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Tom tit - Phun tryc tiép syngas vao xi lanh lam tiang khéi lugng
khi nap méi, tao phan 16p hén hop trong budng chay, gilp cai
thién céng sudt dong co so véi trudng hop cung cip hdn hop
syngas-khong khi chudn bi trudc trén dudng nap. So véi dong co
diesel, cdng sut dong co dual fuel syngas giam 41,53% va
30,17% twong tng voi hé s6 twong dwong ¢=0,6 va ¢=0,85 khi
cung chp nhién ligu kiéu hat. Khi cung cap syngas kidu phun tryc
tiép, cong sudt dong co dual fuel c6 thé duge diéu chinh bing céch
thay ddi thoi diém bt diu phun. So vai dong co diesel, cong suat
dong co dual fuel syngas giam 25%, 21%, 17% va 13% tuong
g v&i thoi diém bit dau phun 55°TK, 65°TK, 75°TK va 85°TK
khi phun truc tiép syngas vai &p suit phun 5 bar. Mirc d6 phat thai
NOx ctia dong co dual fuel syngas trong tit ca cac truong hop déu
rat thép, khoang 100ppm. Ap suét phun 5 bar va bit dau phun
trong ky nap phu hop véi dong co dual fuel syngas duoce cai tao
tir dong co Vikyno RV165.

Tir khoa — Syngas; ning luong tai tao; khi hda biomass; dong co
dual fuel; phun tryc tiép

1. Gioi thi¢u

Nudc ta ¢6 loi thé vé san xuit ndng nghiép véi gan 70%
dan s ¢ ndng thdn nén chét thai rin sinh hoat va san xuat
& khu vue ndy 1a ngudn nang luong tai tao diy tiém ning.
So vé6i phuong phap d6t truyén thdng thi viéc chuyén héa
chét thai rén thanh ning luong théng qua RDF ¢6 nhiéu vu
diém hon [1]. Mat d6 cao cia RDF gilp cho viéc luu trit,
vén chuyén chiing dén noi sir dung dé dang hon ddng thoi
no lam tang tinh ddng nhit cua nhién lidu trong qué trinh
chuyén hoéa ning lwong. Nho nhing wu diém d6 nén RDF
ngay cang dugc gidi cong nghiép quan tam [2]. O Chau
Au, c6 dén hon 70% ning lugng tiéu thu cho san xuét Xi
mang sinh ra ti RDF [3-5].

Bén canh d6, thu hdi nang luong tir khi hda chat thai c6
thé lam giam 70% khdi lwong va 90% thé tich cuia chling
gidp tiét kiém dat dé chon lap rac [6]. Syngas thu dugc tir
qua trinh khi héa gom cac thanh phan chinh CO, Ha, CHy,
CO,, N la nhién liéu tiém ning dé phat dién [7]. Chét
lwong syngas phu thudc vao nguyén liéu dau vao va diéu
kién héa. Thong thuong néu str dung khong khi 1am chét
oxy héa thi thanh phan thé tich cua syngas trung binh gdm
15-20% H,, 15-20% CO, 1-5% CHa, 10-15% COg, con
lai 12 N2 [8]. Nhiét tri ctia syngas khoang 4-7 MJ/Nm? [9].

Abstract - Direct injection of syngas into the cylinder leads to an
increase in volume efficiency, creating a stratified mixture in the
combustion chamber, which improves engine performance compared
to the case of syngas-air premixed mixture supplying. Compared with
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Néu sir dung oxy Iam chat oxy héa thi nhiét tri LHV cia

syngas nam trong khoang 10-28 MJ/Nm®. Do gi4 tri LHV
ctia syngas thap nén cong suat dong co Syngas giam so voi
cé4c loai nhién lidu truyén thong. Tuy nhién do ty 1¢ khdng
khi/nhién liéu (A/F) cua syngas trong hon hop chay hoan
toan ly thuyet chi bang 1,2 nho hon rat nhidu so véi
A/F=14,9 dbi v6i xang hoic A/F=145 d6i véi diesel
[10-12] nén sy tut giam cdng suat dong co khong ty 1& véi
LHV. Théng thudng khi chuyén sang chay bang syngas thi
cong suat dong co giam 15%-20% so vai dong co diesel va
giam 30%-40% so véi dong co xang [13-14]. Khi LHV cua
syngas qué thap thi qua trinh chay khéng 6n dinh [15] 1am
giam hiéu suét dong co. Vi thé, dé cd thé sir dung trén dong
co thi nhiét tri ctia syngas phai cao hon 4,2 MJ/Nm? [16].
S0 véi phuong phap thu hdi ning lwong bang phuong phép
dbt truyén thdng thi phuong phap khi héa cé mirc do phat
thai CO, SO, NOx thap hon [17].

Viéc chuyén ddi dong co truyén thong sang s dung
syngas khdng phirc tap vé mat nguyén Iy nhung phirc tap
vé mat cong nghé cung cép nhién liéu do ti s6 A/F cia
nhién liéu rat thip. Ti 1& khéng khi/nhién li¢u (A/F) cua
syngas thdp la mot thach thire k§ thuat rat 16n d6i voi hé
thong cung cép nhién liéu cho dong co. A/F thap dan dén
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thoi gian phun kéo dai khién cho nhién liéu cung cap cho
chu trinh khéng duge hit hoan toan vao xi lanh vao cudi
ky nap. Diéu nay khién cho hé sé twong duong ciia dong
co khong thé dat duoc gia tri stoichiometric (thanh phan
hdn hop chay hoan toan Iy thuyét), dac biét khi dong co
chay & tdc do cao. Sy tich lity cua nhién li¢u trén duong
nap & chu ky trude 1am mét kiém soat hé s tuong dwong
ctia hdn hop & cac chu ky tiép theo va gay ra hién tuong nod
nguoc. Do d6, dbi voi nhién ligu ¢ ti 1& A/F thap thi thiét
bi hoa tron ngoai kha ning tao hdn hgp nhién licu-khdng
khi ddng nhat con phai dam béao rang tat ca nhién liéu dugc
cung cip cho chu trinh phai dwoc hat vao xi lanh & cudi
qué trinh nap.

Mit khac, trong nhién liéu syngas thi thanh phan
hydrogen rat nhay cam dén qué trinh tao hdn hop va qua
trinh chdy. Nhiing van dé lién quan dén hydrogen can quan
tdm nhu chay sém, no nguoc, toe do  tang ap suét cao [18-
19] va sy gia ting ndng d6 NOx... Diéu chinh thoi diém bt
dau phun dé giam luong Hy con sot trén duong nap ¢6 thé
han ché hién twong chay nguoc cua dong co phun trude cira
nap [20-22]. Cho dén nay, tao hdn hop bang bé ché hoa khi
va phun nhién liéu trudc ctra nap duge sir dung phd bién
dbi voi dong co syngas danh lira cudng buc. Bui va cong
su da thiét ké bo tao hdn hop dic biét dé cung cip biogas-
HHO cho dong co danh lira cudng bic truyén thong [23]
hay dong co danh lira cudng birc dugc cai tao tir dong co
diesel [24]. Hién nay, phuong phap phun nhién liéu trudc
ctra nap dugc ap dung réng rdi, dac biét 1a nhién liéu c6
chira hydrogen [25]. Tuy nhién, do hon hop duogc hoa tron
trén duong nap trude khi hat vao xi lanh nén nhién liéu khi
chiém mot thé tich dang ké trong hdn hop dan dén giam hé
s6 nap lam giam cong suét dong co [26-27].

Phun truc tiép syngas vao budng chay dong co la mot
giai phép hitu hiéu dé khic phuc nhimg nhugc diém cia
phuong phap tao hdn hop trén duong nap [26, 28]. Gidi
phép nay c6 nhidu uu diém d6i véi dong co syngas Vi ti 1¢
AJF cua nhién liéu rat thip. Tuy nhién, cho dén nay giai
phap nady chi méi duoe &p dung cho déng co st dung cac
loai nhién liéu truyén thong c6 thanh phan xac dinh. Thém
nita, giai phap nay thudng duoc ap dung trén dong co ché
tao mai, viée chuyen ddi dong co truyén thong thanh dong
co phun truc tlep nhién liéu khi chua dugc pho bién do tinh
phurc tap cua nd. Ngay nay, véi su phat trién nhanh chéng
cua thiét bi diéu khién, viéc cai tao ndy c6 thé duogc thuc
hién thuan lgi hon S0 véi trudec.

Bai bao nay trinh bay két qua nghién ctru md phong so
sanh cac dic trung qud trinh chay cua dong co dual fuel
chay bang syngas duoc cai tao tir dong co diesel khi cung
cap nhién liéu khi bing phuong phap ht hdn hop syngas-
khong khi truyén thong va bang phuong phap phun syngas
tryc tlep vao xi lanh dong co. Két qua nghién ctru tao nen
tang dé phat trién hé théng phun truc tiép syngas nhim
nang cao tinh nang dong co dual fuel, gép phan mé rong
{mg dung ngudn ning lwong tiém nang ndy nhim giam phat
thai cac chét khi gay hiéu g nha kinh.

2. Phwong phap va trang thiét bi nghién ciru
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 suét toi
da 12,15 kW & tdc d6 2400 v/ph. Khi cai tao thanh dong co
dual fuel sir dung syngas, ti so nén cta dong co dugc giam
xudng con 17,1. Budng chéy dong co ¢ dang hinh omega.

Syngas nhan duoc tir khi héa RDF gb tap c6 thanh phan
theo thé tich gom: 2,5% CH,, 18%H,, 20%CO, 12%CO,
va 47,5%N,. Nhién li¢u syngas duoc cung cép cho dong co
béng phuo’ng phap hat hon hop duoc hoa tron trudce trén
duodng nap va bang phuong phap phun tryc tiép. Khi phun
tryc tiép, syngas dugc phun vao xi lanh dong co théng qua
2 voi phun cé duong kinh 6mm. Tryc céc voi phun nam
trén mat cat doc Xy cuia Xi lanh con truc XU pap nap nam
trén mit cit doc yz caa Xi lanh.

Tinh todn md phong dwoc thyc hién nhy phin mém
Ansys Fluent 2021R1. Khéng gian tinh to4n gom budng
chéy va xi lanh dong co c6 thé tich thay doi theo goc quay
truc khuyu. Hé phwong trinh d6i lwu-khuéch tan duoc khép
kin nho mé hinh réi k-e. Qué trinh chay duoc tinh toan
théng qua md hinh Partially Premixed Combustion véi vi
tri mang lira duoc xac dinh nhd bién sé dién bién qué trinh
chay c. Cac ddc trung cua qua trinh chay dugc xac dinh
thong qua thanh phan hén hop (mixture fraction f). Thanh
phan hon hop nam giira 2 gié tri: f=0 khi hdn hop chura
hoan toan khdng khi va f=1 khi hén hgp chira hoan toan
nhién liéu. Do do, khi phun syngas thi tai diu vao céc voi
phun f=1, tai dau vao x( pap nap ctia dong co =0. Khi cung
cap nhién liéu kiéu hat hdn hop hoa tron trude thi tai dau
vao x0 pap nap f=fyn, twong tmg véi hé sé trong duong
ctia hdn hop syngas-khong khi ¢syn dura vao dong co.
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Hinh 1. Chia lwéi khdng gian tinh toan
Hinh 1 gi6i thiéu budng chay, cira nap, cac voi phun va chia
lugi khdng gian tinh toan tai thoi diém piston ¢ DCT. Khi piston
dich chuyén thi ludi trong xi lanh dong co bién dang va phan tir
tinh toan timg bude duge xac 1ap tu dong nhd menu dynamic
mesh. Dong co chay & toc do dinh mirc 2400 v/ph. Ap sudt phun
nhién liéu thay dbi trong pham vi tir 3 bar dén 9 bar.

3. Két qua va binh luin
3.1. Dién bién qué trinh cung cdp syngas kiéu phun va
kiéu hat

Khi cung cép nhién liéu kiéu hat thi hdn hop duoc chuin
bi true trén duong nap, hdn hop co nhiéu thoi gian hoa tron
nén tinh ddng nhét tét. Hinh 2a cho thay, cubi qua trinh nén,
trude khi danh Itra, d chénh 1&ch hé 6 twong duong ctia hdn
hop trong budng chay rét thap, tir 0,71 dén 0,74 va bd phan
hén hop nhat hon ¢6 xu hudng phan bé vé phia xa pap nap.
Khi phun moi diesel thi vaing tia phun tap trung nhién li¢u
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khién cho d6 dam dic ciia hdn hop ting cao cuc bo. Hinh 2a
cho thay tai vi tri 345°TK (5°TK sau khi phun) nhién liéu
diesel tap trung quanh voi phun diesel vé phia dinh budng
chay. Bé tia phun diesel c6 thé bdc chay thi khu vuc quanh
tia phun can ¢ du ndng do oxygen. Pay la diém can luu y
khi t6 chirc qua trinh chay dong co dual fuel néi chung va
dong co dual fuel sir dung syngas néi riéng. Khi phun moi
thi hdn hop bat dau chay & dau cac tia phun diesel. Tai vi tri
355°TK (10°TK sau khi phun mai diesel), khu virc chay bao
trim & tam budng chay omega vé phia day.

Hinh 2b biéu dién dién bién trao doi chat trong qué trinh
nap va nén bao gém Iuu lwong hdn hop hit vao xi lanh qua
dudng nap, toc d6 bdc hoi diesel phun mdi, khdi lugng hdn
hop trong xi lanh va hé s6 twong duong. Luu luong hdn hop
gua ctra nap dat cyc dai tng véi ving 16n nhét cua tde do
piston. Khi bat dau nap, trong budng chay chira khi sot nén
hé s twong duong ¢=0 sau d6 ting dan va dat gié trj 6n dinh
dbi dsyn vOi hdn hop syngas-khong khi. Khi phun diesel thi
hé sb tuong duong dat gia tri 6n dinh moi, drong= Gsynt date.
Khdi lugng hdn hop tong cong nap vao xi lanh bang phuong
phap hat trong diéu kién nay 12 0,91 gam.
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Hinh 2. Puong dong mirc hé sé twong dirong Va nhiét dg trong
budng chay tqi thoi diém 330 TK, 345 °TK va 355 TK (a);
bién thién khoi heong nhién liéu trong xi lanh, luww lwong hon
hop syngas-khong khi, 1éc dg boc hoi diesel va hé sé twong
duong theo gdc quay truc khuyu (b)(n=2400 v/ph)

Trong trudng hop cung cap syngas kiéu phun truc tiép
thi truéc khi bit ddu qua trinh chay, thanh phan hén hop
trong budng chay c6 tinh phan 16p. Hinh 3 cho thiy hé sb
twong duong ctia hdn hop syngas-khong khi trude khi phun
diesel thay doi tir 0,6 dén 1. Mtc chénh léch hé sé twong
duong nay cao hon dang ké so vdi truong hop cung cap
syngas kiéu hut (hé s6 twong duong tir 0,71 dén 0,74). Pic
biét, khu vic hdn hop nghéo tip trung vao giita buong
chay. Piéu nay gitp cho viéc danh lira bang tia phun moi
diesel dién ra thuan loi hon so véi truong hop cung cap
syngas kiéu hut. Sau khi phun mdi, qua trinh chay dién ra
tuong tu nhu truong hop cung cép nhién liéu kiéu hut da
mo ta trén day.
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Hinh 3. Puong dong mikc hé s6 twong dwong Va nhiét dg trude
va sau khi bdt ddu qué trinh chay déng co dual fuel cung cap
syngas kiéu phun & &p sudt 5 bar, géc bdt dau phun 85 TK
(n=2400 v/ph, ¢sn=0,75, 2 voi phun)
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Hinh 4. Bién thién liu lwong khong khi, hiu lwong nhién li¢u
qua cac voi phun, khoi lwong hon hop trong xi lanh va
hé so twong dwong cua hon hop khi phun cung lic 2 voi phun
& &p sudt phun 3 bar, bdt dau phun 30 TK (a) va
& &p sudt phun 5 bar, bdt dau phun 85 TK (b)

Khi cung cap syngas bang phuong phap phun truc tiép
thi moi chat di qua x( pap nap chi 1a khéng khi. Syngas
dugc phun tryc tiép vao xi lanh dong co qua cac voi phun
v6i thoi diém bét dau va két thic phun diéu chinh dé dam
bao hé sb tuong duong cua hon hop dat duogc gia tri mong
mudn. Hinh 4a va Hinh 4b biéu dién bién thién luu lugng
khong khi, luu luong nhién ligu, khdi luong hén hop va hé
s0 twong duong khi phun syngas ¢ ap suat 3 bar va ¢ ap
suat 5 bar. Khi bat ¢au phun trong ky nap thi cudi qua trinh
nap, mot bo phan nho hdn hop thoét ra khoi xi lanh, thé
hién Q, &m trén cac Hinh 4a va Hinh 4b. Bo phan hon hop
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nay sé& duoc hit vao xi lanh trong chu ky tiép theo. Hé sb
tuong duong cia hdn hop syngas-khong khi dat gié tri on
dinh khi két thic phun trong ky nén. Khi tang ap suét phun
thi thoi diém bat dau phun muén hon dé giam luong hon
hop quay nguoc lai duong nap va tang lugng hdn hop nap
vao xi lanh. O ap suat 3 bar vé6i thoi diém bat dau phun
30°TK thi khi lugng hdn hop nap vao xi lanh dat 1,05 gam
con khi phun vé6i ap sut 5 bar, bit ¢au phun & 85°TK thi
khdi Iwgng hdn hop nap vao xi lanh dat 1,22 gam. So vai
truong hop cung cap nhién lidu kiéu hat thi lugng hon hop
mdi nap vao xi lanh dong co tang khi cung cép nhién liéu
bang kiéu phun. Diéu nay glup cai thién cong suat dong co.
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Hinh 5. Bién thién leu lwong khong khi, luu lwong nhién liéu
qua cac voi phun, khoi luong hon hop trong xi lanh khi phun
cuing ltic 2 voi phun, bdt ddu phun ¢ 185 TK ¢ ap sudt phun
3 bar (a), 6 bar (b) va 9 bar (c) va két qud hé s6 tuong duong
khi thay doi &p suat phun (d)

Déi vai cac loai nhién liéu truyén thong, qué trinh phun
truc tiép nhién liéu duoc thuc hién trong ky nén, sau khi x(
pép nap da dong. Do ti 1€ khdng khi/nhién liéu ctia syngas
rat thap nén dé dat dwoc gia tri hé sb twong duwong st véi
hdn hop chay hoan toan ly thuyét thi thoi gian phun kéo dai
nén néu phun trong ky nén thi hé s6 twong duong ciia hdn
hop rat thap. Hinh 5a, b, ¢ cho thay khi bit d¢au phun trong
ky nén (185°TK) thi cudi qua trinh phun, &p suat trong xi
lanh cao hon &p suat phun khién cho hén hop trong xi lanh
quay nguoc v& voi phun. Thoi diém dién ra hién tuong nay
cang sém khi &p suat phun cang bé. Diéu nay khién cho
nhién liéu khong thé cung cip thém vao xi lanh. Hé so
twrong dwong gi6i han khi phun trong ky nén déi véi ap suét
phun 3 bar, 6 bar va 9 bar 1an luot 1a 0,25, 0,39 va 0,53.
Céc gi4 trj hé sb twong duong nay rat thip so véi gié trj hé
s6 twong dwong chay hoan toan ly thuyét.

Két qua nghién ctru trén cho thay, véi cac thong s ciia
déng co dual fuel Vikyno RV165 nghién ciru thi phun truc
tiép syngas can dugc bat diu sém trong ky nap.

3.2. Qua trinh chdy déng co dual fuel cung cip hén hop
kiéu hut

Hinh 6 giéi thiéu anh huong cua hé sé twong duwong
ctia hdn hop nhién liéu khi dén din bién qua trinh chay.
Hé s6 twong dwong do tia phun moi diesel tao ra giir 6n

dinh ¢4ie=0,1. Hé s6 twong duong ciia hdn hgp syngas-
khong khi ¢syn duge didu chinh tir 0,6 dén 0,85. Hinh 6a
cho thiy trong diéu kién d6 thi &p suat cyuc dai tang theo
dsyn. Picu ndy c6 thé duoc giai thich do tdc do toa nhiét
ctia hdn hop chay ting theo hé sb twong duong. Trong tat
ca cac truong hop, duong cong toc do toa nhiét cia dong
co dual fuel ¢6 2 dinh: Pinh thir nhit Gmg voi qué trinh
chéy khuéch tan ciia tia phun moi va dinh thir hai ing véi
qué trinh chay caa hdn hop nhién liéu khi hoa tron trude
(Hinh 6b). Hé sb twong duong it anh huong dén chiéu cao
ctia dinh thir nhat nhung anh huong dang ké dén dinh thu
hai do diéu kién cung cip nhién liéu diesel khong thay
d6i. Toc do toa nhiét giai doan thir hai ting theo dsyn do
tang toc o chay. Cong chi thi chu trinh cua dong co dual
fuel 1an luot 1a 443, 469, 493, 512 va 530 J/ct tuong tng
v6i hé s6 trong duong ciia hdn hop nhién liéu khi ¢syn 0,6,
0,65, 0,7, 0,75 va 0,85.

Khi chay & toc do 2400 v/ph thi cong suét ciia dong co
lan luot 12 7,1; 7,5; 7,89; 8,19 va 8,48 kW tmng vdi hé sb
tuong dwong cta hdn hop nhién liéu khi 0,6; 0,65; 0,7; 0,75
va 0,85. So véi cong sudt dong co diesel 1a 12,15 kW thi
cong suat dong co dual fuel syngas cung cap nhién liéu
bing phuong phap hit giam 41,53%; 38,24%; 35,03%;
32,56% va 30,17% tuong tng v&i cac hé sb tuong duong
vira néu (Hinh 6e).

25
20
15

10

HRR (J/°TK)

1600

1200

T(K)

NOx (ppm)

800 <
20 Iél,/— """"""""""""""""
400 4 04 4 | : !
300 360 420 480 540
9 (TK)
(d)
1.1
1.05
1
0.95
0.9
0.85
0.8
0.75
0.7
$0=0,60 $=0,65 $=0,70 $=0,75 $=0,85
= Pmax (bar) mTmax (K] Wi (J/ct Pe (K m APe_die(%
:60 (bar) :1600( ) :50% ) :8 (kW) 40 © %)

(®)
Hinh 6. Anh huong ciia hé sé twong duong dejn cac thong sé
qua trinh chay déng co dual fuel cung cdp hon hop syngas-
khong khi hoa trén trude bang phuong phap hut
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Khi hé sé twong tiang thi ning lugng do nhién li¢u
mang vao dong co ciing ting lam tang nhiét d6 chay (Hinh
6¢). Nhiét do cuc dai cua hon hop chay ting tir 1387K
ung voi ¢syn=0,6 1én 1587K trng véi dsyn=0,85. Nhiét do
chéy cua dong co dual fuel syngas thip hon nhiét do chay
ctia dong co sir dung cac loai nhién ligu truyén thdng do
trong syngas chira ti 1 16n cac tap chat khi tro. Do nhiét
do chay cua dong co dual fuel syngas thap nén nong do
NOx trong khi thai ciing thap hon rat nhiéu so véi dong
co sir dung nhién li¢u truyén thong. Hinh 6d cho thiy,
néng do NOy trong khi thai ting tir 19 ppm ung voi
oyn=0,6 1&n 104 ppm tmg véi ¢syn=0,8. Phat thai NO, ctia
dong co dual fuel syngas chi bang khoang vai phan trim
S0 voi mire phét thai NOy ctia dong co st dung cac loai
nhién liéu truyén théng néi chung.

Pé cai thién cong suat dong co cung cip hon hop
syngas-khong khi bang phuong phap hit chdng ta c¢6 thé
tang hé sb tuong duong dsyn St v6i gia tri chay hoan toan
ly thuyét. Tuy nhién, ddi voi dong co dual fuel thi hé sb
tuong dwong ciia hdn hop nhién liéu khi phai nhé hon gidi
han ma & d6 trong budng chay c6 di oxygen dé tia phun
mdi c6 thé bdc chay dugc. Trong trudng hop cuc doan, co
thé Xem drong ctia hdn hop bang 1, trong d6 daie xap xi 0,1-
0,15 thi gi¢i han ¢syn cdn nho hon 0,85. Theo két qua md
phong trén déy thi véi giéi han d6 cta syn, €ONG sudt clia
dong co dual fuel syngas nho hon cong suat dong co khi
chay béng diesel khoang 30%. Diéu nay ciing pht hop voi
céc két qua tim thay trong tai liéu [13-14]. Dé giam bot
muce do sut gigm cong suat khi chuyen sang chay bang
syngas thi can thay doi cach cung cép nhién liéu dé tang
thém Iuong hdn hop nap vao xi lanh.

3.3. Qua trinh chay dgng co dual fuel cung cdp syngas
kiéu phun truc tidp

Anh hudng ctia hé s6 tuong dwong dén céc thong sé déc
trung cua qua trinh chay dong co dual fuel syngas cung cip
nhién li¢u kiéu phun vé co ban ciing gidng nhu truong hop
cung cap hdn hop syngas-khong khi dugc chuén bi trude
da trinh bay & phan trén. Dbi voi truong hop cung cip
syngas bang phuong phéap phun truc tiép thi cac théng sd
dac trung caa qud trinh chay chiu anh hudng bai luong khi
md&i nap vao xi lanh, nghia |a chiu anh hudng béi thoi diém
bat dau va két thic phun. Trong phan ndy, nhom tac gia s&
nghién ciru cac thong so dic trung ctia qua trinh chay khi
phun tryc tiép syngas ¢ &p suét 5 bar, hé s6 twong duong
ctia hdn hop nhién liéu khi khi két thic phun ¢sn=0,75 va
hé s6 tuong duong tong cong cta hdn hop sau khi phun
diesel ¢ong=0,92. Dé dat diéu kién nay thi thoi diém két
thic phun la 250°TK; 270°TK; 287°TK va 294°TK lan
luot twong tmg véi thoi diém bat dau phun 55°TK; 65°TK;
75°TK va 85°TK.

Nhu da trinh bay & phan nghién ciru qué trinh nap,
lwong hdn hop méi nap vao xi lanh chi ting dang ké khi
cung cap syngas bang phuong phap phun tryc tiép. Giai
doan phun trong ky nén cang dai thi lwong hdn hop nap
vao xi lanh cang ting. T4t nhién diéu nay con phu thudc
vao thanh phan ciia hon hop nhién liéu sao cho thoi diém
két thic phun phai dién ra trude khi chay va hdn hop nhién
lidu c6 du thoi gian dé hoa tron dong déu. Hinh 7 so sanh

anh huong cua thoi diém bét dau va két thic phun syngas
dén céc théng sb cua qua trinh chay. Dé dam bao hé sb
tuong duong ctia hon hop nhién liéu khi ¢syn=0,75 khi két
thic phun trude 300°TK thi nhom tac gia st dung song

song 2 voi phun.
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Hinh 7. Anh hudng ciia thoi diém phun syngas dén cac
thdng sé qué trinh chay déng co dual fuel

(n=2400 v/ph, &p sudat phun 5 bar, ¢yn=0,75, ¢ong=0,92)

Hinh 7a cho thay, khi bit diu phun mudn thi 4p suét khi
trong xi lanh trong ky nén ting, dan dén ting cong bom.
Tuy nhién, do lugng hdn hop nap vao xi lanh nhiéu hon
nén cong chi thi chu trinh cua dong co tang khi phun mudn.
Hinh 7b cho thdy, thoi diém bat dau, két thiic phun it anh
huéng dén toc do toa nhiét trong giai doan dau nhung anh
hudng dang ké dén toc do toa nhiét trong giai doan sau.
Phun cang mudn, thoi gian phun trong ky nén cang dai thi
toc do toa nhiét giai doan sau cang cao do ting ap suét va
nhiét do cua hdn hop trude khi chay. Didu nay lam ting
nhiét d6 chay cuc dai va tang néng dd NOy trong khi thai
(Hinh 7c, d). Hinh 7e so sanh téng hop cac thong s6 dic
trung cua qua trinh chay dong co dual fuel khi thay dbi thoi
diém bt dau phun syngas. Ta thy cong suét dong co cling
nhu ndng d6 NOy trong khi thai c6 xu hudng ting khi phun
mudn. So voi khi dong co chay béng diesel thi dong co dual
fuel syngas co cong sudt giam 25%; 21%; 17% va 13% tng
v6i thoi diém bat dau phun 55°TK; 65°TK; 75°TK va
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85°TK. Nong dd NOx trong khi thai trong tit ca cac truong
hop déu rét thap, trung binh chi khoang 100ppm. Nong do
CO trong khi thai dong co dual fuel phun truc tiép syngas
{mg v6i moi thoi diém bt dau phun déu nhé hon trudng
hop cung cép hdn hop hoa tron trude béng phuong phap
hat. Diéu nay 1a do khi cung cap syngas kiéu hut thi hon
hop syngas-khong khi ddng déu khién cho 6 dam dic cua
hén hop ting cao cuc bd khi phun diesel 1am ting kha ning
chay khong hoan toan.
3.4. So sanh tinh nding déng co dual fuel khi cung cdp
syngas kiéu hat va kiéu phun truc tiép

Hinh 8 so sanh téng hop cac thong sd dic trung cia qua
trinh chay khi cung cap hén hop syngas-khong khi hoa tron
trudc va cung cap syngas kleu phun truc tlep v6i ap suat
phun 3 bar va 5 bar. Cung cap nhién li¢u kiéu hut véi hdn
hop syngas-khong khi dugc chudn bi trudc trén dudng nap
cho ap suét cyuc dai, nhiét do cuc dai, cong chi thi chu trinh
va ndng do NOx trong khi thai déu thap hon so véi cac gia
trj twong tmg khi cung cap nhién liéu kiéu phun phun truc
tiép. So voi cong suét dong co diesel trude khi cai tao thi
cong suat dong co chay bang syngas giam 33%, 25% va
13,5% tuong ung voi cung cap syngas kiéu hit, kiéu phun
v6i ap suat phun 3 bar (bat dau phun 30°TK, két thic phun
250°TK) va kiéu phun v&i ap suat phun 5 bar (bat dau phun
85°TK, két thuc phun 294°TK).
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Hinh 8. So sanh céc thong sé déc trung ciia qua trinh
chay déng co dual fuel cung cdp syngas kiéu hat hon hop hoa
trén trude Va kieu phun truc tiép
(n=2400 v/ph, ¢yn=0,75, ¢hong=0,92)

Téng hop cac két qua nghién ctru trén day cho théy,
phun truc t1ep syngas & &p suat phun 5 bar 1a phi hop khi
chuyen do6i dong co Vikyno RV165 thanh dong cua dual
fuel dé dam bao cong suat dong co giam khong qua 15%
so véi khi chay bang diesel trude khi cai tao. Mat khac,
phuong phap phun truc tiép cOn mo ra kha nang diéu chinh
cong suat dong co dual fuel syngas bang cach thay dbi thoi
diém bat dau phun va két thic phun dé diéu chinh luong
hén hop nap vao xi lanh va giit nguyén hé sb twong duong
ctia hdn hop. Piéu nay gilp cho qué trinh chay cua dong
co dual fuel syngas 6n dinh hon khi thay dbi ché d6 tai so
v6i khi diéu chinh cong suét bang cach thay ddi hé s tuong
duong cta hdn hop theo phuong phép truyén thong.

4. Két luan

Két qua nghién ctru trén day cho phép rit ra dugc
nhiing két luan sau:

- Cung cap syngas kiéu phun truc tiép gidp gia ting
khoi luong hén hop méi nap vao Xi lanh, c6 kha nang tao
phan 16p hdn hop trong buong chay dé tang do tin cay khi
danh lira bang tia phun moi nén co thé tang hé sb tuong
duong, lam tang cong suat dong co S0 véi truong hop cung
cép hon hop syngas-khong khi dugc chuan bj trude trén
dudng nap.

- Khi cung cap hén hop syngas-khong khi kiéu hat
truyén thong thi cong suat dong co giam 41,53% va
30,17% tuwong mg v6i hé sé twong duwong $=0,6 va ¢=0,85.
Mirc d6 phét thai NOy ciia dong co dual fuel syngas rat
thap, khoang 100ppm, c6 thé bo qua so véi khi dong co st
dung céc loai nhién liéu truyén thong.

- Néu 4p suat phun ¢6 dinh, c6ng suét dong co dual fuel
¢6 thé dugc diéu chinh bang cac thay doi thoi diém bat dau
phun syngas. Vi 4p suat phun 5 bar, so véi cong suat dong
co diesel trude khi cai tao thi cong suat dong co dual fuel
syngas nhé hon 25%; 21%; 17% va 13% twong ung véi
thoi diém bat dau phun 55°TK; 65°TK; 75°TK va 85°TK.

- Phun tryc tiép syngas vao xi lanh dong co bat dau tir
ky nap véi 4p suat phun 5 bar 1a giai phap phu hop cho
dong co dual fuel chay bang syngas duoc cai tao dong co
Vikyno RV165.

- C6 thé diéu chinh tai dong co dual fuel syngas phun
tryc tiép bang cach thay déi thoi diém bat dau va két thic
phun dé thay d6i lugng khi méi nap vao xi lanh thay vi diéu
chinh hé s6 trong dwong nhu cac giai phap truyén thong.
Piéu nay gilp 6n dinh qua trinh chay khi dong co chay
bang nhién liéu nghéo.

Loi cdm on: Nghién ctu nay duogc thuc hién nho tai tro
ciia Quy NAFOSTED thong qua d& tai "Mo6-dun sdan xudt
dién hoa ludi cong sudt nho tir chat thai sinh hoat Va san
xudt ¢ ndng thon", M4 sé: NCUD.02-2019.22.
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