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TOM TAT

Nhu cau tiéu thy nhién liéu ngdy cang ting cao ciing véi cdc quy dinh vé phdt thai ¢ déng
co dot trong ngay cang nghiém ngat, nhién liéu hydro néi 1én nhw la mét giai phép thay thé nhién
liéu héa thach khéng phat thdi carbon. Bai bdo ndy danh gid tong quan vé nhitng nghién ciru g
dung nhién liéu hydro cho dong co dot trong nhitng ndm gan ddy. Chi ra cdc ddc tinh héa hoc va
vdt Iy ciia nhién liéu hydro dén thiét ké dong co dot trong. Anh hidng ciia phwong phdp cung cdp
nhién liéu hydro dén hoat dong cua dong co hydro. Hon nita, bai bdo ciing danh gia vé tiém néing
hiéu sudt nhiét cao va phat thai carbon gan nhw bang khéng va gidi quyét nhitng thdach thirc cho su

phat thai ciia NO.
Tw khoa: Nhién liéu hydro; Dac tinh chay,; Hiéu sudt nhiét; Phat thdi.
ABSTRACT

With increasing fuel consumption and increasingly stringent regulations on emissions from
internal combustion engines, hydrogen fuel has emerged as a carbon-neutral alternative to fossil
fuels. This paper provides an overview of recent research on the application of hydrogen fuel in
internal combustion engines. It identifies the chemical and physical properties of hydrogen fuel in
relation to internal combustion engine design, and examines the impact of hydrogen fuel delivery
methods on hydrogen engine performance. Furthermore, the paper evaluates the potential for high

thermal efficiency and zero carbon emissions, and addresses the challenges of NO_ emissions.
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1. GIOI THIEU

Hién nay, nhu ciu st dung ning luong
ngay cang tang cao do qua trinh phat trién manh
cua cong ngh1ep cung nhu tang trudng cua dan
sd toan cau. Ngudn nhién liéu chinh van 1a
nhién liéu hoa thach tir ddu mo. Cac phuong
tién giao thong st dung dong co dot trong st
dung nhién li€éu hoa thach nhu xang va diesel
van chiém ty 1¢ 16n va 1a nguyén nhan giy ra
phat thai doc hai voi méi truong [1, 2]. Dé giai
quyét van dé nay, cac thoa thuan qudc té nhu
Hiép dinh Paris (COP21) da thiét lap cac muc
tiéu nham han ché sy gia tang nhiét do toan ciu
bang cach thiic day cac giai phap ning luong
trung hoa carbon. Trong bdi canh nay, hydro
dugc coi 1a mot trong nhirg ngudn ning lugng
thay thé déy htra hen st dung cho dong co dot
trong trén cac phuong tién giao thong van tai
[3]. Khong giéng v6i nhién liéu hydrocarbon
thong thuong, san pham chinh ciia qua trinh dot
chay hydro 1a hoi nuéc, giup loai bo cac phat
thai doc hai cia dong co d6t trong truyén thong
nhu HC, CO ciing nhu khong phat thai CO,,
mot chat khi gay hiéu tmg nha kinh [4, 5].

So v6i viéc st dung pin nhién li¢u
hydro, dong co d6t trong sir dung hydro (H2ICE
—Hydrogen internal combustion engine) mang
lai nhiéu lgi thé hon trong qua trinh chuyén doi
nang lugng hién nay. Cong nghe H2ICE c6 thé
tan dung co sé ha ting san xuat dong co da phat
trién va c6 kha nang dap tmg duoc tét hon cac
tap chét trong nhién liéu hydro, do d6 tré thanh
giai phéap tiét kiém chi phi va nhanh chéng hon
cho van tai hang nang va thuong mai. Hon nira,
H2ICE tranh duoc chi phi cao va su phu thudc
vao cac vat liéu quy hiém, chang han nhu bach
kim, lién quan dén san xuét pin nhién liéu [6].

Hydro ¢6 vu diém doc dao la nhién li¢u

c6 ngudn tai nguyén co ban co thé tai ché trong
chu ky thot gian ngan, nhu thé hién trong Hinh

1 [3]. Phan tir nude ¢6 thé duge phan tach bang
cach str dung nhién li€u hoa thach hoac nhiéu
nguén phi héa thach nhu nang lugng mat troi,
gi6, hat nhan, chét thai hitu co va cac nguén
khac. Khi d6t chay hydro, hoi nuéc thoat ra tir
dng xa clia dong co va nudc ndy quay trd lai
sinh quyén noi n6 xuat phat.

Hinh 1. Chu trinh cua nhién liéu hydro [3]

Maic du c6 nhitng 1oi ich nay, cac dac
tinh 1y héa cua hydro, ching han nhu ning
lugng danh lta thap va téc do lan truyén ngon
Itra cao, doi hoi phai c6 nhiing sura ddi cu thé
trén dong co dé ngan nglra qué trinh chay bat
thuong va kiém soat phat thai oxit nito (NO))
[7]. Bai bao nay tong hop nhimng tién bd gan
day trong cong nghé H2ICE, tap trung vao vi¢c
nang cao hiéu suét, cac giai phap k¥ thuat cho
sy on dinh qua trinh d6t chay va trién vong
tuong lai cua hydro st dung trén dong co dbt
trong.

2.TINH CHAT HOA - LY CUANHIEN LIEU
HYDRO VA TAC PONG PEN PONG CO

Nhién li¢u hydro c6 mdt s6 tinh chat
Iy - hoa dac trung khac véi nhién li€u truyén
thong xang va diesel & mot so diém sau:

Gio61 han kha nang chay rong [1, 8]:
Pham vi kha nang chay ctia hydro (4% dén 75%
theo thé tich trong khong khi) rong hon dang ké
50 v6i xang (1,2% dén 6%). Diéu nay cho phép
dong co hoat dong & ché d6 siéu tiét kiém nhién
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liu, cai thién hi€u qua su dung nhién li€u va
giam nhiét do dot chay cuc dai dé giam thiéu
su hinh thanh NO .

Nang lugng danh lira thap [3, 9]: Véi
ning lugng danh lira ti thiéu chi 0,02 mJ chi
ra trén Hinh 2 (so v61 0,24 mJ cta xang), hydro
rat d& bj chay boi cac diém noéng trong budng
dot, chéng han nhu dién cuc bugi néng hoac
cac chi tiét nong trong budng chay.
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Hinh 2. Nang lwong danh lira cua nhién liéu
Hydro [3]

Téc d6 lan truyén ngon lira cao [5]: Toc
d6 chay tang ctia hydro nhanh hon khoang sau
lan so voi cac nhién lidu thong thuong (2,65-
3,25 m/s so voi ~0,4 m/s d6i v6i xang). Dicu
nay hd trg hoat dong cua dong co & tdc do cao
va cho phép cac chu ky dbt chay dién ra gin
hon vé6i qua trinh thé tich khong doi 1y tuong
vé mit nhiét dong luc hoc. Hinh 3 1a d6 thi thé
hién mdi quan hé giira ty 18 hoa khi va toc do
chay cua nhién li€u hydro cling nhu pham vi
chay 6n dinh [3]. C6 thé thay, pham vi chay 6n
dinh cta nhién li¢u hydro 16n hon ¢ dong co
xdng rat nhiéu véi muc ty 18 hoa khi rat dam (A
=0,53) dén rat nhat (A = 3,41).
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Equivalanos ralic ¢
Hinh 3. Toc d¢ chay twong vmg véi ty 1é hoa khi
cua nhién lieu hydro [3]

Khoang cach dap tit ngin: Hydro co
khoang cach dap tat rat nho, chi 0,6 mm, xép
xi mot phan ba so voi xang. Mic du diéu nay
thuc day viéc st dung nhién liéu hoan toan hon,
nhung n6 cling lam tang nguy co chay nguoc
do ngon lira c6 thé di qua cac van nap gan nhu
dong kin [1, 2].

Mat d6 ning luong thé tich thip: O
trang thai khi, hydro chiém thé tich 16n hon trén
moi don vi ning lugng so véi nhién liéu 1ong.
Diéu nay c6 thé dan dén hiéu suat thé tich thap
va ton that cong suat 1én t6i 15-20% khi hydro
dugc dua vao thong qua phun cua nap [1, 3].
Day ciing 14 nhitng han ché 16n khi st dung
nhién liéu hydro cho dong co dbt trong.

Mot sb tinh chat cta nhién liéu hydro
so voi nhién liéu xang, diesel dugc chi ra trong
bang 1.
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Hinh 4. Phun hydro gian tiép [9]
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Bdng 1. So sanh nhién li¢u hydro, xang va diesel [1-3]

Tinh chat Hydro Xang Diesel

Nhiét d tu chay (K) 858 501-744 530
Nhiét tri thip (MJ/kg) 119,9 445 42,6
Ty 1& nhién liéu/khong khi 1y tudng 34,3 14,6 17
Gidi han chay trong khong khi (% thé tich) 4-75 1,2-6,0 0,7-5
Ning luong t6i thiéu bt lira trong khong khi (mJ) 0,02 0,25 -

3. PHUONG PHAP PHUN NHIEN LIEU o

VA TAO HOA KHI POI VOI NHIEN LIEU . ':i‘:'l"'"

HYDRO Air —3»

Su phét trién ctia cong nghé H2ICE gin
lién véi nhitng tién bo trong hé thong nap nhién
liéu dugce thiét ké dé tdi da hoa cong suit va
loai bo hién tuwong chay bat thuong.

Hé théng phun nhién liéu trén duong
éng nap (PFI - Port Fuel Injection) thudng
dugc str dung vi tinh don gian va chi phi thap
hon, do ¢6 thé duge diéu chinh tir cac dong co
xang hién c6 véi nhitng thay doi thiét ké t6i
thiéu duoc chi ra nhu Hinh 4 [1, 2]. Tuy nhién,
vi hydro dugc phun vao ctra nap, no sé thay thé
khong khi, dan dén giam hiéu suét thé tich va
cong suat dau ciia dong co. Hé thong PFI ciing
rat d& bi hién tuong chay nguoc, trong d6 ngon
Itra lan nguoc trd lai vao dng dan khi nap [9].

Phun nhién liéu tryc tiép (DI - Direct
Injection) dugc cong nhan la phuong phép vu
viét cho dong co d6t trong sir dung hydro hiéu
suét cao [1, 2]. Bang cach phun hydro tryc tiép
vao budng dbt sau khi van nap déng lai nhu
Hinh 5, phun truc tiép loai bo nguy co chay
nguoc va cho phép dat mat do cong suat cao
hon. Hé thong phun tryc tiép c6 thé bu dap ton
that cong suit va dat hiéu suit nhiét 1én dén 45-
52% bang cach t6i uu hoa thoi diém phun va
tao ra hon hop khong khi-nhién liéu phan 16p
[9].
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Hinh 5. Phun hydro truc tiép [9]

Dbé dam bao hoat dong on dinh cua dong
co su dung nhién liu hydro, cac nha nghién
ctru da thyc hién mat so thay doi:

« Bugi Iridium: Thay thé bugi bach kim
bang bugi iridium, loai bugi yéu cau dién ap
thap hon va c6 khe hd nho hon, gitp giam su
hinh thanh diém néng va nguy co chay sém [1].

« Phun nhién liéu theo thoi diém (TMI
—Timed manifold injection): Chién lugc nay
tri hodn viéc cung cip nhién liéu cho dén khi
khong khi nap lam mét cac diém noéng tiém
an, gitp ngan chin hiéu qua hién tugng chay
nguoc trén dudng 6ng nap [3].

* Tang ap va si€u tang 4p: Pugc st dung
dé bu lai cong suat bi mat do hiéu suat thé tich
thép va ho trg hoat dong siéu tiét kiém nhién
liéu van hanh 6n dinh [1].
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4. HIEU SUAT VA PHAT THAI O PONG
CO SU DUNG NHIEN LIEU HYDRO

4.1. Hiéu suit nhiét

Qua trinh d6t chay hydro thuong mang
lai hiéu suit nhiét cao hon so voi xang do tbc
d6 chay nhanh hon va qua trinh d6t chay hoan
toan. Sy cai thién hiéu suat nhiét dic biét dang
cha y & diéu kién d6t chay hdn hop nghéo, voi
mot sd dong co thir nghiém dat duogc hiéu suét
nhiét chi thi vuot qua 50% [1, 5]. C6 thé thay,
hiéu suét nhiét cta dong co dot trong st dung
nhién liéu hydro cao hon kha nhiéu so véi sir
dung nhién li€u xdng.

4.2. Phat thai

H2ICE hau nhu khong tao ra CO, CO,
hodc cac phat thai dang hat, ngoai tror mot luong
nho tir dau boi tron. Chit gay 6 nhiém chinh can
quan tdm la 6xit nito (NO ), hinh thanh & nhiét
d6 cao dat duoc trong qua trinh ddt chay. Cac
chién luoc nham giam phat thai NO_ ¢ dong co
dét trong st dung nhién liéu hydro la

« Chay hdn hop siéu nghéo: Van hanh &
ty 1€ du lugng khong khi cao (vi du: A > 2.0) gilr
nhi¢t do dudi ngudng hinh thanh NO_[1, 4, 6].

« Hé thong tuan hoan khi thai (EGR):
Pha lodng hon hop khi thdi gitp giam nhiét do
cuc dai va c6 thé dat duoc muc NO, gan bang
khong [1, 4].

« Hé thdng khtr xtc tac chon loc (SCR):
Céc h¢ thong SCR tién tién c6 thé su dung
hydro trén xe lam chat khir dé loai bo NO, ¢
ong xa [6].
5. KET LUAN

Pong co d6t trong hydro (H2ICE) trong

tuong lai s€ dong vai tro quan trong bén canh
cong nghé pin va pin nhién li¢u. Mic du xe
dién chay dang la giai phap thay thé 6 t6 truyén
thong trong nhitng nam gan day, dong co hydro
ciling 1 mot trong nhirng tiém nang trén phurong
tién giao thong hang nang nhd do bén, mat do
cong suat cao va tong chi phi thap hon.

Tién bo trong twong lai phu thudc vao
viéc phat trién cac thiét ké dong co chuyén dung
“danh riéng cho hydro” hon la chi don gian la
nang cip. Nghién ctru dang dién ra vé cac giai
phap luu trix tién tién — chang han nhu binh khi
ap suat cao (35-70 MPa), luu trir chat long &
nhiét d§ dong lanh (-252°C) va luu trir hoa hoc
trong hydrua kim loai — 1a rat quan trong dé mo
rong pham vi hoat dong ctia xe. **
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