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Abstract : Urea-SCR system, which converts nitrogen oxides to nitrogen and water in the presence of a reducing agent,
usually AdBlue urea solution, is known as one of the powerful NOx reduction systems for mobile as well as stationary
applications. For its consistent and reliable operation in mobile applications, such various problems as transient
injection, ammonia slip, and freezing in cold weather have to be resolved. In this work, therefore, numerical study on
three-dimensional unsteady heating problems were analyzed to understand the melting and heat transfer characteristics
such as urea liquid volume fraction, temperature profiles and generated natural convection behavior in urea solution by
using the commercial software Fluent 6.3. After validating by comparing numerical and experimental data with pure
gallium melting phenomena, numerical experiment for urea melting is conducted with three different coolant heating
models named CHI, 2, and 3, respectively. Finally, it can be found that the CH3 model, in which more coolant is
concentrated on the lower part of the urea tank, has relatively better melting capability than others in terms of urea
quantity of 1/ for start-up schedule.
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Table 1 Properties of the AdBlue 32.5wt% used in this work

Density, solid, p, [kg/m®] 1,010
Density, liquid, p, [ke/m®] 1,090
Dynamic viscosity, j; [kg/m-s] 1.4
Reference density, p,.. [kg/m?] 1,095.6
Reference temperature, 7, K] 283.15
Melting point [K] 262.15
Latent heat, Z [kJ/kg] 152.86
Thermal expansion coefficient, 3 [1/K] 4.5x10-4
Thermal conductivity, k [W/m-K] 0.57
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Fig. 2 Schematic of the calculation domain and the boundary
conditions for the simulation of pure Gallium melting

Table 2 Properties of the pure Gallium

Density, liquid, p, [ke/m?] 6,093

Dynamic viscosity, [kg/m-s] 1.8x10°
Reference density, p,,; [keg/m?] 6,095

Reference temperature, 77, (K] 302.93
Latent heat, Z [kJ/kg] 801.60
Melting point [K] 302.93
Specific heat, ¢, [J/kg'K] 381.5

Thermal expansion coefficient, 3 [1/K] 1.2x10™
Thermal conductivity, k& [W/m-K] 32
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Fig. 3 Comparison of liquid fractions for melting of the pure
Gallium
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