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NGHIEN CUU QUA TRINH CHAY HCCI
KHI SU DUNG HE THONG LUAN HOI KHi THAI

STUDY ON HOMOGENOUS CHARGE COMPRESSION IGNITION (HCCI)

BY USING EXHAUST GAS RECIRCULATION SYSTEM

TOM TAT

Nghién ciiu chuyén ddi dong co diesel truyén thdng sang hoat dong theo
nguyén Iy chdy do nén hon hop dong nhéit (HCCI) trén co s dong co nghién ciu la
dong co diesel 1 xy lanh BD178FE ¢ qua sir dung, khong tang 4p, 1am mét bang
khdng khi, ty s6 nén 20. Bdng co nay chuyén ddi sang qué trinh chay HCCI tai ty s
nén 15,4, ¢4ty & luan hoi thay ddi tlr 10 < 30%, khoang chia 5%, ché dd tdc do tir
1200vg/ph dén 2400vg/ph véi khodng chia 400vg/ph va cac ché do tai: 10%, 20%,
30% va 50% tuong (tng v6i md men ¢6 gia tri lan luot 1a; 1,24Nm; 2,48Nm; 3,72Nm
va6,2Nm. Két qué la dong co HCCI hoat dong on dinh tai ché do nghién ctu vdi mo
men ¢6 ich trong duong véi dng co diesel nguyén ban tuy nhién qua trinh chay
dién ra som trude diém chét trén. TAng dan ty 18 khi luan hoi qué s& giam duroc hién
trong chay qua sém va chay khuéch tan tai ngon Itra néng.

Tlrkhoa: Chay do nén hon hop dong nhat, luén hoi khi thai, thoi diém bat dau
chéy.

ABSTRACT

Studying the conversion from traditional diesel engine to engine operating
on fire principle due to Homogeneous Charge Compression Ignition (HCCI) based
on research of single cylinder diesel engine BD178FE which is used, non-
turbocharged, air-cooled, and has a compression ratio of 20. This engine converts
to HCCI combustion process at a compression ratio of 15.4, it has a 10 + 30%
change Exhaust Gas Recirculation (EGR), rate with 5% division, speed mode from
1200rpm to 2400rpm with division of 400rpm and load modes 10%, 20%, 30%
and 50%, which corresponds to a torque of 1.24Nm; 2.48Nm; 3.72Nm and
6.2Nm. The results show that, the HCCI engine operates stably in the research
mode with useful torque and is equivalent to the original diesel engine, but the
combustion occurs early before the dead point. Gradually increasing the rate of
EGR will reduce premature burning and diffuse burning in hot flames.
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1.GIOI THIEU
Bong co dot trong truyén thong da dong gop mot phan
dang ké cho si phat trién kinh té xa hoi clia loai nguoi, la
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mot phan khéng thé thiéu trong céng nghiép, néng
nghiép, giao thdng van tai va trong cudc séng hang ngay.
Lgi ich cla dong co d6t trong mang lai rat I6n nhwng
nhitng nhuegc di€ém clia n6 cling gay nhiéu tac hai cho xa
hoéi va cho con nguoi, nhat la van dé khi thai va nang cao
hiéu sudt dé tiét kiém nhién liéu. Hién nay c6 hai loai déng
co tiéu biéu la dong co xdng va dong co diesel. Mot trong
cac cong nghé méi hién nay la nghién cru thiét 1ap dong
co hoat ddng theo nguyén ly chdy HCCI, déng co hoat
dong theo nguyén ly nay lan dau tién duoc gi¢i khoa hoc
thira nhan la cdng trinh nghién cttu vé moé hinh chay CAl
(Control auto ignition - Chay c¢é diéu khién) dwoc thuc hién
b&i Onishi [4] va Noguchi [3] trong nam 1979. Sau cong
trinh dau tién cda Onishi va Noguchi, da bling nd mot xu
hwéng nghién cru va phat trién dong co st dung mo hinh
chay nay, dién hinh la clia hdng Honda véi dong co CAl dau
tién duoc san xudt va Iap trén 6 t6, ddng co xe may ARC 2
ky. Dén gitta thap nién 90, nhitng nghién ctru da bat dau co
hé théng hon va tap trung vao khad nang (*ng dung mo
hinh chay HCCI cho dong co diesel trén 6 t6. Cac nghién
clru trén toan thé gidi vé dong co chay do nén hon hop
dong nhat (HCCl - Homogeneous compression charge
ignition) dwoc cho la s& khac phuc cac nhuoc diém cla
dong co truyén thoéng véi cac wu thé: phat thai NO, va PM
thap (Bong co HCCI giam NO, do giam nhiét d6 chay so voi
dong co nguyén ban va chay véi nhiéu tam chay phan b6
dong déu trong khong gian budng chay nén chay sach,
gidm PM), hiéu suat nhiét tvong dwvong déng co phun xang
truc ti€p, cé kha nang st dung da dang cac loai nhién liéu
thay thé. Duéi day la mot vai nghién ctu vé déng co HCCI
trén thé gioi:

Cling nghién cttu viéc hinh thanh HCCI béng céch phun
nhién liéu rat sém va phun da diém, Suyin Gan va cac céng
su [6] da tién hanh th nghiém trén dong co diesel. Ngoai
ra nhdm nghién ctru thudc tredng dai hoc Nottingham
Malaysia Campus ciing th&r nghiém véi géc phun rat mudn.
Cac thong so diéu khién dong co hoat dong theo nguyén ly
HCCI la cac théng s6 co ban clia voi phun, ap sudt phun,
cac thong s6 hinh hoc clia dinh piston, ty s6 nén, nhiét do
khi nap, nhiét do khi luan hoi va qua trinh trao déi khi hoéc
tdng 4p. K&t qua nghién cltu anh hudng cla cac thong sd
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nay dén qua trinh chay va khi thai cho thay kha nang diéu
khién va mé rong dai lam viéc cho dong co HCCI béng céach
phun nhiéu lan.

Ngoai cac nhién liéu truyén théng, cac nha nghién ctru
vé dong co HCCI ciing st dung cac loai nhién liéu thay thé
khac nhu DME, hydro, khi sinh hoc [7],... Can Cinar [1] va
cac cong sv da nghién ctru anh huéng cla ty I1é diethyl
ether (DEE) dén qua trinh chay va khi thai cdia dong co 1 xy
lanh phun nhién liéu tryc tiép hoat dong theo nguyén ly
HCCI. Céc thi nghiém da dugc tién hanh & téc dé 2200v/ph
va 19N.m, lugng DEE duwoc diéu khién bédi ECU va duoc
phun vao dudng 6ng nap nhd bom &p suat thap. Ty Ié
nhién liéu diesel trén DEE thay déi tir O - 40%, lwvgng DEE
hoa trén trudc 6 dwong éng nap duoc tinh dya trén ty Ié
nhiét lwvgng DEE trén tdng nhiét lvgng clia nhién liéu tdara
trong qua trinh chay. Két quéa thic nghiém cho thay khi ty
|&é DEE la 10% qua trinh chay van 8n dinh, con tai 40% DEE
bat dau xay ra hién tugng chay kich né, NO, va bd hong
dong thoi gidam dén 19,4% va 76,1%, nhiét do khi thai giam
23,8%, con CO va HC tang.

S. Swami Nathan [5] d& nghién ctu thr nghiém viéc stv
dung lvdng nhién liéu diesel va khi sinh hoc cho déng co
HCCI, viéc diéu khién qua trinh chay théng qua nhiét do khi
nap va lwgng nhién liéu diesel phun trén dwong nap dé
diéu khién thoi diém chay. Trong khi sinh hoc cé CO,, khi
nay la giam toc do tda nhiét clia nhién liéu diesel dung trén
dong co HCCI. Thdng thuong khi st dung khi sinh hoc sé
lam giam hiéu sudt nhiét doi véi ca hai loai dong co truyén
théng la xang va diesel, nhung két qua thi nghiém trong
nghién ctru nay lai cho thdy déng co HCCI sir dung nhién
lieu khi sinh hoc thi hiéu sudt nhiét cao nhét la 50%, gan
bang vai dong co diesel. Bén canh do6 lvgng NO chi con
20ppm va do khoi la 0,1 HSU & tat cd cac ché do thi
nghiém. HC & murc d0 rat cao, tuy nhién c6 thé giam xuéng
khi nhiét d6 khi nap tang Ién nho tan dung nhiét khi xa dé
sdy néng. Nghién cru nay cho thdy viéc st dung khi sinh
hoc cho dong co HCCI la hoan toan kha thi.

Tuy nhién, van dang con nhiéu van dé can phai giai
quyét déi vai dong co HCCI nhu: khdng thé diéu khién mét
cach truc ti€p qué trinh chdy, phat thai CO va HC cao, cling
nhu 1a vang lam viéc tap trung & tai nho [2, 8]. Van dé digu
khién thoi diém tw chay trén ddong co HCCI khéng don gian
nhu trén déng co xang va diesel, cin dam bao tinh chét cla
hdn hop sao cho thoi diém chay bat dau & gan diém chét
trén. Trén ddng co xdng, mdt phan hén hop nhién liéu-
khong khi bam trong cac khe k&, khi piston di xuéng, thanh
phan nay sé duwoc d6t chay do nhiét d6 cao (I6n hon
2500K). Tuy nhién, trén déng co HCCI, nhiét do chay rat
thap (nhd hon 1800K), nén phan hén hop nay khéng duoc
phan huy, phat thai CO va HC cao. Tai tai nhd, gia tri nhiét
dé I&n nhat rat nho (chi khoang 1200K), khdng du dé CO
chuyén hoa thanh CO,, vi vay qua trinh tv chay khé khan
hon. Trong khi tai tai In, do hén hgp duoc chay cling mot
thoi diém, t6c do toa nhiét dién ra rdt nhanh, téc do ting
ap suat Ién, gay anh huéng xau dén dong co. Vung lam viéc
cla dong co HCCI bj gi¢i han béi hai yéu t6: khong chay va
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kich n, tai t6c d6 cao, hén hop kho ty chay hon do khdng
du thoi gian dé phan ng.

Trong nghién clru nay trinh bay phuong phap chuyén
déi dong co diesel truyén théng sang hoat déng theo qua
trinh chay HCCI théng qua giai phap luan hoi khi thai voi
mong mudn thiét 1ap dwgc qua trinh chay HCCI cho dong
co truyén thong ma khong phai thay doi gi vé két cdu clia
dong co nguyén ban.

2. NGHIEN CUU QUA TRINH CHAY HCClI THONG QUA
GIAI PHAP LUAN HOI KHI THAI
2.1.Co's6 ly thuyét

Trén dong co danh Ia, qua trinh chay dién ra thong
qua qua trinh danh Itra ctia bugi, mang Ita tir bugi s& lan
tran kh&p budng chay. Phan hén hop chua chay deoc ngan
cach véi phan da chay théng qua mang lira. T6ng nhiét
lvgng tod ra trong dong co danh Ira dwgc tinh nhu sau:

Q= [, adm (1)

a) Dong co danh Iia b)
mangkra

Déng co chay do nén
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Nnhigt bgng 04 ra
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luong nhidn ligu

2= [mis

Hinh 1. Nhiét lvong clia cac loai dong co

Trong doé: q la nhiét lvgng trén moét don vi khéi lvgng
hon hop nhién liéu/khdng khi va dm 1a phan khéi lvong
clia mang Itra chay (hinh 1a).

Trén dong co diesel, nhién liéu dugc phun tryc ti€p
vao khi c6 nhiét do cao sau qua trinh nén. Mot lvgng nhé
hoén hop dat dugc diéu kién tw chay giéng nhw qua trinh
chay HCCI, trong khi d6 mot lvgng 1&n nhién liéu con lai
sé chay khuéch tan sau khi qué trinh chéay dau tién dién ra.
Vi vay, trén dong co diesel, qua trinh tod nhiét chia lam
hai giai doan la két qua cla qua trinh chay nhanh va chay
khuéch tan:

Q = fprem’x mpdqp + fdjf rnddqd (2)
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Trong d6: m, va dq, lan luot 1a khéi lwvgng va nhiét
lvgng ctia hdn hop trong qua trinh chay nhanh (premixed);
m, va dg, 1a khéi lvgng va nhiét lugng ctia hdn hop trong
mdi viing clia qué trinh chay khuéch tan (diffusion) (hinh
1b). Gia tri nhiét lwvgng toa ra phu thudc vao dé dam nhat
(\) ctia mdi vung do, vi vay khi chay, mdi ving cé lvong
nhiét toa ra khac nhau.

Trén dong co HCCI do qua trinh chay dién ra gan nhw
dong thoi, khdng cé hién twgng lan tran mang Itra, vi vay
téng luvgng nhiét toa ra duoc tinh bang téng nhiét lvong
cac ving dq tir quéa trinh chay hon hop trong xylanh voi
kh6i lvong méi vang la m (hinh 1c):

= [, mdq 3)

Tuy nhién trén thuc t€, do hon hop khong hoan toan
déng nhat nén qua trinh chay c6 thé mot phan giéng voi
qua trinh chay khuéch tan trén dong co diesel.

2.2. Giai phap luan hoi khi thai
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Hinh 2. So d0 bd tri hé thong luan hdi khi thai trén dong co thi nghiém

Khi luan h6i sau khi lam mat dugc dua lai duong 6ng
nap két hop voi khéng khi da duoc sdy néng va nhién liéu
n-heptan phun trwéc clra nap, hoa trén va dwa vao xy lanh
clia déng co, khong phai thay dai gi vé két cau clia dong co
nguyén ban, két qua do duoc sé la ap sudt, cac thanh phan
khi thai do d6 trong ndi dung nghién ciru nay s dung
phan mém Matlab dé tinh toan téc dé tang ap suét, toc do
tda nhiét, thoi diém bat dau chay clia ddong co nham khao
sat qué trinh chay HCCI.

2.3. b6i twgng nghién ciru

béng co nghién clru la déng co diesel 1 xy lanh
BD178FE da qua st dung, khdng tang &p, lam mat bang
khong khi, ty s6 nén 20, c6 md men I6n nhéat la 12,4N.m tai
2000vg/ph.

DPong co nay chuyén doi sang qua trinh chay HCCI tai ty
sO nén 15,4, c6 ty 1é luan hoi thay dai tir 10 + 30%, khoang
chia 5%, ché d téc do tlr 1200vg/ph dén 2400vg/ph voi
khodang chia 400 vg/ph va cac ché do tai: 10%, 20%, 30% va
50% twong tng véi mo men cé gia tri 1an luot la; 1,24N.m;
2,48N.m; 3,72N.m va 6,2N.m, déng co HCCI c6 mb men c6
ich twvong dwong voi dong co diesel nguyén ban.

“ H khién
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3. KET QUA VA THAO LUAN

Trén hinh 3 thé hién t6¢c d6 ting ap sudt clia dong co
HCCI, khi thay déi ty 1é luan hoi tai cac ché do tai tir 10 + 30,
téc d6 1200 + 2400vg/ph dong co HCCI lam viéc on dinh,
khong xudt hién chay “kich né”, gia tri I6n nhat chi la
1,2bar/d6 GQTK, déng co lam viéc ém.
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Hinh 4. Tdc d0 téa nhiét clia dong co HCC

Toc do toa nhiét clia dong co HCCI duwgc thé hién trén
hinh 4 cho thay khi thay d6i ty 1& luan hdi dong co chuyén
déi da hinh thanh qué trinh chay HCCI do téc do tda nhiét
da cé hinh thanh ngon I¥a lanh va ngon Ira néng theo
dang ly thuyét vé qua trinh chay HCCI, tuy nhién giai doan
sau clla ngon Ira ndng van con ¢ xu hudng chay khuéch
tan tai cac ty 1& luan héi nho la do qua trinh chay dién ra
sém trwdc diém chét trén, do dé can diéu chinh ty 1€ luan
hdi ph hop voi ché dé lam viéc clia dong co nham giam
hién twong chay qua sém trwdc diém chét trén.

Thoi diém bat dau chay cia dong co HCCI dwoc thé hién
qua hinh 5 bao gom SOC1 - Start of combustion 1 la thoi
diém xuéat hién ngon Ira lanh va SOC2- Start of combustion
2 la thoi diém xudt hién ngon Ira néng, két qua trén cho
thay tai cac ché dd tai va téc dd nghién ctu khi ty I€ luan
hoi nho thoi diém bat dau chay déu qua sém, ting dan ty lé
luan hdi thi thoi diém bat dau chay mudn dan.
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Hinh 5. Thoi diém bét dau chéy clia dong co HCCI
4. KET LUAN

Khi st dung luan hoéi khi thai tai ché dé nghién ctru
déng co diesel truyén théng da duwoc chuyén doi sang qua
trinh chay HCCI, déng co nay hoat dong 6n dinh véi mo
men cO ich twong duong voi dong co diesel nguyén ban
tuy nhién qué trinh chay dién ra sém tredc diém chét trén.

Tang dan ty & khi luan hoi qua sé giam duwoc hién tugng
chay qua sém va chay khuéch tan tai ngon Itra néng.
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