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ANH HUONG CUA VI TR VOI PHUN VA AP SUAT PHUN
DPEN PONG NANG TRONG PUONG NAP CUA PONG CO CNG
PUQC CHUYEN POI TU PQNG CO DIESEL MQT XYLANH
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Tom tat: Bai bao nay trinh bay mét nghién cizu vé anh huong cua vi tri dat voi phun va ap suat phun dén dong
nang cuia dong khi nap ¢ déng co diesel mét xylanh chuyén doi thanh dong co nghién ciru CNG. Phirong phdp
nghién cizu thyee hién trong bai bao nay la si két hop giiza nghién ciau thyc nghiém két hop véi mé phong. Két
qud thu duwoc tir theec nghiém sé dieoc sir dung d@é hiéu chuan md hinh md phong trén AVL Boost. Pé 1am rd hon
danh hong cia Vi tri dat voi phun trén dieong ong nap, cac thdng sé thu diroc tir AVL Boost sé diroc sir dung
lam thong sé dau vao dé xay dung va nghién cizu md phong trén Ansys fluent. Cac két qua thuec nghiém da chi
ra rang nguyén nhan 1am hé s6 COVine, tang khi ting dp sudt phun la do dong hoc khuéch tan cia nhién liéu
CNG trong dwong nap thay doi bat thieong. Thay doi khodng cdch dat voi phun va goc hop béi diong tam voi

phun Véi dirong tAm ciia ang nap Sé lam giam su bat thiwong & déng nang khuéch tan.
Tir khoa: Vi tri voi phun, Ap suat phun, Pong ning khuéch tan, Dong co CNG.

1. GIOI THIEU

Hudng dén muc tidu cit giam sy phu thudc vao
nhién liéu géc dau mo va khi thai, viéc chuyén doi
dong co d6t trong va sir dung nhién ligu thay thé trén
cac phuong tién van tai 1 rat can thiét & Viét Nam
hién nay. Khi thién nhién vai thanh phan chu yéu 1a
khi Mé-tan (CH,) duoc tong hop tir nhiéu ngudn
khac nhau (Nguyén Canh Duong, 2004). Khi nén
véi ap suat khoang 250 bar, khi thién nhién trg thanh
nhién liéu CNG thay thé rat hiéu qua cho xing va
diesel boi ty sd giita nguyén tir Hy-drd véi Cac bon
1a 4, khi @bt chay 1 kG nhién liéu CNG & diéu kién
hoa tron hon hop ly tudng (Stoichiometric, A = 1) s&
giam dugc khoang 12% CO; so véi nhién li¢u xang
(P.R. Dave, 2007). Cac thanh phén khi thai khac nhu
CO va NOx ciing giam duoc lan luot 1a 80% va
12%, tuy nhién hiéu suit nhiét cua dong co ting
dugc 5% va giam duoc suét tiéu hao nhién liéu dén
15% (Maji, 2005). Chuyén doi tir dong co diesel
thanh dong co CNG 1a giai phap phl hop véi diéu
kién Viét Nam hién nay, bai vi nhiing dong co CNG
chuyén d6i s& t6i wu hoa dé dat duoc hiéu suat nhiét
va tinh kinh té nhién liéu ¢ viing toc do thap va trung
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binh, phu hgp véi xe buyt va xe tai hoat dong trong
thanh phd (New York, 1993). Mot trong nhiing
nhugc diém ma dong co dbt trong sir dung nhién liéu
CNG gip phai d6 1a thé tich riéng l6n va khdi lugng
nhe hon so v&i khong khi. Do vay hé s6 nap giam so
véi dong co xang phun trén duong nap va toc do lan
truyén mang lra thip (Muhammad Imran Khan,
2015), cdng suit dong co giam tir 5% dén 10%
(Jones AL, 1985). Dé nang cao cong suét ciia dong
co CNG chuyén d6i trudc tién can phai xem xét chat
luong hoa tron ctia nhién liu va khong khi ngay trén
duong ong nap (Geok HH, 2009). Bgi vi cac qua
trinh dién ra & dong co CNG rat phic tap, dong khi
tir qua trinh nap cho dén qua trinh thai c6 dic trung
cta dong chay rbi. Dong chay rdi dic trung boi tinh
bat thuong, tinh khuéch tan, tinh quay tron va tinh
tidu tan. Dé xem xét chit lugng hoa tron cua nhién
liéu v6i khong khi trong duong 6ng nap ta coi dong
khéng khi nap & trudc voi phun Ia 6n dinh va c6 van
tdc dau vao ¢ dinh. Tai vi tri dat voi phun nhién
litu CNG, dong nhién liéu co6 van toc va ap suat
khac so voi khong khi. Van téc va dong ning
khuéch tan cua nhién liéu CNG s& 1a mot thong sd
quan trong dé xem xét chét lugng hoa tron ciia hon
hop trude khi vao xylanh dong co. Hai thong sb dién
hinh s& dugc xem xét trong nghién ciru nay la van
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tdc nhién li¢u trong dudng nap va dong ning khuéch
tan (TKE). Bai vi thoi gian hoa tron ¢ dong co CNG
mot xylanh phun gidn tiép s& bat dau tir lac nhién
liu duoc phun vao bén trong dudng dng nap cho
dén khi qua trinh chdy két thic hoan toan. Chat
luong ctia hon hop trong khodng thoi gian tir lic
phun nhién liéu vao duong nap dén trudc cira nap 1a
rat quan trong va anh huong tryc tiép dén hé sé nap
va sy dong déu cua hdn hop. Dé ting hé sé nap va
giam sy bat thuong cta hdn hop, tién hanh nghién
ctru anh huong vi tri dat voi phun va &p suat phun
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Hinh 1. So'do bo tri thiét bi thi nghiém

Hinh 1 va 2 thé hién so dd bd tri cac trang thiét bi
thi nghiém tong thé, cac thiét bi chinh str dung trong thi
nghiém gom: Pong co nghién ctu mdt xylanh kiéu
Ricardo dugc thiét ké lai tir dong co diesel vai cac
thdng sé duoc trinh bay trong bang 1. Hé thng cung
cap nhién liéu CNG gom: thiing chira nhién liéu CNG

nhién ligu trén duong nap 14 rat can thiét. Cho dén
nay céc két qua nghién ctu vé khoang cach tir voi
phun CNG dén xtp-pap nap, goc hop boi dudong tim
cua vOi phun CNG véi duong tam ctia duong nap, ap
suit phun nhién ligu CNG 1a chua 18 rang hoic
khong thé tiép can dugc. Phuong phap thyc hién dé
hudng dén két qua nay la sy két hop giira nghién ciu
thuc nghiém va nghién ciru mé phong.

2.CONG CU VA PHUONG PHAP NGHIEN CUU

2.1. Nghién ciru thwc nghiém

2.1.1. So dé thi nghiém

Hinh 2. Béng co va thiét bi thi nghi¢m

&p suat 150 bar, hai bo van giam ép, thiét bi do tiéu thy
nhién lig¢u CNG (Mass Flow Controller: MFC) va mot
vOi phun CNG lip trén duong dng nap, Dynamometer
dé do md men dong co, thém vao d6 la cac hé ‘rhéng
nap/thai, hé thong 1am mat, bo diéu khién dong co, bo
thu thap dit liéu va mot vai hé thong do khéc.

Bang 1. Thong s6 ky thuit ddng co nghién ciu

Tén thong s6 Ky hiéu Gia tri Thi nguyén
Duong kinh xylanh D 103 mm
Hanh trinh piston S 115 mm
Dung tich xylanh Vip 1,03 Lit

Ty s6 nén € 10 -

2.1.2. Phuwong phdp thi nghiém

Toc do dong co gil ¢d dinh & gia tri n = 1800
vong/phat, khoang cach tir mit bén cia nap méay dén
vOi phun CNG dit trén duong nap dugc goi 1a vi tri
vOi phun. Vi tri voi phun thay d6i tir h(mm) = 60,
100, 140, 200, trong khi d6 4p suit phun duoc thay
ddi tai cac gia tri p = 1 bar, 2.5 bar va 3 bar, goc
danh lra duoc thay doi dé tim ra gia tri mé men 16n
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nhat (MBT) tai m&i vi tri vOi phun va &p suat phun.

2.2. Nghién cirumd phéng AVL Boost

2.2.1. So' dé md phéng

Hinh 3 trinh bay Pong co QTC2015 dugc mo
phong bang phan mém AVL Boost, mdi phan tir ¢
dong co mo phong c6 cac thong so ky thuét twong
duong dong co thuc. Pong co nghién ciru moé phong
nhu sau: SB1 va SB2 1 noi thiét 1ap nhitng diéu
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kién bién ¢ dau vao va dau ra mé hinh, CL1: Thiét
lap cac thong so bo loc khong khi, I1: Thong s0
phun nhién li¢u, C1: Thong sb xylanh ciia dong co,

Pe—

MPG MPT S8z

Hinh 3. M phéng déng co QTC2015

2.2.2. Diéu khién mé phong

Dé huéng dén két qua 1a cai thién duoc dic tinh
lam viéc cua dong co Diesel chuyén ddi sang sir
dung nhién liéu CNG, cac diéu kién nghién ciu
duoc tién hanh nhu sau:

- Buém ga dugc md hoan toan dé han ché can
trén duong 6ng nap 1a nho nhat c6 thé.

- Pé danh gia dugc anh huong cia vi tri dat voi
phun (h) dén dic tinh 1am viéc ciia dong co, lugng
nhién lidu cap cho dong co duoc giir khong doi.

- Téc 6 dong co mod phong duge ¢b dinh tai n =
1800 vong/phut.

2.3. Nghién ciru mo phéng Ansys Fluent

2.3.1. M0 phéng dwong éng nap

Hinh 4 thé hién duong 6ng nap cia dong co duge
md phong bang Ansys fluent sau khi ¢4 duoc chia
ludi. Céc thong sé nhap cho mé hinh duoc 1y tir két
qua chay mé phong AVL Boost trudc d6 va thdng sb
k¥ thuat twong duong ctia dong co nghién cuu thyc.
Cac phuong trinh Navier-Stoke vé dong lién tuc va
dong luong, dong nang rdi va ti 1é tiéu tan cua mo
hinh K-g tiéu chuan, hodc mé hinh lién két rdi ciing
dugc Iwa chon va thiét 1ap cho cac phan tir md hinh.

2.3.2. Diéu khién mé phong

Dé xem xét anh hudng ciia vi tri dat voi phun va
4p suat phun dén chét lugng hoa tron cia hdn hop,
cac didu kién nghién ctru dugc tién hanh nhu sau:

- Khoang cach tir tim vOi phun dén cira nap nap
may s& duoc dich chuyén tir 30 dén 300 mm va
buém gi6 duoc mé hoan toan dé han ché can trén

MP1, MP2, MP3, MP4, MP5, MP6 va MP7 14 vi tr
dat cam bién, R1, R2 va R3: hé s6 ton that trén cac
duong 6ng, PL1: B 6n dinh 4p suét thai.
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Hinh 4. M6 hinh sau khi dwoc chia lwdi

duong dng nap 1a nho nhat c6 thé. Gia tri 1 = 0 duoc
coi 1a gbc toa do tuyét d6i ban dau khi dat voi phun
dé so sanh, khi 1 < 0 c6 nghia 1a voi phun da di
Chuyén ra xa so voi géc toa do ban dau va di nguoc
lai so v6i chiéu caa dong khi nap.

- Pé danh gia dugc anh huong cia vi tri dat voi
phun (h) dén kha niang hoa tron ctia hdn hop trén
duong nap, goc nghiéng hop bdi duong tam voi
phun va duong tim 6ng nap dugc diéu chinh & cac
gdc 30° 45° va 90°.

- Pé 1am rd anh huong cta ap suat phun nhién
liu dén kha ning hoa tron hdn hop, ap sudt phun
dugc diéu chinh tir 1 bar, 2,5 bar va 3 bar.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia ap suit phun va vi tri voi
phun dén dic tinh 1am viéc cia dong co

COVimgp 12 hé s6 dénh gia su thay doi p suat co
ich trung binh trong khoang 120 chu ky 1am viéc
cua dong co (Coefficient of Variation of indicated
mean effective pressure), thong thuong COVimep
nho hon hoic bang 5% thi dong co duoc coi 14 lam
viéc 6n dinh ma khong xay ra hién tugng chay bat
thuong [8]. Hinh 5 trinh bay céc két qua thi nghiém
trén dong co thuc & diéu kién € = 10, c¢b dinh vi tri
dat vOi phun so véi ctra nap h = 140 mm, téc do
doéng co dugc gitr nguyén tai n = 1800 vong/phut va
mo men khong thay d6i. Theo chiéu ting cua ap
suat phun,hé sb COVimep ¢6 cung xu huéng ting,
gid tri COVinep = 5% tai p suat phun ps = 1 bar la
6n dinh. Su bat én dinh cua dong co & tbc do n =
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1800 vong/phdt xuat hién khi 4p suat phun ting tir
1 bar dén 1,5 bar va 2 bar, két qua thé hién trén
hinh 5 cho théy COVimep tai ap suét 1,5 bar va 2 bar
lan luot 14 11,5% va 15,4%. Két qua nay cho thiy
sai s6 ap suat 1on nhat ¢ bén trong xylanh ciia 100
lan sinh cong 1a rat 16n, day chinh 1a ly do tai sao
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Hinh 5. Anh huéng cia ép sudt phun dén hé so
COVimep

Hinh 6 trinh bay két qua thu dugc tir nghién ciu
mo6 phong bang phan mém AVL Boost ¢ diéu kién
toc do dong co gilr ¢d dinh tai gia tri n = 1800
vong/phdt, goc danh lira c6 dinh tai 14 do trude
diém chét trén, budm ga mo hoan toan va lugng
nhién liéu khong d6i. Khi thay doi vi tri dat caa voi
phun nhién ligu trén duong nap tir 10 mm dén 280
mm, md men va cong suat dong co c¢6 xu hudng
thay doi gibng nhau. Trong khoang tir 10 mm dén
80 mm, cong suat va moé men tang khi vi tri dat voi
phun dich ra xa so véi cua nap. Khi khoang cach
gitra vOi phun va ctra nap 16n hon 80 mm, mé men
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Hinh 7. Anh hwéng vi tri dat vOi phun dén vin téc

nhién liéu dwoc phun ra

Trong dudng dng nap ton tai hai dong khi co &p suat
va dong nang khac nhau, dong khdng khi nap c6 ap suat
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trong qua trinh thir nghiém rat khé dé kiém soat
tdc d6 dong co tai 1800 vong/phat. Bé xac dinh
dugc nguyén nhéan chinh gy nén su bat 6n dinh
trong qua trinh dong co lam viéc, nghién ciu tiép
theo s& duoc thyc hién bang cach thay d6i vi tri
dat voi phun.
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Hinh 6. Anh hurong ciia vi tri dat voi phun dén mé men
va cdng sudt

va cong suat c6 xu huéng giam nhung gia tri suy
giam 1a khong dang ké. Tir cac két qua thu duoc co
thé thdy rang anh hudng cta vi tri dat voi phun dén
m6 men va cong suat 1a rat khac nhau. Nguyén
nhan lam cho dac tinh lam viéc cta dong co thay
d6i 1a do chét lugng hoa tron ciia hdn hop ngay trén
duong dng nap, dé 1am rd nguyén nhan nay nghién
ctu tiép theo s& duoc thuc hién trén duong dng nap
trude khi vao xylanh dong co véi su trg gitip cua
phan mém Ansys fluent.

3.2. Anh hwéng cia vi tri dit voi phun dén
chuyén d9ng cita nhién li¢u trong duwong nap
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Hinh 8. Anh hweng vi tri dat voi phun dén dong
nang khuéch tan (TKE)

nho hon ap suat méi truong (p < 1 bar) va di tir bén ngoai
vao trong 6ng, dong nhién ligu khi thién nhién di ra khoi
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vOi phun c6 &p suét 1on hon ap suit bén trong duong
dng (p = 2,5 bar). Van tdc ciia nhién liéu dugc phun
ra khoi voi phun 1a mot thong sb rat quan trong anh
huong truc tiép dén hé s nap va chat luong hoa tron
hdn hop trude khi di vao trong budng chay. Két qua
thé hién trén hinh 7 cho thay van tc cua nhién lidu
Cla ca 4 vi tri dat voi phun c6 xu huéng thay do6i
giéng nhau d6 1a do &p suat phun va goc dat voi
phun gidng nhau, tuy nhién tai vi tri h = 80 mm
nhién liéu c6 van toc 16n hon so véi cac vi tri con
lai. Tir két qua ndy c6 thé du doan rang kha ning
hoa tron giita nhién ligu va khong khi Ia tot nhat, dé
lam r8 hon van dé nady can phai xem xét dén dong
nang rdi cia nhién liéu ¢ cung diéu kién nghién ciru.

Hinh 8 thé hién dong ning khuéch tan cta nhién
liéu thay ddi theo chidu dai duong 6ng nap, tir cac
két qua thé hién trén hinh v& c6 thé thay rang dong
ning khéch tan cua nhién ligu bén trong dudong 6ng
nap 1a rat khac nhau phy thudc vao khoang cach tir
ctra nap dén voi phun. Pong ning 16n nhat duoc tim
thay tai vi tri h = 100 mm, néu di chuyén voi phun ra
xa cira nap hon thi dong nang khéch tan nhién ligu
¢6 xu huéng giam.Cac két qua trén hinh vé& cho thay
tinh bat thuong cua dong nhién liéu khi vi tri voi
phun I6n hon 80 mm 1a kha 16n, day chinh 1a nguyén
nhan tao ra nhimg vlng xody réi cuc bd c6 dong
ning khac nhau 1am giam hé sé nap. Trong truong
hop h = 80 mm, tinh d6t bién ciia dong ning khuéch
tan nho hon va 6n dinh hon vi vay chuyén dong cua
dong hdn hop 6n dinh hon, hé s6 nap dugc cai thién
lam tang duoc gia tri md men va cong sut.
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Hinh 9. Anh hiéng ciia géc phun dén vin toc nhién liu

5. KET LUAN
Phan tich cac két qua thu duoc tir thuc nghiém va

3.3. Anh huéng cia géc dit voi phun dén
chuyén dgng cita nhién li¢u trong duwong nap

Hinh 9 cho thay anh hudng ciia goc dit voi phun dén
van toc nhién li¢u trong dudong nap 1a khac nhau, do cac
thong s6 nhu: 4p suat phun nhién ligu, ty sb nén, toc do
dong co va khoang cach tir ctra nap dén tam voi phun Ia
khoéng thay d6i nén gdc toa do trling nhau & ca ba truong
hop o = 30°% 45° va 90° Quan sat ca ba dudng co thé
thiy ring van toc nhién ligu trong dudong 6ng nap &
truong hop o = 45° 12 6n dinh nhét, theo chiéu dong hdn
hop di vao xylanh dong co, van tc nhién ligu sau khi di
ra khoi voi phun ¢6 xu huéng giam déu. Két qua nay
cho thiy dong méi chat trong truong hop ndy chuyén
dong 6n dinh hon so véi hai truong hop con lai va cc
chuyén dong xoay rdi cuc b bén trong gradient dong
chay khong khac nhau nhiéu. D& hiéu & hon tinh 6n
dinh ctia dong chay khi o = 45°, cin phai xem xét sy
thay d6i cila dong nang khuéch tan trong duong nap.

Hinh 10 thé hién su bién ddi dong nang khuéch
tan cia nhién liéu ¢ bén trong duong nap ddi voi ba
truong hop: goc nghiéng gitra duong tdm voi phun va
duong tAm cta 6ng nap lan luot 13 o = 30°, 45° va
90°. Pong nang khuéch tan cia o = 30° va 90° thay
d6i rat phic tap, su thay doi qua 16n trong hai truong
hop nay s& 1am xuat hién nhiing xo4y roi bat thuong &
bén trong dudng dng nap va la nguyén nhan Iam giam
hé s6 nap. Dic biét d6i v6i truong hop o = 90°, dong
ning thay doi qua 16n chinh 13 nguyén nhan lam cho
dong co CNG chuyén dbi 1am viéc khong 6n dinh va
rat kho diéu chinh dé toc 6 dong co n = 1800 vong
phat trong qua trinh nghién ctu thye nghiém.
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Chiéu dai dudng éng nap, i(m)

Hinh 10. Anh hwéng ciia géc phun dén déng ning
khuéch tan (TKE)

moé phong vé anh huong cta vi tri voi phun va 4p
suit phun dén chuyén dong cta nhién ligu trong
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duong nap cia dong co CNG mét xylanh chuyén
ddi, cac két luan co thé duoc rat ra nhu sau:

+ Anh huodng cta thong sb ap suat phun dén hé
s6 6n dinh COVimep cua dong co CNG chuyén doi
|4 rat 16n, nguyén nhén l1a do dong hoc dong khi nap
& dong co chuyén d6i khong 6n dinh.

+ Vi tri dat voi phun anh huéng nhiéu dén cong

suat va md men cua dong co, nguyén nhan lam cho
mb men va cong suat thay doi 1a do dong ning
khuéch tan ctia nhién ligu trong duong 6ng nap thay
dbi bat thuong.

+ Dong nang khuéch tan nhién lidu tot nhat dugc
tim thay & khoang cach tir voi phun dén cira nap 1a h
= 80 mm va gdc nghiéng gitta voi phun la o = 45°.
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Abstract:
THE EFFECT OF INJECTOR POSITION AND INJECTED PRESSURE ON KINETIC ENERGY
IN THE INTAKE MANIFOLD OF CONVERTED CNG ENGINE SINGLE CYLINDER

This paper presented a study on impact of injector position and injected pressure on kinetic energy intake flow
of the single-cylinder diesel engine that converted to research engine with using CNG fuel. The method has
realized in this study that is the combination between experimental and simulative researchs. The obtained
results of experiment were used as the input data to correcting the simulation model on AVL Boost software. To
make more clearly the effect of injector position on the kinetic energy of gas flow into the intake pipe, the
achieved data of AVL Boost simulation used to simulate and research on Ansys fluent software. The
experimental results were indicated that the cause of increasing COVimep when enhancing injected pressure
was due to the turbulence kinetic energy of CNG fuel into the intake pipe was abnomaly changed. The variation
of injector position and injector angle will be decreased the unwontedness of turbulence kinetic energy.
Keywords: Injector position, Injected pressure, Turbulence kinetic energy, Converted CNG engine.
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