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TOM TAT

Bai bao nay trinh bay két qua nghién ctru anh huong cua tinh nang k¥ thuat va dién
bién phét ‘Ehéi ctia dong co diesel khi duoc bo sung nhién liéu NH.. Phéan mérp nghién clru
la phan mém AVL Boost. Pong co nghién ctru la dong co diesel IVECO. Két qua nghién
ctru cho thay khi bo sung nhién li¢u NH, trén duong nap thi tiy thudc vao ti 1€ khoi lgo’ng
nhién liéu di’esel bi thay thé baéi NH% s€ anh hudng t61 su lam viéc cia dong co. Tai toc do
1800 v/p ché do cong suat khong doi, phat thai soot giam 81.25%, CO, giam 59.1%. Tai
toc d6 1800 v/p ch€ do cong suat thay doi, phat thai soot giam 74.5%, CO, giam 47.9%.

Tiwr khéa: NH,, CO,, soot, dién bién phat thai, cong sudt, dong co diesel.

ABSTRACT

This paper presents the results of the study on the effects of technical features and
emission developments of diesel engines when supplemented with NH,, fuel. The research
software utilized is AVL Boost. The research engine is an IVECO diesel engine. The
results of the study show that when adding NH, fuel on the intake line, depending on the
proportion of diesel fuel replaced by NH, it will affect the operation of the engine. At a
speed of 1800 v/p in constant power mode soot emissions are reduced by 81.25%, CO,
is reduced by 59.1%. At 1800 v/p variable power mode, soot emissions are reduced by
74.5%, CO, by 47.9%.

Keywords: NH,, CO,, soot, emissions, power, diesel engine

1. GIOI THIEU

Pong co dot trong dong gép hon 99%
nang luong cho giao thong vén tai toan cau,
trong d6 95% ning luong van chuyén toan
cau dén tir nhién liéu dya trén dau mo. Tuy
nhién, day ciing 1a nguén phat thai khi nha

kinh 16n, 12 nguyén nhan gay bién doi khi
hau. Dé han ché phat thai cic-bon ra moi
truong thi thay thé nhién liéu hoa thach
bing nhién liéu trung hoa cic-bon hoic
khong cac-bon 1a vin dé da va dang duoc
cac nha khoa hoc quan tam [1].
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Trong s6 nhiéu lya chon dang duogc
nghién ctru, NH, ¢c6 uu diém 1a twong ddi
thudn lgi trong viéc trién khai sit dung &
quy mo lon. Hién nay, NH, 1a mot trong
nhitng héa chat dugc tong hgp nhiéu nhat
trén thé giéi va da co co so ha tang duoc
thiét 1ap tt dé san xuat, xir Iy va phan phdi.
NH, ¢6 thé dugc san xudt tir ca ngudn hoa
thach va tai tao. NH, c6 thé luu trir thuén
tién dudi dang khi hodc dang long & ap suat
thap (khoang 1 MPa) va nhiét 46 phong
(298°K). Cac san phim duy nhit cua qua
trinh dot chdy NH, la nugc va nito [2].
Khi thai ¢6 thé chira NH, chua chdy hét,
gay 6 nhiém moi truong va gop phan hinh
thanh phét thai dang hat PM tha cdp, gdy
dn mon chi tiét. Mat khac, viéc st dung
NH, 1am nhién li¢u trong dong co dbt trong
gdp thach thic do, toc d ngon ltra thap va
nhiét d§ ngon ltra doan nhié¢t thép hon so
vo1 nhién li€u diesel. Hon nita, nhiét tri
thap cua NH, thap hon khoang 60% so voi
nhién li€u diesel. Tuy nhién, ty 1¢ khong
khi/nhién liéu 1y thuyét (A/F) ctia NH, thap
hon dang ké so vdi nhién liéu hydrocacbon
thong thuong. N6i cach khac, cé thé dbt
chay nhiéu NH, hon v6i cung mét luong
khong khi. Do d6, lwong NH, 16n hon c6
thé bu cho ham lugng nang lugng it hon
trén mot don vi khoi luong [3].

C6 mot sb cac nghién ctiru vé sir dung
nhién liéu NH, cho dong co ddt trong. Céc
nghién ctru khang dinh: Khi sir dung chu
trinh otto (SI) cho nhién liéu ammoniac thi
dang gap mot s6 van dé kho khan nhét dinh,
nguyén nhan 1a do tinh nang d6t chay kém
ciing nhu pham vi dé chay hep, nhiét do
danh Itra tdi thiéu tvong ddi cao ciia nhién
liéu. Khi sir dung chu trinh diesel (CI) cho
nhién liéu ammoniac thi dong co phai su
dung ti s6 nén cao (tir 35:1 dén 100:1). Piédu
nay 1a do chi s6 xe-tan ctia ammoniac thip
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[4]. Do d6 nhiéu nha nghién ctru quan tim
dén viéc str dung ammoniac 1am nhién liéu
bd sung vao cac nhién liéu truyén théng.
V61 phuong phap nay, ammoniac chi dugc
cép mot ti 16 nhat dinh vao trong dong co
dé hoa tron v6i khong khi va chay cung
nhién liéu chinh la diesel.

Co6 thé thdy, chua c6 nhiéu cong trinh
khoa hoc nghién ciru vé van dé sir dung
nhién lieu NH, cho dong co diesel cho nén
cac két qua nghién ctru con it. Trong khi
do, tai Viét Nam c6 mot sb lugng 16n cac
dong co dang sur dung nhién li¢u diesel.
Trudc viéc nhién li€u diesel ngay cang
can kiét, va phat thai khi nha kinh do
nhién liéu diesel gy ra thi viéc thay thé
mot phan nhién liéu diesel bang nhién lidu
ammoniac c6 y nghia khoa hoc va thuc
thidn cao vi vira tan dung dwgc ngudn
dong co cii trong khi khong phai thay doi
nhiéu vé két cau.

Do do, bai bdo nay nghién ctu danh
gid anh huong cia tinh ning k¥ thuat va
dién bién phat thai ctia dong co diesel khi
duoc b sung nhién li¢u NH, trén dong co
IVECO duogc trang bi tai truong Pai hoc
Su pham k¥ thut Vinh Long nhim b6 sung
co so ly thuyét khoa hoc vé van dé trén va
danh gia hiéu qua cling nhu khé khan khi
thuc hién giai phdp nay

2. NOI DUNG NGHIEN CUU

2.1. Péi twong va nhién liéu nghién
ciru

Déi tugng nghién ciru 1a dong co diesel
IVECO, bén ky, tang ap tuabin khi xa, cac
xi lanh bd tri thang hang, phun nhién liéu
truc tiép, ding bom cao ap kiéu Bosch. Cac
thong sé k¥ thuat cua dong co duoc trinh
bay trong Bang 1.
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Bang 1. Cdc théng sé ky thudt chinh ciia dong co IVECO [5]

TT Théng s6 Ky hiéu Gia tri Pon vi
1 [Sé xi lanh i 4
2 | Buong kinh xi lanh D 104 mm
3 | Hanh trinh pit tong S 115 mm
4 | Ty sb nén € 17 -
5 | Cong suit dinh mirc N, 70 kW
6 | Sb vong quay dinh muc n, 1800 vong/phut
7 | Suét tiéu hao nhién liéu c6 ich g, 215 g/(kW.h)

Nhién li€u nghién ctu 1a nhién liéu cua nhién liéu nghién ctru dung trong mo
diesel va NH, Tinh chat vat ly va hda hoc  phong dugc trinh bay trong Bang 2
Bang 2. Théng s6 ciia nhién ligu NH, va diesel [6]

STT Théng sb Pon vi NH, diesel
1 | Tri s6 octan - 120 -
2 | Trisb cé tan - - 40 - 55
3 | Khéi lwong riéng & trang thai long kg/m? 602,8 832
4 | Ty 1é khong khi/nhién ligu ly thuyét kg/kg 6,05 14,32
5 | Nhiét trj thap MJ/kg 18,61 42,38
6 | Nhiét an héa hoi kJ/kg 1370 232,4
7 | Nhiét do tu bdc chay K 924 527 -558
2.2. Phuwong phap nghién ciru trén mo6 hinh dong co diesel-NH, c¢6 thém

phan tir voi phun (I1) dé mé phong qua
trinh cung cap NH,. M6 hinh md phong
dong co st dung ludng nhién liéu duoc
trinh bay

Pé nghién ciu anh huong cua viée
cung cap NH, vao duong nap dén cac dic
tinh lam vi€éc va phat thai cua dong co diesel
IVECO, st dung phuong phap nghién ctru
mo phong bang phin mém AVL Boost. Trong nghién ctru ¢ st dung cac ly
Theo phuong an da chon, NH, dugc cép thuyét co ban va mé hinh chay, truyén nhiét
vao dudng dng nap cua dong co. Do d6, va phat thai dugc trinh bay trong bang 3

Bang 3. Ly thuyét co ban va céc mé hinh sir dung trong mé phong

STT Ly thuyét co ban va mé hinh
1 Ly thuyét co ban Phuong trinh nhiét dong hoc thir nhat
3 | Mb hinh hdn hop méi chét Hoa khi hinh thanh trong budng dbt
4 M0 hinh chay AVL MCC
5 M6 hinh truyén nhiét: M6 hinh Woschini
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STT Ly thuyét co ban va mé hinh
6 Mo hinh phat thai NOx Mo hinh Zeldovich
7 M6 hinh phat thai soot Mo hinh Schubiger va Hiroyasu
8 M0 hinh phat thai CO M6 hinh Onorati
9 | Mo hinh phat thai HC HC duoc qui d6i vao soot

SB1 WP B2

Hinh 1. Mé hinh déng co IVECO xdy dung trén phdn
mém AVL-Boost.
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Hinh 2. Cong sudt N, va sudt tiéu thu nhién liéu g, mé
phdéng (MP) va thuc nghiém (TN) theo ddc tinh ngoai
ctia déng co.

Két qua mo phong vé cong sudt va suit
tiéu hao nhién li€u dugc so sanh khi dong
co hoat dong theo dac tinh ngoai. Sai 1éch
vé cong sudt1a 0.9 %, sai 1éch vé momen la
3.34 % (Hinh 2) cho thdy mé hinh dam bao
do tin cdy dap ung yéu cau cho cic nghién
ctru m6 phong tiép theo.

Do nhiét tri thip cua NH, va r,1hién liéu
diesel ¢ gid tri khac nhau nén suat tiéu thu
nhién liéu ¢ ich twong duong g_, ctia hdn
hop nhién li€u diesel-NH, dugc xac dinh
theo cong thuec:

getd =

Trong do6: G, — Luong ti€u thu nhién
liu diesel, g/h;

GNH3 — Luong ti€u thu NH,, g/h;

O, — Nhiét tri thdp cta nhién liu
diesel, MJ/kg;

O, — Nhiét tri thap ctia NH,, MJ/kg;

N,—Cong suit c6 ich dong co, kW.

Trong nghién ctru nay, ti 1& thay thé
NH, va diesel duoc tinh theo phan trim
khoi lugng nhién liéu cung cap

Tinh toan mo phong dong co khi chay
khi chay Iudng nhién li¢u diesel-NH, tai
toc do 1800 vong/phut véi hai ché do mo
phong la:

+ Thay thé ti 1& nang lugng NH, va
diesel sao cho cong suat dong co & 1800
vong/phut 1a khong do1

+ Tiéu thu nhién liéu diesel khong ddi,
tiéu thu NH, thay doi

3. KET QUA NGHIEN CcUU

3.1. Thay thé ti 1¢ ning lwong NH, va
diesel sao cho cong suit dong co & 1800
vong/phiit 12 khong doi

Trong nghién ciru mé phong nay, luu
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luo*ng nhién li¢u diesel va NH, s€ thay doi
dé dat duoc cong suat dong co la khong doi.

Két qua mo phong cho thay, cong sut
dong co co thé dat gia tri cuc dai voi cac
ty 1¢ thay thé khac nhau cua NH, cho dau
diesel, ty 1¢ ning luong thay thé bang NH,
1an luot 12 88,5%, 72,0%, 53.9% tuong ing
Vi cac ché do tai ban du khi chi sir dung
dau diesel 1a 25%, 50%, 75% tai. Suét tiéu
thu nhién liéu twong duong cac truong hop
dung hon hop nhién liéu diesel-NH, téng
1,08 1an, 1,26 lan, 1,47 lan, 1,4 lan phat
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thai NO_ tang 41,6%, 6,1% & 25%, 75% tai
va giam b ,7% & ti 18 thay thé 75% tai. Phat
thai soot giam 24 lan, 4.8 1an, 2 lan; phat
thai CO giam 1.6 1an, 1.25 lan, 1,13 lan;
phat thai CO, giam 2.75 lan, 1.8 1an, 1,38
lan tuong tmg vai cac ty 1¢ thay thé NH, la
88,5%, 72,0%, 53.9%. Phat thai NO_ tang
khi tang ty 1¢ NH, trong hon hop nhlen lidu
¢6 thé do trong phan tir NH, ¢6 chira thanh
phan nito. Phat thai soot, CO va CO, giam
do trong phan t¢ NH, khong chira thanh
phan carbon.
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b. Luu lugng diesel va NHs khi md phong khi tai
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f. Dién bién phat thai CO tai ché do cong suét
khoéng doi
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g. Dién bién phat thai CO; tai ché d6 cong suat khong dbi

Hinh 3. Két qua mé phong déng co thay thé ti Ié ndng luong NH, va diesel sao cho cong sudt déng co
& 1800 vong/phut la khéng déi
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Hinh 4. Dién bién dp sudt xi-lanh va nhiét dé trong truong hop D25A75
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Hinh 5. Dién bién dp sudt xi-lanh va nhiét dé trong truéng hop D50A50
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- Nhiét d6 va ap suét trong budng dét
khi mo6 phéng:

+ Ty 1¢ diesel thap (D25A75) giam ap
suit cuc dai nhung duy tri cong suit on

P-D100
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=]
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— = = ROH_D75A25

300 330 360
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dinh nho gian né tang.

+ Chay NH, phu thufc vao nhiét do
tur diesel, nhi¢t d chay cao lam tang CO,
HC.
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Hinh 6. Dién bién dp sudt xi-lanh va nhiét d6 trong truéng hop D75A25

Cac biéu do da trinh bay dién bién
ap sudt xi lanh va tbc do toa nhiét trong
truong hop cong sudt dong co khong doi
v6i cdc ti 1¢ diesel va NH, khac nhau. Tat
ca cac truong hop nhién licu kép dugc so
sanh véi truong hop st dung nhién li¢u
diesel 100%. Co thé nhan thiy tit ca cac
truong hop déu tao ra cing mot cong sut
dong co mac du cé sy khéc biét rd rang vé
pha d6t chay va ap suit 16n nhat.

3.2. Tiéu thu nhién li¢u diesel khong
dbi, tiéu thy NH, thay doi

O ché d6 md phong nay, luu luong
diesel dugc duy tri & mic khong doi co
thé tao ra 25% cong suét cuc dai tai toc do
1800 v/ phut (dam bao du luong diesel dbt
chay dé lam moi lira d6t chay NH,). Sau
do, luu lugng ammoniac dugc diéu chinh

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

dé kiém soat cong suat dong co bang
véi dong co nguyén ban st dung thuin
nhién liéu diesel. Két qua nghién ctru cho
thay ty 18 niang luong thay thé bing NH,
lan luot 13 65,8%, 69.7%, 82.2%, 87.1%
tuong trng voi ché do tai 25%, 50%, 75%,
100%. Suét tiéu thu nhién liéu tuong
duong céc truong hop dung hdn hop nhién
liéu diesel-NH, ting 3.2 lan, 5.2 lan, 7.8
lan; phat thai CO, giam 1,4 1an, 1,9 lan,
2.8 1an; phat thai CO giam lan luot 1.5%,
2%, 2% ; phat thai soot giam lan lugt 2.6
lan, 4,7 1an, 6.3 1an tuong Gng véi cac ty
1¢ thay thé NH, 1a 69.8%, 82.2%, 87.1%.
Suét tiéu thu nhién liéu khi st dung hdon
hop diesel-NH, cao hon so véi truong
hop chi str dung dau diesel 1a do hiéu qua
qua trinh chdy cua NH, thap hon so véi
dau diesel.
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Hinh 7. Két qud mé phéng tiéu thu nhién liéu diesel khéng déi, tiéu thu NH, thay déi
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Hinh 8. Dién bién dp sudt mé phéng tiéu thu nhién liéu diesel khéng déi tiéu thu NH, thay déi.
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Hinh 6 trinh bay din bién ap suat trong
xi lanh trong cac truong hop dong co diesel
nguyén ban va dong co st dung ludng
nhién liéu. C6 thé nhéan thdy qua trinh d6t
chay nhién liéu kép dan thoi diém chay bi
tré hon va giam dang ké ap nhiét do chay
va 4p suat chay. Nhiét do dét chay thip
hon ciing c6 thé gép phan lam ting lugng
khi thai ammoniac. Téc do ddt chay tong
thé cling cham hon khi sir dung ammoniac
do tdc do ngon ltra chdm hon, do d6 doi
hoi thoi gian dbt chay lau hon. Mit khac,
ap suét gidn nd cao hon mot chut d6i vai
truong hop nhién liéu kép do qua trinh d6t
chdy ammoniac muon.

4. KET LUAN

Két qua nghién ciru cho thdy khi bo
sung nhién li¢u NH, trén duong nap thi tuy
thudc vao ti 1¢ khoi luong nhién li¢u diesel
bi thay thé bai NH, s¢ anh huong t6i qua
trinh chdy cua dong co. V& co ban khi ¢o
nhién li¢u NH, tham gia qua trinh chay thi
s€ lam thoi dlem chdy mudn hon va dan

ISSN 261 5-9945

dén 4p suat 16n nhat giam hon vi phan 16n
qua trinh dbt chay dién ra trong qua trinh
gian no.

Viéc thay thé diesel bang NH, s€ lam
giam phat thai soot, phat thai khi nha kinh
va da dang hdéa ngudn nhién li¢u su: dung,
giam suc €p lén nhién li€u co nguon g0c
hoa thach vi nhién liéu co goc cac bon
dugc thay thé bang nhién liéu khong ¢ gdc
cac bon.

- Tai tc do 1800 v/p, ché 46 mé phong
cong suat khong doi. Phat thai soot giam
81.25%, CO, giam 59.1%

- Tai tc do 1800 v/p, ché 46 mo phong
cong suat thay doi, phat thai soot giam
74.5%, CO, giam 47.9%

Str dung nhién li¢u NH, thay thé cho
nhién liéu diesel nham giam sy tiéu thy
nhién liéu hoa thach, gidm hi€u ng nha
kinh 1a mdt phuong an kha thi. Tuy nhién
vigc sir dung NH, lai lam gia tang phat thai
khi NO..
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