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Abstract. Homogeneous Charge Compression Ignition (HCCI) principles was expressed
premium features to increase power and reduce emissions which is why it is attracting the
attention of many researchers. This paper presented the results of the influence of intake air
heated to the combustion characteristics and the start of combustion of homogeneous charge
compression ignition engine, the engine used in research converted from a single-cylinder
diesel engine, Kubota BD178F(E), under the principle of HCCI using n heptane fuel need to
redesign the fuel supply system and equipped with additional heating system for the intake
air. The simulation results by AVL soft ware at 2400 rpm, loading mode 50% show that:
Increase the heating temperature of the intake air at the time of starting combustion gradually,
HCCI engine work stably in heating temperature of the intake air from 50°C to 80°, do not
recommend to increase the heating temperature of the intake air by more than 90°C because
the HCCI engine will not keep the HCCI combustion characteristics.
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Tom tat. Pong co chay do nén hon hop dong nhat (homogeneous charge compression
ignition — HCCI) ¢6 wu thé vé phat huy cong suat va giam phét thai nén dang dugc nhiéu nha
khoa hoc quan tdm nghién ctru. Nghién ctru nay danh gia anh huong cua nhiét do siy nong
khi nap t6i dic tinh chay va thoi diém bat dau chay cua dong co hoat dong theo co ché chay
do nén hdn hop ddéng nhat (homogeneous charge compression ignition — HCCI), dong co
dung trong nghién ctiru nay dugc chuyén doi tir dong co diesel 1 xi lanh Kubota BD178F(E)
v6i duong nap dugc cai tién nham phun n heptan trén duong nap va trang bi thém hé théng
say nong khi nap. Két qua mé phong dong co HCCI phan mém md phong AVL — BOOST tai
tbc do 2400 vg/ph, 50% tai cho thay: Tang nhiét do siy nong khi nap thoi diém bat dau chay
sém dan, dong co HCCI hoat dong 6n dinh khi nhiét do siy ndng khi nap tir 50°C dén 80°C,
khong nén ting nhiét do siy néng khi nap qua 90°C vi khdng giit duoc dic tinh chay HCCI
nira.

Twr khoéa: HCCI, n heptan, dong co diesel Kubota BD178F(E).

© 2025 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Cac nghién ctu ngay nay vé dong co dbt trong da va dang dbi mat véi cac thach thuc:
tiéu chuan khi thai ngay mot khit khe, nhién liéu hda thach dang can kiét dan trén toan cau
nén can tim ra cac loai nhién liéu thay thé dap ng cac yéu cau cia dong co ddt trong vé cong
suit va moi trudng [1]. Trong cac nghién ciru hién tai thi dong co chay do nén hdn hop dong
nhat HCCI (homogeneous charge compression ignition — HCCI). Trong c4c nghién cuau trén
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thé giGi tinh toi thoi diém hién tai thi dong co hoat dong theo md hinh chay do nén han hop
ddng nhat HCCI (homogeneous charge compression ignition — HCCI) [1,2] duoc cho d3 giai
quyét duoc hau hét van dé ké trén vi: Dong co hoat dong theo mé hinh chdy HCCI (Pong co
HCCI) nay c6 hiéu suat twong tu véi dong co phun xdng truc tiép va kiéu chdy tuong tu Vi
dong co diesel. Pong co HCCI c6 dic trung 1a hon hop nhién liéu va khong khi duoc hinh
thanh tir trude, sau d6 hon hop duoc nén 1én dén nhiét do tu chay vao cudi ky nén. Pong co
HCCI c6 kha nang Kkét hop ca hai uu diém cua dong co diesel (hi¢u suat nhiét) va dong co
xang (phat thai) [3-11].

Nghién ctu anh huong cua nhiét do sdy nong khi nap t6i hiéu qua lam viéc cua dong co
HCCI trén co s6 két qua thu duoc tir mé hinh mé phong trén phan mém AVL - Boost sé 1a
mot goi y khi thuc nghiém kiém ching vé md hinh chay HCCI, mot mo hinh chay méi dang
dugc ca thé gioi quan tdm nghién cau ma ¢ Viét Nam van con méi. Bong thoi két qua cua
nghién ciru nay cling gop phan dinh hudng chinh xac hon cho cic nghién ctiu vé dong co
HCCI trong tuong lai.

2. XAY DUNG MO HINH MO PHONG PONG CO HCCI TREN PHAN MEM AVL
BOOST

2.1. Nhién liéu dung cho nghién ciru

dAN heptan (C7H16) 1 ankan mach thang, véi céc tinh chat duoc thé hién trong Bang 1, n
heptan dugc str dung lam nhién li¢u cho dong co HCCI trong m6 hinh mé phong. Nhién li¢u n
heptan c6 nhiét tri cao hon nhién liéu diesel (42,5MJ/kg) dong thoi ciing co tri s6 Cetane cao
hon (56 so v6i 51,7) [12].

Bang 1. Tinh chat cia n heptan.

Tinh chat Giatri Pon vi
Cong thuc hoda hoc n-C7Hae -
D6 nhét dong hoc (¢ 40°C) 0,567 mm?/s
Nhiét d6 chép chay céc kin -4 °C
Ty trong (& 20°C) 0,688 g/cm?®
Ap suat hoi (¢ 37,8°C) 1,8 psi
Nhiét tri 44,5 MJ/kg
Khéi luong mol 100,16 g/mol
Tri s cetane 56 -
Hé s6 khdng khi/nhién liéu 15,132 -
Diém soi 98 °C

Dic tinh bay hoi cua n-heptane phu thudc vao ap suét va nhiét do nhu trén hinh 1. Khi ap
suét tang 1én thi nhiét d6 can thiét cho qua trinh bay hoi ciing ting 1én. Vi ap suat khi quyén
760 mmHg thi nhiét do dé nhién liéu n-heptane sbi 1a 98,4°C. Khi nhiét do & 25°C thi &p suét
dé n-heptane so6i 1a 45,7 mmHg (6,1 kPa). Theo dic tinh bay hoi cta nhién liéu n - heptane
trén do thi ta thay dé nhién liéu bay hoi hoan toan trong diéu kién &p suat trén dudng nap
dong co (khoang 0,09 MPa ~ 675 mmHg) thi nhiét &6 caa nhién liéu n-heptane gan 95°C. Do
d6 trong qua trinh cung cip nhién liéu n-heptane cho dong co thi can siy nong dudng nap dé
nhién liéu n-heptane cd thé bay hoi ngay trén duong nap dong co.
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Hinh 1. Pac tinh bay hoi cua n-heptan.

2.2. Pong co dung cho nghién ciru moé phéng

Kubota BD178F(E) 1a dong co duoc sir dung cho nghién ciu véi cac thdng sé nhur trén
bang 2, day la dong co mét xi lanh, st dung 4 xupap (hai xupap nap, hai xupap thai), cd
budng chay théng nhat dang o. DBé chuyén dbi dong co diesel sang ché do chay HCCI thi
duong nap cia dong co da duoc cai tién, khi d6 n heptan dwugc cung cip trén duong nap,
khong khi dugc sdy néng nhd hé thdng sdy néng trudc khi hda tron cing n heptan trudc cia
nap, tir ¢6 hinh thanh hdn hgp dong nhat bén ngoai xy lanh.

Bang 2. Thong s6 két cdu dong co Kubota BD178F(E).

Thong s6 Gia tri
buong kinh xylanh, (D) 78 mm
Hanh trinh piston, (S) 57 mm
Thé tich cong tac, (V,) 273 em’
Ty s6 nén, (¢) 17
Cong suat dinh muc, (Ne, ) 4.4 KW
Téc d6 dinh muc, (n, ) 3600 (vg/ph)
Momen cyc dai, (Me,_ ) 13Nm
Toc do tai Me, ., (n,,) 2000 (vg/ph)
Suat tiéu hao nhién ligu, (ge, . ) 378 g/kW.h
Toc do tai ge ;. (nge) 2400 (vg/ph)

2.3. M6 hinh md phéng
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Trén mé hinh dong co diesel) thong thuong phan tir voi phun s& tryc tiép gin vao phan
tu xi lanh, khi xay dung md hinh dong co Kubota BD178F(E) chuyen sang hoat dong theo co
ché chay do nén hon hop dong nhét thi voi phun s& dugc chuyén vé duong dng nap nhu trén
hinh 2, cu thé: Trén doan dng P2-3 bé tri phan tir voi phun 11, tai diy n heptan dugc phun vao
hoa tron cung khong khi da dugc sdy ndng tir cac dudng dng P1-3, hoa khi duoc dwa vao binh
chtra PL1 rdi méi nap vao xi lanh C1 cua dong co.

1 PLA1
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1 -
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h, W
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Hinh 2. M hinh md phong dong co Kubota BD178F(E) chuyén déi sang chdy HCCI.

2.4. Ché @9 m6 phéng

e M0 phong xac dinh dudng dac tinh ngodi cia 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 cua dong co duoc
tinh théng qua céc gia tri m6 men twong ung vai 10%, 20%, 30% va 50% mé men cyuc dai cua
dong co diesel nguyén ban)

_® Mo phong thiét lap qua trinh chdy HCCI cho dong co diesel: M6 hinh duoc chay ¢ cac
che d6 toc do 2400vg/ph va cac che do tai: 10%, 20%, 30% va 50% twong ang véi md men cd
gia tri lan luot la: 1,24 (N.m); 2,48 (N.m); 3,72 (N.m) va 6,2 (N.m)

2.5. Panh gia tinh chinh xac ciia mé hinh mé phéong

bic tinh ngoai cua dong co Kubota BD178F(E) khi mé phong va thuc nghiém duoc thé
hién qua hinh 3. Céc két qua thay rang:

Sai léch cyc dai gira md phong va thuc nghiém doi véi md men, suat tiéu hao nhién ligu
cua dong co lan luot la: 5,12% va 5,48% sai léch trung binh la: 3,6% va 3,0%. Véi nhitng két
qua trén, ta thay mé hinh mé phong xay dung trén phan mém AVL - Boost la hop ly, dat do
tin cay.
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Hinh 3. Két qua so sanh cong sudt, m6 men va sudt tiéu hao nhién liéu giita mé phong va thuc
nghiém ctia dong co diesel Kubota BD178F(E).

3. KET QUA VA THAO LUAN

Dudi day 1a céc két qua chay mo hinh md phong & toc do dong co 2400vg/ph, 50% tai,
véi Nhiét do say nong khi nap tur 50°C tai 100°C.
3.1. Cac két qua vé dic tinh chay cia déng co HCCI

Pic tinh chay cua dong co HCCI bao gom: Ap suét, téc do tang ap suét, toc do toa nhiét
va nhiét do trong xi lanh cta dong co.

K¢t qua vé thay doi cua &p suat trong xi lanh dugc thé hién qua hinh 4. Khi ting dén nhigt
do say khong khi nap khién cho nhiét d6 caa hoa khi truge khi dua vao xi lanh tang dan tgi hé
s6 nap caa /dong co tang, tir do gia tri lon nhét cua &p suat trong xi lanh ting dan 1én, gia trj
cuc dai xuat hién sém dan truge DCT, khi tang dan tai cua dong co, lugng hoa khi dugc dua
vao xi lanh tang dan nén gié tri &p Suét xi lanh cyc dai ciing tang dan Ién.
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Hinh 4. Ap suit trong xi lanh tai cac nhiét 46 siy khong khi nap khac nhau.

Két qua vé thay d6i cua toc do ting ap sut trong xi lanh duogc thé hién qua hinh 5. Téc
d6 tang ap suat tang dan khi nhiét do siy néng khi nap ting tir 50°C t&i 100°C, dong thoi gia
tri 16n nhat ciing 16n hon tai cac ché d6 tai cao hon, ¢ cac nhiét do sdy va tai cao thi gié tri cuc
dai ciing 16n hon nhiéu, day 13 1y do khién cho dong co HCCI kho hoat dong 6n dinh tai toc
do, tai cao hon. O 100°C dd6ng co HCCI khong con 6n dinh tai tat ca cac ché do tai nita.
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Hinh 5. Téc d¢ tang ap suét trong xi lanh tai cac nhiét d¢ say khong khi nap khac nhau.

Két qua vé thay di cua toc do toa nhiét trong xi lanh duoc thé hién qua hinh 6. Tai céc
ché do tai va nhiét d6 md phong, dudng dic tinh toa nhiét cia dong co tuan theo Iy thuyét vé
qué trinh chay HCCI, khi nay duong téc do téa nhiét xuat hién 2 ving twong wng vai ngon lira
lanh va ngon ltra néng. Tuy nhién khi ting dan tai va nhiét do sdy thi gia tri cuc dai, thoi diém
bat dau xuat hién cac ngon Iira lanh, ngon lira ndng sém dan dan dén hiéu suét cua dong co
khong duoc duy tri & gid tri tot cling nhu md men khéng dat dugc gié tri nhu mong mudn. Tai
ché do tai thap, nhiét d6 sy cao thi xuat hién cac diém chay khong tuan theo quy luat nira,
khong nén say néng qua 100°C.
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Hinh 6. Téc d6 toa nhiét trong xi lanh tai cac nhiét d6 sdy khong khi nap khac nhau.

Két qua vé thay ddi caa nhiét do trong xi lanh thé hién qua hinh 7. Tai cac ché do mo
phong nhiét @6 trong xi lanh cua dong co déu nho hon 2000°K, & ving nhiét do nay thi khi
thai sinh ra s& giam duogc luong NOx, day 1a mot wu diém 16n ciua dong co hoat dong theo
nguyén ly chady HCCI ma khong can trang bi thém bo xur ly khi thai dat tién.
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Hinh 7. Nhiét d6 trong xi lanh tai cac nhiét do say khong khi nap khéac nhau.

3.2. Hé s6 dw khéong khi (1) va thoi diém bat dau chay (SOC - Start of combustion SOC)
Két qua vé hé s6 du khong khi duoc thé hién qua bang 3. Khi nhiét do sy ting s& lam
mat do khong khi tdng dan dén A tang, khi hon hop qua ngheo dong co s& kho no cho nén
khong nén tiep tuc tang nhiét do I6n hon 100°C.
Béang 3. H¢ s6 du khong khi tai cac nhiét do séy khéac nhau, [-].

% Tai T =50°C T =60°C T=70°C T=80°C T=90°C T =100°C
10 4,12 4,17 4,24 4,35 4,41 451
20 4,05 4,11 4,19 4,29 4,37 4,45
30 3,93 4,02 4,11 4,18 4,26 4,31
50 3,82 3,92 3,98 4,05 4,13 4,22

Két qua vé thoi diém xuat hién ngon lira lanh (SOC2) va ngon hira nong (SOC1) duogc thé
hién qua bang 4, bang 5. Khi ting nhiét d6 sdy nong khi nap thi thoi diém bat dau chay voi
viéc xuat hién ngon hira lanh va ngon lira ndng s& sém dan 1én, nhiét d6 say nong Ion hon
90°C thi qua trinh chay dién ra qua som trudc diém chét trén, diéu nay anh huéng téi cac hiéu
suat va mé men c6 ich cua dong co.
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Bang 4. SOC2 tai cac nhiét do siy khac nhau, [°GQTK].

% Tai T =50°C T=60°C T=70°C T =80°C T =90°C T =100°C
10 -30,5 -33,5 -37,5 -41,0 -44,5 -49,5
20 -31,5 -35,5 -40,0 -44,0 -46,5 -52,5
30 -33,0 -38 -42,0 -47,5 -49,5 -54,0
50 -35,5 -40,5 -44.5 -50,0 -52,0 -55,5

Bang 5. SOC1 tai céc nhiét d6 séy khac nhau, [°GQTK].

% Tai T =50°C T=60°C T=70°C T=80°C T =90°C T =100°C
10 -10,5 -12,5 -14,0 -16,0 -17,5 -19,5
20 -11,0 -13,5 -15,5 -17,5 -18,5 -20,0
30 -115 -145 -17,0 18,0 -19,5 -21,5
50 -12,5 -15,0 -18,5 -20,0 21,0 -23,5

3.3. M6 men c6 ich va hiéu suat nhiét va ciia dong co HCCI

Két qua vé md men c6 ich caa dong co HCCI duoc thé hién trén bang 6. Khi ting dan
nhiét do say nong khi nap thi téc do ting ap suét ting, tbc do téa nhiét ting theo nén luc dau
khi dong co gitr dugc dic tinh chdy HCCI 6n dinh thi mé men ¢6 ich ciia dong co HCCI bing
Vv6i dong co diesel nguyén ban, tai nhiét do siy néng cao hon 90°C thi mé men c6 ich thap
hon 1a do qu4 trinh chay dién ra qua som trude diém chét trén.

Béng 6. M6 men c6 ich cua dong co HCCI tai céc nhiét 6 séy khac nhau, [N.m].

% Tai T =50°C T=60°C T=70°C T=80°C T =90°C T =100°C
10 1,23 1,25 1,24 1,24 1,20 1,18
20 2,47 2,48 2,48 2,49 2,46 2,42
30 3,72 3,73 3,74 3,72 3,70 3,6
50 6,19 6,25 6,27 6,22 6,09 6,00

Két qua vé hiéu suét nhiét caa dong co HCCI thé hién trén bang 7. Nhiét do sy nong
tang dan s& glup n heptane va khéng khl hoa tron tot hon, qué trinh chay cling xay ra som dan
cho nén hiéu suét nhiét tai nhiét do siy 50°C dén 80°C duy tri tét, tiép tuc ting hiéu suat chi
thi giam, sau 90°C thi giam rat nhanh chiing t6 qua trinh chay qua sém di anh hudng tai hiéu
suat siia dong co HCCI cho nén khong tiép tuc tang nhiét 6 say ndng khi nap nira.

Béang 7. Hi¢u sudt cua dong co HCCI tai cac nhiét d6 séy khac nhau, [-].

% Tai T=s°C T=60°C  T=70°C T=80°C T =90°C T =100°C
10 29,13 33,77 34,06 32,86 25,26 22,86
20 27,21 33,13 33,5 32,7 25,06 22,54
30 26,92 31,26 32,69 31,88 24,19 21,88
50 26,63 28,50 31,93 31,51 24,17 20,92
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4. KET LUAN

~ M0 hinh md phong dong co HCCI chuyén dbi tir dong co diesel nguyén ban trén phan
mém AVL — Boost cho nhirng két qua sau:

e Tai c4c ché a6 mo phong dong co HCCI hoat dong 6n dinh khi nhiét do sy nong khi
nap tir 50°C dén 80°C, & cac ché do nay dong co c6 md men c6 ich twong duong dong co
nguyén ban, hiéu suat nhiét cao bang hoic hon. Véi nhiét do 16n hon 90 °C thi cac théng sb
trén khdng con tot nira.

e SAy nong khi nap gitp cho qua trinh hoa tron va bay hoi giita khong khi va n heptan
clra nap tt hon, hinh thanh hdn hop ddng nhat trudc khi dua vao xi lanh, dong co HCCI duogc
thiét 1ap da hoat dong kha on dinh va qua trinh chay HCCI kha t6t & nhiét d6 50°C dén 80°C,
khong nén tang nhiét 4o sdy qua 90°C.

e Thoi diém bét dau chay som dan khi nhiét do sdy néng khi nap ting.
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