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Comparison of spray characteristics for ammonia, ethanol, n-decane by using
numerical simulation

Jagjin Lee” and Eunseop Yeom'

Abstract Due to increasingly strict emission regulations for carbon-based fuels in the shipping industry,
there is a significant motivation to investigate the alternative fuel. Ammonia is one of the attractive
alternative fuels as a carbon-free fuel. Since ammonia has different properties such as high vapor
pressure and low boiling point compared to conventional fuels, further research into ammonia spray
behavior is important. In this work, the spray characteristics of ammonia and other fluids (ethanol,
n-decane) were compared by using numerical simulation. The results show that the spray
characteristics of ammonia differs from those of the others due to the occurrence of flash boiling.
The narrow-dispersed spray with accelerated velocity at the center have been observed for ammonia.
It is also found that droplets of ammonia achieve smaller diameter with more uniform distribution,
leading to better atomization behavior compared to the others.
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71249 T,  Air temperature (K)

1, Particle temperature (K)

p  Air density (kg/m’) w,  Air velocity (m/s)

p,  Particle density (kg/m’) u,  Particle velocity (m/s)

¢y Heat capacity of the air (J/kg'K) z;  Stress tensor (kg/m -s°)

¢,  Heat capacity of the particle (J/kg'K) R;  Reynolds stress tensor (kg/m -s’)

m,  Particle mass (kg) A Thermal conductivity of air (W/m'K)

H  Enthalpy (J/kg) Y: Mass fraction of species i

hi  Latent heat (J/kg) Ji Diffusion flux of species i (kg/m’ s)

S,  Source term for mass (kg/m’ s)

T School of Mechanical Engineering, Pusan National Sw  Source term for momentum (kg/m’ -s°)
University (PNU), Associate Professor Se Source term for energy (W/nr)
E-mail: esyeom@pusan.ac.kr Sy, Source term for species i (kg/m’ -s)

" School of Mechanical Engineering, PNU, Owa  Radiation heat transfer (W)

MS student. d,  Particle diameter (m)
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Re  Reynolds number

Shus  Sherwood number

Nu  Nusselt number

N Molar flux of vapor (kgmol/m?s)

k. Mass transfer coefficient (m/s)

D, Diffusion coefficient of vapor in the bulk (m?/s)
h Convective heat transfer coefficient (W/nr"K)
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Fig. 1. Computational mesh for simulation
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Table 1. Simulation conditions

Injection pressure (MPa) 50
Spray half angle (°) 30
Orifice diameter (mm) 0.1
Injection temperature (C) 50
Ambient temperature (C) 500
Injection duration (ms) 2
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Table 2. Properties of each injection fluid
Ammonia Ethanol n-Decane

Density (kg/m’) 602.8 790 730
Boiling point (C) -33.4 78.4 173.9
Latent heat (kJ/kg) 1369 921 277
Viscosity (#Pas) 131.7 1082 2400

Surface tension (mN/m)  20.5 21.9 26.3
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Fig. 2. Vapor pressure curves of each injection fluid
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Fig. 3. Distribution of x-directional velocity (U) for each spray at t = 2ms
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Fig. 4. Velocity profile along r-direction at t=2ms (a) x=10mm (b) x=15mm (c¢) x=20mm (d) x=25mm
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