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Abstract In order to explore the relationship between the macro deformation behavior of W,sFe,sNiysMo,s high-
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entropy alloy projectile and the micro structure of the material in the penetration, a two-phase flow evolution model of
constant cross-section straight pipe is established. The model takes the differences of soft and hard phase density, velocity
and concentration into consideration based on the simplification of the two-phase flow model. By analogy with the inflow
and outflow characteristics of the materials at the head of the projectile in the macro state, the analysis area is selected.
The inflow and outflow relationship of the materials in the analysis area under the two-phase microstructure is
established. Combined with the microstructure evolution equation, the concentration evolution results in the analysis area
are given. The flow stability coefficient #//j.n,, characterizing the concentration evolution rate of the materials is
proposed. In order to compare the penetration behavior of projectiles with different microstructures, the typical two-phase
material tungsten- copper alloy (W,,Cuso) was selected to carry out the penetration test of two kinds of projectiles into
semi-infinite steel target based on small caliber ballistic gun. The microstructure evolution behavior of the two kinds of
alloy projectiles is analyzed. The results show that the distribution of hard phase concentration generally reflects the
characteristics of "concentrated in the center and sparse at the edge". The higher the concentration of the hard phase, the
higher the density and the faster the driving speed, the smaller the flow stability coefficient #//jeyg. The better the flow
stability of the projectile in the penetration, and the easier it is for the projectile head material to form a continuous plastic
flow zone. The two-phase flow evolution model of constant cross-section straight pipe can be used to describe the flow
stability of projectile head material in the process of penetration, and reveal the correlation mechanism between projectile

head deformation and two-phase microstructure in the process of penetration.
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Table 1 Phase concentration distribution of W,sFe,sNi,sMo,s high-entropy alloy residual projectile
Region [ 11 11 IV \ VI
BCC phase 8317 8420 7866 8006 7775 7379
axial direction of head (a) total 10212 10212 10212 10323 10340 10323
percentage 81.4% 82.5% 77.0% 77.6% 75.2% 71.5%
BCC phase 12402 11709 14368 15145 16901 16341
radial direction of head (b) total 19880 20306 20306 20448 20448 20163
percentage 62.4% 57.7% 70.8% 74.1% 82.7% 81.0%
BCC phase 66366 70786 61455 58663 53335 46082
middle part of projectile (c) total 11699 112908 112326 112326 112908 109431
percentage 59.4% 62.7% 54.7% 52.2% 47.2% 42.1%
T1.5% M4 81.4%; (E5R AL (A2 b), N3 LE
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Table 2 Phase concentration distribution of tungsten-copper alloy residual projectile

Region I I i LY \%

BCC phase 98532 101109 89100 97498 99027

axial direction of head (a) total 131904 140067 138171 138171 138060

percentage 74.7% 72.2% 64.5% 70.6% 71.7%

BCC phase 230581 214228 193637 215289 199344

radial direction of head (b) total 344256 346480 343964 336030 343380
percentage 67.0% 61.8% 56.3% 64.1% 58.1%

BCC phase 98143 95875 90509 88635 80767

middle part of projectile (c) total 137588 138060 137088 136512 127827
percentage 71.3% 69.4% 66.0% 64.9% 63.2%
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