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Numerical simulation of heat transfer characteristics and heat
dissipation optimization for electromagnets
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Abstract: Electromagnets, serving as core hydraulic components in electro-hydraulic control systems, are widely
applied in aerospace and petroleum industries. The operational generation of Joule heat and electromagnetic loss
results in rapid temperature increase, local thermal stress and uneven expansion deformation, significantly
affecting stability and service life. The evolution of temperature, stress and deformation in the electromagnet was
studied using finite element software, and the influence of heat dissipation, with considering both heat conduction
sleeve and forced convection, on its thermal performance was analyzed. The results show that the maximum
temperature, thermal stress and deformation of the electromagnet exhibit a linear increase with the increase of
the coil power. Additionally, the steady-state maximum temperature, deformation and thermal conductivity
demonstrate a linear decrease with an increase in sleeve thickness, with the temperature drop recorded at
12.5 °C/mm. Moreover, as the flow rate rises, there is a notable decrease in maximum temperature, thermal stress
and deformation, within a temperature drop range of 45.5 °C/(m's™'). This indicates that both enhanced heat
conduction and convection contribute to improving the thermal performance of electromagnet, with convection
exhibiting a more significant effect.
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Fig.1 Electromagnet heating model
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Table 2 Physical parameters of materials
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Fig.2 Temperature distribution cloud diagram of electromagnet
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Fig.3 Steady state electromagnet cloud diagram
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Fig. 4 Variation curve of temperature-stress-deformation
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Fig.5 Average temperature curves of electromagnets with different power
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Fig. 6 Variation curve of maximum and minimum temperature with power at steady state
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Fig. 7 Variation curve of thermal stress-deformation with power at steady state
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Fig. 8 Variation curve of steady-state temperature with thickness of heat conduction sleeve
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Fig.9 Variation curve of thermal conductivity between Fig. 10 Variation curve of thermal stress and

electromagnet and sleeve with sleeve thickness deformation with sleeve thickness
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Fig. 11 Temperature distribution cloud diagram and convective heat flux flow diagram at steady state
3501 27000 11250
- /DR E —O—q,
300 —O-EHBE g,
26 000 -1 000
- Bkl
250 25000 1750 g
P q =
&S E )
200, 24 000 1 500 &
>wﬁT
150 23 000} 1 250
100 ] 22 000 C 1 1 1 1 1 1 i 0
2 4 6 8 10 0 2 4 6 8 10
Vi(m-s™) Vl(m-s™)
(a) MREE (b) & TR i P 1
E12 BEMAEBEEREETHHE
Fig. 12 Variation curve of temperature and heat flux with velocity
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Fig. 13 Variation curve of thermal stress and deformation with velocity
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