d6i. C6 thé thay rang khi
b6 sung khi HHO thi NOy ¢6 xu huéng ting. Tang
trung binh 12,03% trén céc ché do thi nghiém.
Diéu nay c6 thé giai thich: nhién liéu HHO khi b6
sung s€ cai thién qué trinh chdy, nhiét do trong
budng dbt ting cao tir d6 tao diéu kién thuan loi dé
hinh thanh NOx do d6 ham lugng khi thai NOx
trong khi thai tang cao.

KET LUAN

Két qua nghién ctru anh hudng cia viéc bd
sung khi HHO trén duong 6ng nap t6i sy hinh
thanh phat thai cua dong co diesel & ché @6 1500
vong/phit véi cac tai trong thay doi dung dich dién
phan 1a KOH ti trong 25%, dong dién phan 1a 3A
c¢6 thé khang dinh. Khi HHO véi dic tinh chay
nhanh, khong c6 gdc cac-bon khi bd sung cho
nhién liéu diesel s& hd tro qua trinh chay lam cho
qua trinh chdy triét dé hon vi thé s& gop phan lam
giam céc phat thai doc hai. Cu thé: phat thai khéi
giam trung binh 26,4% phat thai CO giam trung
binh 13,75%, phat thai HC gidam trung binh
32,32 % . Riéng phat thai NOy tang nhung trung
binh 14 12,03%. C6 thé thiy b sung HHO cho
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dong co diesel trén duong dng nap 13 mot phuong
an kha thi dé giam phat thai doc hai ctua dong co
diesel gay ra dac bi¢t la phat thai khoi.
LOI CAM ON
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Nam Dinh d3 tao diéu kién hd trg dé hoan thanh
thi nghiém.
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