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Abstract : Dual-fuel premixed charge compression ignition(PCCI) combustion is one of the advanced combustion concepts
based on compression-ignition diesel engines. The use of natural gas as a low-reactivity fuel has been proven to be a
promising solution for both improvement of thermal efficiency and reduction of pollutant emission, such as particulate
matters and nitrogen oxides. In this study, the compressed natural gas(CNG)/diesel dual-fuel PCCI combustion was
demonstrated in a heavy-duty optical engine. The diesel injection timing and natural gas substitution ratio were varied in
order to implement the variation in mixture reactivity. Flame visualization results indicated that the mixture with a larger
natural gas substitution revealed a considerable reduction in the soot-oriented luminous flame. Advanced injection of diesel
resulted in a shift in the location and direction of early flame development, while the area of diffusion flame decreased
significantly. The measurement of pollutant emission concentration in thermodynamic engine verified the reduction of
particulate emissions with respect to the mixture formation parameters.

Key words : Dual-fuel(©]% <1 &), Natural gas(3] $17}22), Optical engine(71*] 3} 21 21), Flame visualization(3}% 71213},
Exhaust emission(9l] 7] vl & &)

Nomenclature PM  :particulate matter
CA10 : crank angle at 10 % mass fraction burnt RCCI : reactlwt.y c.o.ntrolled compression ignition
CAS50 : crank angle at 50 % mass fraction burnt SOL  : start of ignition
CA90 : crank angle at 90 % mass fraction burnt TDC  : top dead center

CAD : crank angle degree

HCCI : homogeneous charge compression ignition LHV + lower heating value, MJ/kg

HRR : heat release rate " - mass flow rate, kg/h
IMEP : indicated mean effective pressure

MPRR : maximum pressure rise rate Subscripts
NGSR : natural gas substitution ratio D : diesel

PCCI : premixed charge compression ignition NG  :natural gas
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Table 1 Specifications of single-cylinder engine

Item [unit] Specification
Compression-ignition,
Type . .
four-stroke, single-cylinder
Bore x stroke [mm)] 100 x 125
Displacement [liter] 0.982
Compression ratio 17.4:1

Valve type Overhead valve

Fuel injection equipment Common-rail direct-injection
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Table 2 Experimental conditions

Parameter [unit] Value
Engine speed [rpm] 800
Total fuel rate, diesel-equivalent 20
[mg/cycle]
Diesel injection pressure [MPa] 40
Diesel SOI [CAD aTDC] -20, -10
NGSR [%] 20, 40, 60
Intake temperature [K] 303
Coolant temperature [K] 353

Ratio, NGSR)< 20, 40, 60% WM sl= 23 =4
sHQlT). olw) HA7Fx A& 2
WIS 7|Fo s AA A8 T AA7rF A6k
H&-& ALkt

m

NGSR %] = — - 100 )
My LHVyg+mpLHV,,

where m : mass flow rate (kg/h)

LHYV : lower heating value (MJ/kg)
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