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Neay nhan bai: 30/12/2023 ABSTRACT
Ngay phan bién: 15/1/2024 The air exchange and motion of the free piston linear engine
Ngay duyét dang: 10/2/2024 (FPLE) are closely related and affect the intake efficiency during the

engine start-up process. In this study, a computational fluid
dynamics (CFD) simulation model was built based on the actual
FPLE model with two 25cc twin-cylinder engines. The piston start-
up strategy was move at two speeds of 0.32 m/s and 0.64 m/s. The
results showed that the intake efficiency at a speed of 0.32 m/s was

Title: Simulation of the sweep
and compression process of a
two-stroke crankless internal
combustion engine using a

CFD model 78% and the intake efficiency at a speed of 0.64 m/s was 54%. The

Keywords: computational final pressure of the compression process at a speed of 0.32 m/s was

fluid dynamics, free-piston 4.7 kg/en?’, and at 0.64 m/s it was 3.9 kg/cm’. Based on the results of
engine, internal combustion the final pressure of the compression stroke, the engine can

engine, starting system successfully ignite and start-up in one piston stroke.

TOM TAT
S trao d@6i khi va chuyén déng cua déng co piston tw do

) ¢ (FPLE - free piston linear engine) co lién quan chat ché voi nhau

dong co dot trong, hé thong danh huong dén hiéu sudt nap trong qud trinh khéi déng cia dong

khoi dong co. Trong nghién cieu nary, mot mé hinh mé phéng sé dong e hoc
chdt long (CFD - Computational Fluid Dynamics) dwoc xdy dung
dira trén mé hinh FPLE thyc té vdi hai dong co 2 thi kép dung
tich 25¢cc méi dong co. Chién lwpc khéi dong piston dich chuyén
véi hai van toc 0.32m/s va 0.64 m/s. Két qua cho thd'y, hiéu sudt
nap ¢ toc dé 0. 32m/s la 78% va hiéu sudt nap o toc do 0.64m/s la
54%, ap suat cudi qud trinh nén & toc dé 0.32m/s la 4.7 kg/em?,
dp sudt cudi qud trinh nén & toc d‘o 0.64m/s la 3.9 kg/cm Du’a
trén két qua mé phong dp sudt cudi qud trinh nén cho thdy rang,
dong co c6 thé déanh lira thanh céng va khoi dong trong mét lan
dich chuyén piston.

Tir khoa: dong lyc hoc chdt
long, dong co piston tw do,
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1. GIOI THIEU

Trong nhiing nam gan ddy, cung vdi sy gia
tang dan sé va su phat trién cua nén kinh té, sé
lugng phuong tién ca nhan ciing tang 1én nhanh
chéng. Khi hoat dong, dong co ddt trong thai ra
nhiéu thanh phan gy 6 nhiém méi trudng nhu
carbon dioxide (CO.), carbon monoxide (CO),
oxit nitric (NO va NO»), sulfur dioxide (SO»),
hydrocarbon va chit ndy & ndng do cao sé& truc
tiép anh huong dén stc khoé con ngudi, moi
truong va bau khong khi. Pay 1a mot trong
nhiing thach thic 16n déi véi linh vuce dong co
dbt trong, nang lwong va méi truong. Do nhirng
han ché cua nhién li¢u héa thach va tiéu chuan
khi thai khét khe hon, dong co thong thudng c6
xu huéng thay thé bang dong co hiéu qua hon.
Dong co piston tu do (FPLE - free piston linear
engine) xem xét giai phap c6 wu diém la giam
phat thai NOy [1], sir dung da nhién li€u [2] va
hiéu suét cao [3]. Vigc khong cé truc khuyu
khién két cau cua dong co tuyén tinh cé piston
tu do (FPLE) don gidn, gidm ma sét so vdi dong
co thong thuong [4]. Nhiéu nhém nghién ciru
dang nghién cru cac nguyén mau FPLE nhu
mot giai phép thay thé cho dong co thong
thuong, trong dé da phan 1a dong co piston tu
do hai thi [5-7]. Mac du dong co piston tu do
hai thi khong c6 truc khuyu, nhung qud trinh
trao dbi khi khi, qua trinh hoat déng & dong co
piston tu do ciing tuong tu nhu dong co hai thi
thong thuong. Dbi véi piston tu do hai thi qua
trinh trao ddi khi dugc coi 1a chia khéa dé tang
hiéu suét d4nh Itra cua dong co [8]. Do qua trinh
trao doi khi dién ra bén trong xy-lanh nén rat
kho dé phan tich tinh toan.

CFD (Computational Fluid Dynamics) la
mdt cong cu rat hiru ich dé phan tich khi trao doi
khi. Trong bai bdo nay, trinh bay mdt mé phong
CFD dé khao sét cac thong sé ctia qué trinh trao
doi khi khi FPLE 2 thi. C4c tham s0 kich thude

duoc chon dua trén mo hinh FPLE thuec, chuyén
dong cua piston tu do dugc xay dung dua trén
mo hinh déng lyc hoc, trong qué trinh chuyén
dong cua piston cac thong sb trong qué trinh
trao d6i khi dugc tinh todn. C6 hai chién lugc
khoi dong phd bién hién nay la “chuyén ddi
chién luge ngay lap tuc” va “chuyén dbi chién

N
ALY

lugc dan dan” [9]. Nghién ctru chi tip trung mo
phong, tinh toan qud trinh trao d6i khi trong qué
trinh khoi dong, ¢ hai toe do 0,32 m/s va 0,64
m/s. V&1 muc tiéu khoi dong ngay 1ap tirc trong
mdt 1an dich chuyén tuyén tinh ciia piston, céc
thong sd trong qua trinh quét khi, nén dugc dua
ra phén tich, ap suét cudi qua trinh nén duoc
xem 12 thong sb muc tiéu vi n6 quyét dinh thanh
cong cua qua trinh danh Itra khéi dong.
2. PHUONG TIEN VA PHUONG PHAP
Nghién ctu nay dugc thuc hién b%mg

phuong phap nghién ciru dinh tinh qua tong hop
cac ndi dung cd lién quan.
2.1 M6 hinh héa va mo6 phéng
2.1.1 M6 hinh chuyén déng

Céc luc co hoc tac dung 1én piston bao gdm
I khi thé trong xilanh trai va phai, luc ma st
co hoc, luc quan tinh va luc kéo cia co cAu ch.'?ip
hanh. Bong luc hoc cua piston cod thé dugc xac
dinh boi dinh luat Newton 11

. d%x
Fo+ Fey—For — Fy M (1)

Feyl, Feyr 12 Iure khi thé tic dung 1én piston bén
trai va bén phai dong co

Feyi=Peyt S (2)

Feyr =Peyr S 3)

Peyi, Peye 14 dp suat trong xilanh trai va phai,
S 1a dién tich cua dinh piston. Fyla luc ma sat,
m 13 khéi lwong cia chuyén dong tinh tién,
d*x/df 14 gia tdc cua piston, Fy, Fy 1an lugt 1a
luc 160 xo ¢ bén trdi va bén phai. Fy luc nhan
dugc tir thiét bi khoi dong. Van téc cia piston
duogc tinh theo phuong trinh:
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dx dx d?x
i (a)o taet (4)

Trén mé hinh thyc té, toc d6 ban dau Vo dua
trén bo khoi dong co hoc Hinh 1. Téc d6 nay bi
can tro boi luc 10 xo & bén trai hodc bén phai.
Van téc cia piston tr BDC dén TDC duoc xéc
dinh boi:

V=vy—o (5)

Hinh 1. 1- Xi lanh 1; 2- Co cdu khéi dong;
3- Ting ap; 4-Bo ché hoa khi,
5- Budng khi nén

2.1.2 M6 hinh CFD

M6 hinh piston va cac théng s6 chinh cia
FPLE dugc thé hién trong Hinh 2 va Bang 1.
Tham s6 cua FPLE duoc nhdp vao phin mém
CFD thwong mai Ansys Fluent v.21 dé xac dinh
cac bé mat va thé tich tinh toan cling nhu tao
ludi. Sau do 1a qua trinh chia ludi, ludi xilanh
duogc tao theo phuong phap da vung (multi-zone
method) va tao ludi trong phuong phap quét
(sweep method). Van tdc cua piston duoc tinh
toan boi mot chuong trinh viét bang Microsoft
Visual C* trude khi nhap né vao phan mém
Ansys nhu mot co s¢ dir licu dau vao, co s dir
lidu dau vao 1a mot chic nang do ngudi ding
dinh nghia. Trong ludi dong, su phan 16p dugc
su dung dé thém hodc b6t céac 16p ludi theo vi
tri ctia piston. Ngoai ra, ludi dong luc thay doi
theo vi tri cta piston dé thay doi ty s6 nén, ap

sudt,... Vi tri ctia piston c6 thé thay doi timng
bude véi mdi bude 14 0,5 mm, tir d6 ¢6 thé kiém
soat dugc p suat & cudi hanh trinh nén & cic vi
tri khac nhau.

M6 hinh mé phong véi ap suat dau vao dugce
diéu chinh tr 1,05 bar; toc d6 ban dau la 0,32
m/s va 0,64 m/s tuong Ung véi tan sb dich
chuyén tuyén tinh tir 5 Hz dén 10 Hz. Nhiét d6
dau vao va ddu ra duoc dat & 300°K trong qué
trinh mé phong. Hon hop dau vao duoc gia dinh
1a khi 1y tuong. Ngoai ra, mo hinh dong chay rdi
k - & dugc sur dung. Céc thong s du vao duogc
cung cip cho mé hinh tinh toan déng luc hoc
chat 1ong (CFD) dé tinh toan hiéu suat nap cia
hdn hop. Cac tham s dau vao dugc cung cp
cho mé hinh tinh toan dong luc hoc chit long
(CFD) dé tinh toan hiéu suit qua trinh quét.
Trong hai hanh trinh, hiéu qua bay duoc dinh
nghia nhu sau [10]:

__ Kkhéilwgng khi nap méi cung cdp dugc giir lai trong xylanh

khéi lwgng khi nap méi dwge dwa vao qua tat ca cic cdng quét

=
{1 B I_‘L—L—] [:
()

ETL(TII

Hinh 2. a) Théng s6 ciia FPLE, b) Tinh toin

luéi cia FPLE
Bang 1. Thong s6 k¥ thuit dong co va diéu
kién hoat dong
Théng s6 Gia tri
Khoang chay (S) 28 mm
Puong kinh (D) 34 mm
Ctra nap (Dy) 0-6 mm
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Cua xa (D.) 0-13 mm
Cira chuyén (D)) 10 mm
Ap suét khi nap (Pin) 1,05 bar

Nhiét d6 khi nap (Tin) 300°K

Mass Flow e =
o o

3. KET QUA VA THAO LUAN
3.1 Két qua md phéng qua trinh quét

Mass Flow
Contour 1

Mass Flow
Contour 1

Hinh 3. A) Khdi lwgng dong khi tai vitri pistom 0 mm, 2,5 mm, 5 mm tai tc d 0,32 m/s;
B) Khdi lwong dong khi tai vitri pistom 0 mm, 2,5 mm, 5 mm tai toc do 0,64m/s

Khéi luong khi di vao xylanh qua cong quét

& cac vi tri dich chuyén duoc thé hién qua Hinh
3. Ca hai truong hop cho thiy khdi luong dong
khi thay ddi theo su dich chuyén cua piston
nhung ¢6 su khic nhau giita hai toc 6. Két qua
md khéi lwong dong khi phong thé hién qua do
700 -

» er-6
o)

uong Do
D W
S S
S S
1 1

thi Hinh 4, Hinh 5. Khdi luong dong khi di vao
qua cong quét ¢ toc 0,32m/s nho hon toc do
0,64m/s. nhung khéi lugng dong khi & cira ra
16n hon lam cho hiéu sut nap o tdc do 0,64 m/s
nho hon 0,32 m/s. Hiéu suét nap ¢ toc d6 0,32 m/s
13 78% va hiéu sudt nap & toc do 0,64 m/s.

Ctra Chuyén (inlet)

Cua Xa (outlet)

D

T T

051 15 2

T T T T T T 1

S5 4 45 5556 657
Vi tri (mm)

Hinh 4. Khéi lwong dong khi vao xylanh & toc d§ 0,32m/s
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800
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Cira Chuyén (inlet)
Cua Xa (outlet)

T T

05 1 15 2

T T T T T 1

S5 5556 657

T T T T

S5 335 4
Vi tri (mm)

Hinh 5. Khéi lwong dong khi vao xylanh & téc d 0,64 m/s

3.2 Két qua mé phéng qua trinh nén

Qua trinh quét khi anh huong 16n d&én qua
trinh nap, do hi¢u sudt nap & tde d6 0,64 m/s nhod
hon 0,32 m/s vi thé ap suét cudi qua trinh nén
nho hon & toc d6 0,64 m/s nho hon 0,32 m/s.
Ap sudt cudi qua trinh nén & tée d6 0,32 m/s 1a

Pressure
Contour 1

4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
4.876e+05
[Pa]

Hinh 6. A) Ap suét cudi ky nén tai tbc dé 0.32m/s; B) Ap suit cudi ky nén tai tbc d 0.64m/s

Ap Sut (kgf/em?)

A

§Z

C

6.00
5.00
4.00
3.00
2.00
1.00
0.00

4,7 kg/em?, 6 0,64 m/s 1a 3,9 kg/cm?. Trong qua
trinh nén con nhiéu yéu t6 anh hudng nhu nhiét

Pressure

Contour 2 B
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05
3.904e+05

[Pa]

—0.32m/s

T T 1

20 40 60
Vi tri (mm)

Hinh 7. D0 thi so sanh dp suat cudi ky nén tai téc do SHz va 10Hz
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dd qua trinh nén, lot khi qua xét-mang,... mo
hinh mdé phong coi nhu qud trinh nén la ly
tuong. Vi hai két qua thong sé ap suat cudi qua
trinh nén kha danh lira thanh cong 14 rét cao.
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4. KET LUAN

Tir két qua mo phong mo phong cho thay kha
nang khoi dong ngay 1ap tuc trong mdt 1a dich
chuyén cua piston 1a ¢ kha thi v6i hai tan s6
dich chuyén 0,32 m/s va 0,64 m/s. Hiéu suét nap
va ap suat cudi ky nén o toc d6 dich chuyén 0,32
m/s cao hon 0,64 m/s do hién tuong lot khi ¢ hai
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