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Abstract: Urea-SCR technology is known as one of the powerful NOx reduction systems for vehicles as well as
stationary applications. For its consistent and reliable operation in vehicle applications, however, the freezing and
melting of the urea solution in cold environments have to be resolved. In this study, therefore, a numerical study
of three-dimensional unsteady problems was analyzed to understand the urea freezing and heating phenomena and
heat transfer characteristics in terms of urea liquid volume fraction, temperature profiles, and phase change behavior
in urea solutions with time by using the commercial software Fluent 6.3. As a result, it was found that the
freezing phenomenon proceeds with a phase change from the tank wall to the center, whereas the melting
phenomenon occurs faster in the upper part of the storage tank by natural convection and in the adjacent part of
the coolant pipe than in other parts. Furthermore, approximately 190 s were required to obtain 1L of urea solution
using a 4-coiled coolant heater under conditions of 70°C and 200 L/h.
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Table 1 Properties data for 32.5wt% AdBlue™ ¥

Density, solid, p, [kg/m’] 1,010
Density, liquid, p, [kg/m’] 1,090
Dynamic viscosity, p, [kg/m-s] 1.4

Reference density, p,., [kg/m3] 1,095.6
Reference temperature, 7, [K] 283.16
Freezing/Melting point [K] 262.16
Latent heat, Z [kJ/kg] 152.86
Thermal expansion coefficient, § [1/K] 4.5%10™
Thermal conductivity, & [W/m-k] 0.57

Flow controller

Thermometer

Suction tube 1 In_;cctor

Storage tank of urea solution

() Urea injection system with heating element in the tank

265mm .

550mm
200mm

550mm mid-bottom | |

(b) Urea storage tank and coolant heater

Fig. 1 Schematics of the Urea-SCR system and
coolant heater adopted in this work
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Table 2 Properties of the pure Gallium

Density, liquid, p, [kg/m’] 6,093
Dynamic viscosity, p, [kg/m-s] 1.8x10°
Reference density, p,.; [kg/m3] 6,095
Reference temperature, 7., [K] 302.93
Latent heat, Z [kJ/kg] 801.60
Melting point [K] 302.93
Specific heat, ¢, [J/kgK] 381.5
Thermal expansion coefficient, 5 [1/K] 1.2x10™
Thermal conductivity, &£ [W/m-K] 32
L0min_ 17min 19in

2min
e

] ., O
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Tinitiab

Heating, T;,, 311.15K
Height, 63.5mm

O Gauand Viskanta (1986)
present

Horizontal, 88.9mm
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Fig. 3 Schematic of the calculated domain and
comparison of liquid fraction for phase
change of the pure Gallium
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