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Abstract

With the advancement of aerospace technology in China, mission requirements such as deep space
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exploration and extraterrestrial surface bases have gradually come into focus, highlighting the sig-
nificance of space nuclear reactors. The issue of space reactor impact upon launch failure and sub-
sequent collision with the Earth’s surface is a critical aspect of space reactor safety design. When a
space reactor impacts a body of water at high velocity, the extreme speed and substantial impact
force cause severe deformation of both the reactor structure and the free liquid surface, signifi-
cantly increasing the complexity of fluid-structure interaction. This complexity renders traditional
Lagrangian mesh-based finite element methods inadequate for obtaining accurate solutions. This
study constructs a comprehensive geometric model of the space reactor, defines material constitu-
tive models and equations of state suitable for high-velocity impact scenarios, and conducts finite
element simulation analysis of the reactor’s impact on water using both the Smoothed Particle Hy-
drodynamics (SPH) method and the Eulerian method. Specifically, simulations are performed for
reactor impacts at velocities of 200 m/s, 50 m/s, and at angles of 0° (head-on), 45°, and 90° (side-on).
The computational results and efficiency of the two methods are compared, yielding credible struc-
tural failure outcomes and hazardous scenario analyses. The finite element simulation methodol-
ogy for high-velocity water impact presented in this study provides valuable references for related
research, and the structural failure results offer important insights for the safety analysis of space
reactor launch failure accidents.
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Figure 1. Space reactor sectional view and cross section
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Figure 2. Finite element model of space reactor
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Figure 3. Eulerian mesh for water domain
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Figure 4. Stress contours of space reactor impacting water at 200 m/s and 0° using the eulerian method
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Figure 5. Stress contours of space reactor impacting water at 200 m/s and 45° using the eulerian method
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Figure 6. Stress contours of space reactor impacting water at 200 m/s and 90° using the eulerian method
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Figure 7. Damage contours of space reactor impacting water at 50 m/s with different angles
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Figure 8. Finite element model of water impact using SPH method
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Figure 9. Stress contours of space reactor impacting water at
200 m/s with different angles using the SPH method
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Figure 10. Stress contours of space reactor impacting water at 50 m/s and 1 ms with different angles
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Table 2. Comparison of hourglass energy and computation time corresponding to two simulation methods at 0°

2. O E S AR R iR eE B it BRSBTS L

15 L5772 #F (m/s) BT K (ms) WIRREQ) THELET H] (h)
. 50 10 4529.37 23.2
YETRFS
200 4 51423.6 10.4
) 50 10 5145 7.1
SPH i
200 4 5561.1 3.94
3000000
.H‘ TR
o
2500000 - s S .
e
2000000 |- e e
= o VIRHE
. —A— R
sz 1500000 |- . e
R

1000000

500000 |

. A A A A A
0 *”:*;Ff:f—;ﬁi}lfﬁ ;,?¥ s
0 1 ) ;
BF1E] (ms)

Figure 12. The energy variation curve of space reactor impact-
ing water body horizontally at 200 m/s
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