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DIESEL ENGINE BY CFD SIMULATION
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TOM TAT

Bai bdo trinh bay nghién ciu mé phong nham cai tién duong nap cua dong co diesel 4
xylanh. Céc nghién citu mé phong dugc thuc hién trén dwong nap khi thay déi kich thude va bién
dang duong nap. Cong viéc nay dugc thie hién trén phan mém dong liwc hoc chat long (CFD,).
Két qua mé phong thu dwoc chi 16 ca lweu heong nap va chuyén dong xoay ciia dong khi nap dwoc
cdi thién dang ké sau khi thay doi dwong kinh, chiéu dai va hinh déng ciia dwong nap. Két qua
mé phong la mét co sé quan trong tro gitip cho qua trinh cai tién dwong nap ciia dong co diesel
4900ZL.

Tu khéa: Puong nap; Bién dang; Péng co diesel; Xody loc.
ABSTRACT

This paper presents simulation study of intake manifold improvement of four cylinder diesel
engine. The simulation studies were performed on an intake manifold of four cylinder diesel engine
that size and configuration are changed. The simulations were carried out using computational
Suid dynamics (CFD). The results showed that both flow rate and swirl intensity of intake air are
significantly improved after the optimal of diameter; length, and configuration of intake manifold
was improved. These simulation results have provided important information that can usefully assist

in the first step of the process improvement of intake manifold for the 4900ZL diesel engine.

Keywords: Intake manifold, Configuration, Diesel engine, Swirl intensity.
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1. PAT VAN DE

Nhiém vu chinh ctia dudng nap 1a cung
cap khi nap tir ngoai moi trudng t6i mdi cira nap
cua tirng xy lanh, su cung cap nay anh hué’r}g
rat nhiéu téi hiéu suit nap va sy hoat dong on
dinh, hiéu qua cua déng co. C6 nhiéu nhan t6
anh huong téi qué trinh nay c6 thé ké ra la: Ap
suat va nhiét do trudc cira nap, ty s nén, hinh
dang duong nap [1].

Thiét ké duong nap 1a mét nhan td quan
trong trong viéc nghién ctru hoan thién dong
co. Mot duong nap voi hiéu suat nap cao va tao
xody l6c tot s& gitp qua t{inh hoa tron nhi(‘%n
liéu — khong khi va chay tot hon. Do viy, hau
hét cdc nha nghién clru cai tién dong co déu
quan tam dén viéc cai tién duong nap [2-4].

Hién nay, md phong sb dang ngay cang
duoc ap dung rong rai trong cac linh vuc khoa
hoc ky thuat, dong mét vai tro quan trong trong
viée kiém chimg 1y thuyét va tir d6 ta cé co
thé dua ra cdc tién doan thuc nghiém. Pay la
phuong phéap duoc thue hién nhanh, tiét kiém
chi phi so véi lam thi nghiém.

Trong bai bdo nay, tac gia Gng dung
phan mém ANSYS FLUENT dé mé phéng
dong chay trong dudng 6ng nap dong co diesel
4 xylanh 490QZL [5-7]. Tir m6 phong, ching ta
c6 thé du dodn, quan sat va phan tich dong khi
nap va danh gia qua trinh lam viéc cua duong
nap, nho d6 cé thé thuc hién cac didu chinh vé
kich thudc va dua ra mot dudng nap tét hon.

2. MO HIiNH MO PHONG
2.1. Co s Iy thuyét

Trén nén tang su lién két gifra cac phan
mém v& 3D (Catia, soliworks,...) chia ludi
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(mesh) va Fluent, tac gia thiét 1ap hai mo hinh
s0 ciia duong nap tuong Ung voi dudng nap
nguyén thily va duong nap cai tién. Co so Iy
thuyét ctia mo phong CFD la hé phuong trinh
Navier-Stokes mé ta trao doi nang lugng, dong
luong va trao doi chéit cua dong moi chat la
chat long nhét trong khong gian 3 chiéu gom 3
phuong trinh nhu sau [4]:
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Hinh 1. M6 hinh dwong nap nguyen thiy.

Phuong trinh lién tuc:

% + V. (p?) =Sm (1

Phuong trinh dong lugng:

5D +V.(050) = —Vp+pf, )

Phuong trinh nang lugng:

o2 w2k

. 5 (3)
==V ¥) +pq+p.(f5)

Trong do:

, t- Thoi gipn, p- Khoi luong riéng, v —
Toc do dong, p— Ap suit dong, Sm - Khéi lugng
dugc thém vao pha lién tuc tir pha khuéeh tan
thir 2 va cée nguon do ngudi ding dinh nghia,
q- Nhiét luong chuyén hoa riéng, e- Noi nidng,

- No1 luc.
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2.2. Vid hinh md phéng

Tir két cdu cua duong nap cua dong co
nhu hinh 1, ching ta co thé thiy dudng nap
trong nap may udn khic va thay doi tiét dién
nhiéu lan. Piéu nay, khong tao thudn loi cho
dong khi nap Vao trong xylanh va tao xody Idc,
do vy, ta can cai tién nhu sau:

Thay d6i tiét dién ong nap sang tiét dién
tron.

Tao do chuyén tiép tron tru hon.

Do su han ché vé khong gian nén ta van
gitt nguyén chiéu dai duong 6ng nap. Két cau
duodng nap cua ca 2 truong hop dugce trinh bay
nhu hinh 1 va 2.

Hinh 2. M6 hinh duong nap cdi tién.
2.3. Piéu kién bién

Dong co dung trong mo phong la C!Cmg
co diesel 4 ky 490QZL, v6i cic thong so ky
thuat nhu bang 1. Trong m§t bai toan mo phong
viée xdc dinh diéu kién bién st vdi trang théi
lam viée thuc & 1a mot cong viée quan trong.
Trén co s¢ trang thai lam viéc mo phong nhu
sau: Tai ddu vao ciia duong nap diéu kién bién
cua qué trinh md phong cua dong co, ta chon
diéu kién bién trong la ap sudt va nhiét do moi
truomg, con diéu kién bién cua déu ra la toc do
piston va nhiét do trong xylanh, diéu kién bién
clia cac thong so khac 1a Wall duoc trinh bay
trong cac bang 2, 3.4.
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Bang 1. Théng s6 ki thudt ciia dong co:

STT Théng sb Gia tri
1 Kiéu dong co Diesel 4 ky
3 S6 xylanh 4
3 DxS 90 x 100 mm
4 Thé tich cong tic cm’
5 Céng sudt 60 kW/3200 v/ph
M&d men 16n nhit,
. tai 2200 v/ph 206 Nm
Bing 2. Piéu kién bién:
Vi tri Théng sb
Mo Ky Pon
Pidu hinh | Y | Giatri | vi
kién bién bign
. p 1 Bar
Ong na Inlet
i = T | &
Cb ht Wall | T 373 K
Xupap Wall T 473 K
Quy lat Wall i 773 K
xylanh Wall 1 753 K
Piston Outlet & Table | ms
i 573 K

Bang 3. Cac théng s6 mé phong:

vi tri | G9¢ quay | D§ ning XP | Vi tri piston

' TK () (mm) (mm)
1 0 0,25 0

2 20 0,96 5.03
3 40 2,31 22,01
4 60 4,62 43,72
5 80 6.59 65,52
6 116 8,26 92,09
7 130 7,86 96,79
8 160 5,89 99,91
9 180 3,81 100
10 200 1,85 9991
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Bang 4. Diéu kién bién dau ra cho mé hinh:

] Vén tbc (m/s)
Vit 2200 viph | 3200 v/ph
1 0,95 bar 0,96 bar
> 4,87 7,08
3 8,82 12,83
4 11,22 16,32
5 11,84 17,22
6 9,22 13,41
7 741 10,77
8 3,01 4,39
9 0,9bar 0,92bar
10 3,01 4,39

Hinh 3. Chia luoi mé hinh.

3. KET QUA VA THAO LUAN

Sau khi hoan thanh cac cong doan xay
dung m6 hinh 3D, chia ludi va chay md hinh
trén phan mém Fluent, ta thu duge kha nhiéu
théng s6 clia qua trinh nap nhu: Su phéin bd
dong khi, van téc dong khi, nhiét do T, ap suét
p va mat do p,...Véi muc dich quan sat sy phan
b6 chuyén dong roi cua dong khi nap, chiing ta
thuong chi trong & ché do lam viée tr tée do
nM t6i tbe do dinh mirc cua dong co. O day, ta
quan tm tdi trang thai toc do 16n nhét & diu ra
cua mé hinh twong tmg 1a: 17,22 m/s va tai vi
tri m¢& xupap 16n nhit.
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Van té]:“ dau ra Hanh trinh nang
lom nhat xupap lém nhat

Hinh 4. Hinh anh mé phong van téc dong khi nap
theo mau cia duong nap 3 tai 2200v/ph, a,c — mo
hinh nguyén thiy, b,d- mé hinh cai tién.

bé co thé phan tich qué trinh nap, can
chu trong dén qua trinh van dong cua dong khi
nap vao xylanh va khoi luong nap thuc té.

’6 déy, ta quan tam t6i trang thai toc do
I6n nhat ¢ dau ra cia mé hinh twong Ung la:
17,22 m/s va tai vi tri m& xupap 16n nhat.

Khi quan sat hinh dang duong nap, ta
thay duong nap vao céc xylanh 1,2,3 kha giong
nhau, nén dong khi trong dé kha twong ty nhau.
Do vay, ta khao sat duong nap ctia xy lanh 3 va
xylanh 4.

Trén hinh 4, ta thay dong khi nap trén
duong nap di vao xylanh 3 tai toc do ZZOQV/ph
trén mo hinh nguyén thuy khong phin bo déu
bang mo hinh cai tién.

iei . :

I a) b)
Vén toc dau ra
Iém nhét

Hanh trinh néng
xupap lém nhat

Hinh 5. Hinh anh mé phong vén t6¢ dong khi nap
theo mau ciia dwong nap 3 tqi 3200v/ph, a,c — mé
hinh nguyén thuy, b,d- mé hinh cdi tién,
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Trén hinh 5, tai toc d6 du ra 16n, thi mo
hinhk nguyén thuy da xuét hién van téc cao cua
dong khi trén nhanh nap (hinh 5a); tuy nhién,
phén bé dong khi nap di vao xylanh lai giam dét
ngot, diéu nay co I& nguyén nhan do su chuyén
hudng dot ngdt cua duong nap, diéu nay khong
xay ra ¢ mo hinh cai tién.

Van téc dau ra Hanh trinh nang
1én nhat xupap lén nhdt

Hinh 6. Hinh anh mé phéng van téc dong khi nap
theo mau cua duong nap 4 tai 2200v/ph:
a,c — Mo hinh nguyén thity; b,d- M6 hinh cai tién.

B

c) d)
Hanh trinh nang
xupap lén nhat

Vén téc dau ra
Ién nhat

Hinh 7. Hinh dnh mé phong van toc dong khi nap
theo mau ciia dwong nap 4 tai 3200v/ph:
a,c — M6 hinh nguyén thiy; b,d- M6 hinh cai tién.

Trén hinh 6 va hinh 7 la hinh anh mo
phéng dong khi nap trén nhanh di vao xylanh
4, diéu tuong tu nhu nhanh nap di vao xylanh
3 ciing xdy ra. Qua quan sét, ching ta c6 thé
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nhan ra rang, dong khi nap trong mé hinh cai
tién cling phan b6 déu hon va chuyén dong it bi
xody cudn hon trén nhanh nap.

4. KET LUAN

Tur cac két qua da phén tich trén, chung
ta c6 thé khing dmh ring dudng nap cai tién
cho hiéu qua nap tét hon duong nap nguyén
thuy. Pay 1a mot co s cho ching ta cai tién,
hoan thién duong nap. Hon nira, chung ta co
thay déi cac két cau dé tim ra mot két cau duong
nap t6i wu véi chi phi vé thoi gian va tai chinh
4 t6i thiéu so véi phuong phap truyén thong.

Ngoai ra, bai bao dé xuat phuong an
danh gid va cai tién duong nap, ciing nhu co
thé chon vi tri dat voi phun. Qua day ciing chi
ra rang, mo phong CFD c¢6 thé la mét cong
cu manh trong thiét ké, cai tién va hoan thién
duong nap ctia dong co trong thoi dai s6 ngay
nay.
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