No.30 (2012)

42

High Efficiency of Internal Combustion Engine by High
Compression Ratio and Cooling Loss Reduction
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Summary

To improve thermal efficiency of internal combustion engines, methods of cooling loss reduction
were studied using CAE analysis coupling a 0-D combustion and a 1-D heat conduction. As the
methods, the engine specifications optimization and heat-insulation materials on the combustion
chamber were assumed. And the influence of their parameters on the cooling loss and the thermal
efficiency was investigated. As a result, it was found that the indicated thermal efficiency improved
drastically by applying the lower heat conductivity and the lower heat specific materials for
combustion chamber coating shifting the surface temperature of the combustion chamber
responding to the gas temperature. It was also revealed that there was an opportunity to further

improve the thermal efficiency by the combination of an extremely high compression ratio and a
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lean burn.
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Table 1 Specifications of Coating

Heat conductivity | Specific heat
NM No coating
VM1 Al x 0.01 Al x 1
VM2 Al x 0.001 Al x 1
VM3 Al x 0.01 Al x 0.01
VM4 Al x 0.001 Al x 0.01
VM5 Al x 1 Al x 0.01

Table 2 Base Engine Specifications

Compression ratio (&) 20.0
Cylinder volume (V,) 500 [cm?3]
Bore x Stroke 86x86 [mm]
Connecting rod length 146.25 [mm]
L IVO: 8 [deg. BTDC]
Inlet valve timing IVC: Variable

EVO: 52 [deg. BTDC]

Exhaust valve timing EVC: 18 [deg. ATDC]

Inlet and Exhaust valve lift 8 [mm]
Number of valves Intake: 2, Exhaust: 2
Diameter of intake port 40 [mm]
Diameter of exhaust port 30 [mm]
Engine speed 2500 [rpm]
Intake air temperature 293.15 [K]

Intake air pressure
Target indicated mean effective

1.01325x105 [Pa]

pressure (P) 400 [kPa]
Excess air ratio (1) 4

Start of injection 60 [deg. BTDC]
Injection duration 10 [deg.]
Calculation method of reaction rate Wiebe
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Influence of Engine Less-Cylinder and Engine Downsizing on Indicated Thermal Efficiency (2,000[rpm], P; =400[kPa])
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Fig.7 Influence of Insulation Coat on Efficiency, Cooling Loss Ratio and Exhaust Loss Ratio (2,500[rpm], P ;=300[kPa], 1=4)
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L Te=25 L7205, ITRAEOHEM THARRRMERT 5
DI, KDDL EITVMREL D EIZLED
SVHIVNEL 225120 Th 5,

Wiz, BE BT, LAV Y UF) fLllias YA
DU MDA RS20, JEEEL & 2EKAERIER O K]
TR & Ll UT=, = OFER% Fig6 (o, #H5
WE U o DBIER, Table2 D= PU#T1E, 4504
OYFE, BHERE 20 [L]1E725, Zhe—EL LK
WU, FTEEEEERLIZLOE LAV Y U, Ei-kdk
K[EEM/NL, F— 22D L9BKBLIEb0EL Y
VAV T L Uis, ARPEREIEI TR L, KREG)
KNI o AETH D,

NR—RZxf L, XA VT ThRERIREGIRIIR
TL, ZORRERTIEMLENMEERG R~ 5, W
WV AT T, ERREhSRIIm EL, Z0E
MELLAS B ERR L~ 5, ARIEARLL - PRRm2ERALE TS,
0 A D TACDBITREBGNREA~DRBI I/ NIV, &
JEREE U= ALDBEATTG S, FORTREHRCE 2L
25, TOWE, VALY A LEMAE DT, KR
BUNEOEEIHIL, FU A VT ORI (B
PURIBIC X 2 BB EOoX T A —T 0 VI K
DIREREE BRI 21503 2 LR CE B,

4.2

Fig.7 12, WiEf a6 U2/ EfEEE & REVhR
WEHHREIER, IR L 72 im EHHE A ) PR de~istad 5
HE (MEHBRERORN, BghRm LIZFHS LRVWEE)
DERATRT, £7- Fig.8 12, WiEMARIDMGIPNTEL A5
LY sy RRIENREDOE (LAY,

Fig.7 2> WA & 0 BURBGhE R L L TREY, &
ERREGIERM S DI D G SR R+ 5 = &

t=1.0mm
Alx 10.0
60
'O\E‘
58 —
x ; 5
— c
g 1.0 o —— b | (s 8
S \ 5
= 54 =
S \% ;\ E
[} 52 @
o £
o 0.1 \ \ o EJ.
8
kel
\ 48 E
0.01 46

Alx 0.0001 0.001 0.01 0.1 1.0
Heat Conductivity
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Fig.10 Influence of Insulation Coat on Indicated Thermal Efficiency Under Various Engine Specification (2,000[rpm], P ; =400[kPal])
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DEFINITIONS

unit unit
Cmp : Mean piston speed  [m/s] T : temperature K]
D : bore diameter [m] V : volume [m]
H : enthalpy [ ¢ : thickness [m]
m : mass [ka] £ 1 compression ratio [
p : pressure [Pa] x . heat conductivity WIm/K]
Q : energy [ p : density [kg/m?]
R : gas constant [J/Klkg] A : excess air ratio [1
S : surface Area [m7] C, specific heat capacity [J/kg/K]

lower

j : species (1~ns) m : wall (1~nw)
n : wall depth (1~nd,) r :valueatIvVC

mE El
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