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Abstract : The global automotive industry is increasingly focused on improving fuel efficiency and reducing greenhouse gas
emissions. Consequently, since using electric vehicles poses some challenges, such as safety concerns and EV chasm, the
hybrid electric vehicle market is continuously expanding. The Atkinson cycle, commonly implemented using Late Intake
Valve Closing(LIVC), is a thermodynamic cycle in hybrid engines, offering high efficiency and fuel economy. However, it
exhibits lower turbulent kinetic energy(TKE) than the Otto cycle. This study analyzed in-cylinder flow, including TKE under
the effects of LIVC. Experiments were conducted using a quartz-liner optical engine and particle image velocimetry(PIV) to
measure mean velocity, tumble ratio, and TKE. The results showed that delaying the intake valve closing timing to 163 CAD
bTDCfiring increased velocity and tumble ratio, but, further delays weakened these parameters and reduced TKE. These
findings highlight the crucial role of optimized IVC timing in improving engine efficiency and carbon neutrality.

Key words : Late intake valve closing(32 57| ®1E ©3]), Turbulent kinetic energy(\d7 25 o1 A]), Tumble ratio(B-&
H]), Mean velocity(E+ -5-%), Particle image velocimetry(QA} FA4} -5-54))

Nomenclature .M &2
aTDC : after top dead center H 2 A A2 A JR 3 27
bTDC : before top dead center = A7kl B aAdo] tiFgol wet sto]H el = AwE A
CAD : crank angle degree ol wh= A Adgstar ok A7)k 28 ApsAkE
CVVD : continuously variable valve duration FEgko ), ok A A9t )AL AT $17] o
CW  :continuous wave 2 QI8 A7 Fdfjol] gHl1E Holal gtk 53], 2024
EIVC : early intake valve closing vl= ol o] - S A WS} TsAd o] A7IAF A gk &
EVC : exhaust valve closing 55 AN F ke 27 Al7IE AL ATk o]
FPS  : frame per second gk dsoll A Wd7 e d7]ate] S AR Hrpd
IVO :intake valve opening = stolB e = AR v} mjlE 7k A3 S A
LIVC : late intake valve closing  #AIE WAL 9l oM, Fig. 1-> sfo] Hg| = x}ke] S5
PIV  :particle image velocimetry H A1 3 FAE Al 02 B FEY
RPM :revolution per minute sto] B = xpek2 a7, 7], wiE g, A7
TKE :turbulent kinetic energy o] 3o R 7| A7 xpekel] vlal An) e} &
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Fig. 1 Hybrid Vehicle Market Size 2022 to 2032
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Fig. 2 P-V diagram of Otto cycle and over-expansion cycle
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Table 1 Engine specification

Items Specification
Engine type Inline 2 Cylinder DOHC
Displacement 395 cc/ Cyl (1.6 L4-Cyl)
Compression ratio 13.0:1
Valvetrain 4 Valves per Cylinder Intake &
Exhaust Manual CVVD
Bore x Stroke 72.0 mm x 97.0 mm
Special note Visually accessible quartz liner
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r
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Fig. 6 Schematic diagram of engine setup
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Effect of the Late Intake Valve Closing(LIVC) Strategy on In-Cylinder Flow in a Gasoline Direct Injection Engine

Table 2 Experimental condition

Parameters Values
Engine speed 1500 RPM
Engine load WOT
EVO & EVC timi
ming 564 & 378
(CAD bTDCfiring)
. .
VO timing 163
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Fig. 7 Valve profile of experiment
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