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Abstract: In fluid-structure interaction simulations of aviation gear pumps, two key issues: the
distinct geometric mismatch between fluid and solid domains resulting from radially scaling gears to
connect gapless tooth tip and meshing zone flow fields; and the notable risk of inaccurate load transfer due
to the classical radial basis function (RBF) mapping algorithm neglecting fundamental physical

conservation principles, were addressed in this research. To solve these critical problems, force and
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moment conservation constraints were carefully introduced between the source and target domains. The

minimum norm method was effectively employed to correct the target field grid pressure, and an advanced

RBF data reconstruction algorithm with significantly enhanced conservation properties was successfully

proposed. Combined with detailed grid analysis and rigorous experimental verification, comprehensive

fluid-structure interaction simulations were conducted for a specific type of aviation gear pump. Test

results showed that the advanced RBF algorithm effectively eliminated total force and moment deviations,

with an average mapping error as low as 0.001 5%. When loading flow field loads onto solid grid nodes by

the advanced RBF algorithm, the static maximum equivalent stress was measured at 31.61 MPa, and the

dynamic meshing stress peak reached 192.18 MPa. The flow field pressure contributed 34.38% to solid

stress and 29.84% to strain, respectively. These important findings clearly demonstrate that fluid-structure

interaction simulation is highly necessary for accurately evaluating the actual service status of aviation

gear pumps in practical operational environments.

Keywords: aviation fuel gear pump; radial basis function; conservation constraint;

data mapping; fluid-structure interaction
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Fig. 1 3D model of aviation fuel gear pump
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Table 1 Design and operating parameters of gear pump
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Table 3 Finite element simulation setup
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Fig. 12 Schematic diagram of conservative RBF data mapping
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Fig. 13 Interface data transfer and load application

4 HR5HH

4.1 =F{E RBF I&iF
4.1.1 kI pREL
RBF W5 $2 40 T Z2 R4k 1) 56 pR Bh0s £, 0 3k

20250321-8



593

X R A, JE TSR R RBF (0025 BRI 147 %6 22 il ISR 5 230

FEpRACRT DATE TR A8R 5 W SRRG B2 22 18] S5 B A A
A, DT 3K B 42 AL A A ) v PR L I RO

RBF F %45 A 4= 5 RBF 5 % % RBF, 43
RBF 5 % F A 00 88 s E AT 4 (8, HORS BE AR
e, H I KRR A T+ 3 A I (R A B v o RS
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Table 4 Commonly used global RBF
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Fig. 14 Grid nodes of experimental case
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Table 5 Time consumption and mapping error of different RBF
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Fig. 16 Grid and grid value of different node number
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Table 6 Numerical calculation of fluid-structure interface

force/moment applying classic RBF
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Table 7 Comparison of relative errors between classic RBF and conservative RBF
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Table 9 Comparison of average equivalent stress/strain
between only applying fluid loads and incorporating

meshing simulation within one meshing cycle
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