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ABSTRACT

Evaporation and combustion characteristics of fuel droplet with carbon nanoparticle were investigated in a
rapid compression machine(RCM). RCM is an experimental equipment to simulate one compression stroke
of reciprocating engine. Nitrogen was charged into reaction chamber for evaporation experiment, while oxygen
was charged for combustion experiment. N990 carbon black and n-heptane were used to synthesize the carbon
nanofluids. Surfactant, span80, was used to make synthesis easier. The droplet pictures were taken using a
high speed camera with 500 frames per second. Thermocouple, of which tip is 50 pm, was used not only
to measure transient bulk temperature, but also to suspend the droplet. Reaction chamber temperature was
calculated from pressure data. The evaporation rate of nanofluids was improved compared to pure fuel. The
ignition delay was promoted due to the nanoparticle, but the burning rate was decreased.
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Table 1. Specification of RCM

Clearance at TDC 0.01 m
Clearance at BDC (variable) 0.13~0.18 m
Compression ratio 13~18

Driving chamber pressure range 1~30 bar
Piston diameter 0.05 m

Heating jacket
controller

ﬁ{ Reservoir tank
—{FX]

Solenoid valve

Heating j

I=T—=T—1

1]
DAQ system

High speed
camera

Computer

Fig. 1. Schematic of the experimental apparatus.
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Fig. 2. Image data from the high speed camera.
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Table 2. Thermalphysical properties of base fuel at stan-
dard atmosphere[10]

n-heptane
Density (g/mL) 0.680
Boiling point (C) 98

Specific heat (J/K-mol) 224.64
Heat of vaporization (kJ/kg) 31698
Autoignition temperature (C) 223

Thermal conductivity (W/m- K) 0.129

Table 3. Property of non-ionic surfactants Span80

Phase Liquid

HLB 43

Viscosity [mPa-s] 1200-2000 (207C)

Table 4. Property of carbon black N990

Shape Sphere
Thermal conductivity (W/m-K) 0.375
Diameter (nm) 225 - 280
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Fig. 3. Pressure and adiabatic core temperature.
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Fig. 4. Droplet temperature during evaporation.
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