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Abstract

In order to improve the flight stability of a projectile, the projectile usually rotates around its body
axis during flight. Accurate calculation of Magnus forces and moments due to rotation is crucial for
the design, trajectory calculation, and stability research of rotating projectiles. The main purpose
of this article is to compare the applicability of the RANS turbulence model and the DDES turbu-
lence model for numerical simulation of Magnus moments. The numerical simulation of a high-speed
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rotating M910 projectile was conducted. The calculation results showed that for the Magnus mo-
ment, in the subsonic and transonic velocity ranges, the RANS method calculated results were sig-
nificantly different from the experimental results, while the DDES hybrid method was in good
agreement with the experimental results, and had better regularity compared to the DES method.
The main difference between the RANS method and the DDES hybrid method is the wake flow. The
RANS method produces a steady wake, while the DDES hybrid method produces an unsteady wake.
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B, DDES W& AYIM I 5] NIEIB iR 3 £, FHAE 1B REE e [20]:

IDDES = IRANS - fd maX{O'IRANS _IDES}

ol N RANS St K FE RUEE I N DES TR B R, 2 f, #aT 0 i), KA RANS it
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Figure 1. M910 Geometric Dimensions
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Table 1. Calculation Status
=1 HERS

Ma U, (mfs) p, (Pa) T, (K) a () Q (rad/s)
0.40 136.1 101325 288 3 1431
0.50 170.1 101325 288 3 1789
0.60 204.1 101325 288 3 2147
0.70 238.1 101325 288 3 2504
0.90 306.2 101325 288 3 3220
0.98 3334 101325 288 3 3506
1.02 347.0 101325 288 3 3649
1.20 408.3 101325 288 3 4292
1.40 476.3 101325 288 3 5009
2.50 850.5 101325 288 3 8944
3.50 1190.7 101325 288 3 12,522
4.50 1530.9 101325 288 3 16,100
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Figure 2. Surface Grid
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Figure 3. Schematic diagram of O-Block outside the model
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Figure 4. Distribution of y* on the pitch plane along the axial direction
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Figure 5. Variation curve of resistance coefficient with Mach number
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Figure 6. Variation curve of normal force coefficient with Mach

number
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Figure 7. Variation curve of pitch moment coefficient with Mach number
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Figure 8. Variation curve of normal force pressure center with
Mach number
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Figure 9. Curve of rolling damping coefficient changing with
Mach number
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Figure 10. Variation curve of magnus moment coefficient with
Mach number
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