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TOM TAT

bong co ddt trong hién dai duoc thiét ké, phat trién trong muc dich hoi tu ca hai ti€u chi: hi€u sut
nhién liéu t6i da trong khi giam thiéu cac khi thai doc hai. Nghién ctru qué trinh nap dong co chi ra
dugc sy phan bd cua hon hop khong khi-nhién li€u, 1a co s& cho nhiing cai tién, toi wu qué trinh chay;
tir d6 ning cao hiéu sudt nhiét va giam 6 nhidm moi trudng. Trong nghién ciru ndy, qua trinh nap cta
dong co xang tir thoi diém piston & diém chét trén (PCT) dén khi dong van nap hoan toan (220° Crank
Angle-CA) dé xem xét dic tinh ctua dong khi nap trong xy lanh. Do sy hoa tron giita khi s6t va khong
khi nap méi va sy truyén nhiét voi vach xy lanh, dién bién cua cac thong s6 nhiét dong hoc cho qua
trinh nap ciing duoc xem xét. Hon nita, anh huéng ciia van nap 18n su xody 16c va nhao 16n cta khi
nap da duoc thé hién rd trong nghién ctru nay.

Tir khéa: CFD, dong chay khi nap, dong co xiing 4 ky, hé thong nap, mé phéng.
ABSTRACT

Modern internal combustion engines are designed and developed for the purpose of convergence both
criteria: the maximum fuel efficiency and reducing harmful emissions. Research on processing of
intake stroke is the distribution of the rate of air-fuel and is the basis for improvements, optimized
combustion engine; thereby improving thermal efficiency and reducing environmental pollution. In
this study, the intake process of the gasoline engine are calculated from the time of piston at top dead
center (TDC) untill closed intake valve (220° Crank Angle-CA) to survey the characteristics of the
intake air flow in the cylinder engine. Due to the excessive gas mixture with a new intake air and the
heat transfer to the cylinder walls, the evolution of the thermodynamic parameters for process intake
also are considered. Moreover, the effect of the intake valve to the swirl of the intake air acrobatics
was demonstrated in this study.
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1.GIOI THIEU TONG QUAN

Dong chay cua khi nap trong Xy lanh la
chi dé chinh trong viéc nghién ctru, cai thién
dac tinh dong co hon 40 nam qua vi ching c6
anh huong dang ké dén dic tinh dong co va khi
xa, Khi dong co lam viéc, van toc dong
chay'” cua Iuu chét trong xy lanh rit cao va
hinh thanh hién tuong réi cua dong chay. Su
hinh thanh cua dong chay réi trong xy lanh c6
tinh chu ky va phu thudc vao khong gian-thoi
gian®. Sy chuyén dong rdi ctia dong chay khi
nap méi trong Xy lanh coé lgi ich trong viéc cai
thién qua trinh truyén ning lugng, hoa tron
nhién liéu va bay hoi. Hon nira, sy hién dién
ctia chuyén dong rdi co anh huong dang ké dén
chat luong chay boi vi ching quyét dinh sy
phan bd ctia hdn hop nhién liéu chi phdi dong
luc hoc dong chay trong xy lanh.

Trong thiét ké dong co, téi wu dong chay
khi nap v6i mong mudn dé co sy phan bd hon
hop hop li phai két hop su hinh thanh xoay va
nhao 16n bén trong Xy lanh dong co thiic day
su hinh thanh dong chay rdi c¢6 cuong do cao
tai cudi qua trinh nén va dan dén hiéu qua rat
t6t cho sy chay tiép dién sau d6. !

Hinh 1. Minh hoa sy xody (trai) va nhao 16n
(phai) cua khi nap trong Xy lanh.

Viéc xac dinh dic tinh dong chay cua khi
nap c6 thé dugc thuc hién bang phwong phép
thyc nghiém hodc mo phong s6. Phuong phap
mo6 phong sb t6 ra hiéu qua khi can tim hiéu
chi tiét vé dic tinh dong chay va cho két qua
tryc quan. Vi vay, nghién ctu nay st dung

phuong phap mé phong sé dé nghién ctru dong
khi nap di vao trong xy lanh dong co xdng
trong qua trinh nap bang phian mém AVL-

FIRE B! v&i mé hinh réi dwoc chon (k- £).
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2. MO HINH MO PHONG PONG CO

Trong nghién ctu ndy dac tinh dong chay
khi nap tai ctra nap va trong xy lanh dong co
dugce xac dinh bang phuong phip md phong
CFD (Compuational Fluid Dynamics). Phan
mém AVL-Fire duoc sir dung ma sy md phong
s6 dua trén phuong phap thé tich hitu han dé
xac dinh cac gia tri 4p suat, van tdc, nhiét
d6...dya trén cac phuong trinh todn hoc nhu
phuong trinh lién tuc, phuong trinh bao toan
dong lugng, phuong trinh nang lugng. M6 hinh
3D dong co dugc xdy dung tir phin mém
Solidworks, sau d& mé hinh dugc dua vao
AVL cho viéc xdy dung ving tinh toan sd.

2.1. M6 hinh djng co

Mo hinh dong co trong nghién ctru nay la
dong co xing vai cac thong sé nhu o bang 1 va
hinh anh d6ng co duoc x4y dung tu
Solidworks nhu trong hinh 2.

Hinh 2. M6 hinh déng co cho nghién ciru qua
trinh nap.

Bing 1: Cac théng s6 déng co.

Théng s6 dong co Giatri

Loai déng co Xang, xi lanh don
Puémg kinh xi lanh[mm)] 80

Hanh trinh piston[mm] 814

Chidu dai thanh truyén[mm] 137

Ti 56 nén 12.5

Téc do[vong/phut] 2000

Thé tich xi lanh[dm?3] 0.42




Mo hinh dong co duoc xem xét Ia
déng co mot xy lanh don, 2 van nap vai 2
dudng gié nap di vao va phan bd déu dén mdi
van nap. Ban kinh cong cua van nap la 45°.
Pong co xang phun nhién lidu trén duong dng
nap dugc st dung phé bién hién nay va hau hét
ching déu c6 piston dinh phang. Vi vay, dinh
piston dang phang ciing dugc xdy dyung trong
mo hinh dong co md phéng. Mo phdng duogc
thuc hién trong 220° cta goc quay truc khuyu
bao gdm tir lic piston tai diém chét trén
[0°CA] d&n khi van nap dong hoan
toan[220°CA].

2.2. Cac phuong trinh mé hinh toan hoc

Céac phuong trinh chi phdi dong luc
hoc cho dong chay chét khi duoc 4p dung dé
dién ta sy bao toan cua khdi luong, dong luong
va nang luong. Pac tinh cta khi nap trong Xy
lanh duoc xem xét dén dic tinh cua luu chit
nhot, nén dugc va khi ly tudng. Hon nira, trong
qué trinh mo phong s, dé xac dinh cac thong
s6 cuong d6 rdi va do tiéu tan rdi, 2 phuong

trinh cua mo hinh roi k- € cho dong chay roi tai

s6 Reynold cao dugc 4p dung va duoc trinh
bay nhu sau:
Phuong trinh bao toan khdi luong:
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Trong cac phuong trinh trén o 1a mat d§ luu
chat[kg/m®], u 1a van tdc cua luu chit [m/s], p

1a 4p sut[Pa], T;; 1a tensor mg suat tiép nhot,

Si 1a lyc tac dung bén ngoai[N], T - la tensor

g suat Reynolds, H 1a enthalpy nhiét va Q,
12 ngudn nhiét.

Phuong trinh mé hinh rdi k-2 tiéu
chuan:
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Trong d6 P 1a luc cang bé mat[N], G la Iyc vat

thé[N], & 1a d6 nhét réi; C.q, C.z, Cog, Cos,

Ty, 0. 1a cac hé so cua phuong trinh mé hinh

r0i k- £ va ching c6 gia tri nhu sau:

Béng 2: Céc gia tri hang sb.
Csl CEE CEE C54 Crk Crs

144 1192 108 033 |1 1.3

3.KET QUA.
3.1 Thé tich xilanh

Trong qua trinh nap, piston di chuyén tir DCT
dén DCD va thé tich trong xy lanh ting dan.
Vung thé tich ma piston di qua s& dugc dién
day boi khong khi nap méi. Khi dong co 1am
viéc, thé tich xilanh khi piston tai DPCT duoc
xem 14 nho nhat va luu chit trong xy lanh lic
nay la khi dd chay cua chu trinh truéc do.
Thong qua md phong, thé tich trong xy lanh

Van toc dong chay khi nap[m/s]: 5°CA
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Vén toc dong chay khi nap[m/s]: 120°CA

khi piston tai DCT trén 1a 3.46E-05[m°] va thé
tich 16n nhét trong xy lanh dat duoc khi piston
di xudng cua piston tai DCT l1a 4.2E-04[m?].
Quan hé bac hai giita thé tich xy lanh va goc
quay truc khuyu dugc thé hién trén hinh 3.
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Hinh 3. Thé tich trong Xy lanh trong qua trinh
nap theo goc quay truc khuyu

&N

3.2. Van toc dong chay khi nap

Hinh 4 trinh bay van téc dong chay
cua khi nap di vao xy lanh trong qué trinh nap
dong co. Toéc d6 dong chay khéng cod su
chuyén bién rd rét tai vi tri piston ciia DCT khi
ma d néng van nap nho. Sau d6 dong khi nap
di vao trong xy lanh dong co véi vén toc ting
dan theo su chuyén dong di xudng cua piston.
Tuy nhién van téc trung binh dong chay khi
nap dat cuc dai khi piston di dugc khoang nira
hanh trinh cua qué trinh nap va tai thoi diém
nay ciing twong dwong vai van toc piston 12 16n
nhét.

Van toc dong chay khi nap[m/s]: 60°CA
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Vén toc dong chay khi nap[m/s]: 180°CA
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Hinh 4: Van tc dong chay khi nap theo goc quay truc khuyu.

Trong thuc té van hanh ctia dong co ddt trong,
thoi diém dong van nap dugc kéo dai sau DPCD
boi goc dong mudn van nap. Chinh yéu té nay
da hinh thanh giai doan nap thém ctia qua trinh
nay. Hinh 5 (trai) minh hoa khi nap van tiép

tuc di vao Xy lanh khi piston da di qua DCD
20° goc quay truc khuyu va qua trinh nap da
that sy két thuc tai 220° goc quay truc khuyu
khi ma van nap di gin nhu déng hoan toan
(phai)

Vin toc dong chay khi nap[m/s]: 200°CA  Van toc dong chay khi nap[m/s]: 220°CA
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Hinh 5. Vén tdc dong chay theo goc quay truc khuyu trong giai doan déng mudn van nap.

3.3 Ap suit trong xy lanh
Ap suat trong xy lanh dugc theo cac
g6c quay truc khuyu dugc minh hoa trong hinh
6. Tai 5°CA da c6 su chén léch gitra &p suat
Ap sudt trong xy lanh[Pa]: 5°CA

.\
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1e+005 1.04e+005 1.08e+005 1.12e+0058 1.16e+005 1.2e+005

Ap sudt trong xy lanh[Pa]: 120°CA

trong xy lanh va cira nap bai sy chuyén dong
di xudng cuaa piston. Su chénh léch nay tiép tuc
tiép dién tai nhiing vi tri thap hon cua piston
trong sudt qua trinh nap

Ap sudt trong xy lanh[Pa]: 60°CA
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Ap sudt trong xy lanh[Pa]: 180°CA
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Ap sudt trong xy lanh[Pa]: 200°CA
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Ap sudt trong xy lanh[Pa]: 220°CA
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Hinh 6. Ap sudt trong Xy lanh trong qud trinh nap

Tai BDCD cua qua trinh nap, chénh léch
ap sudt giita trong Xy lanh va cira nap ting lén
boi s dong dan ctia van nap 1am khe ho di vao
ctia dong khi giam dan. Giai doan dong mudn
van nap da minh hoa va chimg minh hi¢u qua
ctia n6 ddi voi viée ting hiéu suit nap trong
dong co dot trong.
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Hinh 7. Ap suét trong xy lanh trong qué trinh

nap.

Minh hoa 4p suét trong Xy lanh trong sudt
qué trinh nap dugc thé hién qua hinh 7. Sau
120°CA 4p suat trong xy lanh ting dan mot
cach rd rét va 16n hon ap suat moi truong. Tuy
nhién, sau 120°CA khi nap van tiép tuc di vao
trong xy lanh nhu minh hoa trén hinh 5 & 6
boi dong nang cua ching.

Nghién ciru ap suat trong Xy lanh va tng xir
ctia khi nap trong sudt qua trinh nap tir d6 lam
co s6 cho viéc dit thoi diém doéng mo van nap,
van xa (goc dong mudn van xd) hop Iy ma han
ché su that thoat khi nap 1a muyc tiéu mong
mubn.

4. KET LUAN

Trong nghién ctru nay, dac tinh cua dong khi
nap trong qua trinh nap ctia mo6 hinh dong co
xang da dugc trinh bay bang phuong phap mo
phong sé st dung chwong trinh mé phong
AVL-Fire. M6 hinh rdi k-e tiéu chuan, cho su
xéac dinh van téc, ap suit tai cac vung thé tich



sb cling véi nhitng diéu kién dong chay nhét,
khong déu cia luu chat nap dugc ap dung
trong sudt qué trinh md phong. Nghién ciru chi

ra mot s6 két luan nhu sau:

- Thong qua phuong phap mo phong cho qua
trinh nap dong co, dac tinh cua khi nap thé
hién mot cach truc quan va cé y nghia cao
trong cong tic nghién ciu-tim hiéu ung xir
phtrc tap cua khi nap.

- Su hinh thanh cia nhimng ving xoay 16¢ va
nhao 16n khi nap boi anh hudng ctia van nap
1&n dac tinh dong khi nap.

- Phan bd nhiét do trong Xy lanh trong subt
qué trinh nap ma két qua tir sy hoa tron ctia khi
nap mdi voi khi sot va su truyén nhiét giita
véach xy lanh, budng d6t, piston véi khi nap
méi.

- Dién bién ctia qua trinh khi nap di vao trong
xy lanh va ap suét trong xy lanh theo d6 mo
clia van nap va chuyén dong cta piston.

Tuy nhién, thyc t& van hanh cua dong co
dbt trong, qua trinh nap va dic tinh khi nap bi
anh huong cua nhiéu yéu t6 khac nhau. Nghién
ctru ¢6 thé mé rong cho su xem xét anh hudng
cia thoi diém doéng md van nap; hinh dang
piston, ctra nap va cac téc do khac nhau dé
xem x¢ét anh hudng cla ching.
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