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Fig.1 Numerical model of large circular titanium alloy castings (a) and two-dimensional views of their transverse runners: (b) equal

cross-section runner and (c) variable cross-section runner
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Fig.2 Physical properties of ZTC4 alloy precision casting boundary conditions at different temperatures: (a) thermal expansion rate and

Young’s modulus; (b) density and enthalpy; (c) plastic modulus and yield stress; (d) solid fraction and Newtonian viscosity
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Tablel Comparison of liquid metal filling velocity field on cross-section of runner along the positive Y direction
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Table2 Comparison of liquid metal filling velocity field on cross-section of runner along the negative Y direction
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Fig.3 Filling flow patterns of large circular titanium alloy castings with linear transverse runners in different rotation directions:

(aj-a4) counter-clockwise rotation and (b;-bs) clockwise rotation
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(b) mid filling stage, and (c) late filling stage; (d) melt
flow patterns on the bottom surface and cross-section of

the spiral runner
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Design of Spiral Runner for Vertical Centrifugal Casting Process of Large Annular
Titanium Alloy Castings

Ran Xing
(AVIC Heavy Machinery Co., Ltd, Guiyang 550005, China)

Abstract: In order to improve the metallurgical quality of large titanium alloy castings by vertical centrifugal casting, the mold flow
analysis method was used to explore the influence of linear and spiral runner systems on the melt filling flow state. The results indicate that
there is a phenomenon of melt adhering to the wall distribution in traditional linear runners, and reducing the cross-sectional size of the
runner cannot avoid the formation of the suction zone in the transverse runner cavity. In addition, the melt accumulation and backflow
occur in the transverse runner, and the melt in the filled casting cavity is in a jet flow state. Based on the D’Alembert’s principle, the
motion behavior of melt particles in the two-dimensional plane of the runner was analyzed, which reveals that the main reason for the
above problem is the mismatch between the particle motion trajectory and the linear runner structure. Further exploration was conducted on
the effects of centrifugal speed and initial particle velocity on the shape characteristics of trajectory lines. A design method for a spiral
runner gating system suitable for large annular titanium alloy castings was proposed. The mold flow analysis results verify that the spiral
runner can effectively reduce suction and turbulence tendencies, balance the casting filling flow field, and form a bottom-up filling
sequence.

Key words: centrifugal casting; gating system; D’ Alembert’s principle; numerical simulation; mold flow analysis
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