
  

 

Abstract—In this paper, the finite element method is used to 

analyze the temperature distribution on the rotor based on the 

model as the axial symmetrical 2-dimensional steady state. But 

the effects of the inner radiation and the convection heat 

transfer in the rotor have not been included. The calculated 

values are in good agreement with the test values. 

 

Index Terms—Finite element method, temperature 

distribution, centrifuge rotor, numerical analysis. 

 

I. INTRODUCTION 

Centrifuge is the main equipment for separating isotopes. 

The movement of the gas in the centrifuge directly affects the 

separation efficiency of the centrifuge. The temperature of 

the centrifuge rotor is an important factor to affect the 

movement of the gas. Because the structure of centrifuge is 

complex and the rotor is rotating in a sealed system at high 

speed, the temperature distribution of the entire rotor could 

not be obtained by test measurement. The heat transfer 

problems of rotor system involve heat conduction, 

convection and radiation heat transfer, it is a complex 

three-dimensional problem. Through simplification and 

assumption, several simple cases can be simplified to a 

one-dimensional problem, then get the analytical solutions 

[1]-[3]. But the accuracy is very bad. In order to get more 

accurate results, requires a numerical method for solving the 

heat equation. 

 

II. PHYSICAL MODEL 

Fig. 1 is a schematic diagram of a typical centrifuge rotor 

system. Because of the scoops, the rotor system is a non axis 

symmetric three-dimensional system. Based on the structural 

characteristics of the centrifuge, the model has been 

simplified by the following assumptions. 

1) Because the rotor is spinning at high-speed, the 

three-dimensional problem could be simplified to an axis 

symmetric two-dimensional problem. 

2) Ignore the influence of the radiation and convective heat 

transfer of the inner rotor wall. 

3) Ignore the influence of the feed and extraction. 
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4) All parts around the rotor are regarded as the outer 

boundaries. 
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Fig. 1. Schematic diagram of the typical centrifuge rotor system a-feed and 

extraction device; b-baffle; c-needle bearing; d-molecular pump; e-outer 

casing; f-rotor; g-motor rotor; h-motor stator. 

 

III. MATHEMATICAL MODEL 

Based on the physical model as described in the previous 

section, the temperature equation of the centrifuge rotor [4] 

is: 

 

  0k T q      ,  r z               (1) 

 

Boundary conditions: 

 

011| TT   

0| 2





n

T
k                              (2) 

 44

003| TTq
T

k 



 

n
 

where  

zr e
z

e
r










 ; 

z
r

rr 









1
; 

 : Solving regional; 

k : Thermal conductivity ( /W m k ); 

T : Temperature of rotor ( K ); 

q : Intensity of body heat source (
3/W m ); 

01T : Temperature of bearing ( K ); 
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n : Outside of the normal direction; 

0q : Intensity of surface heat source（
2/W m ）； 

 : Combination blackness coefficient between the rotor 

and outer casing [5]; 

 : Boltzmann constant; 

0T : Ambient temperature ( K ); 

1 : Bearing section; 

2 : Inner surface of rotor; 

3 : Other surface. 

Now it’s need to solve the equation (1). 

 

IV. EQUATION SOLVING 

A. Galerkin Method 

Introducing a weight function, make the inner product 

between the left of the (1) and weight function equal to zero: 

 

    0dqTk                    (3) 

 

where d is the area of infinitesimal. 

Using Green formula: 
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Applied the boundary conditions to the (4): 
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Equation (4) is nonlinear, it could be solved by iterative 

methods. 

As: 

 

 

 

where 
nT  is the n-th iteration result, 

1nT  the iteration 

result of the n+1 time. 

Let  

 

Then  

 

Applied this formula to (5): 

          (6) 

 

The equation (6) could be solved by iterative methods. 

B. Finite element Discretization 

Based on the physical model, the solving regional  of 

the calculation of the temperature distribution should be 

determined at first. Then it will be divided into the collection 

of a number of quadrilateral grid cells, as shown Fig. 2. The 

(6) is suitable for every cell. Using of coordinate 

transformation, arbitrary quadrilateral cell will be changed 

into the same parameter cell [6]. The cell’s coordinate 

 
Fig. 2. Schematic diagram of the cell. 

 

 
Fig. 3. Schematic diagram of the same parameter cell. 

 

This conversion has the following relationship: 
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 ,  r z is global coordinate. The coordinate  ,    is 

local coordinate and its range of values is from -1to 1.
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For the cell e , the equation could be expressed as: 

 （7） 

 

After simplification, (7) could be expressed as: 

 

                                       (8) 

 

where ij  is a 44  matrix, named element stiffness matrix; 

ib is a 14  vector, named as element load vector. 

Putting all cells together, a N-dimensional equations: 

 

                                (9) 

 

where A  is a NN   matrix, named general stiffness 

matrix; B is a 1N  vector, named as general load vector. 

After processing (9) in accordance with the first boundary 

condition, linear equations will be got. By solving these 

equations, the temperature of every cell will be found. 

 

V. CALCULATED RESULTS AND CONCLUSION 

According the physical model, mathematical model and 

calculation method which are described in the former paper, a 

typical example of the temperature distribution of the 

centrifuge rotor is calculated. The results are shown in Fig. 4. 

 

 
Fig. 4. Typical example of the temperature distribution. 

For the figure, the calculated values are in good agreement 

with the test values. Although the influence of the radiation 

and convective heat transfer of the inner rotor wall is not 

considered in this paper, the calculated results could reflect 

the temperature distribution of the centrifuge rotor. The 

reason is that the thermal conductivity of the rotor is large 

and the heat is transported through the rotor. If the material of 

the rotor is changed and the thermal conductivity becomes 

smaller, the influence of the radiation and convective heat 

transfer of the inner rotor wall must be considered. 

 

VI. CONCLUSION 

A conclusion section is not required. Although a 

conclusion may review the main points of the paper, do not 

replicate the abstract as the conclusion. A conclusion might 

elaborate on the importance of the work or suggest 

applications and extensions.  
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