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Toém tit - Hydrogen c6 nhiing dic tinh nhu gidi han chay mo
rong, téc do chay cao, hé sé khuéch tan 16, nhiét do doan nhiét
cao nén khi pha tron vao biogas gilp cai thién hidu sudt va giam
phét thai 6 nhiém. Tuy nhién, khi ham luogng hydrogen cao thi
phat thai NOx tang do ting nhiét do chay. Mic do phét thai NOx
c6 mbi quan hé chit ché v6i &p sudt cuc dai trong xi lanh, 4p suét
cuc dai cang cao, muc do phét thai NOx cang lén. Khi dong co
lam viéc v6i ¢=1, véi ham lugng hydrogen tir 10-20% thi tinh
nang kinh té, k§ thuat va mirc d6 phat thai 6 nhidm cua dong co
duge cai thién. Tuy nhién, khi ham lugng hydrogen trong hdn hop
tang vuot qua 20% thi phat thai NOx tang manh trong khi cong
chi thi chu trinh cua dong co thay ddi rat it theo ham luong
hydrogen. Nghién ctru d& xuat ham luong thé tich hydrogen trong
hén hop vai biogas khoang 20% Ia t6i uu ca v& hidu suét nhiét va
mirc d phéat thai 6 nhiém.

Tir khéa - Ning luong téi tao; hydrogen; 6 nhiém khong khi;
dong co danh Ivra cudng buec.

1. Giéi thiéu

Thé gi6i dang ddi mat véi sy gia ting nhanh chong
nhiét d6 bau khi quyén do phat thai CO,. Theo thoa thuan
khung vé chong bién doi khi hau toan cau tai COP 21,
Paris 2015, dé dat dugc muc tiéu giir cho nhiét d6 bau khi
quyen khong tang qua 2°C thi ngay tir bay gi¢ thé gidi
can hanh dong cat giam phét thai cac chat khi gay hiéu
tmg nha kinh dé dwa muc phat thai ndy vé muc cia thoi
ky tién cdng nghiép vao nim 2050. M&i day, tai Hoi nghi
thuong dinh thuong nién vé chong bién dbi khi hau COP
26, lanh dao cAc qudc gia da dé ra chién lugc Net-Zero
(tirc chién luge trung hoa carbon, muc do phét thai cac
chat khi gay hiéu tng nha kinh thip hon muc d¢ loai bo
chdng tr moi trudong). Tai hdi nghi ndy, Viét Nam cling
cam két giam phét thai CO,, CH, dat muc tiéu Net-Zero
vao nam 2050 [1].

Trong khi cho doi sy phét trién cong nghé tmg dung
rong rai hydrogen trén dong co dot trong thi viéc nghién
ctru (mg dung nhién lidu tai tao nay dé Iam giau nhung
nhién liéu nghéo khac ¢ y nghia thyc té. Trong so céc
nhién li¢u khi tai tao ngheo thi biogas pho bién nhat. Biogas
duogc san xudt tir C4c chat thai hitu co, dic biét cAc cht thai
trong san xuat ndng nghiép va chin nudi. Biogas chira CH,

Abstract - Hydrogen has special properties such as extended
combustion limit, high combustion rate, large diffusion coefficient,
high adiabatic temperature, so when added to biogas, it helps to
improve efficiency and reduce pollutant emissions. However, when the
hydrogen content is high, NOx emissions increase due to the increase in
combustion temperature. The level of NOx emissions is closely related
to the maximum pressure in the cylinder, the higher the peak pressure,
the greater the NOx emission level. When the engine is working with
¢=1, with a hydrogen content of 10-20%, the economic, technical and
emission levels of the engine are improved. However, when the
hydrogen content in the mixture increases beyond 20%, NOx emissions
increase sharply while the indicated engine cycle work of the engine
increases insignificantly with the hydrogen content. Hydrogen content
in the mixture with biogas about 20% is optimal both in terms of
thermal efficiency and pollutant emission level.

Key words - Renewable energy; hydrogen; air pollution; SI
engine.

c6 ham luong dao dong khoang 60% dén 80%. Nhiét tri
thip cuia biogas vi vy thap hon khi thién nhién. Mit khéc,
do biogas c6 chira CO; nén toc do chay cua né thap. Diéu
nay gay anh hudng dén tinh nang kinh t& va mirc do phét
thai 6 nhiém cta dong co, nhat 1a cac dong co ¢ nho. Dé
cai thién tinh ning cuia biogas nguoi ta ¢ thé pha vao nhién
liéu nhing chét khi ¢6 nhiét tri cao. Hydrogen ¢ nhiéu uu
diém dé lam giau biogas. Nghién ctru thuc nghiém ciia
Leung va cong su [2] cho thay, pha mot lugng nho
hydrogen vao biogas c6 thé cai thién dang ké pham vi 6n
dinh cua ngon ltra. Zhang va cong su [3] nghién ctru pha
hydrogen vao biogas dé chay dong co danh lira cudng birc
va thay khi pha hydrogen vao biogas thi toc do toa nhiét
gia ting va tinh 6n dinh cua qua trinh chay duoc cai thién.

Vé mirc d6 phét thai 6 nhiém, cac nghién ctru da cong
b6 cho thay, khi pha hydrogen vao khi thién nhién thi phat
thai hydrocarbon va carbon monoxide (CO) giam [4]. Tuy
nhién, do tang téc do téa nhiét va tang nhiét d6 doan nhiét
khi pha hydrogen vao nhién liéu din dén ting &p suit va
nhiét do chdy, didu nay 1am tang phat thai NOx va hién
tuong kich nd [5-7]. Vi thé bén canh hiéu qua cai thién tinh
ning dong co khi pha hydrogen vao biogas ciing can quan
tdm dén mirc d6 phat thai NOx [8]. Jeong va cong su [9]
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cho rang, ham lugng H, pha vao biogas can phai dugc han
ché dé dam bao mirc do phat thai NOx nam trong gidi han
cho phép.

Két qua nghién ctru trén day cho thay, viéc phdi hop
str dung biogas va hydrogen gilp nang cao hiéu qua qua
trinh chay va giam phat thdi 6 nhiém. Giai phap nay c6
nhiéu trién vong trong viéc mo rong tng dung nhién liéu
tai tao trén dong co d6t trong [10-12]. Nghién ciru tong
quan trén day cho thay viéc lam giau biogas bing
hydrogen r& rang cai thién dwgc qué trinh chay cta dong
co. Tuy nhién, mat trai ciia n6 1a lam tang phéat thai NOx,
gay 6 nhiém moi truong. NOyx phu thudc vao su phan b
nhiét ¢6 va thanh phan hdn hop nhién liéu/ khong khi
trong budng chay. Vi thé viéc nghién ctru tudng tan qua
trinh tao hdn hop khi dong co chay bang biogas duoc 1am
giau boi hydrogen Ia rat can thiét dé nang cao ti da hidu
qua sir dung nhién liéu téi tao.

2. Nghién citu md phong

Trong nghién ctru nay, tac gia sir dung dong co tinh
tai danh lira cudng birc Honda GX200 dé cai tao thanh
dong co chay bang biogas-hydrogen diéu khién dién tur
phl hop véi didu kién lam viée trong hé théng nang lugng
tai tao hybrid. Pong co cd duong kinh xi lanh 68mm,
hanh trinh piston 45mm, ti s6 nén 8,5. Pong co phét cong
suat cuc dai 4,8kW & toc do 3600 v/ph khi chay bang
xing. Pong co nguyén thiry dugc cip nhién liéu qua bd
ché hoa khi, danh lira magneto véi géc danh lira sém ban
dau cb dinh. Dé dong co c6 thé chay bang nhién liéu
biogas-hydrogen v¢i ty 18 thanh phan thay d6i, bo ché hoa
khi va hé théng danh lira nguyén thuy cia dong co duoc
thay thé bang hé théng phun va danh lia diéu khién dién
ta. Hinh 1 gi6i thiéu xi lanh va duong nap dong co sau
khi cai tao

b'\ogas blend

Hinh 1. Xi lanh va duong nap dong co sau khi cdi tao

Nghién ctru dugc gidi han 6 ndi dung tao hon hop va
chéy nén khong gian tinh todn gdm duong nap, xi lanh va
budng chay dong co. Thiét ké cac khdng gian trén dugc
thuc hién trong GAMBIT. Chia luéi duoc thuc hién tu
d6ng bang Fluent. Do thé tich xi lanh thay d6i trong qué
trinh piston chuyén dong nén cac phan tir trong xi lanh bi
bién dang. Pé dam bao thé tich cAc phan tir khdng qué bé
dan dén dung chuong trinh trong qua trinh tinh toan,

khong gian xi lanh dugc chia ludi rong hon cac khong
gian con lai. Trong nghién cuu nay, khéng gian tinh toan
dugc chia 1am 3 khu vuyc: Xi lanh, budng chay va duong
nap. Mdi khu vuc ¢6 kich ¢& chia lugi khac nhau. Hinh 2
gidi thiéu két qua chia lugi khdng gian tinh toan. Khéng
gian xi lanh hinh dang cé4c phan tir don gian; Khéng gian
budng chay, kich thudc phan tir bé nhat dé ting do
chinh xac khi tinh toan su lan tran mang Itra; Khéng gian
duong nap kich thude phéan tir 16n hon dé giam thoi gian
tinh toan. C6 tong sé 317.243 phan tir trong khong gian
tinh toan.

Hinh 2. Chia luwéi khdng gian tinh toan
GO6i dong luc hoc chét Iong tinh toan thwong mai (CFD)
ANSYS Fluent 2021R1 dugc s dung cho m6 phong. Su
hdn loan cua dong khdng khi duoc mé ta bang mé hinh
k-e. Cac thdng sb nhiét dong hoc ciia hdn hop va qué trinh
chay dugc tinh toan bang mo hinh Bt tron hdn hop mot
phan. M6 hinh d6t chay dan dén trang thai cAn bang nhiét
dong cua cac loai bao gdm ca ndng do CO. Phét thai NOx
dugc tinh bang md hinh NOy nhiét tich hop trong phan

mém Fluent dua trén co ché Zeldovich mé rong

3. Két qua va ban luin
3.1 A:nh hwong ciia ham lwgng hydrogen dén qué trinh
tao hon hop
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Hinh 3. Bién tl:lién luu lwong khong khi, luu lwong nhién lidu va
hé so twong dwong theo goc quay truc khuyu
(n=3600 v/ph, M7C3, pp=70°TK, pp=0,5 bar, dp=5,5mm)
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Hinh 3 gi6i thiéu duong dong mirc hé s6 twong duong,
ndng d6 CH, trén mat cit ngang budng chay tai thoi diém
340°TK (20°TK truéc DCT) va bién thién luu luong
khong khi, luu lugng nhién liéu, hé s twong duong theo
g6c quay truc khuyu. Pong co chay & toc do 3600
vong/pht. Nhién liéu M7C3 dugc cung cép qua voi phun
duong kinh 5,5mm, &p suat phun 0,5 bar. Ching ta thay
hé sb twong duong trung binh trong budng chay dat gia tri
$=1 nhung sy phan bd ndng d6 CHy ciing nhu hé s6 twong
duong trong budng chay khdng hoan toan dong nhat. Hé
s0 tuong duong dao dong trong khoang trr 0,8 dén 1,1 véi
khu vuc hon hop ngheo nam vé phia xu pap nap. Tai thoi
diém danh lira, hé s6 tuong duong ctia hon hop quanh nén
danh lira khoang ¢=1. Piéu nay gilp cho qua trinh danh
lira dién ra thuan loi. Bé dat dwoc hé sb twong dwong trung
binh ¢=1 thi thoi gian phun nhién li¢u trong truong hop
nay 13 ¢,=70°TK.
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Hinh 4. Bién thién heu lieong khong khi, luu hrong nhién ligu va
hé so twong duong theo goc quay truc khuyu (n=3600 v/ph,
M7C3-30H, ¢p=77°TK, py=0,5 bar, dp=5,5mm)

Hinh 4 gi6i thiéu didn bién cac thong sb cua qué
trinh nap khi phun nhién lieu M7C3 dugc lam giau boi
30% hydrogen. Chung ta thiy, phan bd ndng do CHa,
H2 va hé s6 twong dwong trong buong chay ciling tuong tu
nhu truong hop dong co chay bang biogas M7C3. Bé dat
cing hé s6 twong dwong ¢=1 nhu truong hop trén,
goc phun nhién liéu trong truong hop ndy la @p,=77°TK,
16n hon 7°TK so véi trudng hop dong co chay bing
biogas M7C3.

3.2. Anh hwéng ciia ham lwong hydrogen dén qué trinh
chay va phat thdi 6 nhiém

Hinh 5a va Hinh 5b giéi thi¢u bién thién ap suat va tdc
d6 toa nhiét khi dong co chay bang biogas M7C3 va
M7C3-40H ¢ tbc d6 2100 v/ph va 3600 v/ph. Két qua cho
thiy, khi tang ham lugng hydrogen trong hon “hop vei
biogas thi tbc d6 toa nhiét tang va dinh cyc dai tién vé gan
DCT trén. Pidu nay din dén tang ap suét cuc dai ciia dong
co. Cung mdt ché do cung cép nhién liéu, khi téc do dong

co tang thi dinh duong cong toa nhiét dich ra xa BCT
khién cho ap suit cuc dai giam. Su gia ting cong chi thi
chu trinh theo ham lugng hydrogen 1a do chit luong quéa
trinh chay duogc cai thién, toc d6 chay tiang lam ting hiéu
qua st dung nhigét.
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Hinh 5. Anh huong ciia ham heong hydrogen pha vao biogas
M7C3 dén bién thién toc do toa nhiét va ap suat trong xi lanh
khi dong co chay ¢ toc dé 2100 viph (a) va 3600 v/ph (b)
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Hinh 6. Anh huong ciia ham leong hydrogen pha vao biogas
M7C3 dén bien thién nong do nhién li¢u theo goc quay truc
khuyu Khi dong co chay ¢ toc dé 2100 viph va 3600 v/ph

Ung véi biogas c6 thanh phan CHy cho trudc, khi ting
ham lugng H, thi ndng d6 mol cuia nhién liéu ting dé dam
bao hé sb twong duong khong thay déi (Hinh 6a va Hinh
6b). Két qua tinh toan & cac hinh nay cho thiy, khi ham
luong hydrogen ting thi d6 déc cua dwdng cong tiéu thy
nhién liéu tang I&n rd rét du dong co chay o téc do
2100 v/ph hay 3600 v/ph. So véi khi chay bang biogas
M7C3 thi thoi gian chy giam 60°TK va 30°TK tuong ung
v6i khi dong co chay & toc do 3600 v/ph va 2100 v/ph véi
nhién liéu M7C3-40H.
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Hinh 7. Bién thién &p sudt cuc dai va cong chi thi chu trinh theo
ham lwong hydrogen pha vao biogas M7C3 khi dong co chay o
toc dg 2100 v/ph (a) va 3600 v/ph (b)

Bién thién cong chi thi chu trinh theo ham luong Ha
pha vao biogas M7C3 khi dong co chay & téc do 2100
v/ph va 3600 v/ph dugc trinh bay trén Hinh 7a va Hinh
7b. Chiing ta thay khi ham lugng hydrogen pha vao biogas
thap hon 20% thi cong chi thi chu trinh ciia dong co ting
nhanh theo ham lugng H,. Khi ham lugong H» ting vuot
qua ngudng nay thi cdng chi thi chu trinh cia doéng co
thay ddi rat it theo ham lugng hydrogen. Diéu nay c6 thé
giai thich Ia do nhiét lugng nhién liéu mang vao dong co
giam khi ting ham lugng Hy. Mat khéac, anh huong cta
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viéc gia tang toc do chdy dén chét luong qua trinh chay
khong tang tuyén tinh theo ham lugng H, pha vao biogas.
Vi vay khi ham lugng H vugt qué 20% thi tac dong cta
viéc cai thién téc do chay khdng con gia ting nhu khi ham
lugng H; thap. Do d6, vé mit hiéu qua sir dung nhiét thi
viéc pha 20% hydrogen vao biogas la toi wu. Piéu nay rat
phl hop vai hé théng nang luong hybrid do lugng dién sir
dung dé dién phan nudc san xuat hydrogen cta hé thong
c6 gidi han.

Hinh 8a biéu dién tong hop bién thién cta T, Wi,
CO, HC va NOy theo ham lugng hydrogen pha vao biogas
M7C3 khi dong co chay ¢ toc do 2100 v/ph véi hé s6
tuong duong ¢p=1. Chung ta thiy, nhiét do khi thai chi
bién thién trong pham vi hep tir 1430 dén 1500K, dat gia
tri nho nhat tmg v6i ham lugng 20% hydrogen. Wi ting
tor 184 J/ct 1€n 209 J/ct khi ham luong hydrogen tang tu
0% 1én 20%. Tuy nhién, sau d6 Wi hau nhu khong thay
d6i khi ham lugng hydrogen tang tir 20% 1én 40%. Nhu
da giai thich trén day, su gia ting W; chu yéu 1a do cai
thién téc do chay. V6i ham lugng hydrogen trong khoang
tr 10-20% anh huong cua tc do chay dén hiéu qua sir
dung nhiét dat dugc mirc tdi da nén su gia tang ham luong
hydrogen véao biogas khong dem lai hiéu qua tiép tuc. Vé
mic do phét thai 6 nhiém, NOx ting theo ham luong
hydrogen pha vao biogas do sy gia ting nhiét d6 cuc dai.
Trong khi do, CO va HC dat gia tri cuc tiéu khi ham lugng
hydrogen trong biogas khoang 10-20%. Véi ham luong
hydrogen nay, viéc gidm nang luong do nhién li¢éu mang
vao dong co & mirc vira phai nhung anh hudng cua tbe do
chay dén hiéu qua st dung nhiét ting nén qua trinh chay
di&n ra hoan hao nhit.
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Hinh 8. Anh huo’ng ciia ham luong hydrogen pha vao blogas
M7C3 dén qua trinh chay va phat thdi 6 nhiém ciia déng co khi

chay ¢ téc dg 2100 viph (a) va 3600 v/ph (b) véi ¢=1

Hinh 8b biéu din bién thién cua céc dai luong twong
ty nhu truong hop trén nhung @ng véi tée do dong co
3600 v/ph. Quy luat bién thién ciia W; theo %H twong tu
nhu truong hop trén. Wi tang 16% khi ham luong
hydrogen ting tir 0% dén 20% nhung sau d6 Wi gan nhu
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on dinh quanh gia tri W;=196 J/ct khi ham Iluong
hydrogen tang tir 20% lén 40%. Trong ca hai truong hop,
CO va HC dat cuc tiéu khi ham luong hydrogen nim
trong khoang 10% dén 20%. Trong khi d6 NOy ting
nhanh theo ham lugng hydrogen khi %H nhé hon 20%
nhung tc d6 tang cham lai khi ham luong hydrogen cao
hon gia tri nay.

Khi pha hydrogen vao biogas thi tbc do chay tang, qua
trinh chay c6 thé dién ra v6i hdn hop nghéo hon do d6 hé
s6 twong duong t6i wu tién gin dén ¢=1 hon. Hinh 9 gi6i
thiéu bién thién cong chi thi chu trinh va mirc d6 phét thai
6 nhiém khi dong co chay bang nhién liéu M7C3-20H.
Ching ta thay dinh duong cong Wi(d) nam gan sat ¢=1.
Mirc d9 phét thai CO, HC, NOx Vi thé thap hon rat nhiéu
S0 véi trudng hop dong co chay bang biogas da md ta ¢
Hinh 8a va Hinh 8b.
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Hinh 9. Bién thién cac thong s déc trung qua trinh chay theo
hé so twong duwong khi dong co chay o toc dé 3600 viph voi
nhién /iégu M7C3-20H

4. Két ludn

Két qua nghién ctru trén déay cho phép chdng ta rat ra
duoc nhirng két luan sau:

_ - Hi€u qua cong tac cua dong co biogas dugc cdi thién
toi da khi pha 20% hydrogen vao biogas M7C3. Qua
ngudng nay, tinh ndng ctua ddng co hau nhu khong thay doi
khi taing ham lugng hydrogen pha vao biogas.

- Khi pha hydrogen vao biogas tinh nang dong co dugc
cai thién khong phai do nang lvong né mang vao budng
chdy ma do su gia tang tdéc d6 chdy va mé rong gidi han
chéy gilp cho qua trinh chay t6i uu dién ra gan gié trj ¢=1
hon khi dong co chay bang biogas.

- Trong diéu kién van hanh t6i uwu, khi pha 20%
hydrogen vao biogas M7C3 thi cong chi thi tang trung binh
16%, phét thai CO va HC giam trung binh tir 5-10 lan, phéat
thai NOy tang khoang 10-15%.

Loi cdm on: Nghién ctru nay duoc tai trg kinh phi boi
Trudong Pai hoc Su pham Ky thuét - Pai hoc Ba Nﬁng trong
d@ tai “Nghién ciru chuyén d6i dong co tinh tai dung bo ché
hoa khi sang dong co phun LPG diéu khién dién tir” c6 ma
s6: T2021-06-09.
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