T B da+ B Gm S

2HCI2 QIME S X8
CIAANABIONN 2HAMC
MIIRE SHOl 2 HAX o7

Numerical Study on Inflow Characteristics of
Fresh Gas to the Subchamber in the Combustion

System having a Radical Injector

535 Bz M OB =

2004 24
WM RBRR KB B
B A L 28§

H % W



A @i = MR TEmt Bfigm o= Ry

v
i
il
M

£ B @

20044 2H
HHBWGHE KRB KEBE
B m L 2 e

H % bk



mr

.11

ABSTRACT

NE

LI QT8

L B T Tl ottt et

e

=0

B!

.10

Gl
m

T
Tor

¢+

o
_u

BK
o

Nd
X

P

Y

.13

gu
N
M
K
pu

N

ﬁO

3.1

14

.18

il

.20

B8
)
N

oF

<
<

B

N

22T

il

K

35 AAA



o
_u

BK
o

Nd
X

P

Y

.59

41 F-AdadolA e Fn] A

.60

42 FARANA Y FHFH 54 e

....65

0N
T

....66

P
=l
]

e



ABSTRACT

Numerical Study on Inflow Characteristics of Fresh Gas to the Subchamber

in the Combustion System having a Radical Injector

Jaehyeuk Jeon

Department of Mechanical Engineering, Graduate School
Korea Maritime National University

Busan, Korea

(Supervised by Professor Kweonha Park)

Automobile technologies for high performance have been developed since
automobile appeared about 100 years ago. Among the technologies, the engine
technology 1s one of the critical technologies. Especially high technology for
engine combustion concentrating on the reduction of CO2 appears nowadays.

Diesel engine used in the present time has many problems on environmental
pollution, and gasoline engine is also has some problems on thermal efficiency
and CO: emission. Therefore, developing the novel technology to solve the
problems from both type of engines, which are reducing energy consumption
and exhaust emissions.

To correspond to this trend, homogeneous charged compression ignition
(HCCI) engine has studied to supplement the existing diesel and gasoline
engine. Various kinds of research about homogeneous charged compression
ignition engine are performed but HCCI engine is just in the beginning because

there are some problems about control of power generating and combustion



timing.

To complement the defects of HCCI engine, HCCI engine having a radical

injector is proposed. There are two chambers in the HCCI engine having a
radical injector and a large quantity of radical from sub-chamber is injected to
main chamber instantaneously and inducing self ignition on multi-points that
makes homogeneous profile in lean mixture and performs rapid combustion at
the same time. The performance of radical injector brings high thermal
efficiency and reduces harmful exhaust gases at the same time.
Although radical injector has several merits, there are several problems. One of
them 1s predicted as characteristics of the gas flow through narrow cylindrical
connectors between main chamber and sub-chamber. Therefore, computer
simulation under various geometries is important to predict characteristics of the
gas flow that greatly effects on the next combustion process.

In this thesis, the characteristics of gas flow according to the number, shape
of the connecters and the engine speed are simulated using KIVA-3V code.

The result shows that the gas inflow and outflow are greatly effected from

the shape of connectors, which will be considered as a important design factor.
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Fig. 3.1 Sectional view

of calculation grids

Fig. 3.2 3-D calculation grids
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Table 3.1 Size of

the combustion system

Height(cm) Radius (cm)

Sub-chamber(4cc) 1.3 1.0

Main-chamber(665cc) 10 4.6

1 hole (small) 0.2 0.085

(big) 0.2 0.127

2 holes (small) 0.2 0.060

2 holes  (big) 0.2 0.090
Stroke(cm) 95
Top Clearance(em) 00

(Squish)

Compression Ratio 17

Table 3.2 Mass fraction of each chamber

Mass fractions of
sub-chamber(%)

Mass fractions of

main—-chamber(%)

N> 71.8 79.0

0> 0 21.0
H-0 85 0
CO» 19.7 0

_17_
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Fig. 4.8 O2 mass in sub-chamber (5000rpm)
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Fig. 412 O density with 1 nozzle at 1000rpm
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Fig. 4.16 O, density with 2 nozzle (30°) at 1000rpm
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Fig. 4.17 CO density with 2 nozzle (30°) at 1000rpm
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Fig. 4.18 O, density with 2 nozzle (45°) at 1000rpm
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Fig. 4.19 CO. density with 2 nozzle (45°) at 1000rpm
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Fig. 4.22 O density with 1 nozzle at 3000rpm
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Fig. 4.24 Os density with 2 nozzle (0°) at 3000rpm
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Fig. 4.26 Os density with 2 nozzle (30°) at 3000rpm
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Fig. 4.27 CO> density with 2 nozzle (30°) at 3000rpm
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Fig. 4.28 Os density with 2 nozzle (45°) at 3000rpm
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Fig. 4.32 Oy density with 1 nozzle at 5000rpm
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Fig. 4.33 CO;y density with 1 nozzle at 5000rpm
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Fig. 4.34 O- density with 2 nozzle (0°) at 5000rpm
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Fig. 4.35 COs density with 2 nozzle (0°) at 5000rpm
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Fig. 4.36 O» density with 2 nozzle (30°) at 5000rpm
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Fig. 4.38 O» density with 2 nozzle (45°) at 5000rpm
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Calculation range
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Table 4.1 Change of equivalence ratio in sub—chamber at 1000rpm

Whole equivalence ratio 0.62
Connection hole dia. (mm) 1.0 1.2 1.4 1.6 1.8
-4 1.202 1.014 0.909 0.864 0.824
Crank Angle (deg)
0 1.107 0.947 0.861 0.824 0.793
whole equivalence ratio 0.65
-4 2.105 1.632 1.371 1.255 1.158
Crank Angle (deg)
0 1.857 1.465 1.251 1.159 1.082

Table 4.2 Change of equivalence ratio in sub—chamber at 3000rpm

Whole equivalence ratio 0.62
Connection hole dia. (nm) 1.0 1.2 1.4 1.6 1.8
-4 2.377 1.779 1.426 1.257 1.086
Crank Angle (deg)
0 2.084 1.586 1.291 1.149 1.009
whole equivalence ratio 0.65
-4 5.039 3.538 2.659 2.239 1.812
Crank Angle (deg)
0 4.305 3.056 2.317 1.970 1.615

Table 4.3 Change of equivalence ratio in sub—chamber at 5000rpm

Whole equivalence ratio 0.62
Connection hole dia. (mm) 1.0 1.2 1.4 1.6 1.8
-4 3.648 2.623 2.000 1.702 1.394
Crank Angle (deg)
0 3.128 2.284 1.764 1.522 1.264
whole equivalence ratio 0.65
-4 8.162 5.618 4.092 3.349 2.582
Crank Angle (deg)
0 6.917 4780 3.508 2.897 2.255
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