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S1 

In the MPS, the fluid region is discretized into a series of free-moving particles, and the 

physical quantities between particles are calculated by weighted average according to the distance. 

The kernel function defines the weight relationship of interaction between adjacent particles. The 

kernel function (Koshizuka and Oka, 1996) used in this paper is as follows: 
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where, re is the maximum effective influence radius of particles and the influence scale of kernel 

function, and its size directly affects the number of interacting particles within the control radius. r 

is the actual distance between particles. 

Particle number density is used to characterize the density of fluid particle distribution, 

reflecting the distribution of particles in the flow field. The weighted sum of the number of 

particles in the action radius is the number density of particles. The number density of particles i at 

ri is defined as: 
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where, rj is the instantaneous position of the surrounding particle j. Therefore, for incompressible 

fluid, this means that the particle number density ni of the fluid needs to be maintained as the 

initial particle density constant n0 during the calculation process. 

The gradient of function φ at particle i can be obtained by weighted summing the gradient 

vector of particle i to the surrounding particles: 

 

   20 .j i
j i j ii

j i j i

d w
n

 





   


 r r r r
r r

                         (S3) 

 

The diffusion term in the momentum conservation equation is expressed by Laplacian 2φ, 

and the Laplacian of particle i can be expressed by the physical quantity migration between the 

particle itself and its adjacent particles: 
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where, φ is the scalar value of particle physical parameters, d is the spatial dimension of the 

problem, λ is the correction factor. 

 

S2 

In general, when the MPS is used to analyze the flow field in the gearbox, the air in the 

gearbox is ignored, and only the lubricant region is filled with particles. Therefore, the particle 

number density near the free surface is very small, and the free surface particles can be captured 

based on this feature. In the MPS, the condition for judging whether particle i is a free surface 

particle is as follows: 
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When Eq. (S6) is true, particle i can be determined as a free surface particle. β is a discriminant 

parameter, which has a certain impact on the discriminant accuracy of free surface, and the general 

value is 0.8 ~ 0.99. The free surface discrimination method is shown in Fig. S1. 
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dynamically adjust the oil immersion depth of the output gear according to the lubricant 

temperature, so as to adjust the lubricant quantity and power loss of each component in the 

gearbox. 
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