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ABSTRACT

In this paper, the scavenging process of various transfer ports was evaluated to improve the
performance of a small two-stroke engine for unmanned aerial vehicles. Three-dimensional
computational fluid dynamics simulations were performed to four transfer ports for the
evaluation, and a three-phase scavenging model was developed and applied to the simulation
results for the quantitative comparison of scavenging performance. the short-circuit of fresh
charge was restrained and an in-cylinder turbulent kinetic energy was enhanced by changing the
transfer port. Also, a difference in the scavenging for each port were confirmed by applying the

three-phase model to the simulation results.
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Fig. 1 Simple two-stroke engine structure [2].
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Fig. 7 Cross—sectional view of two-stroke engine.
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Table. 1 Two-stroke engine specification.

Engine Type - two-stroke

No. of cylinder - two cylinders

Bore / stroke mm 50 / 45
Displacement cc 176.7
Compression ratio - 10.0
Ignition - 1 spark/cylinder
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Fig. 9 Two-stroke engine transfer port design parameter.

Table. 2 Two-stroke engine transfer port design parameter.

Symbol Base Var A | Var B | Var C | Symbol | Base Var A | Var B | Var C
o 10° 13° 17° 6° k, 31 15.1 - 132
a 20° — — 7° k, 24 13.9 — 121
Qg 80° 70° N 67° Ky 22 11.8 — 10.2
oy 90° 70° — 72° k, 2.0 11.2 — 9
B, 15° 20° — - i 2 25 - -
By 20° 35° — - 5, 13.4 22.8 — —
B, 20° 35° — - 5, 10.1 20.9 - -
By 30° 45.4° 35° 34° 9 0 151 6.2 5
% 60° — — — a 296 284 — 287
% 70° — — — a, 189 18.8 — —
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Fig. 10 Model inflow and outflow boundary.

Table. 3 Engine analysis solver setting.

Solver

Acusolve 2018

Analysis type

Transient

Solving time

0.007 s

Time increment

107° s

Turbulence model

Realizable k—e

near wall 3~

~50

Courant number

~1

Mesh size

~3 mm

boundary layer First

element thickness

0.2 mm

No. of
boundary layer

4

Inflow boundary

120 kPa (absolute,

stagnation pressure)

Outflow boundary

95.725 kPa (absolute)
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Table. 4 Three-phase model parameters according to
the transfer port.

a X y objective
Base 0.2539 | 0.8261 | 0.3219 | 0.1266
Var A | 0.3736 | 0.8087 | 0.1560 | 0.0664
Var B 0.3472 | 0.8270 | 0.1938 | 0.0725
Var C 0.3168 | 0.8036 | 0.1336 | 0.0687
T Atk 2y Al 234 QXA &7)H]
12 o4 A/NE FFIE A 43T 9B
&4 9 gstes e rstnE &g 73t
A &7 E&°] oA stHH= & d84
S e AoE Add

2d3 9d tH A7) 2d Ad
712 AEdt. 5, 5 ghol
= 2 A A 27 =mde 7hz
I B Ut 4 mde gl gy, fiA
=& 1 53 3 A= Table 49}
2ok B ke 377 A e ME A ALY
of &7l Aol g $FETm B 5 o
H, 27] @eho] WAsE Al
718 Apekel] wE) ZA AR AL
718 AdT WE ARG Aole] &
YEtUYA g F8 s ZE A
[o} o

T

IH

0
[ I

Fresh Scalar

Fig. 15 Fresh scalar distribution according to the
transfer port at 0.0015s.

700

@
=3
=3

a
o
5]

Turbulent Kinetic Energy [m2/s2]

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007
Time [s]

Fig. 16 Turbulent kinetic energy near the spark plug.

FAHE 27l REE AdE AvlA we
£ wdolth £E QAR H4 Lol7t e ]
B ope] AS F e ZES B 498E
W77 AdEe] gARAR FES =9
o e FAY F Ak F, &Y Lz
EE 4AY M o}t E o AL JE A
& §98 A7} e Wy ZEE Fi O
g, o2 8l 7] Awel A %o A



42

3

o =
TS

=
i

Fig. 129] 0.003 s AlFelA T2

0
;OT

AL,
K

& 4

ol % A% Aol wWEel Al B& y7h W

Aol A A1 AA ek

o)

M= A Holx Fe= e &R

718] el AAHER Tt

el

o
—_
o

X

juy

o]

C

o]

=
]

1o mepd B ATl AE

23

o
+

o ZArzte] o} W

wj
)

o
X

93 At 7

el

g ofujeh hs

Z]

iy

=

o Al 47

B

e

3

3

&7] 3l

233

p
-

I3ttt Fig. 16
217 Aol A AlRbel] w

4

il

=
=

Ax o) 35}
SIEE

ol

U Aol

2 94F oAt 718 Abekel] HlE)

=
=

o

R
.

g A 27171 A

=
=

1A, &2 oAl

24,

L
L

719} wheto] Aol e
4719} wefo] a5

L
.

SR

X

3gA 2 W=

7] ©efo]l AlFH
HE, &l &9 27l dgd

L
L

4

REE!

L
L

=

el wek

eto] s

XE

L
L

ol# % 2

£

A

3P model curve

= == Perfect displacement

~ = = Perfect mixing

<++VARA

0.6 0.8 1.0 1.2

Scavenge Ratio

0.4

0.2

3P model curve

=== Perfect displacement
~ = = Perfect mixing

“es VARC

BNoe o o o Ao
o o o o o o
Aouapiya BuiBuaness

0.0

1.0

o
Aou

K @ n g @0
o o o o
312143 SuiBuaneds

3P model curve

= == Perfect displacement
~ = = Perfect mixing

+++ BASE

1.2

0.6 0.8 1.0

Scavenge Ratio

0.4

0.2

3P model curve

=== Perfect displacement
~ = = Perfect mixing

«++ VAR B

M9 ;o5 6 o
6 6 © © © o

Aouaiya BuiBuaneds

1.0

R 9@ ©w g 0
6 6 © © o

Aouaniya BuiBuaness

0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Scavenge Ratio Scavenge Ratio

0.2

0.0

Fig. 17 Three-phase model curve fitting results.



N24H H6S 2020, 12.

TE oAl =
slt_ atol e 13

il
tlo

1 @
—\—I‘

o oo wx K o>

do o
)
=
Jo
2

[
et

\
X0 X
32
_g‘ :::

nj
o
ol
Jutal
I
tlo

o
2
2
N
N
N
finss

N r[.m
>
>
o2
k4
g
o o
%
of
>
%
o2

N,

ol o rlo hu
o T 4o o
oot K

oMo e
do @ mp N

25

offl iz
or ¥
v

| wheb ma Aol Z1E Alekel] e
oz WAYsNE Arle WEE

N

2o i 2 K
2t wnn
>
S
-
o L_thr o
2
n
i
K3
°£
A
b
ot
e
oA B

(€3]

Y

o
tlo i

N
) ;‘;
oo '™
@ 4 =

ol 2
ot X
e
o 4
g

M 27 wer Ay
B2go] 7B Age] wa| A AAE
e i7l *éL% LR 2T,

/\] ] UJ

B ot o 1f n
>
>
>
o2

N R 2R oo ol

o 4wy
PR
l[‘lo“‘o>_\i_
) [
2 Moy
w R
o= > W
S o m
2 =2
R
o0 i3
N
:loiﬂ“i
o 2
)
rlﬁ
>
N (o
3 ofob

M ob

W i

~<
N
-

. Boukoberine, M.N.,

. Cwojdzinski, L. and Adamski,

. Garg, M.

. Garg, M. and Ravikrishna, R.V.,

. Murakami, Y., Kurosaka,

References

Zhou, Z. and

Benbouzid, M. “A critical review on
unmanned aerial vehicles power supply
Solutions,

and energy  management:

strategies, and prospects,” Applied Energy,
255: 113823, 2019.

M. “Power
units and power supply systems in UAV,”

Aviation, Vol. 18, No. 1, pp. 1-8, 2014.

. Blair, G., The basic design of two-stroke

engines, SAE, 1990.

. Barsotti, S., Carmignani, L. and Matteucci,

L. “Optimization of a Two-Stroke Engine
Scavenging Process By a CFD Analysis in
Order to Reduce the
Emissions,” SAE  Technical
2005-32-0113, 2005.

and Ravikrishna, R.V., “CFD
Modeling of In-Cylinder Fuel-Air Mixing
in a CNG-Fuelled SI Engine with Port Gas
Injection,”  SAE
2010-32-0003, 2010.

Raw Pollutant

Paper  No.

Technical ~ Paper  No.
“Effect of

port gas  injection on  in-cylinder
stratification in a CNG fuelled SI engine,”
Progress in Computational Fluid Dynamics, an
International Journal, Vol. 14, No. 4, pp.
244-258, 2014.

H., and Kamiya,
H., “Practical Application of Combustion
Simulation using CFD for Small Engine of
Two-Wheeled Vehicle,” SAE Technical Paper

2004-32-0006, 2004.

. Wang, Y., Zhang, J., Yang, Z., Wang, X,

Dice, P., Shahbakhti, M., Naber, ],
Czekala, M., Qu, Q. and Huberts, G.
“Investigation of flow conditions and
tumble near the spark plug in a DI optical

engine at ignition,” SAE Technical Paper



44

AR - ores HEE SIS

10.

11.

12.

. Takahashi,

2018-01-0208, 2018.

D., Nakata, K., Yoshihara, Y.
and Omura, T., “Combustion Development
High  Thermal
Engines,” SAE Int. ]. Engines, Vol. 9, No.
3, pp. 1486-1493, 2016.

Garg,

to  Realize Efficiency

M., Kumar, D., Syed, M. and
Nageswara, S., “CFD Modelling of a Two
Stroke Engine to Predict and Reduce Short
Circuit Losses,” SAE International Journal of
Engines, Vol. 9, No. 1, pp. 355-364, 2016.
Qiao, Y., Duan, X, Huang, K, Song, Y.
and Qian, J., “Scavenging Ports’ Optimal
Design of a Two-Stroke Small Aeroengine
Based on the Benson/Bradham Model.”
Energies, Vol. 11, No. 10, p. 2739, 2018.

Mattarelli, E., Rinaldini, C. and Savioli, T.,

13.

14.

15.

“Port Design Criteria for 2-Stroke Loop
Scavenged Engines,” SAE Technical Paper
2016-01-0610, 2016.

Hopkinson, B., “The Charging of Two-Cycle
Internal Combustion Engines,” Journal of
the American Society for Naval Engineers,
Vol. 26, No. 3, pp. 974-985, 1914.
RS. and Bradham,

for obtaining a

Benson,
method

assessment of

P.T., “A
quantitative
the influence of charging
efficiency on two-stroke engine performance,”
International Journal of Mechanical Sciences,
Vol. 11, No. 3, pp. 303-312, 1969.

RS. and Whitehouse, N.D.,
“Internal Combustion Engines,” Pergamon,
1979.

Benson,



	소형 2행정 엔진의 전송 포트 형상에 따른 소기 성능에 대한 수치 해석적 연구
	ABSTRACT
	초록
	1. 서론
	2. 2행정 엔진 소기 모델 이론
	3. 전산 유체 해석 개요
	4. 해석 결과 및 평가
	5. 결론
	References


