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Tém tit - Phun truc tlép thong qua hé théng voi phun kép cho
phép néng cao cong sudt dong co dual fuel, cai thién tinh nang
diéu tée, gitp dong co co thé sir dung hén hop nhién liéu khi
syngas- biogas-hydrogen c6 thanh phén thay déi linh hoat, phu
hop v6i hé théng ning luong tai tao hybrid. Goc két thiic phun
duoc xac dinh theo cong suat cyc dai va tdc d6 dinh murc cua
dong co. Thanh phan hdn hop dugce didu chinh bing goc bt
d4u phun. Khi giam 4p sudt phun tir 5 bar xuéng 3 bar thi goc
bét dau phun sém hon 20°TK va ap sudt du trong xi lanh giam
0,1 bar. Khi dong co chay bing syngas, dé dat duoc ¢$=0,75 véi
ap suét phun 3,5 bar tai vi tri goc quay truc khuyu 250°TK thi
goc bat diu phun 14n luot 14 80°TK, 50°TK va 25°TK tng véi
tbc do dong co 2000 v/ph, 2400 v/ph va 2800 v/ph; Ap suét du
trong xi lanh lan luot 13 0,77 bar, 0,85 bar va 0,89 bar, tang
twong tng 100%, 97% va 79% so véi khi cung cép nhién lidu
kiéu hut.

Twr khoéa — Dong co dual fuel; Phun truc tiép nhién liéu khi;
Syngas; Biogas; Hydrogen

1. Gioi thi¢u

Tai Hoi nghi Thuong dinh vé bién ddi khi hau COP26
din ra & Glasgow méi day, Viét Nam da cam két thuc hién
céc co ché theo thoa thuan Paris, dé dat mirc phat thai rong
bang 0 (Net Zero) vao nam 2050 [1]. Bé dat muc tiéu nay,
Chinh phu Viét Nam da tién hanh thyc hién chién luoc
chuyén d6i nang lugng, thay thé dan niang luong hoa thach
bang ning luong tai tao.

Tuy cong nghé san xuit va sir dung ning luong tai tao
dén nay da duogc hoan thién dang ké nhung nhimg nhuoc
diém co ban cia ching van chwa dugc khic phuc bing
nhirng giai phap truyén thong. ‘Nang luong tai tao noi
chung 1a khong 6n dinh, cong suat ngudn phat nang luong
thay ddi theo thoi gian trong nganh hay thay d6i ngau
nhién theo diéu kién khi hau, thoi tiét. Vi vay, dé dam bao
tinh on dinh ciia hé thong ning lugng, chiing ta can phi
hop suir dung nhiéu ngudn ning luong tai tao khac nhau,
goi la hé thong nang luong tai tao lai (hybrid), thay vi stir
dung mot nguén nang luong tai tao doc 1ap [2]. Nudc ta
cuing nhu mot s6 nude thuge vang nhiét doi, tiém ning vé
dién mat troi, dién gi6 va sinh khdi rat ddi dao. Do d6 hé
théng niang luong tai tao hybrid syngas-biogas-ning
luong mat troi-nang luong gid (goi chung la hé théng
ning lugng tai tao SBS, Syngas-Biogas-Solar) co nhiéu
loi thé [3-6].

Abstract - Direct injection through a twining injection system
enables an increase in output power of dual-fuel engines, improves
the speed control capacity, and allows the engine to use flexible
gaseous fuel blends of syngas-biogas-hydrogen with large variation
of compositions. The stop injection angle is determined by the
maximum power and rated speed of the engine. The air to fuel
equivalence ratio is adjusted by the start injection angle. When the
injection pressure is reduced from 5 bar to 3 bar, the start injection
angle is advanced by 20°TK and the gauge pressure in the cylinder
drops by 0,1 bar. In syngas fueling mode, with an injection pressure
of 3.5 bar, to achieve ¢=0.75 at a crankshaft position of 250°TK,
the start injection angles are 80°TK, 50°TK, and 25°TK
corresponding to engine speeds of 2000 rpm, 2400 rpm, and 2800
rpm, respectively. The gauge pressure in the cylinder is 0.77 bar,
0.85 bar and 0.89 bar, respectively, correspondingly increasing by
100%, 97%, and 79%, compared to natural aspiration fueling mode.
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Bén canh wu diém vé san xuét nang luong sach, hé théng
ning luong tai tao SBS con gbp phan xir Iy chét thai rin
trong san xut va sinh hoat & néng thon. Cac chét thai rin
kho phan hay duoc ché bién thanh vién nén nhién liéu RDF
1di khi hoa thanh syngas [7]. Cac chét thai hitu co d& phan
huy duoc sir dung dé san xuat biogas. Khi cong suit cta dién
mit troi, dién gié cao hon cong suat phy tai thi phan cong
suat du dugce sir dung dé san xudt hydrogen. Syngas, biogas
va hydrogen dugc luu trit chung trong tai chtra nhién li€u khi
dé cung cép cho dong co phat dién khi ngudn dién mit troi
gian doan hay khong du cung cép cho phu tai [8].

Theo nguyén 1y hoat dong cia hé thdng ning lugng
SBS néu trén thi thanh phan nhién liéu khi cung cép cho
dong co thay d6i mot cach ngdu nhién va trong pham vi
rong. Pong co ¢6 thé chay hoan toan bing mét loai nhién
liu thanh phdn, ciing c6 thé chay bang hdn hop 2 nhién
liéu thanh phan hay 3 nhién liéu thanh phan vdi ti 18 khac
nhau [9-10]. Sy khac biét 16n vé ti sb khong khi/nhién liu
clia syngas so voi cac nhién liu con lai 1a thach thirc d6i
v6i hé thdng nap. Ti s6 khong khi/nhién lidu cua syngas
thap, din dén thoi gian phun kéo dai khién cho nhién li¢u
cung cip cho chu trinh khong dugc hat hoan toan vao xi
lanh vao cudi ky nap. Piéu nay khién cho hé sé tuong
duong cua déng co khong thé dat duoc gid tri
stoichiometric (thanh phdn hdén hop chdy hoan toan Iy
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thuyét), dac biét khi dong co chay & tdc do cao. Su tich
lity ctia nhién lidu trén dudng nap & chu ky trudc 1lam mat
kiém soat hé sé twong duong ciia hdn hop & cac chu ky
tiép theo va gdy ra hién tuong nd nguoc. K§ thuat cung
cAp biogas dugc 1am giau boi hydrogen cho dong co danh
Itra cudng biic da dugc nghién ctru trong cac cong trinh
[11-12]. Két qua nghién ctru cho thiy, giai phap hiru higu
nhat dé cung cip nhién liéu biogas duoc lam giau boi
hydrogen 1a phun diéu khién dién tir [13-18]. Tuy nhién,
khi str dung syngas 1am nhién li€u thi cac gidi phap nay
khong con phu hop. Ti 1€ khong khi/nhién liéu (A/F) cua
syngas thap hon rt nhiéu so v&i cac loai nhién liéu truyén
thong 1a mot thach thie k¥ thuét rat 1on dbi voi hé thong
cung cap nhién liéu cho dong co. Giai phap ky thuat cung
cAp nhién lidu cho dong co sir dung nhién lidu khi linh
hoat 1 str dung hé thng phun kép [19, 20].

Mot kho khin khac lién quan dén st dung syngas trén
dong co 1a nhiét tri cia nhién li¢u rat théip dan dén giam
cong sudt dong co. Thanh phan thé tich cua syngas khi sir
dung khéng khi 1am chét 6 xy hoa thuong 18-20% Hy, 18-
20% CO, 2% CHg, 11-13% CO,, mét it H2O, con lai 1a N»
[21]. Nhiét trj thap cua syngas thong thuong trong khoang
4-6 MJ/Kg [22], chi bang khoang 10% nhiét tri ctia khi
thién nhién, LPG hay xang dau. Tuy nhién do luong
khong khi can thiét dé dot chay mot don vi khéi luong
syngas cung chi bang 10% cac loai nhién liéu truyén
thong nén viéc tut giam cong sut (dong co khong ti 1¢ voi
nhiét tri nhién liéu. Thuc té cho thiy khi chay bang syngas
cong sudt dong co giam khoang 15%-20% so v6i dong co
diesel va giam 30%-40% so véi dong co xang [23]. Giai
phép thuong dung dé cai thién tinh ning cua dong co chay
bang syngas 14 lam giau ching bang nhing nhién liéu c6
nhiét tri cao hon nhu biogas, hydrogen [20]. Tuy nhién,
nhu mo ta trén day, trong hé thdng ning luong tai tao
hybrid, dong co dugc cung cap hdn hop nhién licu
syngas-biogas-hydrogen c6 thanh phan thay d6i trong
pham vi rong. Do do, viéc lam giau syngas béng biogas,
hydrogen khong dam bao cong suit dong co 6n dinh trong
cac dleu kién cung cip nhién li¢u khac nhau. Giai phap
cho van d& nay 12 phun tryc tiép nhién liéu khi vao xi lanh
d6ng co dé cai thién hé sé nap.

Thuec té hién nay da c6 nhitng dong co phun tryuc tiép
nhién liéu khi truyén thong nhu LPG, CNG, hydrogen. Tuy
nhién nhirng cong trinh nghién ciru déng co phun tryc tiép
sir dung hon hop nhién liéu khi tai tao co thanh phan thay
d6i linh hoat hau nhu rat hiém. Dic biét 1a dong co dual
fuel st dung nhién liéu khi linh hoat syngas-biogas-
hydrogen. Dm v0i loai dong co ndy, ngoai xur Iy vén dé ky
thuat cung cap nhién li¢u con phan xur ly viée t6 chirc phan
b thanh phan hdn hop trong budng chay sao cho tia phun
mdi ¢ di oxygen dé c6 thé t boc chay.

Trong bai bao ndy, nhom tac gia s& trinh bay két qua
nghién ctru moé phong phun truc tiép nhién liéu khi vao xi
lanh dong co dual fuel st dung nhién liéu syngas-biogas-
hydrogen c6 thanh phan thay d6i linh hoat.

2. Phwong phap va trang thiét bi nghién ciru
2.1. Dong co va nhién li¢u
Nghién ctru dugc tién hanh trén dong co Vikyno

RV165 c6 duong kinh xi lanh 105mm, hanh trinh piston
97mm, ti s6 nén 20. Khi chay bang diesel dong co phat
cong suat toi da 16,5 HP & toc do 2400 v/ph. Khi chuyén
thanh dong co dual fuel sir dung nhién li¢u khi linh hoat
syngas- blogas hydrogen, budng chay dong co dugc cai tao
dé giam ti s6 nén xudng con 16,5.

Biogas, syngas va hydrogen c6 cac déc trung chinh
dugc trinh bay trén Bang 1.

Bing 1. Cic théng sé dic trieng ciia nhién liéu

M | mid/mnr | Vi/ Vi

Nhién Thanh phan (mol/mol)

lign (g/mol)l (g/g) | (/1)
j CHs| H2 CO | CO2 | N2

Biogas | 0,7 0 0 03] 0 |2440| 7,98 6,71

Syngas |0,05| 0,18 | 0,20 | 0,12 |0,45| 24,64 | 1,64 1,39

Hydro 0 1 0 0 0 2 34,78 | 24

Nl}iét tri

thap 33,9 10,24 12,03| - -

(MJ/m3)

2.2. Thiét lip mé hinh

Tinh toan md phong dugc thyc hién nhd phan mém
Ansys Fluent 2021R1. Khong gian tinh toan gdm budng
chay va xi lanh dong co c6 thé tich thay ddi theo goc quay
truc khuyu. Budng chay dong co ¢6 dang omega. Nhién
lidu khi dugc phun truc tiép vao xi lanh dong co thong qua
hai voi phun c6 duong kinh 6mm. Truc cdc voi phun nam
trén mat cat doc xy cua xi lanh con truc xu pap nap nim
trén mat cét doc yz cua xi lanh.

Hé phuong trinh d6i lwu-khuéch tan duoc khép kin nhd
moé hinh rdi k-e. Mdi khi thay d6i nhién liéu, tinh toan lai
bang pdf thong s6 nhiét dong hoc. Nho vay didu kién bién
tinh toan s& duoc don gian hoa. O dau vao dudng nap thi
chi c6 khong khi nén thanh phan hdn hop f (fraction
volumic) bang 0. G d4u vao cac voi phun chi c¢6 nhién liéu
nén f=1. Hé sb tuong dwong cuc bd cia hdn hgp dugce tinh
qua thanh phan nhién liéu, oxygen hay tinh qua f.

0T

Hinh 1. Chia luci khong gian tinh todn
Hinh 1 gidi thiéu buéng chay, xi lanh, ctra nap, cac voi
phun va chia luéi khong gian tinh toan. Nhién li¢u str dung
trong mé phong 1a syngas, biogas, hydrogen va hén hop
ctia chung. Pong co chay & tbe d6 2000 v/ph, 2400 v/ph va
2800 v/ph. Ap suit phun nhién lidu thay ddi trong pham vi
tir 3 bar dén 5 bar.
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3. Két qua va binh luin
3.1. Bé tri voi phun va dp suit phun

Hinh 2a va Hinh 2b gi6i thiéu bién thién nong d6 nhién
lidu va truong toc do dong khi trong xi lanh trén mit cat xy
va yz & vi tri piston 155°TK khi syngas dugc phun tryc tiép
vao budng chay dong co thong qua mot voi phun va thong
qua 2 voi phun. Dong co chay & toe do 2400 v/ph, voi phun
duong kinh 6mm véi ap suat phun 5 bar. Ching ta thay
trong truong hgp phun qua mdt voi phun thi khi tia nhién
li¢u cham day buéng chay mét bo phan nhién li¢u phan xa
nguoc lai, tao nén mot khu vyc xody vé phia nira budng
chay ddi dién véi cira nap. Trong truong hop phun qua hai
voi phun thi viing xo4y 16¢ trong budng chay déi xing qua
tam xi lanh. Trong ca hai truong hop, ving hon hop nghéo
tap trung vé phia xa pap nap. Tai cung vi tri piston &
155°TK, khi phun nhién liéu qua hai voi phun thi viing hon
hop nghéo hep hon truong hop phun bing mét voi phun.
Trong cung diéu kién vé ap suat phun va thoi diém bat dau
phun thi nong d6 nhién liéu cuc dai trong xi lanh trong
truong hop hai voi phun cao gan gip doi truong hop mot
vOi phun. Do d6, dé dat dugc cling hé sb tlrong duong cua

contour-1 contour-1

B hg

vector-1
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eyt
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Hinh 2. Bién thién néng do nhién li,éu va truong toc dp trong xi lanh
trén mdt cat xy, yz khi phun truc tiép syngas qua mot voi phun(a) va
hai voi phun (b) & vi tri piston 155 TK (pp=5bar, ¢sar=30 TK)

hdn hop thi thoi gian phun qua mét voi phun kéo dai. Didu
nay lam tang ap suét nén trong budng chay, do d6 lam tang
ton thit cong bom cuia dong co. Mt khac, néu thoi gian
phun kéo dai khi 4p suat trong xi lanh ting tao nén ddi ap
lam giam luu lugng phun.

1.2 24
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Hinh 3. Bién thién hé sé tuong dwong va ap sudt trong xi lanh
theo goc quay truc khuyu khi cung cap syngas qua mét voi phun
va qua hai voi phun (n=2400 v/ph, pp—5bar @start=50 TK)

Hinh 3 gi6i thiéu bién thién hé sb tuong duong va ap
suét trong budng chay trong truong hop cung cip syngas
qua mot voi phun va qua 2 voi phun. Cac voi phun bét dau
mo & Psan=50°TK véi ap suat phun pp=5 bar trong ca hai
truong hop. Chung ta thdy, tai vi tri 180°TK, hé sb tuong
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
$6 tuong duong dat 1an luot 12 0,3 va 0,71 ddi voi truong
hop mot voi phun va truong hop 2 voi phun. Dén vi tri
300°TK gan cudi qua trinh nén hé s tuong dwong trong
truong hgp mot voi phun chi dat 0,4. Nhu vay, néu st dung
mot voi phun dudng kinh 6mm va ap suat phun 5 bar thi
hdn hop khong thé dat ¢=1 ngay ca khi voi phun mo ngay
tir khi bat ddu qua trinh nap. Di véi truong hop hai voi
phun, chiing ta c6 mot khoang goc quay truc khuyu du lon
dé diéu chinh thanh phan hdn hop khi thay dbi tbc 4o dong
co hay thay ddi ché do tai.

Tuwong tu nhu trrong hop dong co danh lira cudng birc
sir dung syngas, néu dung mot voi phun thi dwdng kinh luu
thong phai 16n hodc ap suat phun cao [23, 24]. Piéu nay
gdy kho khin cho hé thong nén nhién lidu trude khi cung
cap vao dong co va k¥ thuat 1am kin voi phun, dic biét 1a
voi phun truc tiép lap vao budng chay dong co. Mt khac,
dé dong co c6 thé sir dung nhiéu loai nhién lidu khi tai tao
khac nhau, hé thong cung cap nhién lidu cin c6 kha ning
thich tmg mdi khi thanh phan nhién liéu thay doi.

Khi giam ap suat phun thi ta phai ting goc phun sém
dé dam bao thanh phan hdn hop twong duong khi két thic
qua trinh phun. Hinh 4a so sanh bién thién hé sb twong
duong theo goc quay truc khuyu khi ap suét phun 5 bar
va 4p sudt phun 3 bar & cing tdc d6 dong co 2400 v/ph.
Trong truong hop ap sut phun 3 bar, thoi diém bét dau
phun 30TK con trong trudng hop ap suit phun 5 bar thi
thoi diém bét ddu phun 50°TK. Trong ca hai truong hop,
tai vi tri piston 250°TK, hé s6 twong duong cua hdn hop
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dat 0,75. Hinh 4a cho thiy trong pham vi hé sd twong
duong cua syngas thay doi tir 0,6 dén 0,9 khi giam ap sut
phun tir 5 bar xudng 3 bar thi voi phun phai mé sém hon
20°TK. Khi 4p sudt phun 5 bar thi ap suat hdn hop khi
trong xi lanh cao hon truong hop phun nhién li¢u & ap
sudt 3 bar trung binh 0,1 bar. Diéu nay dan dén cong chi
thi chu trinh cia dong co trong trudng hop ap suat phun
3 bar thap hon truong hop ap suit phun 5 bar.
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Hinh 4. Anh hiréng cua dp sudt phun dén bién thién hé sé tiwong
duwong (a) va dap suat trong xi lanh (b) theo goc quay truc khuyu
(n=2400 v/ph, 2 voi phun)

Khi thay d6i thanh phan nhién liéu thi cac thong s clia
qua trinh phun ciing phai thay déi. Hinh 5a biéu dién bién
thién hé s6 trong dwong theo goc quay truc khuyu khi phun
syngas (goc mo voi phun 70°TK) va khi phun hdn hop 50%
syngas+50% biogas, 50% syngas+50% hydrogen (goc md&
voi phun 30TK). Syngas dugc phun qua hai voi phun con
c4c hdn hop duoc phun qua 1 voi phun. Trong diéu kién do
dé dat dugc cung hé sb twong duong $=0,8 thi cac voi phun
syngas dung phun & 259°TK, voi phun hén hop 50%
syngas+50% biogas ding ¢ 230°TK, con voi phun 50%
syngast50% hydrogen dimg ¢ 280°TK. Cac vi tri nay
twong Ung v6i 4p sudt du ciia moi chit trong xi lanh 1a
1,079 bar, 0,311 bar va 1,885 bar. So v6i truong hop cung
cép nhién liéu kiéu hut thi khéi lvong hdn hop nap vao xi
lanh ting 1an luot 1a 75%, 62% va 39%. Trong truong hop
phun syngas qua mot voi phun véi cing ap suit phun

3,5 bar thi hé sé twong dwong ciia hdn hop khong qué 0,4
& vi tri piston 300°TK. Két qua nay cho thdy, can phai sir
dung hai voi phun dé cung cap nhién liéu cho dong co khi
chay bang syngas.
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Hinh 5. Bién thién hé s6 tuwong dwong (a) vd dp sudt trong
xi lanh (b) theo goc quay truc khuyu khi phun syngas va hon
hop 50% syngas+50% biogas, 50% syngas+50% hydrogen

(n=2400 v/ph, pp=3,5 bar)

Khi téc d dinh mirc cua dong co ting thi thoi gian tinh
theo 1 géc quay truc khuyu giam. Do do, dé dat duoc ciing
hé s6 tuong duong va két thic phun tai cing thoi diém thi
voi phun phii md sém hon. Thoi diém bat dau phun 1a
thong s6 cai dat ban dau ddi véi dong co co toe do dinh
mirc cho trude. Hinh 6a cho thay, dé dat dugc ¢=0,75 tai vi
tri goc quay truc khuyu 250°TK thi goc bat dau mé voi
phun 14n luot 1a 80°TK, 50°TK va 25°TK tng vdi toc do
dong co 2000 v/ph, 2400 v/ph va 2800 v/ph. Nhu vay, dé
giit on dinh hé s6 tuong dwong thi khi tang toc do dong co
chdng ta phai tang goc phun sém.

Hinh 6b cho thdy, khi tbc d6 dong co cang cao thi chénh
léch gitra ap sueit hdn hop trong xi lanh cho bsi phuong
phap phun tryc tiép syngas va phuong phap hit cang giam.
Diéu nay 1a do hé s6 nap cua dong co giam khi tang toc do.
Tai vi tri goc quay truc khuyu 250°TK, ap suat du trong xi
lanh lan luot 1a 0,77 bar, 0,85 bar va 0,89 bar déi véi téc
d6 dong co 2800 v/ph, 2400 v/ph va 2000 v/ph. Ap suét du
trong xi lanh khi nap nhién li¢u béng phuong phap hut tai
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vi tri goc quay truc khuyu 250°TK 1a 0,43 bar. Do do, so
v6i khi cung cép nhién liéu bang kiéu hut tai vi tri 250°TK
thi 4p sut du khi phun syngas truc tiép ting 79%, 97% va
100% tuong Gmg vai tbe do dong co 1an lugt 1a 2800 v/ph,
2400 v/ph va 2000 v/ph. Sy gia ting ap suat du ddng nghia
v6i lugng hdn hop nap vao xi lanh 16n hon, do d6 ta c6 thé
diéu chinh cac théng sé qué trinh phun dé dat duoc cong
sut dong co dual fuel syngas-diesel theo yéu ciu.
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Hinh 6. So sanh bién thién ciia hé sé twong dwong (a) va
ap suat trong xi lanh (b) theo géc quay truc khuyu khi dong co'
chay o toc do 2000 v/pn, 2400 v/ph va 2800 v/ph voi cung hé so
twong dwong ¢=0,75 & géc quay truc khuyu 250 TK (pp=>5 bar)

Trong qua trinh hoat dong, ché d¢ tai cia dong co dugc
diéu chinh dé dam bao téc d6 dong co khong thay doi. Khi
giam tai dong co thi qué trinh phun két thic sém hon. Biéu
nay mot mat lam giam luong phun nhién li¢u khi va mat
khac 1am giam ap sudt cudi ky nén (giam hé sb nap) do d6
lam tai dong co giam nhanh hon trudng hop cung cdp nhién
lidu kiéu hat. Khi tang tai thi qué trinh dién ra nguoc lai.
Do do, duong cong md men cuia dong co phun nhién li¢u
syngas doc hon dudong cong mé men trong trudong hop hut,
tao thuan loi cho qué trinh diéu tdc.
3.2. Tao hén hop syngas-diesel

Khi sir dung giai phap phun tryc tiép, nhién li¢u c6 thé
tiép tuc dugc phun vao xi lanh sau khi xt pap nap da déng.
Hinh 7a gi6i thiéu phan bd ndng do nhién liéu va truong
tdc do dong khi trong xi lanh ¢ vi tri 240°TK. Ching ta
thy trong giai doan dau cta qua trinh nén, ndng do nhién

liéu hau nhu phan bd ddi xtmg & phan day xi lanh do dong
nang cua tia phun du 16n dé khéng ché su van dong cua
dong khi xung quanh. Tuy nhién, & phan dinh xi lanh thi
ndng do nhién liéu thap vé phia nira xi lanh c6 chira xu
pap nap.
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Hinh 7. Phdn bé néng d¢ nhién liéu trong xi lanh tai
thoi diém 240 °TK (pp=5bar, ¢sarn=30 TK)

Tai thoi diém 330°TK, trude thoi diém bat dau phun
mdi dé danh Itra, hdn hop giau nhién liéu dudi day budng
chay duoc déy 1én phia dinh theo xu huéng don vé tim cua
dinh budng chay. Tuy dong khi van dong xoay 16¢c manh
nhung nira budng chay phia x{ pap nap van tiép tuc chira
hdn hop nghéo so véi nira con lai cia budng chay (Hinh
7b). Pay la diém khac biét dang luu ¥ cia giai phap phun
tryc tiép syngas so véi giai phap hut.

Cubi qué trinh nén, mét lugng nhién li¢u diesel t6i thiéu
dugc phun vao budng chiy dé danh lira hdn hop syngas-
khong khi. Lugng phun diesel thuong khoang 10%-15%
lugng phun dinh muc khi dong co chay hoan toan bang
diesel. Hinh 8 biéu dién bién thién ap suat trong xi lanh,
ndng do diesel va hé sb twong duong trung binh cta hdn
hop theo goc quay truc khuyu. Dong co chay & téc do
2400 v/ph, 4p suit phun 5 bar, voi phun syngas mo &

50°TK vadong 6 250°TK. Trong diéu kién phun syngas d6
thi hé sé twong dwong ciia hdn hop do syngas tao ra 13 0,75.
Diesel duoc phun vao budng chay & vi tri 340°TK va két
thiic phun & 350°TK. Chiing ta thdy, khi phun diesel thi
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ndng d¢ diesel ting din dén hé sb twong duong trung binh
ctia hdn hop tang 1én ¢=0,9. Nhu véy, thanh phan hé sb
twong duong do diesel tao nén 14 0,15. Khac véi truong hop
phun syngas, do diesel 1a nhién li¢u long va ti 1& khong
khi/nhién liéu cao hon rat nhiéu so véi syngas nén khi cung
cép vao xi lanh n6 khong lam thay d6i déang ké ap suat hon
hop khi.
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Hinh 8. Bién thién dp sudt trong xi lanh, nong do diesel va hé s6
twong dwong theo géc quay truc khuyu (n=2400 v/ph, pp=5 bar,
voi phun syngas mo 50 TK-dong 250 °TK, voi phun diesel mo
340 TK-dong 350 TK)
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H|nh 9. So sanh blen thién téc do béc hoi nhién liéu long,
nong dé diesel va hé sé twong dwong khi dong co chay 6 toc do
2000 v/ph (a) va 2800 v/ph (b)

Hinh 9 cho thdy, khi nhién liéu diesel dugc phun vao
khdi khong khi nong bén trong budng chay thi bdc hoi
ngay. Puong cong boc hoi ting manh tir lic bat dau phun
(340°TK) dén khi két thiic phun (350°TK). Nhién liéu hau
nhu bdc hoi hoan toan & vi tri 360°TK khi tdc do dong co
2000 v/ph va & vi tri 365TK khi téc do dong co 2800 v/ph.
Khi téc d6 dong co ting thi qua trinh bdc hoi kéo dai hon
vi thoi gian tinh theo 1 géc quay truc khuyu gidm. Cung
diéu kién phun khi toc do dong co tang thi lugng diesel
cung cép vao budng chay giam, twong umg voi su tut giam
hé s6 twong duong. Cung diéu kién 4p suit phun 5 bar, goc
phun 10°TK thi hé sb trong duong do nhién liéu diesel tao
ra trong truong hop n=2000 v/ph 1a 0,15 trong khi d6, n6é
chi dat 0,1 khi toc d6 dong co 1a 2800 v/ph. Do 6, lrong
phun mdi diesel can duge diéu chinh theo téc dd dinh muc
clia dong co dé dat gia tri toi thidu dam bao danh lira hdn
hop va béi tron voi phun.
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Hinh 10. So sanh truong nong dg nhién liéu va truong toc do tai
vi tri 380 °TK khi déng co chay & téc dg 2000 viph va 2800 v/ph
Hinh 10 so sanh phan bd néng d6 nhién liéu va toc do
dong khi trong xi lanh tai thoi diém 38°TK tmg véi toe do
dong co 2000 v/ph va 2800 v/ph véi cing hé sé twong
duong do diesel tao ra 1 0,15. Chiing ta thdy, khi tbc do
dong co tang thi mic do chénh Iéch n6ng d0 nhién liéu
trong budng chay giam. Cu thé trén Hinh 10, muc chénh
nf”)ng d0 nhién liéu cuc tiéu va cuc dai khi n=2000 v/ph 1a
13%-20% con trong truong hop n=2800 v/ph thi mirc
chénh néng d0 nhién liéu cuc dai va cuc tiéu 1a 14%-19%.

4. Két luan

Két qua nghién ctru trén day cho phép rut ra duoc
nhiing két luan sau:

Phun nhién liéu tryc tiép 14 giai phap hiru hiéu dé khac
phuc sy tut giam cong suét dong co su dung nhién li¢u khi
nghéo. Do ti s6 khong khi/nhién lidu cua syngas thap hon
nhiéu so v6i cac loai nhién liéu truyén thng nén dong co
st dung nhién li€u khi tai tao linh hoat can st dung voi
phun kép véi gbc dong mé voi phun thay dbi theo thanh
phan nhién liéu, ché d¢ tai va téc do dong co.

- bé gilr on dinh cong suét cuc dai cua dong co dual
fuel phun tryuc tiép nhién liéu khi, lwong nhién li¢u cung
cAp vao dong co duoc didu chinh bang cach thay dbi thoi
diém bat dau phun. Thoi diém bat dau phun dugc cai dat



74

Bui Van Ga, Nguyén Thj Thanh Xuan, Bui Thi Minh TG

ban dau tng véi cong sut toi da ciia dong co va toe do
dinh murc.

- Khi thay giam 4p suat phun tir 5 bar xudng 3 bar thi
gbc bat dau phun sém hon 20°TK va 4p sudt du trong
xi lanh giam 0,1 bar. Trong tat ca cac truong hop phun
truc tlep, vao cudi ky nén, hdn hop trong buong chay khong
ddng nhat véi bo phan hdn hop nghéo nim vé phia x(
pap nap.

- Bé dat duoc 0=0,75 tai vi tri goéc quay truc khuyu
250°TK thi goc bt ddu mé voi phun lan luot 13 80°TK,
50°TK va 25°TK tng voi toe do dong co 2000 v/ph,
2400 v/ph va 2800 v/ph, ap suat du trong xi lanh lan luot
1a 0,77 bar, 0,85 bar va 0,89 bar; so véi giai phap cung cp
nhién lidu kiéu hut thi 4p suat du ting tuong Gmg 100%,
97% va 79%.

- Khi ting toc do dong co thi qua trinh bdc hoi tia diesel
phun mdi kéo dai nhung 1am ting d6 dong déu ciia hdn hop.
Cung diéu kién phun, mic chénh ndng do nhién liéu cuc
tiéu va cuc dai khi n=2000 v/ph 1a 13%-20% con trong
truong hop n=2800 v/ph la 14%-19%.

- Phun tryc tiép thong qua hé thong voi phun kép cho
phép nang cao cong suat dong co dual fuel, cai thién tinh
ning diéu tc, giup dong co co thé sir dung nhién liéu khi
tai tao syngas, biogas, hydrogen c6 thanh phan thay doi linh
hoat pht hop véi hé thdng ning luong téi tao hybrid.

Loi cam on: Cong trinh nay dugc thyc hién nho tai trg ciia
Quy NAFOSTED thong qua dé tai "MO-dun san xudt dién
hoa hedi cong sudt nhé tie chdt thai sinh hoat va san xudt ¢
néng thon", Ma s6: NCUD.02-2019.22.
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