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NGHIEN CUU CAI TIEN DUONG NAP DONG CO VEAM RV165

TREN PHAN MEM ANSYS-ICE

RESEARCH ON IMPROVING THE INTAKE MANIFOLD OF RV165 BY ANSYS ICE

Nguyén Phi Truéng', Didng Van Binh', Pham Van Giang? Lé Manh Téi2,
Nguyén Duy Tién>", Nguyén Huy Chién? Nguyén Tuan Nghia'

TOM TAT

Dong co RV165 do VEAM san xuét dang duac st dung phé bién trong cac thiét bi
hoat ddng trong linh vyc néng nghiép. Tuy nhién, mau dong ca nay dugc san xudt
trén co s6 nhugng quyén cla hang Kubuta (Nht Ban) cch day da hon 20 nam. Quy
trinh ché tao dugc thuc hién theo nhiéu cong nghé cii, lac hdu nén chat lugng dong
€0 khong cao, qua trinh khai thac st dung phat sinh nhiéu han ché. Vi vy, trong bai
bdo nay nhom tc gid trinh bay cic két qua nghién ciu cai tién dudng nap nhdm
ndng cao hé sd nap ciing nhu cai thién qud trinh hoa tron gt nhién liéu va khdng
khi qua dd gitip cai thién cic chi tiéu kinh t€, ky thudt va phat thai cia dong co. Qua
trinh nghién ctu dugc thuc hién trén phan mém Ansys-ICE, cic diéu kién bién ctiamd
hinh dugc xac dinh tlr thuc nghiém trén bang thi ETB tai Trung tam nghién ctu Dong
€0, nhién liéu va khi thai ctia Truong Dai hoc Bach khoa Ha Ni.

Tirkhoa: Mdy ndng nghiép, CFD, dudng nap.

ABSTRACT

RV165 engine produced by VEAM is being widely used in agricultural
machinery in Viet Nam. However, this engine was manufactured on the basis of a
franchise from Kubuta (Japan) more than 20 years ago. The manufacturing
process is carried out according to many old and outdated technologies, so the
quality of the engine is not high, the exploitation and use process has many
limitations. Therefore, in this paper, the authors will present the research results
on improving the intake manifold in order to improve the intake coefficient as
well as the mixing process between fuel and air thereby helping to improve the
economic, technical and emissions of engine. The research process was carried
out on Ansys-ICE software, the boundary conditions of the model were
determined from experiments on the ETB test bench at the Research Center for
Engine, Fuel and Emissions, Hanoi University of Science and Technology.
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1. PANH GIA HIEN TRANG VA CO SO CAI TIEN PUONG
NAP DONG CO RV165
1.1. Panh gia hién trang cac chi tiéu kinh té, ky thuat va
phat thai dong co RV165

DPé lam cad s& dua ra muc tiéu ci ti€n nhdm nghién cdu
tién hanh thuc nghiém so sanh d6i chiing cac chi tiéu kinh
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té ky thuat va phat thai ctia déng co RV165 so vai déng co
cung loai do nudc ngoai san xuat. Béi tuong dugc lua chon
dé so sanh déi chiing la Péng co RT155 do Kubota Thai Lan
san xudat. Cac thong s6 ky thuat cla hai dong co dugc thé
hién trong bang 1 [1].

Bang 1. Céc thong so chinh cla hai dong co

Ky hiéu RV165 RT155
Loai dong co Diesel 4 ky, 1xy-lanh, ndm ngang
Hang - Nudc san xudt VEAM - Viét Nam Kubota - Thdi Lan
DxS 105mm X 97mm 100 x 98 mm
Dung tich xy-lanh 839cm’ 769cm’
Khi lugng kho 132kg 112kg
Ty s6 nén 20:1 18:1
(6ng sudt dinh mc 12,7kW/2200v/ph 11,4kW/2400v/ph
Momen xodn I6n nhat 48,05N.m/1800v/ph | 53,9N.m /1600v/ph
Sudt tiéu hao nhién liéu 239g/kWh 240g/kWh

Qua trinh thuc nghiém dugc ti€n hanh trén bang thi
dong luc hoc cao tai Trung tam nghién ctiu Boéng co, nhién
liéu va khi thai, Trudng Pai hoc Bach khoa Ha Noi. Quy trinh
danh gia cac tinh nang kinh té ky thuat ctia déng co duoc
thuc hién & cac ché d6 nhu sau:

+ Céc tinh nang kinh té - ky thuat dugc so sanh theo
duong dac tinh ngoai va cac ddc tinh tai. Do hai dong co c6
dung tich xilanh khac nhau nén mé men riéng (theo dung
tich xilanh va khéi lugng dong co) dugc lua chon lam théng
s6 so sanh danh gia tinh nang ky thuat. Tinh nang kinh té
dugc danh gia thong qua théng so suéat tiéu hao nhién liéu.

+ V& phat thai nhom nghién ctu lya chon chu trinh thi
ISO 8178 - 4 C1 (8 mode) lam co s& so sanh déi ching gita
hai dong co [2].
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Hinh 1. M6 men riéng theo dung tich xy lanh va khéi lugng ddng co theo
duong dac tinh ngoai

Hinh 1 thé hién mé men riéng theo dung tich xy lanh
(M,,,) va khéi lugng (M) clia hai déng co tai dudng dac
tinh ngoai. Tinh trung binh trén toan ddc tinh, so véi déng
co RT155 M,,, va M., clia ddng co RV165 lan lugt nhé hon

erv

21,1%; M, va 15,83%.

300

=~ 290

= 280

g 270 —»

£ _260 e o

S 2250 < T

g o —e--"-*

= ig.;o -

-

S 230

-

= 220

Z 2104 r r r r r r \
1000 1200 1400 1600 1800 2000 2200 2400

Téc @ (v/ph)

Hinh 2. Sudt tiéu hao nhién liéu cla hai ddng ca theo dutng dac tinh ngoai

Vi suat tiéu hao nhién liéu (g,) nhu thé hién trén hinh
2. So véi dong co RT155, g, trung binh trén ca dac tinh cla
ddng co RV165 cao hon 3,74%.
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Hinh 3. Sudt tiéu hao nhién liéu cla cdc dong co theo dac tinh tai tai nyepy,

va Ny,
Hinh 3 thé hién suat tiéu hao nhién liéu cla cac déong
co tai hai dudng dac tinh tai tai téc d6 c6 mé men |6n nhat
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(Npemay) Va t6c d0 dinh muc (ng,). So v6i dong co RT155,
trung binh trén toan ddc tinh g, clia ddng co RV165 lan lugt
cao hon 16,79% tai Nyemax Va 14,10% tai ngp,.

Bang 2 thé hién phat thai cta hai déng co theo chu
trinh thr 1SO 8178-4C1 c6 thé nhan thdy cac thanh phan
phat thai déc hai chinh (CO, NO,, PM) cta déng co RV165
cao hon dang ké so véi ddng ca RT155, trong khi d6 phat
thai HC ctia hai dong co la tuong duong.

Bang 2. Phat thai cla cdc dong cg theo chu trinh 1S0 8178-4C1

) Gia tri do
Thanh phan Don vi )
RV165 RT155
NO, g/kW.h 6,156 5,531
HC g/kW.h 0,280 0,286
) g/kW.h 5,671 3,839
PM g/kW.h 0,956 0,564

Nhu vay, c6 thé nhan thdy cac chi tiéu kinh té, ky thuat
va phat thai cta déng co RV165 déu thap hon dang ké so
vGi déng cad RT155. D& nang cao cac tinh nang lam viéc cla
dong co RV165 doi hoi can c6 nhiing nghién cdu cai tién
téng thé céac co cau, hé théng cla ddng co. Trong bai bao
nay nhém téc gia trinh bay cac két qua nghién ctru cai tién
dudng nap nham nang cao hé sé nap, cai thién qua trinh
hoa tron gita nhién liéu va khong khi qua dé gilp cai thién
cac chi tiéu kinh té, ky thuat va phat thai cia déng co.

1.2. Phan tich két cau va dé xuat phuong an cai tién
dudng nap dong co RV165

Hinh 4 thé hién khao sat hé s nap cla dong co RV165
va dong co RT155 theo chu trinh thir ISO 8178 - 4 C1. Két
qua cho thay hé s6 nap cliia dong co RV165 ludn thap hon
tai tat ca cac mode khao sat.
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Hinh 4. Hé s6 nap clia hai dong ca thi nghiém theo chu trinh 150 8178-4C1

Két ciu thuc t€ dudng nap cla hai déng co dugc thé
hién trén hinh 5. C6 thé thdy dudng nap dong co RV165 c6
nhiéu doan cong va goc cong Ién hon so véi dong co
RT155. Vé ty | tiét dién ¢ nap/dudng kinh xilanh, déng co
RT155 co6 gia tri I6n hon (hinh 5). Bén canh d6é bang truc
quan cé thé thdy bé mat dudng nap déng cd RT155 nhdn
hon so vdi dong ca RV165, day la yéu té c6 thé lam tang
tén that ma sat doc dudng clia dong khi nap trén déng co
RV165. Ngoai ra, bién dang cia phan hong gan xupap nap
c6 d6 cong nhd clng lam ting t6n that cuc bd cha dong
khi nap khi di vao xilanh.
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Hinh 5. Két cau bién dang duong nap dong co RT155 va RV165: a) Butng
dng nap; b) Hong nap

Nhu vay, dua trén cac co sé& phan tich hién trang cliing
thu tham khdo dudng nap dong co RT155, nhém nghién
clu dé xuat 3 phuong an cai tién duong nap dong co
RV165 theo hudng thay déi d6 cong cia dudng nap (TH1),
cai tién bién dang hong nap (TH2 va TH3) nhu thé hién trén
hinh 6.

44.3

Hinh 6. Cac phuang an cai tién két cau duong nap dong ¢ RV165

a) TH1- Thay d6i bién dang dutng nap; b) TH2 va TH3- Thay d6i két ciu
hong nap
2. XAY DUNG MO HINH MO PHONG
2.1. Co sé ly thuyét Ansys ICE

Ansys ICE la phan mém c6 kha nang mé hinh héa cac
dong chay nén duoc va khong nén dugc, dong chay tang,
chay réi. Trong nghién ctu nay, mé hinh mé phéng vé dong
chay dugc thuc hién dua trén mét s6 gia thiét sau day [31:

(1) M&i chat 1a chat 16ng nhét (d6 nhét phu thudc vao
nhiét do va ap suat)

(2) Dong chady la dong 6n dinh

(3) Xét t6i dnh hudng clia trong luc

(4) M6i chat 6 dau vao va ra la chat long déng nhat

(5) St dung mé hinh réi k-¢ tiéu chuan

Qua trinh tinh toan dugc dua trén nén tang la hé cac
phuaong trinh:
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+ Phuong trinh bdo toan khéi lugng

ou,
VR (1
+ Phuong trinh dong lugng
U ai—_ﬂ.l_i aU _;,_ﬂ m (2)
P, = o T | M, T Y
+ Phuong trinh ndng lugng
— G)
pchIGT 2 Kﬂ— c,uT
ot ax OX;

Trong dé: U va T la van toc va nhiét d6 trung binh clia
m0| chét; u/, u/ va T’ la cac thanh phan dao dong tuong ting;
pu, u va pcu, uT la ing suat Reynolds va Uing sudt nhiét.

+ Phuong trinh réi k-&
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Cac hang s6 thuc nghiém st dung trong mé hinh k - £
tiéu chudn c6 gia tri nhu sau: C,.=0,09 0,=1,00; 0. = 1,30;
C,=1,44;,C,=1,92vac, =085

2.2. M6 hinh héa

a) b)

Hinh 7. M6 hinh 3D (a) va chia lu6i ddng co RV165 (b)

TU cac théng s6 kich thudc ctia dong co RV165 (bang 1)
cing nhu cac kich thudc trén dudng nap (hinh 5), nhém
nghién ctdu sé tién hanh xay dung mo hinh 3D trén Soild
work va chuyén sang Ansys-ICE dé chia Iugi va chay mé
phoéng (hinh 7). Ngoai ra trong quad trinh chia ludi, Ansys-
ICE sé r&i rac héa mé hinh theo diéu kién dich chuyén tinh
tién cta piston tir diém chét trén (BCT) dén diém chat dudi
(BCD). Lugi tu dién dugc st dung (Tetra) khi chia ludi, trong
dé tai cac bé mat giap ranh gilta méi chat va thanh vach (xy
lanh, ndp may, xu pap) dugc chia theo kiéu luc dién (Hexa)
nham théa man dinh luat log-law [4] (hinh 7).

Bang 3. Céc gid tri diéu kién bién trong md hinh md phdng [5, 6]

STT Diéu kién bién Gia tri
1 Khi nap vao 300K
2 Dudng dng nap 330K
3 Piston 450K
4 Xu pap nap-thai 330 - 450K
5 Xy lanh 450K
6 Nép may 450K
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Qua trinh mé phong dugc thuc hién khi xupap nap ma
s6m (20° trudec DCT) va két thic khi xupap nap déong mudn
(45° sau DCD), budc tinh toan dugc st dung cho mobi
0,5°CA. Céc diéu kién bién trong qua trinh mé phong nhu
dugc thé hién trong bang 3.

Ngoai ra, trudc thdi diém xupap nap md trong xylanh
chtra khi sot 6 ap sudt 1,1bar, nhiét d6 820K [7].

3. KET QUA VA THAO LUAN
3.1. Phan bé van téc trong qua trinh nap cia DPCDT

Hinh 8 trinh bay van téc clia dong khi di vao va bén
trong xy lanh trong qua trinh nap dong co. Van téc cla
dong khi khéng c6 su thay d6i ro rét khi d& nang xupap
nap nho (piston & gan BCDT). Sau do, téc d6 dong khi nap
di vao va téc d6 dong khi trong xy lanh déng ca tang dan
theo su chuyén déng di xudng cla piston, van toc trung
binh dong chdy khi nap dat cuc dai khi piston di dugc
khodng nlra hanh trinh cia qua trinh nap. Nhu vay c6 thé
thady c6 moi quan hé tuyén tinh gilra van téc dong khi trong
buéng chay véi téc doé chuyén déng cua piston hay su thay
déi thé tich trong xylanh dong ca.
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Hinh 8. Phan bd van toc qud trinh nap trong xy lanh

Théng qua trudng van téc dong chdy c6 thé nhan thay
rang téc do dong khi trong qua trinh nap la khong déu
theo thdi gian (goc quay truc khuyu) va khéng gian (thé
tich buéng chay). Tir hinh 8 c6 thé thdy khi dong khi nap
khi di qua khe h& giira xupép thi tai day van toc dong khi sé
c6 gia tri 16n nhat (do tiét gilra gilra van va dé van xupap
nho). Ngoai ra tai cac hinh 8c va 8d cho thdy su hinh thanh
réi-xody trong qua trinh van déng ctia dong méi chat trong
xy lanh, diéu nay sé gép phan lam tang qua trinh hoa tron
gitfa khéng khi va nhién liéu & cudi qua trinh nén. Trong
thuc t€, qua trinh nap con tiép tuc kéo dai khi piston qua
DCD hinh 8f, tir d6 lam tang hé sé nap ctia DCDT.
3.2. Phan bé ap sudt trong qua trinh nap caa DCDT

Su phan bé 4p sudt trong xy lanh dugc thé hién theo
cac gbéc quay truc khuyu trén hinh 9. TU hinh 9a va 9b ¢6
thé thdy ap suat bén trong xy lanh I6n hon &p suat trén
dudng nap (piston chuyén déng hudng 1én DCT). Khi piston
chuyén déng tit BCT xudng DCD, do thé tich trong budng
chay tang Ién, dp suat trong xy lanh nho hon ap suat trén
dudng nap (hinh 9¢, d). Khi piston ¢ DCD (hinh 9e) dén khi
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xupap nap doéng (hinh 9f), chénh léch &p suat trong xy lanh
va clia nap gidm dan do quan tinh cta dong khi nap nap
thém va chuyén déng di lén cua piston.
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Hinh 9. Phan b ap sudt qud trinh nap trong xy lanh DT

3.3. Anh huéng két cau duong nap dén hé sé xody l6c va
hé sé nap

Hinh 10 thé hién hé s6 xody 16c ngang cla déng co
(Swirl-ratio) Ung véi cac trudng hop bién dang dudng nap
khac nhau. Két qua cho thay Swirlys (nguyén ban) thap hon
cac trudng hgp con lai khi géc quay truc khuyu (°CA) thay
déi. Bén canh d6 Swirly,,; c6 dd xody I6c ngang dao déng
I6n nhat. Cu thé, gia tri cuc dai clia hé s xody 16¢ ngang
clla dong co trong TH1 la Swirly,, = 2,88 I6n hon so vdéi
trudng hgp nguyén ban la 2,61 (tang 10,3%), diéu nay sé
lam tang chat luong hoa tron gitia khéng khi va nhién liéu,
giup déng co tan dung dugc lugng khéng khi trong budng
chay t6t han qua dé giup cai thién qua trinh chay qua dé
giup tang cong suat, giam tiéu thu nhién liéu va phat thai
doéc hai.

e T

Swirl-ratio

Hinh 10. Hé s6 xody 16¢ ngang ting vdi cac trudng hgp bién dang dutng nap
khéc nhau khi ddng co lam viéc tai 2200v/ph

Ngoai ra, thanh phan xoay I6¢ doc (Tumble-ratio) dugc
thé hién trén hinh 11. K&t qua cho thdy bién dé dao déng
cta thanh phan xoay 16¢c doc trong trudng hgp nguyén ban
thap han so véi 3 trudng hop cai tién con lai. Tinh trung
binh trén toan dai thi hé s6 xoay 16¢ doc cila TH2, Tumble;,,
=0,72, tang 7,1% so vdi trudng hgp nguyén ban.

Hinh 12 thé hién hé s6 nap cta déng cd vdi 4 trudng
hgp khac nhau khi ddng co lam viéc tai 2200v/ph va 100%
tai. K&t qua cho thay vdi bién dang dudng nap theo TH1 thi
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hé s6 nap clia déng co co6 gia tri cao hon cac trusng hgp
con lai. Cu thé, hé s6 nap ng véi TH1 ¢6 gid trilam, = 0,794
I6n hon so véi trudng hop nguyén ban n, = 0,781, tang
tuong Ung 1,66%. Nhu vay cé thé thay viéc gidam do cong
dudng nap trong TH1 (gidm tén that doc dudng) anh
hudng I6n hon trong viéc cai thién hé sé nap so vdi viéc cai
tién hong nap trong TH2 va TH3 (giam tén that cuc bo).
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Hinh 11. Hé s0 xody ldc doc tng véi cac trudng hgp bién dang dutng nap
khac nhau khi dong o lam viéc tai 2200v/ph
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Hinh 12. Hé s6 nap clia ddng co véi cac bién dang dudng nap khac nhau khi
ddng co lam viéc tai 2200v/ph
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Hinh 13. Hé s6 nap ctia dong co trong 2 trudng hop theo dac tinh toc do

Hinh 13 thé hién hé s6 nap clia dong co & hai trudng
hgp nguyén ban va TH1 theo dudng dac tinh téc d6 &
100% tai. K&t qua cho thdy hé s6 nap clia dong co theo
phuong an cai tién TH1 cao hon so v&i mé hinh nguyén ban
tai moi t8c d6. Cu thé, n, tdng cao nhat la 1,66% tai t6c d6
2200 v/ph va tang trung binh 1,22% trén toan dac tinh. Nhu
vay, tUr két quad moé phong co thé thay, khi dudng nap cai
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tién theo TH1 thi sé lam tang hé s6 nap n,, gilp cai thién
qua trinh hoa tron gilta nhién liéu va khéng khi, qua dé cai
thién chat lugng qua trinh chdy gilp nang cao cac tinh
nang kinh té, ky thuat va giam phat thai cia déng co.
4, KET LUAN

Bai bdo da xay dung thanh cong moé hinh dudng nap
trén phan mém Ansys ICE. K&t qua nghién ctiu cho thay
dugc bdng viéc thay déi dd cong va céc kich thudc cta cac
mat cdt dudng 6ng nap cling véi viéc thay ddi phan bién
dang hong nap c6 thé giup céi thién qua trinh hoa tron
gita nhién liéu va khéng khi cling nhu nang cao hé sé nap
cla déng co. Pay la nhiing tién dé co6 thé giup cai thién
chat lugng qua trinh chdy qua dé nang cao céng suét, giam
tiéu thu nhién liéu va phat thai doc hai ctia dong co.

LOI CAM ON

Nghién ctu nay dugc hé trg kinh phi tir Trudng Dai hoc
Cong nghiép Ha Noéi thong qua dé tai nghién ctu khoa hoc
cap trudng nam 2021. Nhom nghién ctu tran thanh cdm on
Trung tdm nghién ctiu Bong co, nhién liéu va khi thai cua,
Trudng Pai hoc Bach khoa Ha No6i da hé trg trang thiét bi
dé nhom tac gia hoan thanh nghién ctu nay.
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