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Abstract. The engine works according to the homogeneous charge compression ignition
characteristic received a lot of attention due to the great advantage of reducing most of PM
and NOx emissions while effective and indicative parameters are still equivalent. Therefore,
study the conversion of diesel engines to operate according to the HCCI characteristic is
necessary. This research presents the results of the influence of compression ratio on the
combustion characteristics of HCCI engines on simulation software AVL - BOOST. The
simulation process was carried out on a single cylinder engine Kubota BD178F(E) equipped
with the modified intake manifold at engine speed from 1200rpm to 3200 rpm and Load
modes:10%, 20%, 30% and 50%; compression ratio reduced from 20 to 18.1; 17.0; 15.4 and
13.5. The simulation results show that: Reducing the engine compression ratio still works
according to the HCCI characteristic, the time of starting combustion is gradually delayed,
the compression ratio should not be reduced to less than 13.5.
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T6m tit. Pong co hoat dong theo nguyén ly chay do nén hdn hop dong nhit dang nhan dugc
rat nhiéu sy quan tdm do ¢6 uu d1em I6n 12 giam dugc phan 16n phat thai PM va NOx trong
khi cac thong s6 ¢6 ich va chi thi van tuong duong dong co nguyén ban, do do nghién ctu
chuyén d6i dong co diesel truyén thong sang hoat dong theo nguyén ly HCCI la rat can thiét.
Trong nghién cau nay trinh bay két qua anh huong cua ty s6 nén téi dac tinh chay caa dong
co HCCI trén phan mém mo phong AVL — BOOST. Pong co dugc st dung cho
nghién ctru 12 dong co mot xylanh Kubota BD178F(E) véi duong nap da duoc cai tién. Cac
ché do 1am viéc cua dong co mo phong 1a: Toc do tir 1200 vg/ph dén 3200 vg/ph; Cac ché do
tai: 10%, 20%, 30% va 50%; Ty s6 nén giam tir 20 xudng 18,1; 17; 15,4 va 13,5. Két qua md
phong cho thdy: Giam ty s6 nén dong co van 1am viéc theo nguyén ly HCCI, thoi diém bt
dau chay muon dan, khong nén giam ty s nén nho hon 13,5.

Tir khéa: chay do nén hdn hop dong nhat (HCCI), ty s6 nén, AVL — Boost,.
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1. PAT VAN PE

Nam 1979 duoc coi 1a mdc ra doi caa mot md hinh chay méi 6 tén goi la chay do nén han
hop dong nhat (HCCI - Homogeneous compression charge ignition) [1,2]. Ké tir khi ra doi téi
nay, dong co HCCI di duoc cac nha khoa hoc trén toan thé gioi tap trung nghién ctu do loai
dong co nay dugc cho 1a s& khic phuc cac nhuoc diém cua dong co truyén thdng voi cac wu
thé: phat thai NOx va PM thap (Pong co HCCI giam NOx do giam nhiét 6 chay so véi dong
co nguyén ban va chay véi nhiéu tim chay phan bé dong déu trong khéng gian budng chéy nén
chay sach, giam PM) [3,4,5], hiéu suat nhiét twong duong dong co phun xing truc tiép [1,2,6],
¢6 kha ning st dung da dang cac loai nhién liéu thay thé nhu dimethyl ether (DME), diethyl
ether (DEE), biodiesel [7-12].

M® hinh chay HCCI ¢6 su khac biét so vi mé hinh chay thong thudng duogc thé hién nhu
trén hinh s6 1.

Dong co Diesel Ding co xdng Djng co HCCI
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Hinh 1. Qua trinh chay thong thuong va qua trinh chay HCCI.

Nhién lidu v
T khing ki hoa tréa

Trén dong co xing nguyén ban, mang hira lan tran bat ngudn tir bugi, trong khi trén dong
co hoat dong vai nguyén ly HCCI, khéng cd hién tuong lan tran mang lua trong xi lanh, qua
trinh chay dién ra dong thoi & moi vi tri trong xi lanh (truong hop nay bugi khéng danh Ira,
bugi phuc vu cho qué trinh chuyén tiép giira ché do6 thong thuong va ché ¢6 HCCI). Tuong tu
nhu dong co xing, khac véi dong co diesel thong thuong véi dong co HCCI hon hop nhién ligu
va khong khi duoc hinh thanh tir trude (trén duong nap hoic trong xi lanh). Sau d6 hon hop
duoc nén 1én dén nhiét do tu chay vao cudi ky nén, twong tu nhu véi dong co diesel.

Hién nay tai Viét Nam viéc nghién cau vé dong co HCCI di bat dau duogc thuc hién, tuy
nhién viéc nghién ciru con gap nhiéu kho khan vé trang thiét bi thir nghiém cho nén céc nghién
ctu ly thuyét nham giam céc chi phi khi tién hanh thuc nghiém 14 rét can thiét. Trong noi dung
nghién ciru nay sé trinh bay vé anh hudng cua ty sb nén téi dong co bang phan mém mé phong
AVL — Boost vi day 1a phan mém chuyén dung cho mé phong dong co dbt trong va cac mod
hinh chéy cua dong co, két qua thu dugc trén mé hinh c6 gia tri twong duong dong co thuc té
do do s& gitp ich cho cac nghién ciru thyc nghiém trén bang thir, ddng thoi giam thoi gian va
chi phi thuc nghiém.
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2. QUA TRINH CHAY CUA PONG CO HCCI
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Hinh 2. bac tinh téa nhiét cua cac loai dong co.

Tinh chét toa nhiét cta qua trinh chay HCCI ciing c¢6 mdt vai diém khac biét so véi qua
trinh chay thong thuong nhu trén hinh 2 [13].

Trén dong co danh lira, qua trinh chay dién ra thong qua qua trinh danh lira ctia bugi,
mang lira tir bugi s& lan tran khap budng chay. Phan hdn hop chua chiy dugc ngin cach véi
phan da chay thong qua mang ltra. Tong nhiét luong toa ra trong dong co danh lira duoc tinh
nhu sau:

Q= jmiqum @)

Trong do: q la nhiét lugng trén mdt don vi khéi luong hon hop nhién li¢u/khong khi va
dm Ia phan khéi lugng ciia mang lira chay (hinh 2a).

Trén dong co diesel, nhién li¢u dugc phun tryc tiép vao khi c6 nhi¢t do cao sau qua
trinh nén. Mot luong nho hdn hop dat duoc diéu kién ty chay gidng nhu qua trinh chay HCCI,
trong khi d6 mét lugng 16n nhién liéu con lai s& chay khuéch tan sau khi qué trinh chay dau
tién dién ra. Vi vay, trén dong co diesel, qua trinh toa nhiét chia 1am hai giai doan 1a két qua
clia qué trinh chay nhanh va chay khuéch tan:

Q= f mpdqp + mgdqq 2
premix dif

Trong d6: mp va dgp lan luot 14 khdi lugng va nhiét lugng cta hdn hop trong qua trinh
chéay nhanh (premixed); mq va dgq 1a khéi luong va nhiét luong ctia hdn hop trong mdi ving
ctia qua trinh chay khuéch tan (diffusion) (hinh 2b). Gi4 tri nhiét luong toa ra phu thudc vao do
dam nhat (1) cia moi ving d6, vi vay khi chay, moi ving c6 lugng nhiét toa ra khac nhau.

Trén dong co HCCI do qua trinh chay dién ra gan nhu dong thoi, khong c6 hién tuong
lan tran mang lira, vi vy tong luong nhiét toa ra duoc tinh bang tong nhiét lugng cac ving dq
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tir qua trinh chay hdn hop trong xylanh véi khéi lvgng mdi vung 1a m (hinh 2c):
Q= mdq ®3)
mix

Tuy nhién trén thyc té, do hdn hop khong hoan toan dong nhét nén qua trinh chay ¢
thé mot phan giéng voi qua trinh chay khuéch tan trén dong co diesel.

3. MO PHONG PONG CO HCCI KHI THAY POI TY SO NEN TREN TREN AVL —
BOOST

3.1. Péi twong md phéng

Bang 1. Céc thong sd co ban cua dong co thir nghiém

STT | Théng sé Pon vi Gia tri
1 buong kinh xylanh, (D) mm 78
2 Hanh trinh piston, (S) mm 57
3 Thé tich cong tac, (V,) om’ 273
4 Ty s6 nén, (g) - 20
5 Cong suat dinh muc, (Ne, ) KW 4.4
6 Téc do dinh muc, (n, ) vg/ph 3.600
7 Momen cuc dai, (Memax) Nm 13
8 | TocdotaiMe  (n,) vg/ph 2000
9 Suat tiéu hao nhién liéu, (ge..) | 9/kW.h 378
10 | Técdotaige,, (n,) vg/ph 2.400

Dong co nghién ctru 1a dong co diesel Kubota BD178F (E) 1 xI lanh 4 ky, khong tang
&p, 1am méat bang khdng khi, c6 2 xupap (1nap va 1xa) va sir dung budng chéay thong nhat c6
cac thong sb k§ thuat nhu trong bang 1.

Lya chon dong co diesel 1 xy lanh Kubota BD178F(E) san xuét tai Nhat Ban dé nghién
ctru thir nghiém vi dong co nay nho gon, d6 bén tét, co tinh kinh té nhién liéu tét, 1 xi lanh
nén tiéu hao nhién ligu it. Cac két qua nghién ciru trén dong co 1 xi lanh nay c6 thé tham
khao va &p dung ddi voi nhitng dong co nhiéu xi lanh.

3.2. M6 hinh mo phéng
Duya vao két cau thyc té dong co thir nghiém, ta co phuong an két ndi mé hinh dong co
Kubota BD178F(E). Trong hinh 3 x&y dyng md hinh mé phong dong co véi duong nap duoc

cai tién dé cap nhién liéu bén ngoai xy lanh nhe phan tir voi phun I1 dugc bé tri trén doan 6ng
P2-3, nhién liéu sau d6 hoa tron véi khdng khi trong phan tir PL1 trude khi vao xy lanh C1
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thdng qua dudng dng P4, sau d6 khi xa duoc dua ra ngoai nhd cac phan tir dudng dng P5, phan
tir PL2 va SB2. Sau khi két ndi ta c6 mé hinh dong co ta c6 mo hinh mé phong dong co Kubota

1 PL1

E1

SB1

MP2
e
Fay

Hinh 3. M6 hinh md phong dong co hoat dong theo nguyén ly HCCI trong AVL — Boost.

BD178F(E) trén AVL — BOOST véi muc dich chuyén doi qua trinh chay cia dong co diesel
nguyén ban sang HCCI [13].

3.3. Ché @9 md phéng
e M0 phong xac dinh dudng dic tinh ngoai cua dong co diesel nguyén ban: Toc do tir
1200 vg/ph dén 3200 vg/ph véi khoang chia 400 vg/ph va 100% tai. (Tai cia dong co
dugc tinh thdng qua cac gia tri mé men tuong tng véi 10%, 20%, 30% va 50% mb
men cuc dai cua dong co diesel nguyén ban)
e M@ phong thiét lap qua trinh chdy HCCI cho dong co diesel: M6 hinh dugc chay & céc
ché do tdc do tir 1200 vg/ph dén 3200 vg/ph voi khoang chia 400 vg/ph va cac ché do
tai: 10%, 20%, 30% va 50% twong (g v&i md men ¢6 gia tri lan luot 1a: 1,24 (N.m);
2,48 (N.m); 3,72 (N.m) va 6,2 (N.m)
e M6 phong anh huong khi thay doi ty s6 nén téi dong co HCCI da thiét 1ap, ché do mo
phong: M6 hinh dugc chay & cac ché do téc do tir 2000 ve/ph dén 3200 vg/ph voéi
khoang chia 400 vg/ph va céc ché do tai: 10%, 20%, 30% va 50% twong &ng VSi md
men c6 gia tri 1an luot 1a: 1,24 (N.m); 2,48 (N.m); 3,72 (N.m) va 6,2 (N.m).
3.4. Danh gia tinh chinh xac ciia m6 hinh mo6 phéng

bac tinh ngoai cua dong co Kubota BD178F(E) khi mé phong va thuc nghiém duoc thé
hién qua hinh 4. Cac két qua thay rang:

Sai I¢ch cuc dai gitta m6 phong va thuc nghiém ddi v6i md men, suét tiéu hao nhién
li¢u cua dong co lan luot 1a: 5,12% va 5,48% sai léch trung binh 1a: 3,6% va 3,0%. Voi
nhimng két qua trén, ta thdy mo hinh mé phong xay dung trén phan mém AVL - Boost 14 hop
ly, dat do tin cay.
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Hinh 4. Két qua so sanh cdng suat, md men va suat tiéu hao nhién liéu gitta md phong va thuc
nghiém cia dong co diesel Kubota BD178F(E).

4. KET QUA VA THAO LUAN
4.1. Két quaz md phéng thiét 1ap qua trinh chay HCCI trén dong co diesel

Két qua md phong dong co HCCI khi mé phong gom: Dic tinh chay, cac thong sb chi
thi va c6 ich ciia dong co HCCI tai ty sb nén 20:1, tbc 6 1200vg/ph +3200vg/ph, 10%tai +
50% tai.
4.1.1. Dac tinh chay cia dong co HCCI khi mé phdng

Dién bién téc d6 toa nhiét cua dong co HCCI khi mé phong (Hinh 5) cho thay dong co
diesel khi nay da chuyén sang qua trinh chady HCCI véi dic trung 1a duong toc do téa nhiét co
hai dinh dic trung cho ngon hra lanh va ngon Itra ndng. Tuy nhién do hon hop dugc hinh thanh
tir trudc, n — heptan lai c6 kha ning bay hoi t6t nén qué trinh chay dién ra som truée DCT. Gia
tri cuc dai cua toc do toa nhiét tang dan khi tang tai va thoi diém bat ddu chay ciing sém dan.

Hé sé du khong khi cuia dong co HCCI khi mé phong duoc thé hién qua hinh 6, A giam
dan khi tang tai va ting toc do nén thoi diém bat dau chay (SOC1 — Thoi diém xuat hién ngon
lra lanh; SOC2 — Thoi diém  xuat hién ngon lira néng) s& som dan (Hinh 7), qua trinh chay
ngay cang sém trudc DCT s€ anh huong tai cac chi tiéu ki thuat cua dong co.
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Hinh 5. Toc d6 toa nhiét cia dong co HCCI khi mé phong.
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Hinh 6. Hé s du khong khi ctia dong co
HCCI khi md phong.

SOC, [P§ TK truée DCT]

0 10 20 30 40 50 60
% Tai
~0-50C2 tgi 1200vgiph =+ SOCI tai 1600vg/ph

-8 SOC2 t3i 2000vg/ph =+ SOCI tai 2400vg/ph
0 SOC2 tai 2800 vg/ph  ~+=++-SOC] tai 3200vg/ph

—-50C1 tai 1200vg/ph
& SOCI tai 2000vg/ph
=%=S0C] tai 2800 vg/ph

Hinh 7. Thoi diém bt dau chay cua dong co HCCI
khi mé phong.

—& SOC2 tai 1600vg/ph
~B8S0C2 i 2400vg/ph
% SOC2 i 3200vg/ph
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4.1.2. Céc thong sb co ich va chi thi cia déng co HCCI khi md phéng
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Hinh 8. M6 men c¢ ich ctia dong co HCCI khi

mo phong.

HCCI khi mo phéng.
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Hinh 9. Ap suét va hiéu suat chi thi ciia dong co

Céc thong so 6 ich va chi thi ciia dong co HCCI khi mé phong duoc thé hién qua hinh 8
va hinh 9, tai cuing ché d6 tai va téc do dong co HCCI c6 thé phat huy dugc mé men twong
duong v6i md men caa dong co diesel nguyén ban, tuy nhién cac thdng sb chi thi cua dong co
cho thay: Tai cac ché d¢ tai nho hon 30% va tc dd nho hon 2400 vg/ph thi cac thong sb chi thi
¢ xu hudng ting, tai 50% tai va tbc do I6n hon 2400 vg/ph do anh hudng cua viéc chay qua
s6m nén céc thdng sé chi thi giam nhanh.

4.2. Két qua md phéng anh hwéng ciia ty s6 nén
Két qua md phong dong co HCCI khi thay doi ty s6 nén gom: Dic tinh chay, cac thong
s6 chi thi va c6 ich cia dong co HCCI véi ty s6 nén giam tir 20 xudng 18,1; 17; 15,4 va 13,5
tai 2000vg/ph, 30% tai.

4.2.1. Pic tinh chay cia dong co HCCI khi thay déi ty s6 nén
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Goc quay truc khuyu, [d§]

wnag=1

7,0
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e=154 —e=13.6

Hinh 10. Téc do téa nhiét cua dong co HCCI khi mé phong thay ddi ty sb nén.

Khi giam ty s6 nén toc do toa nhiét trong xy lanh giam dan (Hinh 10) vi khi giam ty s6
nén hé sé du khong khi ting dan (Hinh 11), hdn hop chéy lodng hon din dén qua trinh chay
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khong duoc tét nhu trudce, tuy nhién khi giam ty s nén thi thoi diém bét ddu chay mudn dan
(Hinh 12), cai thién tinh trang chay qua som khi dong co chuyén sang chay HCCI.

Déng thoi khi giam ty s6 nén gia tri cuc cua tc do ting ap suit ty sb nén 13,5 giam rat
nhanh do d6 khong nén giam ty s nén nira.

5 0
-4 S0C2
4.9 — -10 |-2-S0C1
2
4.8 220
£ e sy
T g e
g —--x"
Y - S
4.5 2 L
-50
4.4 20 18 16.93 15.40 13.50

20 18.1 . 17 15.4 13.5
Ty s0 nén

Hinh 11. Hé 56 du khong khi ctia dong co HCCI
khi mé phong thay doi ty s6 nén.

Ty s6 nén

Hinh 12. Thoi diém bat dau chay cua dong co
HCCI khi md phong thay doi ty s6 nén.

4.2.2. Céc thong so chi thi va cé ich khi thay ddi ty s6 nén

A [ Opi
n
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. . Ty s6 nén
Ty s0 nén ¥

Hinh 13. Cac thong s6 c6 ich ciia dong co HCCI
khi mé phong thay doi ty so nén.

Hinh 14. Ap suét va hi¢u suét chi thj ciia dong
co HCCI khi m6 phong thay doi ty s nén.

Cac thdng s6 cd ich cua dong co khi giam ty s6 nén duoc thé hién qua hinh 13, mé men
tang dan va dat gia tri 16n nhat tai ty sé nén 15,4:1, tiép tuc giam ty sb nén thi cac thong s6 co
ich giam rat nhanh.

Céc thong sb chi thi ciia dong co khi giam ty s6 nén duogc thé hién qua hinh 14, &p suit
chi thi trung binh va hiéu suét chi thi tai ty sé nén 17; 18,1 ting, tiép tuc giam ty s nén thi cac
thong sé chi thi giam dan, tai ty s6 nén 13,5:1 thi giam rat nhanh.

5. KET LUAN

V6i dong co chuyén ddi sang HCCI tai ty s6 nén 20 thay rang:

Tai clng ché d6 tai va téc do dong co HCCI c6 thé phat huy duoc mé men twong duong
véi mO men cua dong co diesel nguyén ban;
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Tai céc ché d6 tai nho hon 30% va tdc d6 nhd hon 2400 vg/ph thi dong co HCCI lam viéc
6n dinh, tai 50% tai va téc do 16n hon 2400 vg/ph do anh hudng cua viéc chay qué sém nén cac
thdng s6 chi thi giam nhanh.

Khi nghién ctu anh huéng cua ty s6 nén dén qua trinh HCCI thiy rang: Giam ty sé nén
dong co van 1am viéc theo nguyén ly HCCI, thoi diém bt dau chady muon dan, khéng nén giam
ty s6 nén nho hon 13,5.
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