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Tém tat: Bai bdo ndy nghién ciru vé viéc sir dung hon hop nhién liéu diesel/nuéc/hydro nham muc
dich lam giam heong phdt thai NO, dé ddp img dwoc cdc yéu cau vé khi thai theo tiéu chudn Euro V
trong khi van duy tri dwoc tinh nang kj thudt cia déng co. Két qua nghién citu cho thdy, khi ting
ham heong miede trong hon hop nhién lidu thi cong sudt va ham heong NO, déu giam; khi bé sung
thém khi hydro thi cong sudt déng co tang lén trong khi ham heong phdt thdi NO, cé tang lén nhung

van dap ieng theo tiéu chudn Euro V.
Tiwr khéa: Diesel, cong suét, nudc, hydro, NOx.

1. GIOI THIEU

bong co diesel dugc str dung rong rai trén
toan thé gi6i voi nhidu wu diém nhu chi phi van
hanh thap, tiét kiém ning luong, d6 bén va do
tin cay cao. Chung dugc str dung trong xe tai, xe
buyt, may kéo, tau thiy, may xdy dung va cac
phuong tién cong nghi¢p khac nhu lai may dao
va thiét bi khai thac. Tuy nhién, hi¢n nay viéc
chinh phu céc nudc ban hanh cac luat va ti€u
chuan vé phat thai ngdy cang khat khe hon dang
dan dén su phu thudc it hon vao viée str dung
dau diesel 1am nhién liéu chinh cho ddng co
diesel. C6 mdt s6 giai phap dwa ra dé dap tng
cac yéu cAu mdi: sy phat trién ngay cang khit
khe ctia dong co ddt trong hién nay; sir dung
nhién liéu thay thé giup giam lwong khi thai so
v6i nhién liéu hoa thach, hon hop diesel hoic
xang vo1 phu gia, hodc su dung xe dién. Tu
phuong phap nhién liéu thay thé thi hydro duoc
coi 12 mot giai phap kha thi khi tron 1an véi
nhién li€u diesel thda man cac dic tinh ciia dong
co diesel.

' B mén Dong co, Khoa Pong luc, Hoc vién Ky thuadt
Quan sy
? Lép khéa 533B, Hé QLHV SPH, Hoc vién Ky thudt
Qudn sy
* Phong Ky thudt, Vimg Canh sdt bién I, Canh sat bién
Viét Nam

Trong (Bui Van Ga, 2006; Pham Minh Tuén,
2009 va Nguyén Hoang Vii, 2010), cac tic gia
da chi ro su hinh thanh cac loai khi thai doc hai
trong qué trinh hoat dong cua dong co ddt trong,
dong thoi cling da phan tich nhitng anh huong
ctia khi thai tir dong co ddt trong dén 6 nhidm
moi truong, hi¢u rng nha kinh va strc khoe con
nguoi, ddc bi¢t la viéc phat thai NOy.

Trén thé gioi da va dang nghién ciu nhiéu
phuong phap khac nhau dé giam lwong khi thai
ctia dong co bang cach kiém soat tir ngudn va va
xu ly khi thai phat ra, trong (Pham Xuén
Duong, nnk., 2021) nhém téc gid c6 chi rd
phuong phap gidm ham luong phat thai NOy
ngay tir ngudn vao bang cach trén nudc - nhién
liéu (nhil tuong hoa) dé lam giam nhiét d6 chay
trong budng d6t nham giam thiéu khi NOj.

Nghién ctu cua (J.Serrano, et al., 2019) da
phan tich 4nh hudng ctia cac ty 1¢ ciia hdn hop
hydro/diesel khac nhau dén hiéu suit va luong
khi thai cua dong co diesel khi sit dung cho
dong co diesel c6 phun nudc, chi ra ring luong
khi thai NOy tang Ién khi ty ¢ hydro/diesel tang
1én, nhung lugng nudc phun vao lam giam phat
thai NOy khoang 50%.

Muc tiéu dat ra cta nghién clru nay la tim ra
mot giai phap st dung hdn hop nhién liéu/
nude/ hydro nham giam lugng phat thai NO,, dé
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dap tng quy dinh cua Chinh pha (theo tiéu
chudn Euro IV hodc Euro V, Quyét dinh sd
49/2011/QD-TTg), trong khi van duy tri duoc
cong suét ciia dong co twong duong voi dong co
nguyén ban.

2. XAY DUNG MO HINH

Déi tuong nghién ciru 1a dong co Caterpillar
C9 Acert, day 1a dong co diesel 4 ky, 6 xy lanh

b6 tri thing hang, hé thdng nhién lidu kiéu
HEUI (Hydraulically Actuated Electronically
Controlled Unit Injector), h¢ thong lam mat
bang chat long. Dong co cb ting ap bing bd
tuabin khi thai, khong c6 lam mat khi nap.
Thong s k¥ thuat cua dong co Caterpillar C9
Acert (Caterpillar Inc., 2012) duoc thé hién
trong bang 1.

Béng 1. Tinh nang k¥ thuit ctia dong co’ Caterpillar C9 Acert

Théng s6 Pon vi Gia tri

Cong suat dinh mirc kW 205
Téc d dinh muc v/p 2200
S6 xy lanh - 6
Ti s nén - 16,1
Duong kinh xy lanh mm 112
Hanh trinh piston mm 149
Ap suat khi nap sau tua bin ting ap bar 2,2
Suét tiéu hao nhién liéu g/kWh 226,9
G6c md sém ciia xu pap nap do 25
Go6c dong mudn cua xu pap nap do 35
Go6c md sém cua xu pap thai do 55
Go6c dong mudn cua xu pap thai do 20

Cong cu duoc lwa chon dé tién hanh mo
phong, tinh toan cac thong sb tinh ning k¥
thuat va ham lugng phat thai cia dong co la
phﬁn mém Diesel-RK. Nhién liéu duge sir
dung cho dong co 1a hdn hop diesel dang dugc
st dung trén thi trudong (c6 chira 0,05% S) voi
nude va hydro. Trong nghién clru nay, lugng
cdp nhién liéu diesel khong thay ddi, ham
lwong nudc bd sung thém vao budng ddt lan
luot 1a 10%, 30%, 46%, 56%, 62%, 70%, 80%
theo ty 1& thé tich so voi diesel; ky hiéu Dn,,
c6 nghia x 1a % thé tich nudc bd sung so véi

thé tich diesel. Him lwgng hydro bd sung vao
hén hop diesel/nude 1an lugt 1a: 12% va 18% -
ty 1& nhi¢t lugng cua hydro voi nhiét lugng
cua hon hop Dny; hén hop nhién liéu diesel/
nude/ hydro duge ky hiéu DnHy, c6 nghia la
bd sung y% hydro vao hdn hop Dny theo nhiét
lwong. Hon hop DnH, dugc xac dinh ca vé ty
1¢ va lwong cap cho mot xy lanh trong mot chu
trinh cong tac ctua dong co. Cac tinh chat ly-
héa cua nhién li¢u diesel, nudc va hydro (Thi
Luong Dinh, et al., 2014 va R.D. Mc Carty, et
al., 1981) duoc thé hién trong bang 2.

Bang 2. Tinh chit Iy - héa ciia nhién li¢u

Dai luwgng Don vi Diesel Nudc Hydro
Ty trong (20°C, latm) kg/m’ 839 1000 0,08375
Nhiét tri thap MJ/kg 42,5 120
Carbon % 87 - -
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Dai luwgng Don vi Diesel Nudc Hydro
Hydro % 12,6 11,111111 100
Oxy % 0,4 88,888889 -
Luu huynh % 0,05 - -

Pé dam bao cung cip theo dung yéu cau cia
hdén hop nhién li¢u diesel, hdén hop Dny va hdn

hop Dn,H, thi ty 1¢ va lidu lugng dugc tinh toan
nhu trong bang 3:

Bang 3. Ty 1¢ va liéu lwgng hdn hop cip vao xy lanh

Pai Pon
Diesel Dn,, Dn,, Doy Dy, Dny, Dng,H,, Dnj, Dng, DngHg
lwong vi
Carbon % 87 71,735 | 64,085 | 56,192 | 52,175 | 50,030 | 48,820 | 47,429 | 44,535 | 43,587
Hydro % 12,6 12,441 12,208 12,073 12,004 | 11,967 14,096 11,923 11,873 13,750
Oxy % 0,4 9,824 237707 | 31,735 35,821 38,003 37,084 | 40,648 | 43,592 | 42,663
Luwohuynh| % 0,05 0,0447 | 0,0368 | 0,0323 | 0,0300 | 0,0288 | 0,0281 | 0,0272 | 0,0256 | 0,0250
Nhiét
i Mlkg | 42,5 | 37,9739 | 31,3060 | 27,4500 | 25,4878 | 24,4397 | 27,3724 | 23,1693 | 21,7556 | 25,6717
tri thap
8 mg/ct | 117,461 | 131,461 | 159,461 | 181,861 | 195,861 | 204,261 | 204,261 | 215,462 | 229,462 | 229,462

St dung dir li€u trong cac bang 1, bang
2 va bang 3 dé lam sb liéu dau vao cho
phan mém Diesel-RK. Tién hanh tinh toan
mo phong cho dong co ¢ ché d6 dinh muc

v6i nhién liu diesel, so sanh két qua md
phong vdi s6 liéu trong bang 1. Sau khi
hiéu chinh mé hinh, két qua thu dugc nhu
bang 4.

Bang 4. Tinh nang ky thuéat ciia dong co’ Caterpillar C9 Acert

. Gia tri
Thong so Pon vi . .
Nha san xuat Tinh toan Sai s0 (%)

Cong suét dinh murc kW 205,00 208,49 1,7
Téc do vong quay v/p 2200 2200 -
Ti s nén 16,1 16,1 -
Ap suat khi nap sau tua bin ting ap bar 2,2 2,2 -
Suit tiéu hao nhién lidu g/kWh 226,9 223,1 1,67

Qua két qua tinh toan mo phong ¢ bang 4 cho
thiy, m6 hinh mé phong cho két qua phu hop
v6i sb liéu cong bd cta nha san xuét, nhu vay
mo hinh nay dam bao do chinh xéc.

3. KET QUA VA BAN LUAN

Khi tién hanh tinh toan md phong tinh ning
k¥ thuat ctia dong co véi cac hdn hop nhién liéu
khac nhau. Trudc hét, sit dung hdn hop nhién
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liéu diesel, sau d6 bd sung lugng nudc vio trong
dong co dé danh gid mic d6 thay doi cac tinh
nang k¥ thuat va phat thai NOyx cua dong co khi
st dung cac hon hop nhién liéu (diesel, Dny,
Dnj3o, Dnsg, Dnsy, Dn7g, Dngyp).

Nhiét d6 cua modi chat cong tic bén trong
xy lanh s& giam dan khi ting ty 1& nudc bd
sung vao trong cac hdn hop nhién liéu, dicu
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d6 duoc thé hién r6 trén hinh 1. Viéc bd sung
thém nudc 1am gidm nhi¢t do chay bén trong
dong co din dén lam giam lugng phat thai
NOy do qua trinh chay tao ra, dong thoi ciing
lam giam hiéu qua sinh cong co ich din dén
cong suét c6 ich ciia dong co giam ty 1é thuan
v6i lugng nude bd sung vao trong hdén hop.
Két qua tinh toan dién bién nhiét do trong xy
lanh theo goc quay truc khuyu bang phan mém
Diesel-RK trén hinh 1 cho théy, nhiét do 16n
nhit duoc tao ra nam trong giai doan chay
chinh (tur 380-410 do géc quay truc khuy); gia
tri nhiét d6 16n nhét trong xy lanh giam xudng
rd rét khi ting ham luong nude bd sung vao
nhién liéu diesel, ddng thoi thoi gian chay tré
cua dong co ciling tang theo.

||||||

Nl

i rue kg ()

Hinh 1. Dién bién nhiét ¢ trong xy lanh ciia
cdc hon hop nhién liéu Dny

Tinh ndng k¥ thudt va phat thai NOy cua
dong co khi sir dung cac hon hop nhién liéu
khac nhau duoc thé hién trong bang 5.

Bang 5. Tinh nang ky thuat va phat thai NOy ciia dong co Caterpillar C9 Acert
khi sit dung hon hep nhién li¢u Dn,

Thong s0 D‘?i’n Diesel Dn; Dnyj Dnys Dnsg Dng; Dn7 Dng
gi"nr;lgniiit KW | 208,49 | 204,07 | 195,54 | 187,76 | 182,25 | 179,03 | 174,53 | 168,16
Suét tiéu hao
hdnhop | g/kWh | 223,10 | 255,10 | 322,93 | 383,55 | 425,56 | 451,80 | 488,88 | 540,36
nhién liéu
NO ppm | 104330 | 1229,10 | 971,72 | 508,97 | 270,35 | 174,68 | 96,31 | 41,04
NO, okWh| 639 | 7,61 | 635 | 349 | 1,92 | 126 | 072 | 032

T két qua trong bang 5 cho thiy, khi
nhién liéu diesel dugc bd sung nudc theo ty
1¢ ting dan thi cong suat dong co giam dan
theo luong nudc bd sung viao hdn hop nhién
lidu, dong thoi suat tiéu hao nhién liéu ting
dan. Tur két qua bang 5 va so sanh vé6i bang
tiéu chuén khi thai Euro cho dong co diesel
hang ndng (2005/55/EC, 2005) bang 6, cho
thay khi bd sung thém 46% nudc (Dngg) vao
nhién li¢u diesel thi dong co co6 lugng phat
thai NOy 1a 3,49 g/kWh dap tng dugc tiéu
chuan khi thai Euro IV (NOy = 3,5 g/kWh),
va khi b6 sung thém 56% nudc (Dnsg) vao

nhién li¢u diesel thi dong co co6 lugng phat
thai NOx 1a 1,92 g/kWh dap tng dugc tiéu
chuan khi thai Euro V (NO, = 2,0 g/kWh),
bén canh d6 thi suét tiéu hao nhién liéu cua
dong co ciing ting theo khi bd sung nudc vio
nhién ligu diesel lan lugt la 71,92% va
90,75% tng v&i Dnse va DNse. Tuy nhién,
cong suét ctia dong co sir dung hdn hop nhién
liéu c¢6 bd sung nudc Dny 1a 187,76 kW va
Dnse 12 182,25kW ddng nghia voi viée cong
suit cua dong co giam lan luot 13 9,04% va
12,59% so v&i cong suit dong co nguyén ban
khi str dung nhién li¢u diesel.
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Bang 6. Tiéu chuin khi thai Euro cho dong co diesel hang ning

Tiéu Ngay c6 Chu trinh CO HC NOy PM Khéi
chuén hiéu lue thir g/KWh 1/m
1992, <85 kW 4,5 1,1 8,0 0,612
EUROI
1992, > 85 kW 4,5 1,1 8,0 0,36
ECE R49
10/1996 4,0 1,1 7,0 0,25
EUROII
10/1998 4,0 1,1 7,0 0,15
10/1999 1,5 0,25 2,0 0,02 0,15
EURO III
10/2000 2,1 0,66 5,0 0,10 0,8
ESC&ELR
EURO IV 10/2005 1,5 0,46 3,5 0,02 0,5
EURO V 10/2008 1,5 0,46 2,0 0,02 0,5

Qua nhiéu lan tién hanh tinh toan mo phong,
két qua nghién ctru cho thiy dé dap ung duoc
ti€u chuan khi thdi theo tiéu chuan Euro IV
hodc Euro V nhung van duy tri dugc cong suét
c6 ich tuong duong véi dong co nguyén ban,
can bd sung vao dong co mdt lwong khi hydro
vira du khi dong co sir dung hon hop nhién liéu
Dn,. Két qua tinh toan md phong cho thay, khi
bd sung thém hydro vao hdn hop diesel/nudc,
cong sudt c6 ich va phat thai NO, cta dong co
déu ting 1én. Do d6, néu van giit nguyén ty 1&

luong nudc bd sung 13 46% va 56% thi phat
thai NOy khi ¢6 hydro khong dap tng duogc ti€u
chuan Euro IV va Euro V tuong tng. Vi vay,
khi bd sung hydro thi ciing cin ting thém
lugng nude vao hén hop nhién lidu. Cac hon
hop nhién li€u diesel/nudc/hydro dap ing duogc
muc ti€u nghién ctru 1a DngHi, (Euro IV),
Dl’lgoH]g (Euro V)

Tinh nang k¥ thuat va phat thai NOy sau khi
sir dung hdn hop nhién liéu méi duoc thé hién &
bang 7.

Bang 7. Tinh nang ky thuat va phat thai NOy ciia dong co Caterpillar C9 Acert
khi sir dung hén hep nhién li¢u Dn,Hy

Thong s6 Donvi | Diesel Dny Dny, Dny, Dng,H,, Dny, DngH,;
Cong suat dinh mic kW 208,49 187,76 182,25 179,03 206,48 168,16 206,81
Sudt tiéu hao hdn hop
o gkWh | 223,10 | 383,55 425,56 451,80 391,74 540,36 439,38
nhién li¢u
NO, ppm 1043,30 | 508,97 270,35 174,68 539,41 41,04 309,49
NO, g/kWh 6,39 3,49 1,92 1,26 3,40 0,32 1,97

T két qua bang 7 cho thay, dé dap ung
duoc yéu cau lugng phat thai NO, cia dong
co theo tiéu chuan khi thai Euro IV trong
khi van duy tri dugc tinh ning k¥ thuat cua
dong co tuong duong véi dong co nguyén
ban cin st dung hon hop nhién liéu DngHiz
(ham luong NOy 13 3,4 g/kWh); va can sir
dung hdén hop nhién liéu DngoH;s (ham

luong NO, 1a 1,97 g/kWh) dé dap ung yéu
cdu lugng phat thai NO, cua dong co theo
tiéu chuén Euro V.

Hinh 2 va hinh 3 thé hién nhiét do méi chat
cong tac bén trong xy lanh khi sir dung céc
hdn hop nhién liéu Dny, DnHy c6 lugng phat
thai NO, dap tng theo tiéu chuan Euro IV va
Euro V.
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Hinh 2. Dién bién nhiét ¢ trong xy lanh ciia
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Hinh 3. Dién bién nhiét do trong xy lanh cua
cdc hon hop nhién liéu Dnssva DngoH s

Tir d6 thi trén hinh 2 va két qua & bang 7 ta
c6 thé thiy, khi dong co st dung hdn hop nhién
liéu Dnge (ham lugng NOy 1a 3,49 g/kWh) va
DngHi, (ham luwong NOy 1a 3,4 g/kWh) dap tng
duogc luong phat thai NO, theo tiéu chuan Euro
IV thi dién bién nhiét d6 trong xy lanh ciia 2
hén hop nhién liéu khong thay doi nhiéu, gia tri
nhiét do 16n nhit xap xi nhau (chii yéu 1a nhiét
dd ¢ ky thai cua hdn hop DngH,, cao hon), tuy
nhién cong suét cta dong co lai c6 khac biét 1on
(twong g 1a 187,76 kW va 206,48 kW).

Dién bién tuong ty duoc nhin thdy nhu trén
hinh 3 khi so sanh két qua s dung hon hop
nhién liéu Dnse (ham lugng NOy 1a 1,92 g/kWh)
va Dl’lgoH]g (hélm lll’O’l’lg NOX la 1,97 g/kWh) co
lwong phat thai NO, dap tng tiéu chuan Euro V
ciing ¢6 nhiét do 16n nhét trong xy lanh khong
thay d6i nhidu nhung cong sut dong co c6 su
thay d6i 16n hon (twong tng 1a 182,25 kW va
206,81 kW).

Diéu nay 1a do hydro c6 tdc do chiy nhanh,
tbc d6 téa nhiét 16n nén hau hét nhiét luong cua
nd toa ra gan ¢ diém chét trén, lam ting hiéu
qua sinh cong c6 ich.

Két qua trén hinh 2 va hinh 3 déu co xu
hudng chung, khi bd sung nudc vao nhién liéu
thi do nudc khong ham chira nhiét lwong (nhiét
tri) va dé chuyén tir trang thai long sang trang
thai hoi cin cung cdp modt lwong nhiét bang
nhiét 4n hoa hoi nén nd c6 tac dung lam giam
manh nhiét 30 mdi chét trong xy lanh, dan dén
giam NO,. Khi bd sung hydro, do hydro c6
nhiét tri cao nén né lam cho nhiét dd6 moi chat
trong xy lanh ting, dan dén lam ting NO,. Nhu
vay, dé dat duge muc tiéu da dé ra, phai phéi
hop viéc bd sung nudc va hydro vao nhién liéu
theo ty 1& phu hop, két qua nhu trong bang 7.

4. KET LUAN

Cac két qua nghién ctru cho thiy rang, khi
phun thém nudc vao buéng dbt, nhiét do ciia moi
chit cong tac giam tao ra sy giam NO,, dong thoi
ciing lam giam mot phin cong suét ciia dong co.
Ti 1€ phun nuédc vao buéng ddt ti 1& thuan véi su
giam NO, va ti 1& nghich v6i cong suat phat ra.
Tuy nhién khi phun thém hydro vao budng dét, do
hydro c6 nhiét tri 1on va tbc do chay nhanh nén
cong suat cia dong co ting nhanh, trong khi chi
lam ting cham modt phan lwong phat thai NOy. Do
d6, khi diéu chinh dong thoi ty 1¢ phun nudc va
hydro mot cach phu hop vao dong co s€ lam gidm
phét thai NO, vé mirc cho phép trong khi do van
duy tri dugc cong suét cia dong co twong duong
v61 dong co nguyén ban.

Két qua nghién ciu dbéi véi dong co
Caterpillar C9 Acert cho thdy, khi bd sung
lwong nudc theo ty 18 1an lugt 13 46% (Dnye) va
56% (Dnse) thi luwong phat thai NOy dap tng
dugc tiéu chuan Euro IV va Euro V, nhung
cong suat c6 ich clia dong co giam tuong Gmg 1a
9,04% va 12,59%. Khi bd sung luong nudc va
hydro lAn luot theo ty 1€ trong hdn hop DngHi,
va DngoH;g thi luong phat thai NOyx dap ung
dugc tiéu chuan Euro IV va Euro V, nhung
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cong suit co ich ciia dong co dugc duy tri tuong  thyc tién cao nhim lam giam phat thai NO,
duong vdi nguyén ban. Pay la giai phap c6 tinh  trong khai thac dong co diesel.
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Abstract:
EFFECT OF DIESEL/WATER/HYDROGEN ON PERFORMANCES
AND NOx OF DIESEL ENGINE

This paper studies the use of diesel/water/hydrogen fuel mixture for the purpose of reducing NO,
emissions to meet Euro V emission requirements while maintaining performance engine
engineering. Research results show that, when increasing the water content in the fuel mixture, the
engine power and NO, content both decrease; when adding hydrogen gas, engine power increases
while NO, emissions increase but still meets Euro V standards.
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