BAI BAO KHOA HQC

NGHIEN CUU ANH HUONG CUA VIEC BO SUNG KHi HHO
VAO DUONG NAP DEN CHI TIEU KY THUAT, MOI TRUONG
CUA PONG CO DIESEL

Tran Trong Tuin', Nguyén Cong Poan', Vii Ngoc Khiém?!

Tom tat: Khi HHO c6 céc thude tinh 1y héa nhw: dé chdy, toc dé chay nhanh, nhiét tri cao, chdy véi ty 1é
AJF thdp... tao diéu kién thudn loi cho viéc itng dung trén dong co dot trong. C6 nhiéu gidi phdp khdc nhau
dé cung cdp khi HHO vao dwong nap cia déng co nhie: phun bé sung vao dwong nap, cung cdp vao dwong
nhién ligu, phun triec tiép vao bén trong xi lanh... trong cac gidi phdp trén thi viéc phun b6 sung HHO vao
dwong nap khong 1AM anh hwong dén két cau ciia dong co va cac hé thong khdc. Dé san xudt khi HHO ¢6
nhiéu cdach khdc nhau trong d6 viéc dién phdan mede dé tao ra khi HHO la cach khd don gidn nhung dem lai
hiéu qua cao. Bai béo trinh bay cac két qua nghién ciru Iy thuyét nham xdc dinh anh hwéng cia viéc bo sung
khi HHO (dwoc san xudt dwa trén viée dién phan medc) trén dwong nap dén chi titu Ky thudt va méi treong

Cua dong co diesel.

Tir khéa: HHO, Dong co diesel, Dién phan nudc, nhién lidu thay thé

1. PAT VAN PE

B6 sung khi HHO vao hén hop cudi qua trinh nén
lam qua trinh chay hiéu qua hon, tiét kiém nhién
lidu, ting cong sudt dong co va lam giam phat thai
PM ra méi truong: theo cac két qua cong bd cong
suat ciia dong co ting 5+10%, suat tiéu hao nhién
liéu giam 10+30%, giam mtc phét thai cac chat doc
hai CO, HC, giam dang ké su dong cin va mudi trén
céc chi tiét ciia dong co gitp lam ting tudi tho cla
dong co (Cao Van Tai, 2015). Tuy nhién bén canh
nhimg wu diém da duoc néu trén viéc str dung HHO
cling con t6n tai mot s6 han ché nhit dinh trong do
dac biét 1a muc phat thai NOy c6 xu hudng tang so
véi truong hop khong bo sung HHO.

O Viét Nam viéc nghién ctru thiét ké, ché tao va
mg dung thiét bi tao khi HHO cung cap cho dong co
@6t trong d4 dugc nhom nghién ctu thudce truong
Dai hoc Bach khoa Ha Noi thuc hién tai dé tai thudc
chuong trinh KHCN cdp Nha nudc “Nghién ctu
nang cao tinh kinh té nhién liéu va giam phat thai
doc hai cho dong co bang cach cung cép hon hop khi
giau hydré cho dong co” (Lé Anh Tuén, 2015). Dé
tai d4 nghién ciu thiét ké va ché tao thanh cong h¢
thong san xuat khi giau hydro tir nuéc va tir mot

L knoa co khi, Truong Dai hoc Cong nghé GTVT

phan nhién liéu cung cip cho dong xing & quy md
phong thi nghi¢m.

Coéng ty Fujidenki liap dat va thir nghiém hé
thdng thiét bi dién phan nudc tao khi HHO trén
tau danh ca dé tiét kiém nhién lidu va giam phat
khi thai gdy 6 nhiém moi truong. Két qua thir
nghiém tai tau cd ngu dan Binh Dinh, mtc tiéu
hao nhién liéu trong 1 gio giam duogc 4,98 lit/gio
(16,6%); néu tinh trén 1 hai ly 1a 0,56 lithai ly
(17,5%) va tong sé nhién li¢u khi thir nghiém trén
cing mot hanh trinh giam duoc 22 lit dau (twong
duong khoang 17,6%). Tuy nhién, thiét bi dugc
nhap khau tir Nhat Ban véi gia thanh cao boi vay
rat can cac nghién ctu nhiam nodi dia hoa thiét bi
tao khi HHO cung cip cho dong co dét trong gop
phan ha gia thanh san pham.

Vi nhimg 1y do trén bai béo trinh bay cac két qua
nghién ctru 1y thuyét danh gia anh hudng cta viée bo
sung khi HHO dén chi tiéu ky thuat va moi truong
cua dong co. Thiét bi tao khi HHO theo phuong
phap dién phan kiéu kho, hé thong cung cap khi
HHO mét cach lién tuc vao duong nap cuia dong co
trong d6 luu lugng khi HHO duoc diéu khién dua
trén viéc thay doi dién ap cép cho binh dién phan
bang bo diéu khién do rong xung PWM (Pulse
Width Modulation). Quy trinh thiét ké, ché tao thiét
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bi va h¢ thdng cung cap khi HHO vao duong nap  Trong Tuan, 2019), mot s6 thong sd co ban cia hé

dugc tac gia trinh bay chi tiét trong cong trinh (Tran

thong nhu sau:

Béng 1. Thong so co ban ciia h¢ thong sin xuit va cung cip khi HHO vao dwong nap

STT Tén thong sb Pon vi Gia tri
Kich thugc binh dién phan (dai x rong x cao) mm 300x109x300
Kich thudgc cac ban cyc (dai X rong x day) mm 200x200x2
Vit liéu ché tao cac ban cuc - Inox 304 loai bong
S6 lugng céc ban cuc Chiéc 17
S6 cell S6 lugng | 4
Kiéu dau ni trong mot cell - -nnn+...

Vit liéu lam vo binh - IPVC chiu luc
Loai dung dich dién ly - KOH

Nong d6 dung dich dién ly gllit 8+12

Dién ap cap cho binh dién phéan \Y 10+14

Luu lugng khi HHO 16n nhat ml/phat | 3500

Loai van chdng chay ngugc trong hé thng - Harrit 188GR

Dbi trong nghién ciru 12 dong co Isuzu 4BDIT,
day 1a dong co diesel 4 ky, 4 xi lanh thang hang,
6 hé thong phun nhién liéu kiéu co khi, hé thong
tang 4p bang tua bin khi thai khéng 1am mat khi

sau khi ting ap, dugc san xudt tai Nhat Ban.
Thong sé co ban cia dong co nghién ciu duge
trinh bay trong Bang 2.

Bang 2. Cac théng sb co ban ciia dong co Isuzu 4BD1T

STT Thong sb Ky higu Gia tri Pon vi
1 Dbuong kinh xi lanh D 102 mm
2 Hanh trinh piston S 118 mm
3 | Sbxilanh i 4 -
4 | Thé tich cong tac Vi 3856 cm?®
5 | Ty s6 nén 3 17,5 -
6 Coéng SUAt/mO men dinh mac Ne/Me 78,3/325 kW/N.m
7 Vong quay tng voi Ne Ne 2500 vg/ph
8 GOCc mo s6m/dong mudn xXu pap nap Oy P2 10/42 do
9 GOC m& sém/dong mudn xu pap thai Q3¢ 50/10 do

2. XAY DUNG VA HIEU CHINH MO HINH

Qua trinh nghién ctu 1y thuyét nham muyc dich
tinh toan chu trinh cong tac (CTCT), céac chi tiéu k¥
thuat va moi truong cta dong co co xét dén anh
hudng cia viée b sung khi HHO vao duong nap
voi cac muc luu lugng khac nhau. Céng cu md

phong dugc s dung 14 phian mém AVL Boost.
Trinh ty cac budc xay dung md hinh mé phong
CTCT cua dong co trén phian mém AVL-Boost
gom cac budc chinh nhu: Ira chon cic phan tir cia
dong co trong thu vién cta phan mém, lién két cac
phan tir theo dung két cau cia dong co, nhap cic
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théng sb cho md hinh, hiéu chinh mé hinh, tinh
todn CTCT... Md hinh mé phong CTCT cua dong

E1 PL1

sB81

Hinh 1. M6 hinh md phong CTCT cua dong co Isuzu

4BDAT trén phan mém AVL-Boost
C1+C4 - Xilanh; TC1 — tuabin-may nén; 11 - Voi
phun bé sung khi HHO; CL1 - Bg loc khi nap;

SB1,SB2 — Piéu kién bién dau vao va ra; MP1+MP15

— Cé&c phan tir diém do

Dé md phong viéc bd sung khi HHO trén duong
nap trén md hinh ¢6 b sung phan tir I1 12 phan tir cap
khi HHO trén duong nap cua dong co. Trong phan
mém AVL-Boost khi md phong CTCT dong co ¢ bd
sung mot loai nhién liéu khac so vi nhién liéu truyén
thong can dinh nghia cic thudc tinh cta nhién liéu
thong qua viéc nhap file nhién liku HHO
bst_therm.dat vao phan User Database, dong thoi tai
phan simulation control can dinh nghia ty cic thanh
phan chinh ciia hdn hop khong khi va khi HHO duogc
nap vao dong co (Hinh 2). Trong phan tir I1 can dinh
nghia ty 1¢ khi hydrd va 6 xy cé trong khi HHO bo
sung vao duong nap cua dong co va lugng khi HHO
dugc cung cap cho mét chu trinh (Hinh 3). Sau khi
két thiic qué trinh xay dung mo hinh, tién hanh chay
m6 hinh md phong nham dénh gia sy chinh xac cla
qué trinh md phong. Két qua tinh todn s& gom nhicu
céc thong s6 nhu: cac thong sb lién quan dén qua
trinh truyén céng chat, cac thong sb lién quan dén
hiéu suét cua dong co, thong sé vé khi xa... Két qua
tinh toén so sanh céac thong s N va ge ciia dong co
tai ché do 100% tai giita m6 phong va thuc nghiém
dugc trinh bay trong Hinh 4. Ta thiy, mo hinh md

MP1z sB2

co Isuzu 4BDIT trén phan mém AVL-Boost dugc
trinh bay trén Hinh 1.
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Hinh 2. Khai bao thanh phan ciia lwéng nhién
liéu cung cdp cho dong co

phong CTCT ctia dong co trén phan mém AVL-Boost
dam bao do chinh xédc do c6 sai s6 16n nhat vé N, va
ge gitra m6 phong va thuc nghiém tai khi dong co lam
viéc & duong dac tinh ngoai la 3,92% va 1,17%. Vi
vdy, mo hinh d& xdy dung c6 thé sir dung dugc dé
nghién ctru anh huong cta viéc cung cép khi HHO
vao dudng nap dén dong co. Khi tinh toan CTCT caa
dong co co xét dén viée bd sung khi HHO cac mo
hinh chdy, md hinh truyén nhiét va tinh toén cac
thanh phan phat thai dugc lwa chon gidng véi khi
khéng bo sung khi HHO.
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Hinh 4. Két qua so sanh Ne VA Qe Qidta mé phong
va thur nghiém tai 100% tdi
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Hinh 3. Khai bao cac thdng sé ciia khi HHO cho phan tir 11

3. PANH GIA ANH HUONG CUA VIEC BO
SUNG KHI HHO PEN CHI TIEU KINH TE,
MOI TRUONG CUA PONG CO

3.1. Panh gia dnh hwéng ciia viéc bo sung khi
HHO dén chi tiéu kinh té ciia dong co

Trong qua trinh md phong dé danh gid anh
hudng ciia viéc cung cap khi HHO vao duong nap
dén cac chi tiéu kinh té, ning luong va moi truong

cua dong co tac gia da tién hanh chay mé hinh ¢

—&— diesel_ MP_1000
- 4 — HHO1,0_MP_1000
- HHO1,5_MP_1000

ge [g/kwW .h]

260
240
g PR +
220 '
25 35 65 75

45, 9%
Tai [% Ne]

ché do tai (25,50 va 75% tai) tai cac toc do khac
nhau trong cac truong hop: st dung nhién liéu
diesel va khi b6 sung khi HHO véi luu luong 14 1
lit/phat (ky hiéu HHO1,0) va 1,5 lit/phuat (ky hi¢u
HHO1,5). Két qua tinh toan anh hudng cia viéc
cung cap khi HHO véi cac mic luu lugng khac
nhau dén g, cia dong co tai cac ché do khac nhau

dugc trinh bay trén Hinh 5. ta thay:

320 :
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Hinh 5. Két qua tinh ge khi cap khi HHO véi lweu leong khéc nhau tai 1000 va 1200 vg/ph

- Khi cung cép khi HHO suat tiéu thy nhién ligu
cta dong co giam tai tit ca cac ché do tai va téc do
so véi khi khéng duge cung cip khi HHO, mirc d6
thay doi tir 0,57+3,35% tly thudc vao ché do tai, toc
d6 va luu luong khi HHO. Piéu nay c6 thé dugc giai
thich do khi cung cdp khi HHO vao gilp cho qua
trinh chay dién ra nhanh hon, giam thoi gian chay
tré, dong thoi khi HHO c6 chtra hydrd s& cung cip
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mot luong nhiét nhat dinh cho qua trinh chay vi vay
gilp ting cong suat giam lugng tidu thy nhién ligu;

- Khi cung cép khi HHO véi luu lugng 1 lit/phut
c6 su thay d6i manh vé g, (Suat tiéu thu nhién ligu
chi tinh cho phan nhién li¢u diesel ma chua tinh tong
ning luong cip vao) so véi khi khong cung cap khi
HHO nhung khi tang luu lwgng khi HHO 1én 1,5
lit/phat mic do thay ddi so véi trudng hop cung cip
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1,0 lit/pht 12 khdng nhiéu. Két qua nghién ctru nay
ciing phll hop v6i mot s6 cong trinh nghién ciru trén
thé gidi thuong chon luu lwong khi HHO trong mot
phlt bang mot phan tr tong thé tich cong tic cia
dong co. Viéc cung cép qua nhiéu khi HHO s&
khong dem lai hi¢u qua trong viéc cai thién chi tiéu
kinh té, nang lugng va méi truong ciia dong co ma

con lam tang lugng tiéu thu nhién liéu, tang phat thai

HC do chay véi hdn hop qua giau.

3.2. Anh hwéng cia viéc b sung khi HHO dén
chi tiéu moi trweong cia dong co

Két qua tinh toan anh hudng cia viéc cung cap
khi HHO véi cac mirc luu lugng khac nhau dén do
khoi va phat thai NO, cta dong co tai cac ché do
khac nhau dugc trinh bay trén Hinh 6 va Hinh 7.
ta thay:

—@— diesel MP_1000
.
— % — HHO1,0_MP_1000 ”

>

HHOl,s_MP_loo_}; -

25 35 45 55 65 75
% tai [%Ne]

Hinh 6. Két qua tinh do khéi va phat thai NOy cia dong co khi cung cdp khi HHO
tai cdc ché do tai khdc nhau & téc dé 1000 vg/ph
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Hinh 7. Két qua tinh d6 khéi va phat thai NOy cia dong co khi cung cdp khi HHO
tai cac ché do tai khac nhau & toéc dé 1200 vg/ph

- Khi cung cdp khi HHO véi luu luong 1
lit/phat c6 sy cai thién rd rét vé do khoi cua khi
thai so vdi khi sit dung nhién liéu diesel (muc do
cai thién vé do khéi nam trong khoang tir
0,94+6,39%). Tuy nhién, khi ting luu luong khi
HHO 1én 1,5 lit/phat thi mac d6 cai thién vé 46
khoi cua khi thai 1a khdng nhiéu, tai mot s6 ché do

thi d6 khoi cua khi thai c6 xu hudng ting cao hon
so v6i khi sir dung nhién liéu diesel. Piéu nay c6
thé dugc giai thich do khi HHO 1am cho hén hop
chay giau gay ra sy tang phat thai HC, tang d¢
khoi cua khi thai. Két qua tinh toan ndy ciing phl
hop v&i quy luét tic dong cua ty 16 HHO dén g, da
dugc trinh bay va phan tich trong Hinh 5.
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- Viéc b sung khi HHO vao duong nap s& 1am
tang phat thai NO, so véi truong hop khong bd
sung khi HHO. Muc phat thai NOy khi dong co ¢
bd sung khi HHO sé tang tir 0,47 dén 9,1% so véi
truong hop khong cung cép khi HHO vao duong
nap do bo sung khi HHO giup cai thiét chat lugng
qua trinh chay, giam thoi gian chay tré, ting tdc
d6 chay, tang nhiét do cuc dai bén trong xi lanh
nén s¢€ lam tang phat thai NOy

4. KET LUAN VA HUONG PHAT TRIEN

Bai bao da xdy dung va hiéu chinh dugc mod
hinh mé phong CTCT cua dong co Isuzu 4BDIT
trén phan mém AVL-Boost. Két qua hiéu chinh
mo hinh giita Iy thuyét va thuc nghiém theo duong
dic tinh ngoai ciia dong co cho thdy muc d6 sai
khac Ion nhat vé Ne va ge khi so sanh giita mo
phong va thyc nghiém lan lugt 14 3,92% va 1,17%
diéu nay dam bao muc do chinh xac ciia mé hinh
ly thuyét;

P4 tinh toén duoc anh hudng ciia viée bd sung

TAI LIEU THAM KHAO

khi HHO véi cac muc luu luong khac nhau dén
chi tiéu kinh té ciia dong co. Két qua tinh toan cho
thdy viéc bd sung khi HHO c6 thé 1am giam tir
0,57+3,35% vé ge Cua dong co so voi khi khong
b sung khi HHO;

P4 tinh toén duoc anh hudng ciia viée bd sung
khi HHO véi cac muc luu luong khac nhau dén
phat thai NO, va d6 khoi cua dong co. B sung
khi HHO s¢& lam giam do khoi cua dong co tur
0,94-6,39% va ting phat thai NO, tir 0,47 dén
9,1% so véi truong hop khong cung cap khi HHO
vao duong nap.

Dua vao két qua tinh toan anh huéng cua viéc
bd sung khi HHO vao duong nap dén chi tidu ky
thuat moéi trudng co thé lya chon duoc luu luong
khi HHO phu hop cho dong co 1a 1 lit/phut, day
ciing 1a muc luu luong duge cac hing san xuat
thiét bi b6 sung khi HHO vao dudng nap dong co
khuyén dung.
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Abstract:
RESEARCH EFFECT OF HHO GAS ADDITION TO PERFORMANCE
AND EXHAUST EMISSION OF DIESEL ENGINE

HHO gas has physical and chemical properties such as: flammable, fast burning speed, high calorific value,
low A / F ratio ... facilitating the application on internal combustion engines. There are many different
solutions to supply HHO gas to the intake line of the engine such as: additional injection into the charging
line, supply to the fuel line, direct injection into the cylinder ... in the above solutions, adding HHO gas into
intake line does not affect the structure of the engine and other systems. To produce HHO gas there are
many different ways in which electrolysis of water to produce HHO gas is a fairly simple way but brings
high efficiency. The paper presents the results of the study to determine the effect of HHO gas
supplementation (produced based on water electrolysis) on the intake line to the performance and
environmental specifications of the diesel engine.

Keywords: HHO, Diesel engine, Electrolysis of water, alternative fuels

Ngay nhdn bai: 02/7/2019
Ngay chdp nhdn dang: 04/9/2019

58 KHOA HOC KY THUAT THOY LOT VA MOI TRUONG - SO DAC BIET (10/2019) - HOI NGHI KHCN LAN THU XIl - CLB CO' KHi - DONG LUC



