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Simulation and Analysis of Temperature Field in NiAl Coatings Prepared by
Self-propagating Method
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Abstract: A finite element model with a heat source based on a temperature criterion was used to simulate the combustion
synthesis process of the NiAl coating, and the influences of the processing parameters on the distributions of the temperature
were analyzed. In addition, the surface and inner temperatures of the reaction system were tested by a thermal infraraed imager
and a thermocouple, respectively. The simulated and experimental results of surface temperature distributions of the NiAl
compact in the self propagating process are similar, indicating that the finite element model can accurately simulate the
temperature changes of the self propagating process. The surface temperature of the substrate reaches the maximum
temperature with the propagating of combustion wave. The highest surface temperature at different locations of the matrix are
different, distributed wavily, lying at 913.4—1 044.0 °C. The temperature of the Ni/Al compact and the substrate can be
increased by a preheating. When preheating to 300 °C, the surface temperature of the substrate can reach 1 123.3 “C. When the
Ni/Al reaction was ignited from the middle, the spead rate was the same as that ignited from the side, but the spead time was
reduced by half, which caused the combustion more concentrated and the temperature of the compact and substrate higher.
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Fig.1 Finite element model of the coating
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Table 1  Specific heat and thermal conductivity of the materials"

2-13]

Specific heat / (J-kg™'-°C™)

Thermal conductivity / (W-m™-°C)

Materials

25°C 400°C 660°C 661°C 1200°C 1600°C 2000°C 25°C 527°C 660°C 661°C 1200°C 1600°C 2 000°C

Ni/Al 569 737 767 639 726 790
Q235 461 611 778 778 778 778

1274 110.8 1093 49.6 45.5 44.1 44.1
41.7  36.0 341 341 34.1 34.1

£2 MRHEERELE
Table 2 Density and enthalpy of the materials
Materials Ni Al NiAl 45steel CuZn

Enthalpy / (10°Jkg?) ~ 2.98 3.98 733 247  2.05

Density / (g-cm™) 89 27 52 7.9 8.4
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Fig.2 Schematic diagram of SHS configuration
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Fig.3 Simulation results of the surface temperature of the Ni/Al compacts during the combustion reaction

(a) Ignition of the combustion reaction
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Fig.4 Results of infrared images during combustion reaction
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Fig.6 Surface temperature distribution of the substrate during the
combustion synthesis
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Fig.8 Surface temperature of the substrate varied with time
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Fig.9 Temperature distribution with different preheating temperature
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