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Tém tit: Bai bdo nay trinh bay két qud nghién ciu mé phong danh gid anh huéng cia nhién liéu
hydro dén dp sudt cuc dai trong buong dot va sy hinh thanh phdt thdi cia déng co diesel sir dung
phan mém AVL Boost. Poi tiwong nghién ciru la dong co diesel may néng nghiép R180. Qud trinh mé
phong dwoc thie hién bang cdach thay thé diesel bang hydro véi ti 1é tang dan tir 5%, 10%, 20% va
30% tong nang lwong cung cdp. Két qua cho thdy rang khi bé sung hydro trén dwong ong nap véi ti 1é
nhé hon 20%, dp sudt qud trinh chdy tang 1én, phdt thai Soot gidm manh nhung phdt thai NO, ting.
Tuy nhién, néu bé sung hydro 1ém hon 30%, dp sudt qud trinh chdy giam, toc do hinh thanh NO,
giam, phdat thai Soot tang.

Tir khéa: Dong co ludng nhién liéu, bd sung hydro, giam phat thai, phat thai NOx, phat thai Soot, dic

tinh chay va phat thai

1. PAT VAN PE

Hién nay, dong co diesel 1a loai dong co khong
thé thay thé trén cac phuong tién giao thong van tai
dic chung, may phat dién... do tinh tiét kiém nhién
liéu, d6 tin ciy va do bén bi, tuy nhién dong co
diesel lai phat thai nhiéu cac chit doc hai nhu NO,
va khoi bui (PM) (Agrawal, June 2004). Theo mét
thong ké thi lugng khi thai doc hai cta dong co
diesel chiém ti trong 16n ctia phat thai trén thé gisi,
cu thé 1a NOy 60%, PM 10% va CO 30% (OECD
(2016)). Vi su gia tang ngay cang 16n cia dong co
diesel, day 1a sy de doa véi moi trudong bdi vi su
phat thai doc hai cia cuia n6 va nguy co can kién
nguén nhién liéu hoa thach toan cau. Piéu nay dan
dén thuc ddy viéc phai im ra cac ngudn nhién liéu
thay thé dé dam bao phat trién bén vimg. Cac nha
khoa hoc dd va dang nghién ciru rong rdi vé cac
linh vuc nhu: khi ty nhién, hydro, nhién li€u sinh
hoc, dién, thu hdi nhiét khi thai... dé han ché phat
thai. Viéc ung dung hydro cho dong co diesel duoc
nghién ctru nhiéu trong nhitng ndm gan day. Hydro
dugc xem nhu 13 mot ngudn nhién nhiéu thay thé

"Vién Cokhi Dong luc, Truong Dai hoc Bach khoa Ha Noi
? Khoa Co khi, Ti rweong Pai hoc Su pham Ky thudt Nam Dinh

day tiém nang vi phat thai khong 6 nhiém, vo han
trong tu nhién. Tuy nhién viéc st dung nhién li€u
hydro nhu mét loai nhién lidu chinh con nhiéu bét
cap vi thé viée st dung nhién li¢u hydro nhu 1a mot
loai nhién liéu bd sung ho tro cho nhién liéu chinh
14 mot cach tiép can thuc té nhat di voi nhidu nha
khoa hoc (Sharma & Dhar, 2018). Pac tinh cua 2
loai nhién liéu nay bd sung cho nhau khic phuc
nhuoc diém cua nhau. Hydro duoc phun vao dudng
6ng nap va hoa troén véi khong khi sach 1am cho
hén hop khéng khi déng nhit nho sy khuéch tan
ctia n6, diesel phun vao budng d6t s& tir chay va trg
thanh ngudén hra dé d6t chay hon hop hoa khi
diesel-hydro gilip qua trinh chdy ctua nhién li¢u
diesel triét dé hon.

Cung cép hydro trén duong dng nap cho dong
co diesel s& anh hudng dén cong suit dong co. D&
dang nhan thay rang thé tich khi nap sé& bi giam do
hydro chiém chd cua khong khi nap. Sharma
(Sharma & Dhar, 2018) va Edwin (Edwin Geo,
Nagarajan, & Nagalingam, 2008) cho thay c6 su
sut gidm 6% luong khong khi nap & truong hop
13,4% nhién liéu hydro thay thé. Nhiéu nha
nghién ciru khac ciing khing dinh sy giam khong
khi nap khi thay thé hydro cho diesel (Haragopala

78 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 73 (3/2021)



Rao, Shrivastava, & Bhakta, 1983; Liew et al.,
2012; Masood, Mehdi, & Ram Reddy, 2007). Ti 1€
phan trim syt giam phu thudc vao loai dong co va
c4c thong sb 1am viéc. Tuy nhién ddi v6i hidu qua
nhi¢t, c6 sy khong déng nhét trong cac Kkét qua
nghién ctru. Lata cho biét hiéu suit giam 2,2% véi
su thay thé hydro 9% 6 tai thap ciia dong co diesel
62,5 HP & 1500 v/p (Lata & Misra, 2010). Sharma
ciing nhan thay sy giam hiéu suét ¢ tat ca cac cong
trinh nghién ctru cua minh (Sharma & Dhar,
2018). Trong khi d6 Edwin cho biét hiéu suit co
ich tang khi ¢ 75% va 100% tai (Edwin Geo et al.,
2008) khi sir dung hydro thay thé diesel. Hiéu suét
nhiét ting 2% voi 10% hydro thay thé.

Trong nghién ctru nay, trinh bay anh hudng cua
viéc thay thé mot phan nhién liéu diesel bang
nhién liéu hydro dugc b sung trén dudng 6ng nap
bang phuong phap mé hinh mé phong trén quan
diém téng niang lugng cung cap khong d6i. Mot sb
ky hi¢u trén bai bdo cd nghia nhu sau: HES
(hydrogen energy share) 1a ti 1& hydro thay thé
diesel; H10 c6 nghia 1a ti 18 hydro thay thé 1a 10%
tong nang luong cung cip, EOHO 1a dong co thuan
nhién li€u diesel.

2. NOI DUNG NGHIEN CcUU

2.1. Trinh tw nghién ciru

1. Tién hanh thuc nghiém xay dung dac tinh
cua dong co (dac tinh ngoai va dac tinh by phéan
tai 1500 v/p)

2. Xay dung mdé hinh m6 phdéng trén AVL
Boost

3. Danh gia dg tin cay ctia md hinh

4. M6 phong dong co str dung ludng nhién licu
diesel-hydro

5. Panh gia két qua va mod phong cac ti 18
hydro thay thé 16n hon, dé dénh gia su anh huong
cua ti 1¢ hydro thay thé dén dién bién ap suit va
hinh thanh phat thai trong budng ddt.

Qua trinh nghién ctru thyc nghiém duoc dién ra
tai Trung tdm nghién ctru dong co, nhién li€u va
khi thai, Vién Co khi BPong luc, Truong DPai hoc
Bach khoa Ha Noi.

2.2. Trang thiét bi thir nghiém

So db bd tri nghién ciru ther nghiém duoc
trinh bay & hinh 1. Thong s6 k¥ thuat co ban cua
dong co su dung trong nghién ctu nay duoc
trinh bay ¢ bang 1.

Biang 1. Thong s6 ky thuat déng co nghién ciru

Théng sb ky thuit Gia tri Pon vi
Hanh trinh pit-tong 80 mm
Puong kinh xi-lanh 80 mm
Dung tich cong tac 0,402 Lit
Cong suit cuc dai 5,17 tai 2600 v/p kW
Ty sd nén 21
Suét tiéu hao nhién liéu g, 278 g/kW.h

Trong thi nghiém nay céc trang thiét bi thi
nghiém bao gém: phanh dién dong co DW-16, thiét
bi do ap suit budng d6t AVL 620 Indiset, thiét bi do
titu hao khong khi Hot-Film-Air-Mass meter
(HFMS5), thiét bi do tiéu hao nhién liéu AVL Fuel
Balance 733S; thiét bi do tiéu hao nhién liéu hydro
GFC mass flow, thiét bi do lambda, ta phan tich khi

thai CEB-II, thiét bi do do khoi AVL dismoke 4000.
AVL Digas 4000 dé do luong phat thai CO va THC
bang phuong phap hong ngoai trong khi phat thai
NO, dat duoc biang phwong phap dién hoa. Mat
khac, cac gia tri phat thai CO thu dugc 1a trén co s&
% khdi lwgng trong khi cac gia tri phat thai NO, va
THC thu dugc dugc tinh theo ppm,
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Hinh 1. So do bang thir phuc vu thir nghiém
1. Pong co thir nghiém; 2. B¢ thur cong suit; 3. Thiét bi phan tich khi thai; 4. B thu thap dw ligu. 5.
Man hinh hién thi; 6. Cam bién do tiéu hao nhién liéu diesel; 7. Thiét bj do ap suat budng ddt; 8. Loc
khi; 9. Cam bién luu lugng khi nap; 10. Voi phun hydro; 11. Cam bién do ap sudt budng ddt; 12. Van
EGR; 13. B6 lam mat khi luan hdi; 14. Cam bién nhiét d6 khi thai; 15. Cam bién lambda;16. Cam bién
thoi diém phun hydro; 17. ECU diéu khién voi phun hydro; 18. Binh hydro; 19. Van khoa co khi. 20. Bo
giam ap; 21. Cam bién Iuu luong hydro; 22. Van 1 chiéu; 23.Van chéng chay nguoc

2.3. Xay dung mo hinh mo6 phéng

11

MP1 5B1

R | 2 1
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MP3
R2
E1
MP4 5
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MP5
=k PL1
. 5 58 |
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Hinh 2. M6 hinh mé phong dong co luong nhién liéu trén AVL Boost

SB1,2 1a diéu kién bién; CL 13 bau loc, I1 1a voi phun hydro;
C1 1a xi-lanh; PL1 13 binh 6n 4p; E1 1a d6ng co; R1 phén ti can ; MP 1a cac diém do
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bong co R180 dugc moé hinh hoa trén phﬁn
mém AVL Boost dya trén cac thong sé két ciu co
ban cua dong co nhu dugc thé hién trén hinh 2.
M6 hinh cho qua trinh chay ciua dong co ludng
nhién li¢u 1a md hinh chday AVL MCC. M6 hinh
nay c6 thé sir dung cho nhién liéu diesel hodc da
nhién li¢u gitta diesel va mdt loai nhién li¢u
khac. M6 hinh ¢6 kha nang du doan toc d6 giai
phéng nhiét trong dong co hinh thanh hon hop
khong ddng nhét, sy anh huéng qué trinh luan
hdi va du doan duge sy hinh thanh NO,, CO va
soot (Boost, 2011).

Hé s6 du luong khong khi lambda trong
truong hop st dung ludng nhién li¢u dugc xac
dinh nhu sau:

m, (1

A= :

mu(g)p ey, (g)ﬁ

Trong do6: my;, mp va my lan luot 1a lugng

khong khi nap, lugng nhién li€u diesel va luong
nhién li¢u khi hydro cung cép; (A/F)p va (A/F)y 1a
ty 16 khong khi/nhién liéu 1y thuyét cta diesel va
hydro, (4/F)p = 14,5 (kgkk/kgnl) va (4/F)u = 34,5
(kgkk/kgnl)

Ti 1 hydro thay thé = _21 x100% )
M ppa
Luong hydrothay thé _  LH, 428 (3)
i LHY, ™ 119,7

Trong d6 mp, 1a lugng diesel bi thay thé, mpy,
1a lwong diesel ban dau, LHV), va LHV}; 14 nhiét tri

Dong co thuan diesel

Ne (kw)
gelg/kwh)

Hinh 3. Do thi danh gid dé tin cdy ciia mé hinh
thuan diesel & toan tdi

thip cua diesel va hydro (MJ/kg). LHV) = 42,8
(MJ/kg) va LHV = 119,7 (MJ/kg);

Trong truong hop st dung ludng nhién ligu,
tinh ning kinh té cia dong co dugc danh gia
bang sudt tiéu hao niang luong cé ich BSEC
(Brake Specific Energy Consumption) xac dinh

theo cong thuc

mDLHVD+mHLHVH (4)

BP

BSEC =

Trong d6 BP (Brake Power) 14 cong suit c6 ich
cua dong co

3.KET QUA NGHIEN CUU VA THAO LUAN

3.1. Panh gia d§ tin cay ciia mo hinh

Do tin cdy cia mo hinh dwgc danh gia bang
cach so sanh két qua thuc nghiém va mo phong &
mot s6 ché d6 lam viéc dién hinh cia dong co.
Hinh 3 trinh bay dién bién cong suat va suit tiéu
hao nhién li€u tai dac tinh ngoai cuia dong co
thuan diesel khi thyc nghiém va mé phong. Hinh
4 trinh bay suét tiéu hao nhién liéu cta dong co
thuan diesel va tiéu hao ning lugng cua dong co
ludng nhién liéu (thay thé 5% tong ning luong
cung cap) tai téc do 1500 v/p. Két qua cho thiy
sai s gitra thuc nghiém va mo phong nhoé hon
5%. Vi vay, két qua mo phong tir mo hinh nay c6
thé duoc sir dung lam sé liéu tham chiéu khi
nghién ctu anh hudng cua céc ti 1€ hydro thay
thé khac nhau.

1500 (v/p)

BSEC{MI/kWh)

1.00

Hinh 4. D6 thi ddnh gid dg tin cdy ciia mé hinh
khi HES 5% ¢ toc dé 1500 v/p
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3.2. Lwong nhién liéu cung cip véi cac ti 1¢
thay thé khac nhau khi mé phong

Hinh 5 va hinh 6 trinh bay v& luong tiéu
hao nhién liéu diesel va lugng ti€u hao hydro

Tiéu hao nhién liéu diesel_mp, 1500 (v/p)
—_ VEY a
// ™

Hinh 5. 6 thi tiéu hao nhién liéu diesel
khi mo phong

Anh huéng cta hydro dén tinh ning lam viéc
va phat thai ciia dong co dugce danh gia qua dién
bién ap suét xi-lanh, hé sb lambda, téc do hinh
thanh phat thai Soot va NO.

3.3. Anh hwéng cia HES t6i hé s6 lambda

Hinh 7 trinh bay anh hudéng cua HES téi
lambda ctia dong co diesel. Co thé thiy rang tai
toc d6 1500 v/p khi tai trong ting thi lambda
giam. Néu thay thé hydro bang diesel, lwong
hydro chiém chd khong khi nap dan t6i lamba tiép
tuc giam. Lambda giam manh khi lugng hydro
thay thé cang nhiéu. Viéc chi nap dugc it 6-xy vao
trong budng ddt dan ti khong du khong khi dé
dbt diesel va hydro, do d6 anh hudng toi dic tinh
chdy va phat thai cia dong co diesel.

Hé s6 Lambda_mp, 1500 (v/p)

Lambda

Hinh 7. Anh huéng cia HES t6i hé sé lambda

nhap vao md hinh AVL Boost ¢ toc do 1500
v/p véi céac tai trong khac nhau. Cac thong sb
nhap vao dam bao khong d6i vé tong ning
luong cung cép.

Tiéu hao nhién liéu hydro_mp, 1500 (v/p)

I{ kgt
\.

Hinh 6. Do thi tiéu hao nhién liéu hydro
khi mo phong

3.4. Anh huong cia HES téi ap suit trong
xi-lanh

Hinh 8 trinh bay dién bién 4p suat trong xi-lanh
khi b6 sung hydro cho dong co diesel ¢ toc do
1500 v/p véi tai trong thay ddi. C6 thé thdy rang &
1kW 4p sudt budng dbt gia ting ti 16 véi viéc gia
tang HES. Nhung dbi véi tai trong 2kW va 3kW
thi 4p suat budng ddt chi ting khi HES nho hon
20%, tai H30 thi 4p suat budng c6 xu hudng giam.
Tai tai 4kW thi ap suat budng dét chi ting véi
HES nho hon 5%, con néu thay thé 16n hon 5% thi
ap suat giam manh.

Diéu nay co thé giai thich 1a do nhiét tri va
tbc @6 chay cua hydro 16n hon nhiéu so véi
diesel nén nang lwong cung cip s& 16n hon,
ngoai ra viéc co6 hydro s€ lam cho hoa khi
trong nhién liéu déng déu hon din téi qua
trinh chay triét dé hon. Nhung néu bd sung
hydro qua nhiéu thi luong diesel s& giam di,
lugng 6-xy nap vao budng ddt giam do hydro
chiém chd. Piéu nay din téi sy chay khong
hoan hao hoac khoéng tao ra duoc mbi loa dé
d6t chay nhién liéu. Néu diesel khong thé
chay hodc chay sai thoi diém, chay khong
hoan toan s& anh hudng tdi ap sudt trong
budng ddt cua dong co.
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1500H_mp

lanh{kg/cm2}

Ap suat cire dai

Hinh 8. Anh huéng cia HES t6i dp sudt cuc dai
trong xi-lanh

3.5. Anh hwéng cia HES t6i toc dd hinh
thanh phat thai Soot va Nox

1500(v/p), 3kW_mp

dr hinh thanh Soot (g

Hinh 9. Anh huéng cia HES t6i toc dé
hinh thanh soot

Hinh 9 trinh bay anh huong cua HES t61 su
hinh thanh soot tai tbc do 1500 v/p va tai trong
3kW. Nhiét d6 cao va thiéu hut 6-xy 14 hai yéu tb
chinh din dén sy hinh thanh Soot cua déng co
thuan diesel nhung khi bd sung hydro thi soot lai
giam. Piéu nay co thé giai thich bai cac 1y do sau
day. Thir nhat, phat thai Soot chi yéu dén tir su
dbt chay khong hoan toan cta nhién li€u diesel,
viéc thay thé nhién liéu diesel bang hydro s& dan
lam giam ham luong céc-bon trong tong khoi
lurong nhién li¢u tham gia vao qua trinh chay. Thi
hai, viéc bd sung hydro di cai thién qua trinh d6t
chay khuéch tan cia nhién lidu diesel. Khi hydro
thém vao xi-lanh, nd lam thoi diém bdc chay
muon hon va tao thanh hon hop khong khi diesel
d6ng nhat hon & mot mic do nhit dinh. Vi vay,
khi qua trinh chay bat dau, hydro lan truyén nhanh
chong va thuc day qua trinh d6t chay khuéch tan
ctia dong co diesel dé giam phat thai soot. Thit ba,
su lan truyén nhanh chong ctia ngon Itra hydro d

day nhanh qua trinh 6-xy héa soot. Tat ca cac yéu
t trén da cai thién qua trinh chay ctua dong co,
nho d6 phat thai soot giam dang ké.

1500 (v/p), 3kW_mp

thanh NOx (g/s)

Goc quay tryce khoyo (d6)

Hinh 10. Anh hudng cia HES t6i toc d¢
hinh thanh Nox

Hydro ¢6 tac dung giam soot manh khi tham
gia vao qua trinh chdy ctua dong co diesel nhung
n6 lai 1am tang ham lwong NO,. Hinh 10 cho thay
su thay ddi ciia NO theo ti 1& hydro b sung. Téc
dd hinh thanh NOy ting I€n cung véi su gia tang
HES dat gia tri 16n nhat véi HES 1a 20%. Voi
HES30, téc d6 hinh thanh phat thai NO, giam
manh. Nhitng thay d6i ctia NO, khi c6 HES c6 thé
giai thich tir cac diéu kién hinh thanh NO,. Khi
ham lugng HES hop ly thi nho dac tinh chay
nhanh cta hydro 1am thoi gian chdy ngan lai, ap
sudt va nhiét d6 ting cao dan t6i gia ting sy hinh
thanh NO,. Nhung véi HES qua l6n (30%), luong
diesel dugc cung cip vao xi-lanh s& giam dang ké
s& anh huong t6i qua trinh chay: thoi diém chay
mudn di, nhiét do giam xubng, ap sudt giam
xudng. Mic di nong d6 6-xy tang, khi thai NO,
van giam. O ti 1 nay 4p suit budng d6t giam va
phat thai Soot tang do nhién li¢u diesel khong
chay hét.

4. KET LUAN

Anh hudng cua viéc thay thé nhién liéu diesel
bang hydro téi dic tinh chay va phat thai ciia dong
co diesel di dugc nghién ciu. Céac thong sb
nghién ctru 14 ti 1& hydro bd sung, ap suit cuc dai
trong budng chay, téc do hinh thanh phat thai NO,
va Soot & toc dd 1500 v/p, tai trong 3kW.

Viée bd sung hydro vao dong co diesel c6 anh
huong dén su hinh thanh hdn hop, dic tinh chay
va phat thai cia dong co diesel. Ap suit budng dét
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tang va tdc do hinh thanh Soot giam manh mic du 13 xu hudng day tiém ning trong viéc giam phat
tdc d6 hinh thanh NO, tang khi bd sung hydro véi  thai loai chit thai doc hai nay cho dong co dot
ti 1€ nhd hon 20%. Soot 1a mot loai phat thai doc  trong. Viéc phat thai NOy gia tang khi bd sung
hai v cing kho xtr Iy va ton kém. Vi thé viéc bé  hydro c6 thé dung bién phap luan hdi khi thai dé
sung hydro trén dudng dng nap cho dong co diesel  xur ly.
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Abstract:
INFLUENCE OF HYDROGEN ON COMBUSTION AND EMISSION FORMATION
CHARACTERISTIC OF DIESEL ENGINE

This paper presents the simulation results on the effects of hydrogen on combustion characteristics and
emission formation of a diesel engine using AVL Boost software. The research was conducted on an
agriculture diesel engine R180. Hydrogen was supplied into the intake manifold of the engine by the
percentage of 5%, 10%, 20% and 30%. The results show that when adding hydrogen into the intake
manifold at a reasonable rate, the combustion process improved as in cylinder pressure increased.
TheSoot emissions reduced sharply but NOx emissions increased. However, if hydrogen was supplied
too much, the in cylinder pressure decreased, and as a result, NOx formation rate decreased when Soot
emissions increased due to imperfect combustion process.

Keywords: Dual fuel engine, hydrogen addition, reduce emissions, NOx emission, Soot emission,
combustion and emission characteristic
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