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Analysis of Spray Characteristic for 3-Component Mixed Fuel
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Abstract

The instability wave formed near nozzle region grows to vortex with large scale in downstream region of

spray. It plays an important role in the fuel-air mixing, combustion process and engine exhaust emissions in
direct injection diesel engine. The objective of this study is to analyze effect of variant parameters (injection
pressure, ambient gas density, etc.) and fuel properties on spray instability near nozzle region. Spray structure
near nozzle region was investigated using a magnification photograph. A pulsed Nd-YAG laser was used as a
light source, and image was taken by CCD camera. The following conclusions are drawn from this
experimental analysis. In low ambient density, the effect of fuel properties on spray instability near nozzle
region is dominant. In high ambient density, the effect of ambient gas on spray instability near nozzle region

is dominant. High jet velocity has strong influence on spray instability.
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Fig. 1 Jet break-up regime by Reitz(1978)
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Fig. 2 Schematic cross-section of the constant volume
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Fig. 3 Optical setup for magnification photograph
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Table 1 Experimental conditions

Single component fuel
Test Fuel (CsHis, CioHas, Ci6Hsg)
Multi-component fuel
(Fuel A, Fuel B, Fuel C)
Amb. Temp. 7, [K] 300
Amb. Density o, [kg/m’] 5,30
Amb. Gas Ar
Inj. Pressure P;,;[MPa] 42,112
Inj. Quantity Q [mg] 12
| Observation region
/
€
E
()

Image process

1L

Spray dispersion
Instability

Fig. 4 Observation region of near nozzle region
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Table 2 Fuel properties of single component fuels

Single component fuel CgHg | CioHye | Ci6Has
Boiling point 7 [K] 372 489 560
Density (293K)

692 759 795
pi[kg/m’]

i ity (293K

Viscosity (293K) 508 | 1,542 | 3,394
ty[mPa-s]
Specific heat (293K)
Cuy [KV/kg/K] 2.032 | 2.045 | 1.981
Latent heat of
vaporization (at 298K) | 305.4 | 360.0 | 358.3
hyap [KI/kg]
Latent heat of
vaporization (at B.P) 272 256.6 | 2274

hyap [KI/kg]
Critical pressure

2.58 1.704 1.42

P..[MPa]

Critical temperature

T, [K] 544 658 725
Surface tension (293K) 2061 | 27.09 | 31.04
o [mN/m]

Diffusivity (293K)

D [em?s] 0.068 | 0.055 | 0.047
Molecular weight 114 170 226

Table 3 Mass fraction of multi-component fuels

Fuel component

Mass Fraction of MCFs

i-octane:n-dodecane:n-
hexadecane
(CsHyg: CioHyg : CiHsza)

FuelA(=6:3:1)

Fuel B(=1:1:1)

Fuel C(=1:3:06)

Table 4 Fuel properties for multi-component fuels

Multi-component fuel | Fuel 4 | Fuel B | Fuel C
Density (293K)

722 748 773
pilkg/m’]
Viscosity (293K)

825 1,265 | 2,061
fuliPass]
Specific heat (293K)
Cyo [KI/kg/K] 2.036 | 2.027 | 2.010
Critical pressure
P, [MPa] 2.72 243 1.85

Critical temperature
T [K]

604 654 690

Surface tension (293K)
o [mN/m]

23.38 | 25.99 | 28.57
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Fig. 5 Spray images in near nozzle region (P;,~=112MPa, Pamy=30kg/m’)
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e Effectof fuel properties > Effect of ambient gas
® Spray dispersion:
Low B.P MCF > High B.P MCF

® Spray Instability :
Low B.P MCF > High B.P MCF

LowB.P MCF
\ .....................

Nozzle tip

Vo
(a) inlow ambient gas density

7

e Effect of ambient gas > Effect of fuel properties
e Spray dispersion :

Low B.P MCF > High B.P MCF
e Spray Instability :

Low B.P MCF = High B.P MCF

LowB.P M.C.F.
—_

Nozzle tip

)-

High B.P MCF

(b) inhigh ambient gas density

Fig. 13 Schematic of spray dispersion and instability near-nozzle region on multi-component fuels
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