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NGHIEN cufu QUA TRINH HINH THANH H O N HGfP 
CUA DONG CO CHAY DO NEN BANG PHAN MEM ANSYS ICE 
STUDY OF MIXTURE FORMATION IN COMPRESS IGNITION ENGINE USING ANSYS ICE SOFTWARE 

N g u y i n DuTc K h a n h , N g u y e n V i e t B a n g , 

N g u y e n D u y V i n h , T r a n D a n g Q u o c , 

B u i V a n C h i n h , T r a n T h a n h Tann 

T 6 m t i l t 

Bai bao trinh bay ketqua nghien cihi mo phdng qua trinh hinh thanh hon hop trong dong co chay do nen, 

si dung nhien lieu diesel. Cac bifdc xay dimg md hinh vh mo ph6ng qua trinh nap, nen va phun nhien 

lieu dUflc thuc hien tren phan mem Ansys ICE. fidi tuong md phdng la dong ctf diesel D1146, buong chay 

thfing nhat dang 6-me-ga dat lech tam so vdi dudng tam xylanh. Ket qua md phdng dua ra dUdc cac hinh 

dnh triTc quan ve van tdc va chuyen dong xoay loc cua ddng mdi chat tnmg xylanh, qua trinh hinh thanh 

va hoa trdn cua tia nhien li^u trong buong diay, dien bien ap suat va nhiet dd trong xylanh. Bai bao cd gia 

tri tham khao trong cac nghien cdu ve thiet ke mdi, cai tien ket cau dong co hoac surdung cac loai nhi«i 

lieu ttiay the. 

Tir khia: Odng hoc dong chdy, phan mem Ansys ICE, chu trinh cong tdc 

Abstract 
The paper presents simulation of cylinder of compress ignition (CI.) engine. The study was conducted in 

Ansys which is one of the most advanced simulation tools nowadays. The Ansys ICE, an advanced module 

is deigned spedfially for internal combustion engine analysis and to increase the user productivity. The 

object of the study was CI. engine D1146, an independent combustion chamber omega type o f ^ t (torn 

cylinder central line. The results show various vjrtualization details In cylinder prot^ss of an ICE sudi as 

the velocity and swiri of Intake air, fuel jetandmlxtureformation, temperature and pressure contours. The 

paper is very helpful in development research in internal combustion engine. 
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1.GK3nTHi|U CHUNG 

Trong nhufng nam gan day, vdi sU 
ohat trien vUcrt bac cua cong nghe 
:h6ng tin, van de mo hinh hda va mo 
ohdng dUac ap dung rat rong rai va 
nieu qua trong cac nganh khoa hoc kl 
:huat, trong do phai ke den ITnh VLTC 

dong CO dot trong. Cac phan mem mo 
phong 3 chieu (3D) hien dai nhi/; Star-
CD, AVL-FIRE, ANSYS Fluent. NhOng 
phan mem nay da va dang duac nhieu 
hang san xuat oto Idn tren the glcfi sd 
dung trong thiet ke va che tao dong 
ca. Ngoai ra cac phan mem con daoc 

sii dung va khong ngCfng phat trien d 
cac vien, trung tam nghien cu'u va cac 
trUcJng dai hoc. 

Cac phan mem mo phong 3D dUOc 
xay dang dua tren ly thuyet dong luc 
hoc chat long CFD (Computational 
Fluid Dynamic). Ly thuyet CFD vdi nen 
tang phaong phap phan ti^ hufu han 
hay phuong phap the tich hQu han 
va cac phuong phap so, cho phep mo 
phong bat ki qua trinh dong lUc hoc 
nao. Trong ITnh vuc dong co dot trong 
(DCBT), qua trinh mo phong dUpc thUc 
hien sau khi xay dUng mo hinh hinh 
hpc va chia ludi doi tuong mo phong. 
De lam duoc dieu nay, cac phan mem 
3D thUdng tich hop modun xay diing 
mo hinh hinh hpc hoac cho phep nhap 
mo hinh hinh hpc duoc xay dung tren 
cac phan mem 3D khac nhUCatia, Solid 
work, Autocad...[3].Trong qua trinh xay 
dung mo hinh hinh hoc va chia ludi 
trong bai toan mo phdng qua trinh 
lam viec trong DCDT, viec kho khan 
nhat van la chia ludi dong (Dynamic 
meshing). De thuc hien duoc chia ludi 
ddng, can thiet lap cac thong so cac 
dudng, mat va khoi tinh, chuyen ddng 
tUdng ddi phUc tap. Tuy nhien, cac khd 
khan tren duoc thuc hien de dang nhd 
mddun Ansys ICE [1,2]. 

Vdi nhCfng tinh nang Uu viet cua cac 
cdng cu md phdng, viec ufng dung mot 
cdng cu hien dai dang co xu hudng 
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a) Xupap nap (xanh) b) Xupap thai (cam) 
Hinh 2. Md hinh xupap nap va thai 

phat trien manh trong ITnh vUc OCDT 
nhu Ansys ICE de nghien cUu, md 
phdng qua trinh lam viec cua dong co 
cd y nghTa thuc tien cao. Chu trinh cdng 
tac cua ddng co da duoc nghien cUu 
nhieu bang cac cdng cu md phong mdt 
chieu nhu AVL-Boost, GT Power... cho 
thay hieu qu^ rd ret trong nghien cdu. 
Tuy nhien nhUng nghien ciru cho ket 
qua dang djnh tinh, dinh luong va hinh 
inh true quan cua cac qua trinh dien 
ra ben trong xylanh chua duoc nghien 
cUu nhieu. Vi vay, nghien cUu nay tap 
trung md phdng va danh gia qua trinh 
hinh thanh hoa tron nhien lieu trong 
ddng co, cy the la ddng co chay do nen. 

2. XAY D U N G Md HlNH VA M 6 
PHdNG 

2.1. Xay diftig mo hinh 3D 
Oe cai thien su hinh thanh hda khi, 

dudng nap ddng co Dl 146 dUOc thiet 
ke dang trdn oc (hinh 1). Ngoai ra, 
ngudi ta con sLf dung tam ch^n tren 
de xupap de hudng ddng khi nap, tao 
chuyen ddng xoay loc trong xylanh. 
Cach bd tri dudng nap va th^i cua ddng 

CO so vdi buong chay nhu hinh 1. 

Oudng nap la dudng tUong dng 
vdi xupap mau xanh. Vdi ket cau ctia 
dudng nap cd the tao dUoc chuyen 
ddng xoay loc ciia ddng khi nap theo 
chieu ngUdc chieu kim ddng ho. Qua 
md hinh con thay dUdng nap dUpc bo 
tri lech mdt khoang so vdi dUdng tam 
xylanh nham giam thieu ton that cho 
ddng khi nap bdi mat xylanh ddng thdi 
cung tao khdng gian thuan tien nhat 
de ddng khi nap di vao. 

DUa vao ket cau cua xupap nap thai, 
mo hinh 3D cCia hai chi tiet dUOc xay 
dung nhuthe hien tren hinh 2. Ngoai 
cac thong sd ve ket cau, quy luat nang 
cua hai xupap cung la thdng so quan 
trpng trong qua trinh xay dung md 
hinh md phdng de dam bao dp chinh 
xac cua md hinh. Hinh 3 the hien ket 
qua do dac xac djnh quy luat ddng md 
hai xupap theo goc quay tryc khuyu 
(TK). Tren dd the hien thdi diem md 
sdm, ddng muon va goc trung diep cua 
hai xupap theo goc quayTK. 

Hinh-̂  Quy luat nang xupap nap va thai 

buong chay chili yeu tap trung 6 phan 
Idm tren dinh piston. Oudng nap duoc 
thiet ke dang trdn dc giiip tao xoayftdn 
den tan cuol qua trinh nen. Khi piston 
di len tren trong qua trinh nen, khdng 
khi glOa nSp xylanh va dinh piston 
bi chen ep vao khdng gian tren dkih 
piston tao ra chuyen dong xoay hinh 
xuyen vdi cudng dp Idn k^t hop uJi 
chuyen ddng xoay trdn cCia khong^ 
cdn luu lai trong qua trinh nap. B u ^ 
chay d-me-ga dUdc thiet ke dac biet\^ 
vi tri lech mdt khoang vdi tam xylaii 
Thiet ke nay duoc dieu chinh phO hf 
vdi vj tri cua xupap nap, tao d i e u ^ 
thuan loi cho ddng khi nap mdi di vao 
phan Idm tren dinh piston giiip qui 
trinh quet khi dddc tot hon dong thii 
cSi thien kh^ nang lam mat dinh piston, 

De tia phun phun nhien li^u phii 
hdp vdi ket cau buong chay dac IM^ 
nay, vdi phun cung duac bo tri lech so 
vdi dudng tam xylanh Vci hifdng'Vio 
tam cua buong chay tren dinh piston, 
Trong md hinh nay, bd qua Snh hiidng 
chiem cho buong chay cCia vol phun 
tren nap may. Cac thdng sd cua vdi 
phun duoc thiet lap trong mo hinh 
phun nhien lieu ma khdng cin xay 
dung ket cau chi tiet cua vdi phun.Mo 
hinh md phdng hoan thien nhi/hinhS, 

2.2. Djnh nghia ^eu kien bienvi 
chia ludi mo hinh 

Sau khi da xay dung dUdc mo hinh 
hoan chinh, tien hanh dat Ccic dieu kien 
bien cho bai toan md phdng vS chia 
ludi mo hinh. Dieu kien bien bao gom; 

- Dieu kien bien dau vao (inleO 
(hinh 6): dUOc thiet lap vdi hai tiidngso 
ccJ ban la ap suat (p) va nhiet do (T)cija 

Hinh 4 Mat cat qua tam buong chay 
Hinh 4 la ket cau buong chay cija 

ddng co D1146. Loai buong chay cua 
ddng ca D1146 la buong chay thdng 
nhat, dang d-me-ga, hinh thanh hon 
hdp theo kieu the tich mang. The tich Hinh 5 lî o hinh hoan thien 
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II nap mai. 
-Dieu kien biendaura (outlet) (hinh 

i: duac thiet lap vdi hai thdng sd cd 
=in la ap suat (p) va nhiet dp (T) cua 
l i thai . 

- Cac dieu kien bien dang thanh 
k h (wall) (hinh 8) bao gom: nhiet 
6 than xylanh, nap may, xupap nap, 
jpap thai, dinh piston. 

Hinh 6.631 dieu 

w-

Oulet 

kien bien dau vao 

«^ . . 
T 

Kinh 7. fiat dieu kien bien dau ra 

Viec chia ludi mo hinh cd y nghia 

luan trong, anh hudng tdi do chinh 

,:ac cCia ket quci tinh toan va thdi gian 

inh toan. Chi tiet duoc chia bdi mdt so 

jidi han cac phan td duoc lien ket vdi 

,ihau bdi cac nut. Kich thudc va hinh 

Jang cua phan td ddng vai trd quan 

rpng trong tinh toan phan tich. Phan 

Lf cang nhd thi ket qua tinh toan cang 

:hinh xac hdn tuy nhien sd lUdng phep 

jinh tang len, dieu nay bj gidi han bdi 

:au hinh may tinh. Do dd, can phai Ida 

:hpn sd lUdng phan tCf phii hdp. Cac 

hong so va hinh anh chia ludi nhu 

3^ng 1 va hinh 9. 

Sau khi xay dung md hinh mo 

)hdng hoan chinh, tien hanh dat cac 

fieu kien dau vao cho bai toan. Cac 

(a) Xylanh, (b) Nap may, (c) Than xupap, (d] Mat de xupap 
Hinh 8. Dat dieu (tien bien cho cac be mat thanh vach 

Bang 1. Thdng sd chia ludi md hinh 

TT 

1 

2 

3 

4 

Thong so 

Kieu phan td 

Sd luong phan td 

SdniJt 

Kich thudc 

phantu' 

Gia trj 

Tddien 

4778 

91953 

dnnhat 

Nhdnhat 

3,5 

0,5 

Sonvj 

mm 

mm 

Bang 2. Thdng sd dau vao cda bai toan md phong 

TT 

1 

2 

3 

4 

Thong so 

Tdc do dong CO 

Hanh trinh 

piston X Oudng 

kinh xylanh 

fiudng nap 

fiudngthai 

GiatriyOimvi 

2000 v/ph 

139x111 mm 

Ap suat 

Nhiet dd 

Ap suat 

Nhiet do 

lat 
25°C 

1,1 at 

25"C 

thdng so dau vao cua bai toan md 

phong bao gom: tdc dp ddng co, hanh 

trinh dich chuyen cua piston, thdng sd 

mdi chat vao dudng nap (inlet) va ra 

iiinh 9. Hinh anh lu^ tai mat cat qua tam hai 
xupap 

dudng thai (outlet), trang thai nhiet dp 

cua cac chi tiet (w/all) (bang 2).... 

3. KET QUA M 6 P H 6 N G V A T H A O 

LUAN 

3.1 .Danh gia do chinh xac cua mo 
hinh 

Hinh 10 la ket qua so sanh dien 

bien ap suat qua trinh nen khdng chay 

gida md phdng va so lieu do dac thuc 

te d che dp motoring (dong ca bi keo 

bdi ddng co dien va khdng phun nhien 
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Hinh 10, So sanh dien bien ap suat trong xylanh 
giCa md phdng va do dac d che do motoring 

lieu} tai tdc dp 2000 v/ph. Ket qua hai 
dudng ap suat kha tUong dong, cho 
thay md hinh ddng cd xay dUng tren 
Ansys ICE phan anh chinh xac ddng co 
thuc te. 

3.2. Dien bien qua trinh nap 
Hinh 11 the hien van tdc cua dong 

khi nap tai mat phSng di qua dUdng 
tam hai xupap. Ket qua cho thay qua 
trinh luu ddng ciia ddng khi di qua 
xupap tai mdi thdi diem theo goc quay 
TK. Hien tUOng xoay loc (tumb) dien ra 
manh khi qua trinh nap bat dau, sau 
dd g i l m dan khi goc quay true khuyu 
Idn hon 90" do the tich trong xylanh 
tang dan. Ddng thdi, khi gde quay TK 
Idn hOn 135° thi tiet dien thdng xupap 
nap dang dan thu hep, hien tupng xoay 
tumb cd xu hudng giam dan. Tai thdi 
diem 45''TK va W T K tiet dien thdng 
qua tai xupap nap cdn nhd, do vay 
ddng khi nap di vao xylanh vdi van tdc 
tuong ddi Idn. Van tdc Idn nhat dat tdi 
227,3 m/s. 

Do dudng nap dUOc thiet ke theo 
dang xoan dc nen ddng khi nap se tao 
chuyen ddng xoay trdn trong xylanh 
(swirl). Chuyen ddng xoay vUa phai 
giup cho qua trinh hoa trpn nhien lieu, 
hinh thanh hda khi tot hon. De thay rd 
hon chuyen ddng xoay theo phuong X 
(tumb), quan sat van tdc ddng mdi chat 
tai mat cat qua xylanh theo phuong 
vudng gde vdi true Z (hinh 12). Vj tr i cac 
mat c i t duoc md ta la cac mat phang 
song song each dinh buong chay eac 
khoang khac nhau. 

a45TK b.90"TK c 135"TK d 1801K 
Hinh 11 Dien bien van tdc cua dong khi nap trong xylanh theo goc quay TK tai mat cat di qua tamhaijuj;: 

Cd the quan sat chuyen dong w. 
t ron swirl quanh true Z trong xylar. •JL^ 

Hinh 12 VI tri cac mat c3t quan sat chuyen ddng 
xoay loc cua ddng kiii nap 

qua cac mat cat (hinh 13), Ketquami 
phong cho thay, tai v; tri AS'TK, dm 
khi nap di vao xylanh va chen ep man' 
khi s6t sau qua trinh thai Do ap 
hudng cua ddng khi nap nencungc. 
t r i 1SCTK dd on dinh cua dong khitar, 
dan theo chieu t d mat Z, denZ .̂TaifHi 
Z, o VI tr i 45° g6c quay true khuyuvi 
toe dong khi cung khong qualc(n,diE' 
van toe Idn nhat chi khoang 120m/5 

Qua phan t ich danh gia dienbi; 
van toe theo gde quay true khujul 
cac mat cat vudng goc vdi trucZc^ 
thay xu hudng chuyen ddng ciiungci 

h 9&' IK lai mil Z; 

• t 
i'% 

ll IIS" IKlairn 

>• 

11 z, jf. 110 n 

*^ \-
nS" VKlaimatI: ^. IHO" fKiaif^ 

:m. 
f B5"rKlqtmalZi i IHlfTKimS^ 

Hinh 13 Dier bien cua dong khi trong ki nap tai cac mat cat 
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lb 14 Dien bien xoay loctrong xylanh theo 
uong dung 

su nhieu loan do xupap nap da ddng 
hoan toan (la vi tr i 214''TK). 

dqua trinh nen, ddng khi khdng chi 
chuyen ddng xoay trdn quanh dudng 
tam xylanh ma cdn bi chen ep manh 
vao khdng gian buong chay tren dinh 
piston. Xet thdi diem seOTK tai mat eat 
Z,, cho thay trong buong chay chuyen 
ddng xoay trdn quanh true Z cung xay 
ra. Xoay loc ed toe do khdng qua cao, 
chi dat khoang vai chuc m/s. Day la dieu 
kien ly tUdng de qua trinh chay xay ra 
[4], neu tdc dp xoay loc qua Idn cd the 
gay anh hudng xau den qua trinh phun 
nhien lieu cung nhuqua trinh chay. 

b 2250 TK tai 

• ' ' - ^ ' 

e.27(/>TKiai 

matZ; 

•nqlZ2 

c 225" TK lai mdt Z3 

1 -

i" 

f. 360" TK IQI mai Zi d. 27(fi TK lat mat Zi 

Hinh IS. Xu hudng chuyen ddng cua ddng mdi chat trong qua trinh nen tai cac mat cat voong goc fiudng 

T; xylanh 

)ng khi nap dddc bieu dien nhu hinh 
k Ddng khi nap cd xu hudng chuyen 
)ng ngugc chieu kim dong ho va tao 
li xoay tai phia ben trai dudng noi tam 
li xupap. Day la ket qua Snh hudng 
a ket cau dudng nap, vj tr i tuang doi 
a xupap cung nhu vi tri cua buong 
ay trong xylanh. 

3.3. Dien bien qua trinh nen 
Hinh 15 the hien chuyen ddng cua 

jng khi trong xylanh tai cac mat cat 
. Zy Zj. Ket qua mo phdng cho thay, 
ic trung cua cac chuyen ddng trong 
la trinh nay van la chuyen ddng xoay 
jn swirl quanh dudng tam xylanh. 
ing de th i y r ing chuyen ddng tai 
di diem nay hau het da khong cdn 

khoang thdi gian tUong Ung 2,5''TK sau 
khi phun, tia phun gap ddng khdng khi 
chuyen ddng va bi xe nhd mot phan. 
Dong thdi phan Idi cua tia nhien lieu 
gom cac hat nhien lieu cd kich thUdc 
Idn tiep tuc di chuyen va cham vao 
thanh buong chay. Phan nhien lieu bj 
xe nhd chinh la phan nhien lieu chuan 
bi cho qua trinh chay tre. Luang nhien 
lieu nhien lieu nay chiem khoang 40% 
tdng lucfng nhien lieu cap cho mdt 
chu trinh [4]. Sau thdi gian chay t r i 
hda khi nay se boc chay va tao thanh 
ngon Ida khuech tan. Theo ly thuyet, 
luong nhien lieu cdn lai bam vao thanh 
buong chay tao thanh mang, duac 
gia nhiet bdi ngpn Ida nen se bay hoi 
tdng Idp roi duoc ddng khi xoay cudn 
dan vao khdng gian buong chay tao 
thanh hda khi va chay. Nang luong tao 
thanh hda khi chu yeu la ddng nang 
cua khdng khi va mdt phan nhd hon 
la ddng nang cua tia nhien lieu. Trong 
phan md phdng nay ta chi xet qua trinh 
phun nhien lieu ma khdng xet den qua 
trinh chay, vi vay khdng quan sat duoc 
qua trinh bay hai nhien lieu do ngpn 
Ida gia nhiet. 

Bang 3.Thdngsd dau vao cua md hinh nhien lieu [2] 

3.4. Dien bien qua trinh phun 
nhien lieu 

Qua trinh hinh thanh hon hop trong 
ddng cO diesel cd dac thu rieng vdi vai 
trd quyet dinh cua viec phun nhien lieu 
va xylanh d cudi qua trinh nen. Trong 
nghien cdu nay, qua trinh phun dien ra 
trong khoang thdi gian 15°TK tU thdi 
diem 340° den SSSTK. Mot so thdng sd 
coban duac cai dat cho qua trinh phun 
duoc the hien trong Bang 3. 

Hinh 16 bieu dien qua trinh phun 
nhien lieu tai cac gde quay TK khac 
nhau. Ket qua cho thay qua trinh phat 
trien cua tia phun qua hai hinh chieu 
cua tia nhien lieu dng vdi moi goc 
quay TK. Tai thdi diem 342,5'TK tdc sau 

Thong sd 
Nhien lieu 
Cdng thdc hda hoc 
Ty trong [kg/m'l 
Nhiet dung dang ap Cp [J/kg-K] 
Bd dan nhiet [W/m-K] 
Sd nhdt [kg/m-s] 
Nhiet a'n[J/kg] 
Nhiet dd bay hm" [K] 
Nhiet dd sdi [K] 

Gia tri 
Diesel 

i^Ai 
850 

2090 

0,149 

0,0024 

277000 

341 
477 

Q u a n sat q u a t r i n h p h a t t r i e n cua t ia 

n h i e n l ieu , t a thay , t ia p h u n cd p h a n b i 

lech p h u o n g d o xoay loc t r o n g b u o n g 

chay. Cd t h e t h a y rd t ia n h i e n l ieu b i l ech 

t h e o sd p h a t t r i e n eua t ia p h u n t h e o 

g o c q u a y t r ue k h u y u . D i e u nay gay a n h 

h u d n g xau t d i d p d d n g d e u cua hda k h i 

t r o n g x y l a n h , t a t n h i e n c u n g se g a y a n h 

h u d n g xau t d i qua t r i n h chay. Xoay loc 

p h u h d p g i u p xe n h d n h i e n l i eu c u n g 
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Theo phacmg Irifc V 

b. Tai 345" TK 

Wk 

Theo phuffng true Z 

f Tai 355" TK 

f^.^ 

g. Tai 357,5" TK 

d Tai 350" TK 

'#^-
'"-^M-

Hinh 16. Su phat trien cua tia nliien lieu diesel trong buong chay 

nhu tang kha nang hda trdn nhien lieu 
vdi khdng khi nhung cung cd the gay 
anh hudng xau den qua trinh phat trien 
tia phun nhu da thay trong ket qua md 
phdng tren. 

4. KfT LUAN 
Nghien eUu sd dung phan mem 

Ansys ICE de xay dUng md hinh va mo 
phdng dien bien qua trinh nap, nen va 
phun nhien lieu trong xylanh dong ca 
diesel buong chay thong nhat, ket qua 
cd the tdm tat nhd sau: 

- Xay dUng va thiet lap cac thdng so 
md phdng vdi md hinh ddng co Dl 146, 
kiem chdng dp tin cay cua md hinh 
thdng qua so sanh dien bien ap suat 
xylanh d qua trinh nen khdng chay 

tia nhien lieu trong buong chay bj jr.' 
hudng nhieu bdi su chuyen ddng xoi 
loc cua dong khi nap. 

Phan bien khoa hoc: TS. Tran Quangĵ  
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g ida m d p h d n g va d o dac thUe te . 

- M d p h d n g d i e n b ien cua qua t r i n h 

nap, qua trinh phun nhien lieu trong 
budng chay, ket qua md phdng eho 
thay: 

+ Do dac diem ket cau dudng nap 
dang trdn dc, ket hap vdi budng chay 
thong nhat dat lech tam so vdi dudng 
tam xylanh tao nen chuyen ddng 
xoay loc eua ddng khi nap chen ep 
vao khdng gian buong chay tren dinh 
piston, dieu nay cd tac dung cai thien 
dUdc qua trinh hinh thanh hon hdp. 

+ Do dac diem budng chay va bd 
tri vdi phun, hon hop nhien lieu khong 
khi duoc hinh thanh theo kieu the tich 
mang. Su hinh thanh va phat trien cua 
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