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Abstract. Using in combination of syngas, biogas and hydrogen on internal combustion
engines is an effective solution that contributes to energy transition in Viet Nam. This paper
presents effects of fuel supply methods on performance of the Vikyno RV165 dual fuel
engine fueled with a fuel mixture containing of 40% syngas-30% biogas-30% hydrogen.
When the engine operates at 2400rpm with the carburetion method induction, power of dual
fuel engine is reduced by 14% compared to that of diesel engine. While using direct injection
method and starting injection angle of 100°CA, the power reduction of dual fuel engine is
2.5% and 9.1% corresponding to injection pressure of 3 bar and 8 bar. Engine power and NOx
concentration tend to increase with increasing the start injection angle. With injection
pressure of 3 bar, if the injection angle starts at 85°TK, the power reduction is 11%, while if
the injection starts at 185°TK, the dual fuel engine's power increases by 9% compared to the
diesel engine. The NOx concentration in the exhaust gas of dual fuel engine is 1423ppm,
1176ppm and 874ppm respectively corresponding to the injection starting angle of 185°TK,
100°TK and 85°TK.

Keywords: Dual fuel engine, Direct injection syngas-biogas-hydrogen, Renewable fuels,
Renewable energy, Net Zero.
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Tom tit. Viéc phdi hop str dung syngas, biogas va hydrogen trén dong co ddt trong la giai
phép hitu hiéu gop phan thyc hién chuyén d6i nang luong tai Viét Nam. Bai bao nghién ctu
anh hudng cua phuong phap cung cap hdn hop nhién lidu khi syngas-biogas-hydrogen twong
g 40-30-30% thé tich dén tinh ning cua dong co dual fuel Vikyno RV165. Khi dong co
chay & téc d6 2400 vong/phat voi phuong phap cap nhién liéu kiéu hat, cong suit dong co
dual fuel giam 14% so véi dong co diesel. Néu phun tryc tiép nhién liéu véi goc bat ¢au phun
100°TK, muc giam cong suét lan luot 2,5% va 9,1% tuong (ng voi ap suat phun 3 bar va 8
bar. Néu goc bat dau phun mudn hon, cong suat dong co ciing nhur ndng dé NOx trong khi
thai c6 xu hudng tang. Vi ap suat phun 3 bar, néu bat ¢au phun ¢ 85°TK thi mirc giam cong
suat 1a 11%, nhung néu bit dau phun & 185°TK thi céng suat dong co dual fuel ting 9% so
VvGi dong co diesel. Nong do NOx trong khi thai lan luot 1a 1423ppm, 1176ppm va 874ppm
tuong tNg VGi cac trudng hop goc bat dau phun 185°TK, 100°TK va 85°TK.

Twkhéa: Dong co dual fuel, Phun truc tiép syngas-biogas-hydrogen, Nhién liéu tai tao, Ning
lugng tai tao, Phat thai rong bang 0.

@ 2024 Truong Dai hoc Giao thdng vdn tai

1. GIOI THIEU

Syngas la nhién liéu khi nghéo véi nhiét tri thap khoang 4-5 MJ/m3 [1]. Vi vay cong suat
dong co syngas gidm sau so v&i dong co cung c& chay bang nhién liéu truyeén thong [2]. Thong
thuong, dong co dot trong chay bang syngas c6 muc giam cong suat tir 20% den 50% so vaoi
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dong co chay bang xing, dau [3-5]. Pong co danh lira cudng birc 6 mic giam cdng suat nhiéu
hon dong co tu chay do nén. Diéu nay 1a do ti s6 nén ciia dong co danh lira cudng bic thap hon.
Muc giam cdng suit dong co syngas so véi dong co xang c6 thé dat mac tir 40% dén 50%,
trong d6 khoang 30% do nhiét trj thip ciia nhién ligu, phan con lai do giam hé s6 nap [6-7].
Trong truong hop dong co dual fuel, muc giam cong suat nam trong khoang 20%- 30% [5]. Muc
d6 giam cong suat dong co dual fuel diesel-syngas phu thudc lugng diesel phun moi [8]

Trong thuc té ¢ nhiéu giai phap dé han ché mirc giam cong suat dong co syngas. Giai phéap
thong thuong nhat 12 ci thién chét lugng bo tao hdn hop dé giam ton that he s6 nap [9]. Nang
cao ti sé nén cua dong co cling la gidi phap c6 thé tinh dén [9]. Tuy nhién cac loai dong co
truyen thdng da dat ti s6 nén téi wu, viéc tang thém ti s6 nén co thé gay anh huong dén do bén
va tudi tho dong co. Ung dung bo ting ap dé cai thién lwong hdn hop nhién liéu méi dua vao
xi lanh cling duoc coi la mot giai phap tiém nang dé giam thiéu su suy giam cong suat [10].
Ngoai ra, cong suit dong co syngas c6 thé duoc cai thién nhd 1am giau syngas bang céc loai
nhién liéu co nhiét tri cao nhu khi thién nhién, hydrogen, biogas...[11,12]. Giai phap nay di
kém bo diéu khién linh hoat dong co dé dam bao hiéu sut ti da khi thanh phan nhién liéu thay
d6i [13-15]. Mot giai phap dugc xem 1a hiéu qua dé cai thién cong suat dong co 1a phun truc
tiép syngas vao xi lanh dong co [15]. Cong nghé nay da duoc &p dung thanh cong trén dong co
danh Itra cudng buc [16]. Do nhién li¢u khi khong phun trén duong nap nén n6 khéng choan
chd khong khi dugc cap mai, do d6 hé sé nap cua dong co dugc cai thién. Ngoai ra, viéc phun
nhién lidu tryc tiép cd thé tao ra sy phan 16p hdn hop, gitip qua trinh danh Iia dién ra thuan loi
hon [16]. Hiéu qua cong tac cia dong co dual fuel phun truc tiép syngas duoc cai thién dang ké
so véi trudng hop cung cdp nhién liéu kiéu hat truyén théng [17].

Bai bao nay nghién ciu anh huéng cia phuong phap cung cap hdn hop nhién liéu khi tai
tao syngas-biogas-hydrogen dén cac dic trung qua trinh chay cua dong co dual fuel duoc cai
tao tir dong co diesel. Myc dich cua nghién ctu la tim ra cac giai phap ky thuat nham han ché
muc giam cdng suat dong co dual fuel khi 1am viéc véi hdn hop nhién liéu khi tai tao nghéo so
Vv6i cdng suit dong co diesel trudc khi cai tao. Cong trinh nay 1a sy néi tiép cua nhitng cong
trinh da duoc cong b trude diy vé md phong qué trinh cung cap nhién liéu cho dong co sir
dung syngas-biogas-hydrogen [15], [18].

2. POI TUQNG VA MO HINH TiNH TOAN

2.1. Poi tuong

Nghién ctru duoc thuc hién trén dong co Vikyno RV165 g véi cac thdng so: duong kinh
xj lanh 105mm, hanh trinh piston 97mm, ti s6 nén 20. Bong co dat cdng suat toi da 16,5 HP &
toc do 2400 v/ph khi chay bang diesel.

Bang 1. Tinh chat caa nhién liéu.

o Thanh phan (mol/mol) M MidMn Vi/ Vi

Nhién li¢u

CHq H. co CO; Ny (9/mol)  (9/9) (I
Biogas 0,7 0 0 0,3 0 24,40 7,98 6,71
Syngas 0,05 0,18 0,20 0,12 045 2464 1,64 1,39
Hydrogen 0 1 0 0 0 2 34,78 2,4
Nhiét tri thap
(kI/m?) 33906 10246 12035 - -
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Sau khi chuyén d6i thanh dong co dual fuel, budng chay dong co dugc cai tao dé giam ti
s6 nén xubng con 16,5 dé giam kha ning xay ra kich nd. Nhién liéu khi dugc phun truc tiép vao
xi lanh dong co nhd hai voi phun dudng kinh 6mm dat trén nip xi lanh. Ap suat khi thay doi tir
3-8 bar. Truc cac voi phun trén mit cit doc xy cua xilanh, truc xupap nap trén mat cit doc yz
cta xilanh. Nhién liéu khi trong nghién cttu nay 1a hon hop cua biogas, syngas va hydrogen.
Thanh phan va tinh chat cia hdn hop nhién ligu dugc xéc dinh dya trén thanh phan va tinh chat
cua biogas, syngas va hydrogen cho & bang 1. Trong thyc té thanh phan biogas ciing nhu thanh
phan syngas thay doi trong pham vi rat rong, phu thudc rat nhiéu vao diéu kién san xuat, nguyén
liéu dau vao. Thanh phan nhién liéu cho & bang 1 12 gia tri trung binh.

Trong nghién ciru nay hon hop 40% syngas-30% biogas-30% hydrogen duoc sir dung.
Syngas, biogas, hydrogen la cac nhién liéu trong hé thong ning lwong tai tao hybrid solar-
biomass [11]. Trong cac nhién liéu nay thi syngas c6 tinh chat khéc biét 16n so véi cac loai
nhién liéu con lai. Vi vy viéc chon thanh phan syngas cao hon thanh phan biogas, hydrogen la
dé nghién ctru truong hop cuc doan cua nhién liéu.

2.2. M6 hinh tinh toan

M6 hinh hinh hoc va mé hinh CFD dong co Vikyno RV165 duoc thiét Iap va tinh toan
théng qua phan mem Ansys Fluent 2021R1. Hinh 1 gigi thiéu chia ludi khdng gian tinh toan
cua dong co bao gém budng chay, xi lanh, cura nap, cac voi phun khi piston ¢ 180°TK' va céc
mat cat xy, yz caa Xi-lanh va budng chay. Thé tich xi lanh thay di khi piston dich chuyén nén
dugc ap dung dang ludi dong.

Chia ludi khong gian tinh toan

] | 11
Mét cat xy M3t cétyz
_v\_/_ _W_

Hinh 1. Budng chay va xi lanh dong co md phong.

Mo hinh Partially Premixed Combustion duoc lya chon dé tinh toan qué trinh chay. Do
nhét rdi dugc tinh toan thong qua mé hinh k-g. Biéu kién bién gém &p suat, nhiét d6 va thanh
phan hdn hop ¢ dau vao dudng nap va dau vao cac voi phun. Mbi khi thay doi nhién liéu, cac
thong sé nhiét dong hoc cua mdi chét dugc tinh toan qua bang pdf. Viéc thiét 1ap mé hinh tinh
toan qué trinh nap va qua trinh chay dong co nhién liéu khi da dugc trinh bay trong cac cong

' TK: truc khuya, °TK: géc quay truc khuya
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trinh [15], [17]. Lwa chon cac mo hinh tinh toan va phan tich lya chon phuong én chia ludi de
dam bao d6 tin cay cua két qua md phong da dugc trinh bay trong [19].

3. KET QUA MO PHONG

3.1. Anh hwéng ciia sé lwong va dic tinh voi phun

Hinh 2 gidi thiéu bién thién nong d6 nhién liéu va truong tbe d6 dong khi trong xi lanh trén
mit cat Xy va yz & vi tri piston 120°TK khi phun tryc tiép syngas vao budng chay dong co thong
qua mdt voi phun (hinh 2a) va thong qua hai voi phun (hinh 2b). Voi phun ¢6 duong kinh 6mm
VGi &p suat phun 3 bar va toc do dong co 2400 v/ph. Két qua cho thay trong trudng hop phun
qua mot voi phun thi khi tia nhién liéu cham day buong chay mot bo phéan nhién li¢u phan xa
nguoc lai, tao nén mot khu vuc xody vé phia nua buong chay dbi dién véi cira nap. Trong truong
hop phun qua hai voi phun thi viing xody 15¢ trong budng chay déi xang qua tam xilanh. Trong
ca hai truong hop, ving hdn hop nghéo tap trung vé phia xupap nap. Tai cing vi tri piston &
120°TK, khi phun nhién liéu qua hai voi phun thi ving hon hop nghéo hep hon truong hop
phun bang mot voi phun. Trong cung diéu kién ve p suat phun va thoi diém bat dau phun thi
nong do nhién liéu cuc dai trong xilanh trong truong hop hai voi phun cao gan gap doi truong
hop mot voi phun. Do d6 dé dat dugc cling hé s6 twong duong cua hén hop thi thoi gian phun
qua mot voi phun kéo dai. Piéu nay lam ting ap suat nén trong budng chéy, do d6 1am ting ton
that cong bom ctia dong co. Mat khac néu thoi gian phun kéo dai khi &p suat trong xi lanh ting
tao nén ddi &4p 1am giam luu luong phun.

(a) (b)
Hinh 2. Phan bé nhién liéu khi va truong téc do trong xi lanh trén mat cat xy, yz khi phun truc tiép
syngas qua mét (a) va hai (b) voi phun tng vai piston & vi tri 120°TK (pp=3bar, @start =30°TK).

Hinh 3 gigi thiéu bién thién hé s6 tuong duwong va ap suit trong budng chéy trong truong
hop cung cip syngas-biogas-hydrogen qua mot voi phun va qua hai voi phun. Céc voi phun bat
dau mé ¢ 50°TK véi &p suat phun 5 bar trong ca hai truong hop. Két qua cho thay tai vi tri
180°TK, hé sb twong duong trong trudng hop mot voi phun dat 0,21 con trong truong hop hai
voi phun dat 0,5. Tai vi tri 240°TK, hé sé trong dwong dat lan luot 12 0,3 va 0,71 ddi véi truong
hop mét va hai voi phun twong tng. Dén vi tri 300°TK gan cudi qua trinh nén hé sb twong
duong trong trudong hop mot voi phun chi dat 0,4. Nhu vay néu sir dung mét voi phun dudng
kinh 6mm va &p suat phun 5 bar thi hdn hop khdng thé dat ¢=1 ngay ca khi voi phun mo ngay
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tir khi bat dau qua trinh nap. Ddi véi truong hop hai voi phun, dong co ¢6 mét khoang goc quay
truc khuyu du I6n d€ dieu chinh thanh phan hon hop khi thay doi toc d6 dong co hoac thay doi
ché do tai.

1,2 24
1 20
0,8 16
0,6 12 8
- 2
o
04 8
0,2 4
0 0

0 60 120 180 240 300
¢ (°TK)
Hinh 3. Bién thién hé s6 twong dwong (¢) va ap suat (p) trong xi lanh theo goc quay truc khuyu khi
cung cap syngas-biogas-hydrogen qua mét voi phun (1VP) va qua hai voi phun (2VP) (ing Vi
n=2400 v/ph, p;=5bar, ¢sar = 50°TK) [15].

Tuong ty nhu ddi voi dong co danh lira cudng bire sir dung syngas, néu dung mét voi phun
thi dudng kinh luu thong phai 16n hodc &p suat phun cao [19]. Diéu nay gay kho khan cho hé
théng nén nhién liéu trudc khi duoc nap vao dong co va ky thuat 1am kin voi phun, dic biét 1a
vOi phun truc tiép Iap vao budng chay dong co. Mat khéc, dé dong co c¢6 thé st dung nhiéu loai
nhién liéu khi ti tao khac nhau, hé thong cip nhién liéu can da d6 linh hoat dé thich ang mai
khi thanh phan nhién lidu thay doi.

3.2. Anh hwéng ciia ap suit phun

Khi ¢é dinh thoi diém bét dau phun, dé dat ciing hé sb tuong duong thi thoi diém két thic
phun cang sém khi &p suét phun cang cao. Khi thoi gian phun trong ky nén giam thi lwong
nhién liéu cung cap vao xi lanh giam. Hinh 4a gici thiéu bién thién khéi lugng khdng khi nap
méi (mk), khéi lwong khong khi va diesel nap vao budng chéay trong mdi chu trinh (mk-die)
theo &p suat phun hdn hop nhién liéu 40S-30B-30H (40% syngas, 30% biogas va 30% hydrogen
theo thé tich) dé dat hé sé twong duong 0,75 khi két thdc qua trinh phun. Thoi diém bat dau
phun duoc ¢6 dinh tai 100°TK con thoi diém két thic phun thay d6i nhu trén gian d6 hinh 4b.
Thoi gian phun trong giai doan nap nhur nhau. Khi d6 xupap nap van con dang mé nén phun
nhién liéu khi khong 1am thay doi &p sut trong xilanh. Thoi gian phun trong giai doan nén anh
huong tryuc tiép dén ap sut trong xilanh (tirc 1a anh hudong dén lwong hdn hop nap mai vao
xilanh). Nhan thay voi diéu kién nap liéu d6 thi khdi luong hdn hop nap vao xilanh truéc khi
phun diesel va sau khi phun diesel déu giam khi &p suét phun nhién liéu khi ting. Khéi luong
hdn hop nap vao xilanh trudce khi phun diesel 1a 1000mg va 968mg twong ung vdi ap suat phun
3 bar va 8 bar. Khéi luong hon hop nap vao xilanh du phun & &p suat nao ciing cao hon khdi
luong hdn hop duoc cung cap bang nhién liéu khi bang phuong phap hit (896mg) véi cing hé
s6 tuong duong.
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Hinh 4. (a) Bién thién hdn hop khi truc va sau khi phun diesel theo &p suat phun nhién ligu khi va (b)
bién thién ap suat phun theo goc bat dau phun 100°TK va két thdc phun (n=2400 v/ph, ¢gs=0,75,
dong=0,92, hdn hop nhién liéu 40S-30B-30H).
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Hinh 5. So s&nh bién thién céc théng sb cua qua trinh chay: ap suat chay (a), toc do truyén nhiét HRR
(b), phat thai NO (c) theo goc quay truc khuyu khi cung cap nhién liéu khi kiéu hat va kiéu phun véi
&p suat phun (pp) thay doi twong ng 3 bar, 6 bar, 8 bar (n=2400 v/ph, hn hop nhién liéu 40S-30B-

30H, gc mé voi phun 100°TK, goc dong voi phun thay ddi twong tng theo &p suit phun nhu hinh 4b).
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Khéi luong hdn hop ting khi cap nhién liéu bang cach phun tryc tiép gidp cai thién cong
suit dong co. Hinh 5 gi6i thiéu anh huong caa &p suat phun nhién liéu khi dén bién thién ap
suat trong xilanh va bién thién hé s toa nhiét theo goc quay truc khuyu khi dong co dual fuel
chay v&i nhién li¢u 40S-30B-30H. G6c bit dau phun dugc cd dinh & 100°TK. Nhu trén da trinh
bay, trong diéu kién phun d6 thi khéi lwong hdn hop nap vao xilanh giam khi tang ap suét phun.
Khi &p suat phun lan luot 3 bar, 6 bar va 8 bar thi &p Suat cuc dai cuia qua trinh chay dat twong
tng 1a 76,68 bar, 71,68 bar va 67,73 bar vdi cdng suat dong co theo thir tu la 11,84 kW,
11,55 KW va 11,04 kW ¢ tdc do 2400 v/ph. So véi cdng suat dong co khi chay bang diesel
(12,14 kW), khi chay bang hdn hop nhién li¢u khi dugc cung cip biang phun tryc tiép véi ap
suat phun 3 bar va 8 bar cong suat dong co giam tuong tng 2,5% va 9,1%. Trong khi d6 cling
ché do van hanh va hdn hop nhién liéu, néu dong co dwoc cung cap nhién liéu bang phuong
phap hut thi céng suat chi dat 10,52 kW, tirc giam 14% so véi cdng suat dong co diesel.

Ap suat phun chi anh huong nhe dén téc d6 toa nhiét nhung do khéi luong hdn hop nap
vao xilanh thay d6i theo ap suat phun nén tong niang lwong do quéa trinh chay toa ra ciing thay
dbi. Piéu nay gay anh huong dén nong d6 NOx trong khi thai dong co. Hinh 5c¢ cho thay néng
d6 NOx trong khi thai dat lan luot 1a 1423ppm, 1307ppm va 857ppm khi &p suat phun tryc tiép
hdn hop nhién liéu khi 12 3 bar, 6 bar va 8 bar. Nong do NOx khi cung cip nhién liéu bang cach
phun truc tiép 16n hon gia tri ctia n6 khi cung cp nhién liéu kiéu hat (608ppm).
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Hinh 6. Anh huéng caa 4p suat phun nhién liéu khi trong ky nén dén bién thién cac théng sb ciia
qua trinh chay: (a) &p suat chay theo thé tich khéi khi trong xilanh, (b) &p suét chay va (c) phat thai CO,
(d) phét thai HC theo géc quay truc khuyu (n=2400 v/ph, hén hop nhién liéu 40S-30B-30H, hai voi phun
lam viéc song song m¢ & 185°TK, déng & 280°TK ung véi ap suat phun 3 bar va déng & 265°TK ung
Véi &p suat phun 6 bar).
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Dé ting cong suit dong co khi chay bang hdn hop nhién liéu syngas-biogas-hydrogen
chiding ta c6 thé phun nhién liéu khi trong ky nén. Tuy nhién diéu ndy kho thuc hién di véi hon
hop nhién liéu c6 thanh phan syngas cao. Trong truong hop ndy hé sé twong duwong ctia hdn
hop khong dat dugc gié tri can thiét trude khi danh lira. Mt khéc, khi thoi diém két thic phun
qua tré thi hdn hop khéng dat du do ddng nhét do thai gian hoa tron ngan khién cho qué trinh
chay khéng dién ra hoan toan.

Khi hSn hop nhién liéu chira thanh phan syngas thap thi phun trong ky nén 1a mét giai phap
kha thi ¢ nang cao tinh ning cong tac cuia dong co.
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Hinh 7. Anh hudng caa &p suat phun nhién liéu khi trong ky nén dén bién thién cac dic trung ctia qua

trinh chay: (a) nhiét do, (b) nong do NO, (c) téc d6 toa nhiét (HRR) va (d) cac thdng sb dic trung cua

qua trinh chay theo goc quay truc khuyu (n=2400 v/ph, hdn hop nhién liéu 40S-30B-30H, hai voi phun

lam viéc song song ma ¢ 185°TK, dong & 280°TK ¢ng vai &p suat phun 3 bar va dong & 265°TK ing
vé6i &p suat phun 6 bar).

Hinh 6 va hinh 7 gigi thiéu bién thién cac théng sé cua qua trinh chay theo goc quay truc
khuyu khi cung cdp hdn hop nhién liéu 40S-30B-30H thong qua hai voi phun ¢ ap suét phun 3
bar va & 4p suat phun 6 bar. Thoi diém bat dau phun ¢ 185°TK. Trong trudng hop &p suat phun
3 bar thi thoi diém két thic phun 280°TK con trong truong hop &p suat phun 6 bar thi qué trinh
phun két thiic ¢ 265°TK. Do qua trinh phun dién ra sau khi Xupap nap da dong nén lugng khong
khi hat vao xi lanh trong ca hai truong hop 1a nhu nhau. Dé dat dugc cung hé sé twong duong
$=0,75 thi lugng nhién liéu phun vao trong ca hai truong hop cling dong nhat du thoi gian phun
khéc nhau. Tuy nhién khi phun & &p suit 6 bar thi ton thit cong bom cua dong co 16n hon dan
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dén cong chi thi chu trinh nho hon trudng hop phun ¢ &p suét 3 bar. Cong suat dong co khi
phun & ap suat 3 bar la 13,22 kW con khi phun ¢ ap suat 6 bar la 12,63 kW, cao hon déng ké
S0 Vvéi cong suat dong co khi cung cap nhién li¢u ki€u hat (10,52 kW). Cong suat dong co dual
fuel tang 8,86% khi phun ¢ &p suat 3 bar va tang 4% khi phun & &p suat 6 bar so vai cong suat
dong co diesel (12,14kW).
3.3. Anh hwéng ciia thoi diém bat diu va két thic phun

Nhu trén da trinh bay, luong hc?n hop méi nap vao xi lanh chi tang dang ké khi phun nhién
liéu khi trong ky nén. Do d6 thoi diém phun cang muon thi lwong hon hop nap vao Xxi lanh cang
tang. Tuy nhién néu két thdc phun muon qué thi hon hgp khong dua thoi gian hoa tron dong déu
trude khi chay.

Hinh 8, hinh 9 va hinh 10 so sanh anh huong cua thoi diém bat dau va két thic phun hén
hop c6 thanh phan nhién liéu trong tng la 40S-30B-30H.
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Hinh 8. Bién thién thdng sb cua qua trinh chéy: (a), (b) &p suét chay, (c) phat thai CO, (d) phét thai HC
theo g6c quay truc khuyu ang véi sy thay doi thoi diém bat dau va két thic phun va so véi khi nap hén
hop bing phuong phap hat (n=2400 v/ph, han hop 40S-30B-30H, ¢gu=0,75, dong=0,92).

DPé dam bao hé sb twong duong cua hdn hop nhién lidu khi khi két thdc qué trinh phun

truéc 300°TK thi ching ta c6 thé sir dung mot voi phun néu bt dau phun trong ky nap hay st
dung hai voi phun néu bat dau phun trong ky nén. Giai doan phun mét voi phun la 85°TK-
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250°TK, 100°TK-276°TK (b4t ddu phun trong ky nap) va 185°TK-280°TK (phun bang hai voi
phun bat dau phun trong ky nén).

Hinh 8 cho thay khi bat diu phun muén, dic biét 1a phun trong ky nén thi &p suit trong xi
lanh & ky nén tang, lam tang cong bom. Tuy nhién trong truong hop nay cong chi thi chu trinh
tang do lwong hdn hop nap vao xi lanh nhiéu hon. Hinh 9 cho thay khi phun trong ky nén thi
tdc do toa nhiét khi bat dau chay khdng khéc biét nhiéu so véi nhimg truong hop khac nhung
tdc d6 toa nhiét trong giai doan sau cao hon. Diéu nay 1am ting nhiét d6 chay cuc dai va ting
phét thai NOx.
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Hinh 9. Anh hudng cua thoi diém bit dau va két thic phun dén cac thong sé cua qué trinh chay: (a)

nhiét do chay, (b) tc d6 hinh thanh NOx, (c) téc d6 toa nhiét tng (HRR) ciing nhur (d) cac thong s6

dic trung ctia qua trinh chéy vai thoi diém bét dau va két thic phun thay doi (n=2400 v/ph, hdn hop
40S-30B-30H, dgas=0,75, drong=0,92.).

Hinh 10 so sanh tong hop cdng suat dong co va mic do phét thai NOx khi thay doi thoi
diém bat dau va két thic phun nhién ligu khi. Nhan thdy cong suat dong co ciing nhu phét thai
NOx ¢6 xu hudng ting khi kéo dai thdi gian phun nhién liéu. So véi khi chay bang diesel thi
ddng co khi chay bang hdn hop 40S-30B-30H c6 cong suit ting 9% néu phun trong ky nén va
giam lan luot 2,5% va 11% khi bat ¢au phun ¢ 100°TK va 85°TK. Nong do NOx trong khi thai
lan luot 1a 1423ppm, 1176ppm va 874ppm tuong tng vai thoi diém bat dau phun 185°TK,
100°TK va 85°TK.
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Hinh 10. Anh huéng cua thoi diém bat dau va két thiic phun dén cdng suét dong co (Pe) va thong s6
phét thai NOx (n=2400 v/ph, hdn hop 40S-30B-30H, ¢gs=0,75, d1ong=0,92, thoi diém bat dau va két

thiic phun thay doi).

4. KET LUAN

Mot s6 két luan duoc rat ra tir két qua nghién ciu

Syngas c0 ti 1é khéng khi/nhién li¢u thap nén qua trinh phun nhién lidu trén duong nap
kéo dai khién nhién liéu khong dugc hut hét vao xi lanh va lam giam hé sb nap cia dong
co. Phun truc tiép syngas vao xy lanh dong co gilp khic phuc nhitng bat cap khi sir
dung syngas lam nhién liéu cho dong co dual fuel.

Khi dong co dual fuel su dung hon hop nhién liéu syngas- biogas-hydrogen c6 thanh
phan thay doi linh hoat thi can sir dung hé thong phun truc tiép gébm hai voi phun dé
phdi hop diéu chinh thoi gian phun thich tng vaéi hdn hop nhién liéu sir dung.

Khi phun tryc tiép hdn hop nhién liéu 40S-30B-30H véi goc bat dau phun duogc ¢b dinh
& 100°TK thi cong suat dong co giam lan lugt 2,5% va 9,1% tuwong tng vai khi phun
tryc tiép nhién liéu & ap suat 3 bar va 8 bar. Nong do NOx trong khi thai dat lan luot 13
1423ppm va 857ppm twong ung véi ap suat phun 3 bar va 8 bar. Khi nhién li¢u duoc
cung cap theo kleu hat truyén théng thi cong suat dong co giam 14% so vai khi chay
bang diesel con nong do NOx dat mirc 608ppm.

Cong suat dong co ciing nhu ndong do NOx trong khi thai c6 xu huéng tang khi phun
muon. So vai khi dong co chay bang diesel thi khi chay bang hdn hop 40S-30B-30H,
cdng suat dong co ting 9% khi bat dau phun ¢185°TK va giam lan luot 2,5% va 11%
khi bat dau phun & 100°TK va 85°TK. Nong d6 NOy trong khi thai lan luot 12 1423ppm,
1176ppm va 874ppm tuong ng Véi thoi diém bat dau phun 185°TK, 100°TK va 85°TK.
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