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Effect of Cross-Section Shape of Heating Elements on Temperature
Field for Vacuum Sintering Furnace
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Abstract As the core component of a vacuum sintering furnace, the geometric cross-section shape of heating
elements directly affects the furnace temperature distribution, while temperature uniformity is a crucial index for
evaluating the furnace's performance. This paper investigates the influence of twelve types of heating elements,
including circular ring, circular, diamond, square, semicircular, rectangular, and different combinations of these
shapes, on the temperature distribution using the finite element method. Combined with the geometric relationship
between the heating body and the micro-element surface of the workpieces, a heat transfer model is established to
study the radiation characteristics of the elements with different cross-section shapes. The results show that, under
no-load conditions, the size of the temperature uniformity zone is the largest in the furnace with rectangular/circular
combined cross-section elements, whereas the furnace with rectangular-section ones exhibits the smallest, with a
difference of 16%. Compared with the circular combined-shaped furnace, the maximum temperature difference of
the workpieces in the diamond-shaped one is reduced by 30.18°C, while the furnace temperature uniformity is
increased by 23%. Our work may provide a theoretical basis and technical reference for optimizing the heater design
of a vacuum sintering furnace.

Keywords Vacuum sintering furnace, Cross-section shape of heating elements, Finite element simulation,

Furnace temperature uniformity, Temperature uniformity zone
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Fig. 1 Model and mesh of the vacuum sintering furnace. (a) 1/2

model of the center cross-section for sintering furnace,

(b) mesh division
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Fig. 2 Geometric section of the heaters. (a) Circular ring, (b) circular, (¢) diamond, (d) square, (e) semi-circular, (f) rectangle, (g) co-

mbined section I, (h) combined section II, (i) combined section Ill, (j) combined section IV, (k) combined section V and (1)

combined section VI, respectively
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Fig. 3  Effect of cross-section shape of heating elements on temperature uniformity. (a) Temperature distribution cloud of the sintering

furnace with circular heater, (b) effect of cross-section shape of heaters on the uniformity of the temperature field, the insert

shows the influence of the single and combined heaters on temperature uniformity
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Fig. 4 Effect of heater section shapes on the workpiece temperature. (a) Temperature cloud of the sintering furnace with circular

heaters, (b) the maximum temperature difference curve of the workpieces
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Fig. 5 Heat transfer model of vacuum sintering furnace. (a) Ge-

ometric diagram of circular section heater, (b) radiative

heat transfer diagram for the microplane of heaters
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