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TOM TAT

Bai bdo nay trinh bay két qua nghién ciru mé phéng danh gia anh hirong cua hon hop nhién
liéu diesel-amoniac dén tinh ning ky thudt va phdt thai ciia dong co khi chuyén doi déng co diesel
sang sir dung luong nhién liéu diesel/amoniac. Péng co diesel ban dau la déng co D4BB véi hé
théng nhién liéu diesel diéu khién co khi sir dung trén xe tai Hyundai 1,25 tan. Nhién liéu duoc sir
dung vdi cdc ti 1é amoniac khéc nhau trong hon hop theo thé tich gom DO (diesel), DAS (95%diesel-
5%amoniac), DA10 (90%diesel-10%amoniac), DA20 (80%diesel-20%amoniac) ¢ ché dé 100%
tdi. Béng co nghién citu dwoc mé phong bang phan mém AVL Boost va hiéu chudn mé hinh qua
két qua thir nghiém trén bang thir véi nhién liéu DO. Két qua nghién ciru cho thay véi DAS, DAI0,
DA20 thi moé men giam trung binh twong ung la 2,01%, 6,93% va 12,71%. Sudt tiéu hao nhién liéu
tang trung binh twong ung la 2,12%, 7,07% va 13,42%, phat thai CO giam trung binh twong ung la
23,19%, 27,30% va 29,32%, phat thai NO_giam trung binh twong vng la 12,89%, 9,95% va 6,44%,
phat thai Soot giam trung binh twong vung la 6,17%, 12,90% va 14,78%.

Tw khoa: Nhién liéu kép diesel/amoniac; AVL Boost; Phat thai.

ABSTRACT

This paper presents the results of a simulation study to evaluate the impact of diesel-
ammonia fuel mixture on engine performance and emissions when converting a diesel engine to
use diesel/ammonia dual fuel. The original diesel engine was a D4BB engine with a mechanically
controlled diesel fuel system used on a 1.25-ton Hyundai truck. The fuel used was different ammonia
ratios in the mixture by volume including DO (diesel), DAS5 (95% diesel-5% ammonia), DA10 (90%
diesel-10% ammonia), DA20 (80% diesel-20% ammonia) at 100% load. The research engine was
simulated using AVL Boost software and the model was calibrated through test results on a test
bench with DO fuel. The research results show that for DAS5, DAI10, DA20, the average torque
reduction is 2.01%, 6.93% and 12.71% respectively. The average fuel consumption increase is
2.12%, 7.07% and 13.42% respectively, the average CO emission reduction is 23.19%, 27.30% and
29.32% respectively, the average NO_emission reduction is 12.89%, 9.95% and 6.44% respectively,
the average Soot emission reduction is 6.17%, 12.90% and 14.78% respectively.

Keywords: Dual fuel diesel/ammonia; AVL Boost; Emissions.
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1. GIOI THIEU

Céc nhién liéu thay thé duoc uu tién
nghién ctru st dung 1a cac loai nhién li¢u co
trit lwong 16n va c6 thé st dung dé dang cho
cac dong co dang ton tai ma khong can thay doi
nhiéu vé két cdu, déng thoi c6 mirc do 6 nhiém
khi thai thap [1, 2].

Amoniac (NH,) co nhung tinh nang hap
dan bo sung dé st dung lam ngudn ning lugng
thay the. NH, dugc xem la mét gidi phap kha
thi nhat cho cudc khiing hoang nang lugng. Do
ban chat khong c6 carbon nén NH, khér}g tao
thanh CO, hodc tao muon than trong suot qua
trinh chuyen do6i hoa hoc. NH, ¢6 thé dugc san
Xudt tir cac nguon tai tao bang phuo’ng phéap
dién phan hoic tong hop trang thai ran [3].

Tuy nhién, khi chuyén di tir nhién liéu
diesel don thuan sang nhién liéu kép diesel/
amoniac do tinh chét cia amoniac va diesel 1a
tuong d6i khac nhau dong co doi hoi phai co
sy nghién ciru vé ti 1¢ amoniac trong hon hop
diesel - amoniac dé dam bao tinh ning k¥ thuat
6n dinh va hiéu qua [4]. Do d6, nhom tac gia di
sau nghién ctru danh gid anh huong cta céc ti
1¢ amoniac trong hdn hop diesel-amoniac dén
tinh nang ky thuat va phat thai cia dong co ¢
ché d6 toan tai khi chuyén d6i dong co diesel
sang su dung ludng nhién li€u diesel/amoniac
(sau ddy goi tat 1a nhién liéu DA), két qua nay
lam tai li¢u tham khao cho nhitng nghién ctru
tiép theo.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thyc hién moé phong
bang phan mém AVL-Boost trén dong co D4ABB
c¢6 hé thong nhién liéu diesel diéu khién co khi
truyén thong dung loai bom cao ap phan phdi
VE [5]. M6 phong vé6i nhién liéu diesel truyén

thong va hdn hop nhién liéu diesel - amoniac.
Nhom tac gia thuc hién mo phong dong co véi
céc ti 16 amoniac chiém 5%, 10%, 20% trong
hdn hop nhién liéu diesel-amoniac & ché do
100% tai. Sau khi c¢6 két qua mo phong, tac gia
phan tich cong suit, m6 men va nong do cac
thanh phan phat thai ctia dong co khi sir dung
ludng nhién liéu diesel/amoniac nham lam 1
anh huong cua ti 16 amoniac dén tinh nang ky
thuat va phat thai ctia dong co ludng nhién liéu
diesel/amoniac. Dong thoi, nhom tac gia dua ra
khuyén céo vé ti 16 amoniac phu hop.

3. KET QUA NGHIEN CUU

3.1. X4y dung mo6 hinh mo phéng trén AVL-
Boost

Dua vao cac thong sb ky thudt caa nha
san xuat ciing nhu cac thong sd do dac trén
thuc té, mo hinh mé phong dong co duge xay
dung nhu thé hién trén hinh 1. Bing phan mém
chuyén ding mé phong dong co d6t trong AVL-
Boost [6].

Hinh 1. M6 hinh dong co D4BB trén AVL-Boost
3.2. Panh gia d¢ tin cay ciia m6 hinh

Pé dam bao do tin cdy cia md hinh,
dong co diesel D4BB khi str dung diesel duogc
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thir nghiém trén bang thir. Két qua thir nghiém
nay dugc st dung dé hiéu chuin mo hinh dong
co. Sau khi mé hinh dong co dugc hiéu chuan,
két qua mo phong va thyc nghiém theo duong
dac tinh ngoai dong co dugc mang ra so sanh.
Sai 1éch trung binh gitta m6 phdéng va thuc
nghiém vé cong suit 1a 3,41%, suét tiéu hao
nhién liéu 1a 3,50% (Hinh 2). Sai léch gitta mo
phong va thuc nghiém vé phat thai CO, NO_
trung binh 1a 0,82%, 2,68% theo duong dac
tinh ngoai (Hinh 3 va 4).

Két qua nay cho thiy sai léch gitta mo
phong va thyc nghiém <5%, mé hinh dam bao
do tin cay dap tmg yéu cau cho cac nghién ctru
mo phong tiép theo.
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Hinh 2. Két qua mé phong va thuwe nghiém vé cong
suat, suat tieu thu nhién liéu
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Hinh 3. Két qua mé phong va thwe nghiém vé phat
thai CO
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Hinh 4. Két qua mé phong va thwe nghiém vé phat
thai NO_

3.3. Anh huéng ciia ti 1§ amoniac téi tinh
nang ky thuat va phat thai cia dong co khi
str dung hon hop nhién li¢u diesel-amoniac

3.3.1. Két qud tinh todn mé phéng tinh ning
ky thudt dong co

Momen cia dong co khi sir dung nhién
lidu DA thay d6i nhu sau: Momen dong co
ludng nhién li¢u DA voi céc ti 1€ amoniac 5%,
10%, 20% giam trung binh twong tmg 1a 2,01%,
6,93% va 12,71%. Qua d6, ta thdy cang tang ti
1€ amoniac thi momen ctuia dong co cang gidm
(Hinh 5).

Amoniac c¢6 nhiét tri thip hon so véi
diesel, n6 giai phong it nang lwong hon khi dbt
chay. Diéu nay tryc tiép lam giam cong suat
dong co va do d6, giam momen. Ngoai ra, toc
d6 chay ctia amoniac cham hon diesel, dan dén
qué trinh débt chay khong hoan toan, dac biét 1a
& toc d6 dong co cao. Pidu nay lam giam hiéu

suat dong co va mémen.
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Hinh 5. Momen cua dong co khi su dung D0, DAS,
DAI10 va DA20
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Hinh 6. Sudt tiéu thu nhién liéu khi sir dung DO,
DAS5, DA10 va DA20

Suét tiéu hao nhién liéu dong co khi sir
dung nhién liéu DA thay d6i nhu sau: Suét tiéu
hao nhién liéu dong co ludng nhién li¢u DA
v&i cdc ti 1€ amoniac 5%, 10%, 20%, tang trung
binh tuong tng la 2,12%, 7,07% va 13,42%.
Qua d6 ta thay, cang ting ti 16 amoniac thi suat
tiéu hao nhién liéu dong co cang tdng manh
(Hinh 6).

Ngoai nhitng ly do lam gidm momen,
viéc tang ti 16 amoniac c6 thé 1am thay d6i qua
trinh chay trong budng dét, dan dén su gia ting
ton that nhiét hodc giam hi¢u suét dong co, tur
d6 lam tang ti€u hao nhién li¢u.

3.3.2. Két qua tinh todn mé phéng phat thdi
dong co

Két qua tinh toan phat thai CO khi sir
dung nhién liéu DA thay d6i nhu sau: Phat thai
CO cua dong co ludng nhién liéu DA véi cac
ti 1¢ amoniac 5%, 10%, 20% giam trung binh
tuong tng 1a 23,19%, 27,30% va 29,32%. Qua
d6 ta thay, cang ting ti 16 amoniac thi phat thai
CO cang giam manh (Hinh 7).

Viéc giam phat thai CO la do khi tang
ti 1¢ amoniac trong hon hgp nhién liéu diesel
lam giam lugng carbon vi amoniac khong chira
carbon nén khi tang ti I¢ amoniac, lugng carbon
tur diesel gidm. Hon nira, amoniac cai thi¢n tron
1an nhién liéu, chay hoan chinh hon, nén giam

CO trong phat thai.
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Hinh 7. Phat thai CO cua dong co khi sir dung DO,
DAS, DA10 va DA20
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Hinh 8. Phat thai NO_ cuia dong co khi su: dung
D0, DAS, DA10 va DA20

Két qua tinh toan phat thai NO, cho thy
khi st dung nhién liéu DA thay d6i nhu sau:
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phat thai NO_cta dong co ludng nhién ligu DA
véi cac ti 1€ amoniac 5%, 10%, 20% giam trung
binh tuong tng 1a 12,89%, 9,95% va 6,44%.
Qua d6 ta thiy, cang ting ti 1 amoniac NO, van
gidam nhung cang nho theo ti 1¢ tang amoniac
(Hinh 8).

Diéu nay c6 thé dugc giai thich bang
mot s6 co ché. Amoniac c6 kha ning lam giam
nhiét d6 budng ddt do nhiét dung riéng cao.
Ngoai ra, amoniac c6 thé tham gia vao cic
phan tng hoa hoc khu NO bién chung thanh
nito (N,) va nude (H,0) it doc hai hon. Cudi
cung, su thay doi qua trinh chdy do amoniac
cling gop phan vao viéc giam phat thai NO..
Tuy nhién, can luu ¥ rang hiéu qua giam NO,
con phu thudc vao nhiéu yéu t6 khac nhu diéu
kién van hanh dong co va thiét ké budng dbt.

Phat thai Sool (ppm)
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Hinh 9. Phat thai Soot cua dong co khi su dung

DO, DAS5, DA10 va DA20

Két qua tinh toan phét thai Soot khi sir
dung nhién li¢u DA thay ddi nhu sau: Phat thai
Soot cua dong co ludng nhién li€u DA véi cac
ti 1&¢ amoniac 5%, 10%, 20% giam trung binh
tuong tng 1a 6,17%, 12,90% va 14,78%. Qua
d6 ta thay, cang ting ti 16 amoniac thi phat thai
Soot cang giam (Hinh 9).

Viéc giam phat thai soot la do khi tdng
ti 1€ amoniac trong hon hop nhién liéu diesel
lam giam lugng carbon vi amoniac khong chira

carbon nén khi tang ti I¢ amoniac, lugng carbon
tir diesel giam, dan dén it thanh phan dé tao
soot hon. Hon nira, tdng cuong tinh oxy hoa do
amoniac c¢6 thé tao ra cac goc tu do, gitip oxy
hoa soot da hinh thanh, gidm luong soot phat
thai.

3. KET LUAN

Khi chuyén doi dong co diesel sang sir
dung ludng nhién li€u diesel — amoniac thi cang
tang ti 1¢ amoniac, momen dong co va thanh
phan phat thai CO, Soot giam theo ti 18 ting
amoniac. Tuy nhi€n, NO_ cling giam nhung
giam cang nho theo ti 1¢ ting amoniac, suit tiéu
hao nhién liéu ting 1én déng ké.

Pé dam bao moémen ctia dong co giam,
tiéu hao nhién liéu ting khong qua 5% ma van
cai thién duoc cac thanh phan phat thai, nén chi
thay thé 5% diesel bang amoniac. <
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