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NGHIEN CU'U ANH HUONG CUA CAC THONG SO NAP
DEN DAC TINH CHAY HCCI SU DUNG NHIEN LIEU PRF80

ARESEARCH STUDY ON THE EFFECTS OF INTAKE CONDITIONS
ON COMBUSTION CHARACTERISTICS HCCI ENGINE FUELED BY PRF80 FUEL

TOM TAT

Qué trinh chy hon hop dong nhét HCCI dang 14 xu huéng nghién ctu chinh
clia cac nha khoa hoc v ddng co ddt trong. Chay HCCI ¢6 nhiéu vu diém la nang
cao hiéu sudt nhiét, giam dugc cac thanh phan doc hai trong khi thai. Bai bao
nghién ctu thyc nghiém mé hinh chay HCCI st dung nhién ligu PRF8O (Primary
Reference Fuel, 80% iso-Octane va 20% n-heptane). Cac thong s6 dau vao nhu
nhiét d9, ap suat khi nap, ty 1& hoa khi tvong drong ER (ER- equivalence ratio) va
mitc do lam lodng dong khi nap bang N, Ian ot dwoc khao sat nham danh gia
ddc tinh chay cla nhién liéu PRF80. Két qua cho théy, khi tang ty 1€ hoa khi trong
duong ER, tang ap suat dvong 6ng nap déu lam cho nhiét do, ap suét trong
xylanh téng 1&n & ca hai pha chay. Nhiét do khi nap ¢6 anh hudng tryc tiép dén
qué trinh chéy, khi thay dGi nhiét do khi nap tir 50 + 150°C, tdc d6 toa nhiét va
ap sudt trong xylanh déu téng va gia tri curc dai gan vdi diém chét trén. Ngoai ra,
bai bao con kho st qua trinh chéy duoc diéu khién béng cach bo sung khi N,
vao duong 6ng nap. Két qua cho théy, tang ty 1€ pha loding N, s& 1am tré pha chay
chinh nhing khdng anh héng & pha chay véi ngon Iva lanh.

Tr khda; HCCI, nhiéu liéu PRF80, dac tinh chéy.

ABSTRACT

Recently, HCCI mode in the intemal combustion engine is one of a trend study
of the scientist. The advantages of HCCl mode are increased heat performance and
decreased emission. In this paper, PRF80 (Primary Reference Fuel, 80% -iso Octane
and 20% n-heptane) was evaluated. The intake conditions such as intake
temperature, intake pressure and dilution ratio by nitrogen (N,) were investigated
to study the characteristics of combustion with PRF80 fuel. Results shown that, rise
ER and intake pressure lead to in-cylinder temperature and pressure increased of
both combustion phases. The intake temperature effect directly in HCCl combustion
mode, intake temperature from 50°C to 150°C, results on in-cylinder pressure and
heat release rate vary bath value and position of peaks near the top dead center.
Besides, this work also was researched dilution by nitrogen (N,) for control the
combustion, the result shown that, increasing N, lead to delay of the combustion
timing, but not influence the cool flame.

Keywords: HCCl mode, PRF80 fuel, characteristics of combustion.
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1.DAT VAN BE

Trong xu huéng phat trién ctia dong co dét trong hién
nay, chay hon hop déng nhdt HCCI 1a mét trong nhitng
huéng wu tién dang dugc cac nha khoa hoc tap trung
nghién ctru. Chay HCCI c6 nhiéu wu diém la nang cao hiéu
sudt nhiét, giam duoc cac thanh phan déc hai trong khi thai
[1-3]. Xu huéng nghién ctu chinh cda cac nha khoa hoc
trén thé gigi vé dong co HCCI la tap trung vao diéu khién
qud trinh chay.

Mot trong c&c phuong an dugc tap trung nghién cteu la
st dung luvdng nhién liéu trong dong co chay dong nhat
HCCI. Vi du nhv Olsson va cdng s nghién ctru lvdng nhién
lidu iso-Octane va n-heptane véi tri s6 Octane lan lwot la 100
va 0 dé kiém soat mot khoang réng ctia dac tinh tw chay [4].
Tuy nhién, nghién ctru nay chwa khao sat dén tinh lam loang
cling nhu ty s6 s6 hoa khi tvong duong ctia hdn hop (ER-
equivalence ratio) khi cdp vao dong co. Luan hoi khi thai
cling la mot trong cac phuong an st dung phé bién dé diéu
khién chay déng co HCCI. Véi phuong an nay, mot phan khi
thai sé duoc quay trd lai dudng nap nham lam thay déi
thanh phan ctia hdn hop nap qua dé 1am thay déi tinh chat
chay ctia hdn hop cong téac [5]. Khi két hop chi s8 Octane clia
nhién liéu va ty 1& luan hai khi thai hop Iy c6 thé lam cho hiéu
sudt nhiét tang Ién, phat thai NO, gidm ¢ tat ca cac ché do tai
[6]. Cac tham s6 dwdng 6ng nap c6 anh hwéng truc ti€p dén
diéu khién qué trinh chdy. Chenxu Cheng va cong sv [7]
nghién ctru sy anh hwéng clia nhiét do khi nap két hop véi
thay doi tri sO octane clia nhién liéu PRF90, PRF80, PRF70,
PRF60 c6 thé nang cao hiéu suat chay clia déng co & tat ca
ché do tai. Phuong an diéu khién ty sé nén ctia dong co cling
duwgc tap trung nghién ctru [8]. Tuy nhién, hién khéng co
nhiéu déng co dugc trang bi co thé thay déi dugc ty sé nén
nén phuong an nay it dugc lya chon.

Trong bai b4o nay, phuvong phap nghién clru danh gia
ddc tinh chay cla nhién liéu PRF80 khi ddng thoi khao sat
cac tham s6 anh hudng cla nhiét do, ap suat khi nap cling
nhu phrong an lam lodng khi nap bang khi Nito (N,) s& gop
phan lam hoan thién thém qua trinh diéu khién chay clia
dong co HCCI.

2. MO HINH TOAN QUA TRINH CHAY

Quy luat téa nhiét trong xylanh déng co dua trén mo

hinh cia Woschni nhv sau [9]:
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d_Q:LPd_V_g_iV__{_ w +dQCrevice (1)
d y-1do y-1 do de de
Trong dé, Q la nhiét lvgng téa ra, p la ap sudt trong

xylanh, V 12 thé tich xylanh, v Ia chi s doan nhiét (y = g_z),

0 la g6c quay truc khuyu, Q, ton that nhiét qua thanh
xylanh, Qgeavice 12 tON thét nhiét qua khe k& (c6 thé bé qua
khi tinh toan).

Lwong ton that nhiét qua thanh vach xylanh c6 thé
duoc tinh theo cdng thirc sau:

dQ

—2=Ah(T -T)/w 2

o (T =T 2

Trong do6, A, 1a dién tich tiép xtc hdn hop khi chay voi
thanh vach xylanh, T, (K) 1a nhiét dé hon hop khi chay, T,,
(K) l1a nhiét do thanh vach xylanh, o (rad/s) la van t6c goc
cta truc khuyu. B6i véi mé hinh chay trong dong co HCCI,
hé so truyén nhiét h, (W/m? K) duoc tinh theo céng thikc [9].

h, =3,26D%(pw)** T  W/m’K (3)

Van t6c chay trong xylanh duwgc tinh theo céng thic
Woschni 1967 nhuw sau:

T
w=|C.c, +C,—

a*’a

NV.(p=pPy) 4)

Pa V. T, 12 4p sudt, thé tich va nhiét do cla khi trong
xylanh tai mot thoi diém nao do, thuong chon la cudi ki
nap; p, V 1a ap suét va thé tich trong xylanh tai mot thoi
diém; p,, 1a ap suét co khi trong xylanh (xac dinh & cling vi
tri goc quay truc khuyu véi p) khi dong co dwgc kéo khong
no & cung diéu kién khi lam viéc. C, 1a hé s6 xoay léc, C, la
hé sb chay.

& hanh trinh trinh thai: C, = 6,18+ 0,417
C

m

& hanh trinh khéc: C,=2,28+0,308
C

m

Cn: t6c dd trung binh cuda piston; v, = D';)p , VoI W, la
téc do xoay I6¢ trong xylanh. Khi chwa c6 su chay nhién
ligu, C, =0, khi chay nhién liéu C, = 3,24.10°,
3.DONG CO VA BIEU KIEN THi NGHIEM
3.1. Béng co thi nghiém

Bang 1. Thdng s6 clia dong co

T Thong s6 Tris0

1 Kiéu dong co Peugeot PSADW10
2 56 xylanh 1

3 Buing kinh xylanh (mm) 85

4 Hanh trinh piston (mm) 88

5 Thé tich cong téc (lit) 0,499

6 Ty sd nén 16:1
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Viéc nghién ctru duoc thuc hién bang thuc nghiém trén
xylanh mét xylanh ctia dong co (tlr nguyén mau dong co
diesel 4 xylanh) v&i cac théng s6 dac trvng clia dong co
duoc cho trong bang 1. Khi thyc nghiém chi cho mot
xylanh hoat déng, 3 xylanh con lai dwoc ngét nhién liéu va
tao 16 thong xylanh véi moi treong bén ngoai dé loai b
hanh trinh nén. M6 hinh I18p dat thiét bi va dong co thi
nghiém duwgc gidi thiéu trong hinh 1.

3.2 Nhién liéu thi nghiém

Chi s6 RON clia n-heptane bang 0, trong khi d6 chi s6
RON cla Iso-Octane la 100 don vi. Khi hoa tron n-heptane va
iso-octane theo ty |1é phan tram thé tich ta c6 chi s6 RON clia
nhién liéu thay déi tir 0 + 100 don vi. Trong thurc nghiém nay,
nhién liéu PRF80 v&i chi s6 RON bang 80 don vi, nghfa la hoa
trén 20% n-heptane véi 80% iso-octane. Tinh chét ctia nhién
lieu thir nghiém dwoc cho trong bang 2.

Béng 2. Cac thong o clia nhién liéu PRF8O [7]

T Thong s0 n-heptane | Iso-octane | PRF80
1 | Cong thiic phan iy C;Hg CeHug CisHirs
2 | Khéi lwgng mol 100 114 112
3 | Tytrong & 15°C (g/ml) 0,684 0,692 | 06904
4 | Nhiéttri thap (Mi/kg) 446 43 44,36
5 | Nhiét d soi ¢ ap suét 1atm (<€) 93,38 99,3
6 | Nhiétdotuchay () 220 396
7 | AF 15,14 15,09 15,096
8 | RON/MON 0 100 80

3.3. biéu kién thi nghiém

Céac thdng sb ap dat diéu kién hoat ddong clia dong co
khi thi nghiém dugc cho trong bang 3. Trong d6 gitr toc do
dong co & s6 vong quay 1500 vong/phut, ap suat duong
ong nap la 1bar. Tién hanh thay d6i nhiét a6 khi nap va ty
I& hoa khi tvong duwong clia dong co dé khao sat qua trinh
chay HCCI clia nhién liéu PRF80 trong dong co nay.

Dé diéu khién qué trinh chay, pha lodng khi nap bang
Nito (N,) bang cach b6 sung khi N, vao duong 8ng nap. Pha
lodng bang N, (kiéu luan hoi don gian) 1a buéc dau dé danh
gia luan hoi khi thai EGR (Exhaust Gas Recirculation). Ty 1&
b6 sung N, dugc cho nhu sau:

EGR = _NZ % (5)
Air+N,
Bang 3. Cac ché da thi nghiém
TT | Thamso Giatri
1 | Budng6ng nap
Nhiét d6 khi nap (°C) Thay doi
Ap suét (bar) 1
Ty 18 hoa khi ER Thay doi
bong co
T6c d0 (vong/phut) 1500
Ap sudt chi thi (bar) Thay d6i
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Hinh 1. M@ hinh I&p d&t dong co thi nghiém
4. KET QUA VA THAO LUAN
4.1. Anh hugng cla ty 1& hoa khi

Anh hudng cta ty 1& hoa khi dugc danh gia théng qua
chi s6 ER, (ER = 1 la vira d0 oxy, ER < 1 thi hén hop nhat,
thira oxy). Thay déi ty I& hoa khi ER s& lam thay d6i ndng
lwvong trong budng chay, déng thoi cé thé diéu khién duoc
cac phan (ng chay clia nhién liéu trong xylanh dong co.
Hinh 2 biéu thi quy luat thay doi ap suét va tdc do toa nhiét
trong xylanh dong co khi gilr nguyén nhiét do, ap suat
duong 6ng nap va thay déi chi s6 ER tir trong khoang
ER =[0,300 + 0,390]. K&t qua chi ra rang, khi ting ER dong
nghia véi viéc tang dwoc lvgng nhién liéu cdp vao budng
chay dong co. Khi ty 1é hoa ER = 0,39 thi 4p suét trong
xylanh va toc do téa nhiét la I6n nhat. Hon niva, ta thdy khi
ty | ER tang Ién thi c&c dinh clia 4p suét cwc dai va cac dinh
clia téc dé tda nhiét cwe dai déu c6 xu hwang dich chuyén
vé phia gan diém chét trén.
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Hinh 2. Quy luat thay dGi ap suét trong xylanh va téc d6 tda nhiét khi chay
nhién liéu PRF80 khi nhiét d6 khi nap 100°C, ap suat 1bar
4.2. Anh hudng clia 4p suat khi nap

Dé khao sat quy luat thay déi ap sudt va quy luat tda
nhiét khi thay d6i ap suat dwong 6ng nap, nhiét dé khi nap
(100°C) va ty 1é hoa khi ER (ER = 0,30) duoc gilt nguyén. Ap

suat khi nap duoc thay déi ting 1én trong pham vip =[1 +
1,3]bar. RG rang tang ap sudt khi nap sé lam tang ap suat
cling nhu téc dd tda nhiét trong xylanh ddng co. Téc do toa
nhiét cling nhu ap suét trong xylanh I&n nhat khi p = 1,3bar.
Trong thuc té, ting 4p sudt dudng nap bang cach tang ap
dong co. Tuy nhién, ap sudt va nhiét do khi nap la cac tham
s6 phu thudc nhau. Do d6, ta can phai xem xét yéu t6 nhiét
dd khi nap dén quy luat chay trong xylanh dong co.
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Hinh 3. Quy luat thay ddi ap suat trong xylanh va toc dd toa nhiét khi nhiét
{6 khi nap 100°C, ER=10,30
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Hinh 4. Quy luat thay doi ap suat trong xylanh va téc do téa nhiét khi thay
d6i nhiét do khinap
4.3. Anh hugng clia nhiét do khi nap va ty 1& pha loéng

4.3.1. Anh hurdng ctia nhiét do khi nap

Nhiét do khi nap cé anh huéng truc ti€p dén dong hoc
qua trinh phan (rng chay HCCI va la théng s6 dung dé diéu
khién qué trinh chay. Hinh 4 la quy luat thay déi ap suét
trong xylanh va toc dé toéa nhiét khi thay doi nhiét do khi
nap T = [50°C + 150°C]. Tir d6 thi ta thdy, c& ap suét va t6c
d6 toa nhiét cuc dai déu chuyén dich lai gan vi tri diém chét
trén khi nhiét do khi nap cao. Biéu nay la do qua trinh phan
(rng chay xay ra sém hon & ca hai pha chay va cai thién toc
dd phan (ng dén gan diém chét trén. Dién bién qua trinh
chay & pha ngon Iira lanh tir -20 + 10°TK trudc diém chét
trén cho thay, khi nhiét do khi nap T = 50°C thi dinh clia téc
do tda nhiét xay ra cham hon va Ién hon. Khao sat vung
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chay ngon Itra lanh, néu nhu gil ty Ié ER = 0,3 thi nhiét do
va ap sudt chay ctia ngon Itra lanh dat gia tri T = [ 800 +
850K], p = [30 + 40bar]. Nhu vay, khi tdng nhiét dé khi nap
thi thoi diém dat nhiét do tv chay clia nhién liéu & ca hai
pha chay déu dién ra sém hon. Diéu nay dan dén téc do téa
nhiét va tdc do tang ap suét déu dién ra nhanh, dong co
lam viéc rung giat, 6n.
4.3.2. Anh huéng ctia pha loding dong khinap
biéu khién qua trinh chay HCCI cla nhién liéu PRF80
bang cach bé sung khi N, hoa tron vao dudng ng nap. Ty
I& 1am lo&ng thap gitr 4p suat dudng dng nap bang 1bar va
ty 1é lam loang cao, tang ap sudt khi nap Ién 1,3bar. Quy
luat thay doi ap suat trong xylanh va quy luat téa nhiét
duwoc cho trong hinh 5. Két qua cho thay, tang ty 1é pha
lodng N, s& lam tré pha chay chinh nhwng khong anh
huéng & pha chay véi ngon Ira lanh cd & ap suat duong
dng nap la 1bar va 1,3bar. Tré pha chay la giai phap dé
gidm téc do tang ap dp/dt, gradient ap suat giam, déng co
lam viéc ém hon.
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Hinh 5. Quy luét thay ddi ap suat trong xylanh va tdc d6 toa nhiét khi thay ap
sudt khi nap va ty Ié pha lodng EGR, gilt nguyén nhiét d khi nap 100°C, ap suét
khi nap 1barva1,3bar
5.KET LUAN

Qua phan tich danh gia cac tham s6 anh hwéng dén qua
trinh chay HCCI ctia nhién liéu PRF80, c6 thé thay, thay doi
cac tham nhiét do va ty Ié hoa khi twong dwong ER (cac
thong s6 dau vao ctia dong co) sé lam thay ddi cén ban déc
tinh chay cda nhién liéu PFR80 trong md hinh chay cla
dong co HCCI. Khi tang ty Ié hoa khi va gidm nhiét do khi
nap sé lam tang dwoc giéi han tai cia dong co HCCI. Tuy
nhién, khi dé dong co lam viéc rung giat va on.

piéu khién pha chéay bang cach tang ty |é pha loang N,
trong duong nap thi co ban lam tré pha chay chinh khi cung
cdp cung luvgng nhién liéu hodc cung ap suét chi thi dau ra.
Tuy nhién, m&c di tré pha chay chinh nhung pha chay & giai
doan ngon Ira lanh hau nhw khdng bi anh huéng.
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