ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 18, NO. 7, 2020 29

MO PHONG VA THUC NGHIEM PONG CO XE GAN MAY CHAY BANG
XANG - HHO
SIMULATION AND EXPERIMENTAL STUDY ON MOTORCYCLE ENGINE FUELED WITH
HHO ENRICHED GASOLINE

BUi Viin Hung', Hd Trin Ngoc Anh', Pham Vin Quang?, Bui Thi Minh T63, Truong Lé Bich Tram?
YTrwong Pai hoc Sw pham Ky thudt - Dai hoc Da Nc?yg; bvhung@ute.udn.vn
2Truong Dai hoc Bong A Pa Nang
3Truong Pai hoc Bdch khoa - Bai hoc Da Nang; btmtu@dut.udn.vn
“Dai hoc Pa Nang; tibtram@ac.udn.vn

Toém tat - Khi bd sung HHO vao xang thi hiéu qua qua trinh chay
duoc cai thien dan dén téng ap suét va nhiét do cuc dai, giam phat
thai CO va HC nhwng tang phat thai NOx. Khi gidm goéc danh Itra
sém thi ndng d6 CO téng nhe trong khi d6 ndng d6 NOx gidm rat
manh. Khi bd sung 10% HHO vao x&ng thi géc danh Ira sém tdi
wu gidm 5°TK so véi khi chay bang xang. ng véi goc danh Itra
som tbi wu thi khi dong co' chay bang xang b sung 10% HHO,
cong chu trinh tang 7% va nong d6 NOx tang 12% so v&i khi chay
béng x&ng. Budng cong bién thién nong dd CO, NOx theo téc do
dong co theo thuc nghlem c6 dd déc thap hon dwéng cong mo
phéng twong ¢ng. Co thé diéu chinh goc danh Itra sém khi dong
co chay bang xang bd sung HHO dé& dam bao dat dwgc mirc tang
cong suét hop ly nhung khdng lam tdng mic d6 phat thai cac chat
6 nhiém so véi khi chay bang xang.

T khéa - N&ng lwong tai tao; hydroxy; & nhidm khéng khi; déng
co danh Itra cwdng birc.

1. Gio6i thiéu

Xe gin may la phuong tién giao thong ca nhan chu yéu
0 nudc ta hién nay. Trong qua trinh van hanh, phén 16n thoi
gian xe gan may hoat dong & ché do tai thip, chay trong
thanh phd nén phanh, dirg lién tuc. ‘Trong nhimg diéu kién
nhu vay, hiéu qua qua trinh chay thip va phat sinh 6 nhiém
cao. Dé cai thién tinh ning cong tac clia dong co ching ta
c6 thé b sung HHO vao xing.

HHO 14 hon hop khi gdm Hj va O theo ti 1¢ 2:1. Trong
diéu kién ap suat khi troi va hé sé trong duong ¢=1, HHO
chay khi nhiét d6 dat 570°C. Niang lugng can thiét dé danh
lira hdn hop nay 14 20 uJ. HHO c6 thé dugc san xuat boi qua
trinh dién phan nudc. N6 6 thé duge sir dung két hop véi
nhién liéu truyén thong trong dong co dot trong dé cai thién
hiéu qué tong thé va giam khi thai [1-2]. HHO dwoc san xuit
theo yéu cau sir dung cua dong co, khong luu trir. Binh dién
phén tao khi HHO hoat dong khi dong co khoi dong va dung
khi tat dong co. Vi binh sinh khi HHO nhé gon, né c6 thé
dugc tich hop trén xe hodc trén cac dong co tinh tai. Do gidi
han chay cuia H rét rong nén c6 thé diéu chinh hé sb twong
duong thay vi thay d6i Iuu Iugng hdn hop dé dat duoc
momen dong co mong mubn [3]. Py 1a mot giai phap hitu
hiéu nham giam suat tiéu hao nhién lidu va phat thai 6 nhiém
khi dong co hoat dong & ché do tai thap.

So sanh anh huong ciia HHO va Hy bd sung vao xing
dén hiéu suat ctia dong co dugc trinh bay trong [4-5]. C4c
tac gia két luan rang, hon hop nhién liéu xang - HHO thé
hién céc tinh ning gan nhu tuong ty nhu hdn hgp xing-H,
tham chi con t6t hon. So v&i hdn hop xing-Ha, hdn hop
xang - HHO cai thién hiéu sudt nhiét tot hon, dic biét 1a
duy tri qué trinh chay 6n dinh khi dong co hoat dong véi
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hdn hop nghéo. Mit khac, khi HHO chira du oxy aé dot
chay hoan toan hydro, do d6 khong can khong khi cung cép
cho nhién liéu nay. Trong khi do, trong truong hop Hy,
nhién lidu phai dugc dét bang O, tir khong khi trong hén
hop v6i Na. Do d6, cong chu trinh ctia dong co chay bang
hén hop xing - HHO ting so v6i khi chay bang hon hop
xang-H, trong cung diéu kién [4]. Nho hdn hop chay hoan
toan, lugng khi thai CO va HC cua dong co chay bé“mg hdn
hop xing - HHO giam so v&i hon hop xing-Ho.

Arjun et al. [6] nhan thdy rang, khi bd sung khi HHO
vao xang, cong suat c6 ich tang tir 2% dén 5,7% va hiéu
suét nhiét tang tir 10,26% dén 34,9%. Ngoai ra, mirc giam
phat thai CO va HC trung binh lan luot 1a 18% va 14%.
Dhananjay et al. [7] da thuc hién mdt nghién ctu thir
nghiém cung cap bd sung HHO vao xang trén dong co danh
lira cudng buc 4 ky. Céac tac gia thay rang, khi bo sung
HHO, cong suit dong co ting khoang 5,7%, Hiéu suat nhiét
tang khoang 5% va giam phét thai chat 6 nhiém CO, HC.
Musmar va cong su. [8] da thuc hién thir nghiém b sung
HHO vao xing trén dong co Honda GX200 va thiy rang
NOy giam khoang 50%, CO da giam khoang 20% va muc
tiéu thy nhién lidu giam tir 20% dén 30% so véi khi chay
bing xing. Rimkus et al. nhan thiy, khi b6 sung khi HHO
vao nhién liéu thong thuong, hiéu sudt chi thi cta dong co
thay d6i khong dang ké; tuy nhién, ndng d6 CO va HC trong
khi thai ciing nhu bd hong giam di 1o rét [9].

Nhimng két qué trén khac v6i két qua ciia Chetan et al.
[10] va Kale et al. [11]. Céc tac gia nay nhén théy, murc do
phat thai CO va HC giam nhung phat thai NOx tang khi
cung cap b6 sung HHO véo xang. Nhirng nghién ctru méi
day vé anh hudng ciia hydrogen bd sung vio biogas ciing
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cho két qua twong tw. Cong chi thi chu trinh ctia dong co
tang, phat thai CO, HC giam [12-14]. Hiéu qua b6 sung
HHO vio biogas ciing twong tu nhu khi bé sung HHO vao
xang [15-17]. Néi chung, viéc thém hydrogen hay HHO
vao bt ky nhién liéu nio ciing gitp cai thién qué trinh chay.
Tuy nhién, con c6 sy khac biét vé& xu hudng phat thai NOx
khi b sung HHO vao nhién liéu truyén thong. Mot sb tac
gia két luan NOx ting khi b6 sung HHO véo xang nhung mot
s tac gia khac cho rang ndng d6 NOy giam khi dong co chay
bang hon hop xang - HHO so véi khi chay bang xang.

Hydrogen hay HHO c6 gi6i han chéy rét rong vi thé hé
thong cung cip nhién liéu can duoc thiét ké dac biét dé
tranh hién twong nd nguoc trén duong nap [18-20].

Y tudng ctia nghién ctru nay 1a str dung ning luong tai
sinh cuia xe gan may chay trong diéu kién giao thong db thi
dé dién phan HHO cung cap bd sung cho dong co nham
tang hiéu qua qué trinh chay cua dong co trong diéu kién
thuong xuyén chay & ché do tai thdp nhung can momen
16n. Xe gin may s& trang bi mot phanh tai sinh dién [21].
Trong qua trinh phanh, nang lugng dién s€ tich iy trong
accu dé dién phan nudce san xuat HHO cung cap cho dong
co. Vi thé ning luong do HHO mang vao dong co khong
16n nhung né giup cai thién qua trinh chay. Trong nghién
clru nay nhom tac gia tap trung phan tich anh huong cua
HHO dén phat thai 6 nhiém ciia dong co xe gin may.

2. Phuwong phap va trang thiét bi nghién ctru
2.1. Mé phong

Mo phong dugc thuc hién trén dong co xe gan may Wave
RSX FI 110cc c6 cac thong so ky thudt co ban gidi thiéu trén
Bang 1. Hinh 1 gidi thiéu khong gian tinh toan cua dong co
gom xi lanh, budng chay va dudng nap. Hé thong phun xang
dugc gitr nguyén. HHO dugc cung cap vao dong co thong
qua voi phun bd sung lap trudc voi phun xing.
Bing 1. Théng s6 ky thudt dgng co xe Honda Wave RSX FI 110

Duong kinh xi lanh (mm) 50
Hanh trinh piston (mm) 55,6
Dung tich xi lanh (cm®) 109,2
Ti s nén 9,3:1
6,46/7500

Cong suit cuc dai (kW)/tai toe do (vong/phit)

Hinh 1. M6 hinh 3D khong gian tinh toan va chia ludi

Ludi dong duoc ap dung trong khong gian xi lanh dong
co. Cac khong gian con lai duoc ap dung ludi c¢b dinh. Sau
khi két thiic qua trinh nap, khong gian dudng nap dugc ngit
khoi hé thong (deactivated) dé tiét kiém thoi gian tinh toan.
Qua trinh tinh toan dwoc bt dau tir dau ky nap dén cudi ky
gidn né. Cac thong s6 dau vao gdm ap suat, nhiét o khong
khi vao dudng nap; ap sut, nhiét do va thanh phé‘m HHO;

luu lugng, tdc do, nhiét do cua nhién lidu xang.

Trong nghién ciru md phdng nay tinh toan dugc thuc
hién theo chu trinh 1y thuyét véi gia dinh cac qué trinh bt
déu va két thuc tai cdc diém chét trén va diém chét dusi. Qua
trinh chay rdi ctia hdn hop khi dugc mé phong bang mo hinh
k-g. Qua trinh hinh thanh cac chat chinh trong san pham chay
duoc xac dinh theo can bang nhiét dong hoa hoc, riéng ndng
d6 NOx duogc xac dinh theo dong hoc phan ung.

Trén thuc té téc do hinh thanh NOy bé hon nhiéu so véi
nhitng chit khac trong san phdm chay. Téc do nay phu
thugc manh vao nhiét d6 thuong duogc biéu dién béng co
ché Zeldovich mé rong nhu sau:

k+
0+N, —— N+NO 6

kg

k+
N+O, > 0+NO @
k

-2

N +OH :j H+NO &)
-3

Trong do, ki 1a hing s téc do phan tng theo chiéu
thuan va k. 1a hing s6 toc do phan tmg theo chiéu ngugc.

Hydroxy (HHO) 1a hdn hop chira 2/3 thé tich H, va
1/3 thé tich O,. Ham luong HHO trong nhién li€u dugc tinh
bang ti 1é thé tich HHO trong tong thé tich ctia hdn hop
HHO va xang. Hydrogen c6 nhiét d9 chay doan nhiét cao,
tdc do chay 16n va co thé chay voi hdn hop rt nghéo. Tuy
nhién, nhiét tri thip tinh theo thé tich chi 10,8 MJ/m?, thap
hon nhiéu so v&i nhiét tri thap ciia methane 1a 35,8 MJ/m®.
Trong diéu kién tiéu chudn, dé chay hoan toan 1m?3
hydrogen chi can 0,5m? oxygen. Nhu vdy, véi cing mot
thé tich xy lanh dong co cho trudc, hydrogen chiém thé tich
16n hon hoi xang nhung do nhiét tri thé tich ctia hydrogen
thip nén nhiét lugng cung cip cho dong co nén nang lugng
hydrogen mang vao dong co khong chénh 1éch nhiéu so véi
khi chay bang xing.

Do HHO c¢6 chira sin oxygen du dé dét chay hoan toan
luong hydrogen nén chi can luong khong khi du dé dét
chay xang. Cung mot thé tich xi lanh cho trudc, phan
oxygen can thiét dé dot chay hydrogen khong 1y tir khong
khi nén khong kém theo khi tro N». Do d6, Iugng nhién li¢u
tong thé cung cip cho dong co ting nén ning lugng clia
hdn hop nhién liéu mang vao dong co ting.

M6 phong dugc thyc hién nhd phan mém ANSYS
Fluent V15.0. Qua trinh phun nhién liéu dugc thuc hién
nho mo hinh 2 dong (2 streams). Qua trinh chay dugc tinh
todan nho mo hinh hoa tron trudc timg phan (Partially
Premixed. Két qua mé hinh chay cho chung ta thanh phan
céc chat trong hon hop chay, bao gdm CO, & trang thai can
bang nhiét dong hoc. Vi ndng d6 O, H va OH cho bai mo
hinh chay, ching ta c6 thé xac dinh dugc téc d6 phan tmg
hinh thanh NO theo co ché Zeldovich tir d6 tinh toan dugc
ndng do ciia chat 6 nhidm nay trong khi thai.

2.2. Thiét bi nghién ciru
2.2.1. Binh sinh khi HHO

Binh sinh khi HHO kiéu khé ¢6 nhiéu vu diém néi troi

hon so véi binh sinh khi kiéu uét. Binh sinh khi kiéu kho
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c6 hiéu suat cao, lugng nhiét sinh ra thap nén it ton that
nhiét, c6 kich thudc nho gon d& bd tri trén thiét bi van
chuyen nhu xe may. Mat khac, binh sinh khi kleu kho cé
diém tiép xtic v6i dién cuc khong bi an mon, it ton chi phi
b4o tri hon so v&i binh sinh khi kiéu w6t, nén trong thiét ké
ndy nhém tac gia chon phuong an thiét ké binh sinh khi
HHO kiéu khd. Céc ban cuc va dién cuc dugc lam bé’mg
thép khong ri (Hinh 2).

K

Hinh 2. Cdu tgo binh sinh khi HHO
1- Mat bz’ch;’ 2- Tam dién cuc trung gian, 3- Tam dié(l cuc
duong; {- Tam dién cuc am; 5- Pém cao su; 6- Vit co dinh;
7- Dau vao dung dich dién phdn; 8- Dau ra khi HHO

Céc tAm ban cuc cang gﬁn nhau, téc do san xuat khi
cang 16n. Tuy nhién, c6 mot giéi han thuc té, vi cac bong
bong khi hinh thanh giita cac ban cuc phai dé dang thoat ra
va ndi 1én trén bé mit. Vi vay, khoang céch t6i wu duoc
chon la 3mm.

Dién tich tim ban cyc cang 16n, ning suat san xuat khi
cang cao. M&i mit ctia mdi ban cuc c6 dién tich tir 13 dén
25 cm? trén mdi ampe dong dién chay qua dugc cac chuyén
gia danh gia 13 t6i wu. D& bao dam cong sut sinh khi HHO
va khong gian ldp dat trén xe may, theo tinh toan chiing t6i
thiét ké cac ban cuc 6 kich thude 120x120mm.

Bé mit ciia cac ban cuc ¢6 anh huong 16n dén toc do
san xuat khi. Tc d0 san xuét khi duogc cai thién dang ké
néu ca hai mit cua mdi tim ban cuc dugce cha nham theo
kiéu chéo nhau (diéu nay tao ra dién tich bé mit ting 1én
voi hang ngan dinh cyc nho giap bong bong hinh thanh va
roi khoi cac tim). Cac ban cuc sau d6 dwoc lap rap va | ngam
trong dung dich dién phan trong khoang ba ngay. Diéu nay
tao ra mot 16p phu mau trdng bao vé trén bé mat cua cac
tam gilp tang cuong dién phan. Cac tdm sau d6 duoc ria
sach bang nudc cit va dugc nap lai bang dung dich dién
phan mai.

Dién 4p chuén cua dién phan nudc 1a 1,23V. Do d6, dé
t6i uu hoa hiéu suat qua trinh dién phan nugce, giam t6n that
nhiét, binh sinh khi duogc thiét ké 8 ngan, gdm ¢ 9 ban cuc,
2 tam dién cyc am nam ngoai cing, 1 tim dién cyc duong
nam chinh giita, 6 tam dién cuc trung gian nam giita cac
tAm dién cuc 4m va tAm dién cuc duong tao nén 8 ngan.
Dién ap duoc diéu khién bang bd diéu chinh d6 rong xung
PWM sao cho dién 4p dit trén mdi ngan tir 1,5-2V.

Thyc nghiém cho théy, KOH va NaOH 14 hai chét dién
phan t6t nhat. KOH hiéu qua cao hon NaOH va c6 wu diém
1a gitr dién cuc sach. Tuy nhién, chit nay c6 nhugc diém 1a
it thong dung va d& gy nguy hiém khi st dung. Do d9,

NaOH duoc lya chon lam chat dién phan. NaOH c6 nhugc
diém gay an mon dién cuc. Nong do chat dién phén trong
nudc vira phai giap gia toc phan mg tach nudc thanh Hp
va O, giam nang luong can thiét cho qua trinh dién phan.
Tuy nhién, khi ndng d6 chat dién phan qué cao thi ning
lwong can thiét dé san sinh HHO gia ting do mat do chat
dién phan bdo hoa, ngin can su dich chuyén cua cac ion.
Néng d6 NaOH dugc str dung trong dung dich dién phan
18% la phu hop.

Hinh 3 gi¢i thi¢u hé thong cung cp HHO cho dong co
g6m binh sinh khi HHO (3) duoc cap dién bang binh ic qui
12V-6A (1) nguyén ban ciia xe gin may qua diy dan dién
(2). Binh chira dung dich dién phan NaOH 18% (5) cung
cap dung dich dién phéan vao binh dién phan qua ong dan
dung dich dién phan (4). Khi HHO sinh ra dugc chuyén vé
binh chira dung dich dién phén qua dng dan HHO (9). Sau
do khi HHO duoc tiép tuc dan vé binh chua HHO (8) béng
ong dan (6). Cudi cing khi HHO dugc cung cap dén dong
co qua 6ng dan khi duoc dau ndi tai dadu ra HHO (7).

6

Hinh 3. So d6 hé thong sinh khi HHO ,

1- Binh dc quy; 2- Day dén dién; 3- Binh sinh khi HHO; 4- Ong
dan dung dich dién phdn; 5- Binh chita dung dich dién phdn;
6- Ong dan khi HHO; 7- Ddu ra HHO; 8- Binh chira HHO;
9- Ong dan khi HHO

Hinh 4. Ldp dat binh sinh khi HHO kiéu khé

Heé thdng san xuat HHO duogc dit trong cdp nhya chira
hanh 1y ¢6 dinh phia dudi xe, cac 6ng ndi mém dan khi
HHO, dung dich dién phan va day dién duoc dau ndi va
ludng phia trong 40 nhya than xe (Hinh 4). Ddng hd hién
thi dién ap va cuong d¢ dong dién duogc lép dat bén canh
déng hd cong to mét cua xe.

Cong tic ON-OFF h¢ thong sinh khi HHO va b diéu
ché do rong xung PWM duogc lép dat g?m 6 khoa cua xe,
thuén tién cho viéc tat/mé va diéu khién b0 sinh khi HHO.
Luu lugng ké dé duoc lap dat bén canh nim diéu chinh cua
bd PWM dé dé quan sat luu lwong khi HHO sinh ra. Trudc
khi duoc cung cap vao dudng nap dong co, khi HHO di qua
b chdng chay nguoc.
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2.2.2. Thiét b phén tich khi thdi

Trong nghién ciru ndy, nhém tac gia dung may phan
tich khi MGT 5 dé phan tich khi thai (Hinh 5). Day l1a thiét
bi phéan tich khi xa dong co danh ltra cudng birc cia Puc
dugc Cuc Piang kiém cho phép sir dung & Viét Nam dé
kiém tra phét thai ciia phuong tién giao thong co gidi.

May c6 thé phan tich cac khi CO, HC, NOy, CO;, O, va
chi s6 lambda trong khi thai dong co chay bang cac nhién
lisu CNG, LPG va xing. May duoc két ndi véi may tinh qua
cong USB dé hién thi két qua. Tc do dong co duge do bang
cam blen xung dién kep vao day cao &p cua nén danh lia.

Hinh 5. Thiét bi kiém tra khi xa déng co xdng MGT 5

3. Két qua va binh luin
3.1. Anh hwéng ciia thanh phan HHO dén céong chi thi
Hinh 6 so sanh su phat trién mang lira khi dong co chay
bang xdng va bang xing bd sung 10% HHO vai hé sb tuong
duong ¢=1, & toc d6 n=6000 vong/phit va goc danh lira
som cd dinh & =20 °TK. Chung ta thdy tai ciing mot vi
tri goc quay truc khuyu, nhiét d6 cuc dai trong san phiam
chay déu tang khi bd sung HHO vao xing. Chénh léch nhiét
do6 cyc dai giam dan vao cudi qua trinh chay. Khi bd sung
HHO vao xing toc d6 tiéu thu nhién liéu ting, do d6 thé
tich viing hon hop di chay ting, dan dén nhiét do ciia san
pham chay 16n hon so véi khi dong co chay bang xing.

min (K) li max (K)
| _m
o(*TK) Xang Xang +10% HHO

730/1500

750/2650

355

360

365

Hinh 6. So sanh su phat trién mang lira khi dgng co chay bang
xang va bang xang bo sung 10% HHO (n=6000 vong/phdt,
¢=1, ps=20°TK)

Hinh 7a gi6i thidu bién thién ap suat trong xi lanh dong
co theo goc quay truc khuyu khi déng co chay bang xing
va khi chay bang xing bd sung 10% HHO vé6i ¢=1 ¢ téc do
6000 vong/phit va goc danh lira som c¢b dinh 0 15°TK.
Chung ta thay, khi b6 sung HHO vao xang 4p suit cuc dai
trong xi lanh tang. Diéu nay c6 thé dugc giai thich do HHO
lam ting téc do chay do d6 dinh duong cong ap suat dich vé
gan DCT hon. Mt khac, do toc do chay tang nén hén hop
chay dién ra hoan toan lam ting higu suét str dung nhiét.
Cung ché do cong tac ciia dong co, ap suat cuc dai ting

khoang 10 bar khi pha 10% HHO vao xang. Tuy nhién, do
ap suat dat gan DCT nén ting ton that cong trong ky nén,
cong chi thi chu trinh vi thé khong ti 18 vai ap sut cuc dai.

Hinh 7b gi6i thiéu bién thién nhiét do hdn hop chay
trong xi lanh theo goc quay truc khuyu khi dong co chay
bang xing va xing pha 10% HHO véi cung diéu kién van
hanh da mé ta & Hinh 7a. Do toc do chay tang khi pha HHO
vao xang nén nhiét do bat dau tang sém hon va diém cuc
dai cta nhiét d6 dat duogc gan DCT hon. Do qua trinh chay
két thac sém hon nén nhiét do cua san pham chay trén
duong dan né khi pha HHO vao xing thap hon khi chay
bang xang.

2500
60 A

LR

— — 10% HHO
0 HHO

7| = =—10%HHO [ |
0 HHO

350 350 aéo 510 330 390 450 510
@ (°TK) @ (°TK)

a) b)

Hinh 7. Anh huéng ciia HHO dén bién thién dp sudt (a) va
nhiét do (b) theo goc quay truc khuyu (n=6000 vong/phut,
¢=1, ps=15°TK)

Su gia tang tde do toa nhiét va nhiét do chay 1a nguyén
nhan chinh ctia sy gia ting ndng do NOx trong khi thai theo
co ché Zeldovich. Hinh 8a trinh bay anh huéng cia thanh
phan HHO trong hdn hop nhién li¢u dén thién nong d6 NOx
trong hon hop chay. Két qua cho thiy, véi cung diéu kién
van hanh va goc danh ltira sém cb dinh, ndng do NOy ting
khoang 25% khi pha 10% HHO vao xang.
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Hinh 8. Anh hudng ciia HHO dén bién thién néng dé NOx (a),
CO (b) va HC (c) theo goc quay truc khuyu (n=6000 vong/phuit,
¢=1, =15 TK)

Néng d06 cua CO, HC duoc xac dinh dua trén tinh toan
can bang nhiét dong hoa hoc ctia hé phuong trinh phan tmg
chay nhién liéu hydrocarbon. TUy thudc vao nhiét do chay,
4p suat trong xi lanh va thanh phan hdn hop ta nhan dwoc
két qua thanh phan cac chat 6 nhiém nay trong khi thai.
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Hinh 8b cho thay, khi b6 sung 10% HHO vao xing thi dinh
duong cong CO dich vé phia BCT nhung ndéng do CO
trong khi thai hdu nhu khong khac biét so voi ndng do cia
n6 khi dong co chay bang xing. Hinh 8c biéu dién bién
thién ndng d6 HC theo goc quay truc khuyu. Chung ta thiy
cung goc danh lira som 15°TK cho truge, qua trinh chay
trong trudng hop dong co chay bing xang bd sung HHO
két thiic som hon khi chay bang xang. Két qua ndy cling
cho thay, tdc do tiéu thu nhién liéu tang khi bd sung HHO
thé hién bang duong cong HC dbc hon khi bd sung 10%
HHO vao xang.
3.2. Anh hwong ciia géc dinh liva sém

Céc két qua nghién ctru trén cho thdy, HHO anh hudng
dén qua trinh chay va phat thai 6 nhiém thong qua su
gia tang toc do chay. Do d6, dé dam bao cho dong co hoat
dong hidu qua khi bo sung HHO vao xing chung ta phai
giam goéc danh Itra sém. Hinh 9a va Hinh 9b thé hién
anh huéng ctia géc danh lira sém dén bién thién CO va NOx
trong truong hop dong co chay bang xing ¢ téc do
6000 vong/phut véi ¢=1. Chung ta thiy, khi ting goc déanh
lira som thi dinh dwong cong CO dich vé phia DCT, ndng do
cyc dai cia CO ting nhung ndng d6 cua né trong khi thai
giam nhe. Piéu nay 1a do khi ting goc danh lira som thi nhiét
d6 hdn hop chay ting lam ting téc do phan tmg sinh CO
nhung ciing chinh do nhiét d6 cao, tde do chay CO dién ra
manh hon 1am giam ndéng d6 ciia n6 trong khi thai. Trong
khi do néng d6 NOy phu thugc manh vao nhiét d6 nén viéc
tang goc danh Iira sém kéo theo sy gia ting nong do NOx
trong hdn hop chay. Hinh 9b cho thiy, nong do NOy ting
gan 50% khi goc danh lira som tang tir 15°TK 1én 25°TK.

P (°TK)
b)
Hinh 9. Anh huéng ciia gée danh lika sém dén bién thién nong
dé CO (a), NOx (b) theo goc quay truc khuyu khi dong co chay
bdng xdng (n=6000 vong/phiit, $=1)
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Hinh 10. Ank huéng ciia goc dnh lira sém dén bién thién nong

do CO (a), NOx (b) theo goc quay truc khuyu khi dong co chay
bdng xdng bé sung 10% HHO (n=6000 vong/phiit, ¢=1)

Anh huéng ciia goc danh lira sém dén bién thién CO va
NOx theo goc quay truc khuyu trong truong hgp dong co
chay bing xing bd sung 10% HHO ciing tuong tu nhu
truong hop chay bang xang. Cac Hinh 10a va Hinh 10b cho

thdy, pham vi bién thién ctia CO va NOx khi goc danh Iira
som thay doi tir 9°TK dén 21°TK trong truong hop dong
co chay bang xang bd sung 10% HHO Xdp xi voi pham Vi
bién thién cua chang khi dong co chay bang xing véi goc
danh lira sém bién thién tir 15°TK dén 25°TK.

Hinh 1la va Hinh 11b gi6i thiéu anh huong cua
goc danh lira sém dén d6 thi cong cua dong co khi chay
bang xang va bang xing bd sung 10% HHO & téc do
6000 vong/phut voi hé sb twong duong ¢=1. Trong truong
hop dong co chay bang xing, cong chi thi chu trinh ciia
dong co dat duge 104, 121 va 113 J/ct tuong ting voi goc
danh hira sém 15, 20 va 25°TK. Trong truong hop dong co
chay bing xing pha 10% HHO, cong chi thi chu trinh dat
111, 129 va 121 J/ct twong Gng véi goc danh Itra sém 9, 15
va 21°TK. Nhu véy c6 thé thiy, goc danh lia som t6i wu
clia dong co & tde d6 6000 vong/phut 1a 20°TK khi chay
bang xang va 15°TK khi chay bang xing bd sung 10%
HHO. Tuong g véi goc danh lira sém t6i wu nay thi ndng
d6 NOx trong khi thai ciia dong co khi chay bang xing 1a
4700ppm va khi chay bang xing bd sung 10% HHO la
5300ppm. Nong d6 CO trong ca hai trudng hop twong
dwong nhau, khoang 1,5%. Nhu vay, khi bo sung 10%
HHO vio xing, cong chi thi chu trinh ting 7% nhung dong
thoi phat thai NOx cling tang 12%.

0 T T

[ = —s=21°TK
(ps=15°TK
— - =s=9°TK
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a) b)

Hinh 11. Anh hudng cua géc danh hia som dén 6 thi cong khi
dong co chay bang xang (a) va bang xang bo sung 10% HHO
(b) (n=6000 vong/phat, ¢=1)

3.3. So sanh mé phong va thuc nghiém
Trong phan nay, nhom tac gia so sanh bién thién nong
d6 CO va NOy trong khi thai theo toc d§ dong co cho bdi
md phong va thyc nghiém.
PR .
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Hinh 12. Anh hwéng ciia téc dg déng co dén bién thién nong dé
CO (a) va NOx (b) theo géc quay truc khuyu khi dong co chay
bang xdng bo sung 10% HHO (¢=1, p=15 TK)

Hinh 12a cho thay, tmg v6i goc danh lira sém cho trudc,
khi tang tdc do dong co thi néng d6 cuc dai cua CO giam
nhung ndng do cua né trong khi thai ting nhe. Tac dong
Cua viéc tang tbc do dong co dén CO khi ¢é dinh goc danh
Itra sém ciing nhu tac dong cia viéc giam goc danh lira som
khi ¢6 dinh téc d6 dong co da trinh bay ¢ phan trén.
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Hinh 12b trinh bay anh huong cua téc do dong co dén
bién thién ndng d6 NOy theo goc quay truc khuyu. Ching
ta thdy, khi ting toc d6 dong co thi ndng d6 NOy giam. Didu
nay c6 thé giai thich do dinh duong cong nhiét d6 dich ra
xa DCT khi ting tbc d6 dong co nhung giit nguyén goc
danh lira som khién cho nhiét ¢6 hdn hop chay giam.

Hinh 13a so sanh bién thién nong d6 CO theo toc do
dong co chay bang xing bd sung 10% HHO véi ¢=1 va
@s=15°TK cho boi mé phong va thyc nghiém. Chdng ta
thiy, khi hé sé twong duong va goc danh lira sém cb dinh
thi nong d6 CO theo md phong chi ting nhe theo toc do
dong co. N6ng do CO cho bdi thuc nghiém cao hon gia tri
cho boi md phong & ving toc do thap nhung thip hon &
ving tbc do cao. Pidu nay 1a do qua trinh chay thuc té
khong dién ra hoan toan nhu trong tinh toan. Mt khac, goc
danh lra som ciia dong co thuc té thay ddi trong khi goc
danh lira som trong tinh to4n mo phong 14 ¢d dinh. Khi ting
tdc do dong co thi goc danh Itra sém thyce té tang lam giam
ndng d6 CO trong khi thai. Puong cong bién thién ndng do
CO thyc té theo tbc do dong co vi thé it déc hon duong
cong nong d6 CO cho bdi mo phong.
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Hinh 13. So sanh mo phong va thyc nghiém bién thién néng do
CO (a) va NOx (b) theo toc do dong co khi dong co chay bang
xang b sung 10% HHO (¢=1, @=15 TK khi mé phéng)

Hinh 13b so sanh bién thién ndng d6 NOx theo toc do
dong co cho béi md phong va thyc nghiém. Chiing ta thay,
ndng d6 NOx cho thyc nghiém & phan 16n dai toc do déu
thip hon ndng d6 NOyx cho boi mé phong. Didu nay co thé
duogc giai thich do nhiét d qua trinh chay thuc té thép hon
nhiét d6 chay tinh toan vi qua trinh chay thyc té khong dién
ra 1y tuong nhu ly thuyét. Mat khac, goc danh lira sém
trong thuc té ting theo toc d6 dong co lam ting ndng do
NOy trong khi trong tinh toan chung ta gia dinh goc danh
lira som @s=15°TK khong thay doi.

4. Két luan

Két qua nghién ctru trén dy cho phép nhom tac gia rat
ra dugc nhiing két luan sau:

- Khi b6 sung HHO véo xang thi thi hiéu qua qua trinh
chay duoc cai thién dan dén tang ap sut va nhiét d6 cuc dai,
lam giam phat thai CO va HC do qua trinh chay dién ra hoan
toan hon. Tuy nhién HHO 1am ting phat thai NOy. Khi bd
sung 10% HHO vio xing thi ndng d6 NO ting 25%.

- Khi giam goc danh Itra sém thi nong d¢ CO tang nhe
trong khi d6 nong do6 NOx giam rit manh. Khi bo sung
10% HHO vao xing thi goc danh lira som t6i wu giam
5°TK. Khi diéu chinh géc danh lira sém ti wu thi khi
dong co chay bang xang bd sung 10% HHO cong chi thi
chu trinh tang 7% va nong d6 NO ting 12% so véi khi

chay bang xang.

- Khi tiang téc d6 dong co thi ndng d6 NOy trong khi
thai giam trong khi nong d6 CO ting nhe. Puong cong
bién thién néng d6 CO, NOx theo tdc dd dong co theo thyc
nghiém c6 d6 dc thap hon duong cong md phong tuong
{mg 13 do qua trinh chay thyc té khong dién ra hoan toan
1y twong va do goc danh lira sém thuc té tang theo toc do
dong co.

- C6 thé diéu chinh goc danh lira s6m khi dong co chay
bang xing bd sung HHO dé dam bao dat dwoc mirc ting
cong sudt hop 1y nhung khong lam ting mirc d6 phat thai
céc chét 6 nhidm so vai khi chay bang xing.

Loi cam on: Céc tac gia xin chan thanh cdm on Trudng
Dai hoc Su pham K thuat - Pai hoc Pa Nang da hé tro kinh
phi dé nghién ciru cong trinh nay thong qua de tai nghién ctru

khoa hoc “Thiét ké, ché tao mé hinh xe gan may sinh thdi
chay bang dién va nhién liéu khi”, ma sb: T2019-06-123.
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