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Abstract : In the study, the inner flow characteristics were analyzed by modifying the inner design parameter of the
vane-type vacuum pump. The effect of pressure generated by the inner flow of pump on the rotor and vane was

analyzed. The design parameter was analyzed using the angle variation of tilting and rotation of the vane. MRF was

used for the analysis conducted using a virtual condition where the rotor and vane are rotated. The pressure gained from
the load of the rotor and vane in the flow analysis is used for the structure analysis. Based on the results, the effect of
variable vane design was revealed in structural strength. The effect of centrifugal and friction force generated during

pump operation on structural strength was also analyzed.
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Fig. 1 Schematic illustration of design variable about tilting
angle

Fig. 2 Schematic illustration of design variable about rotating
angle
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Fig. 3 Finite element model for computational fluid dynamics
analysis

Table 1 Boundary condition for computational fluid dynamics

analysis
Inlet 157 cc/sec
Boundary Outlet 1.0 atm
condition Rotor 4,500 RPM
operating speed (MREF condition apply)
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(a) Analysis result of fluid pressure
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(b) Analysis result of fluid velocity
Fig. 4 Description of computational fluid dynamics analysis
result during the vane type vacuum pump operation

Table 2 Change of the fluid velocity according to rotating angle
parameter from the computational fluid dynamics

analysis
Angle Section#1 Section#2 Section#3
parameter (m/s) (m/s) (m/s)
0 422 425 42.8
25 45.9 453 45.6
45 41.2 40.2 40.6

Table 3 Change of the fluid velocity according to tilting angle
parameter from the computational fluid dynamics

analysis
Angle Section#1 Section#2 Section#3
parameter (m/s) (m/s) (m/s)
70 46.8 41.6 41.7
90 459 453 45.6
110 43.8 39.2 41.6

Table 4 Change of the fluid pressure according to rotating angle
parameter from the computational fluid dynamics

analysis
Angle Section#1 Section#2 Section#3
parameter (Pa) (Pa) (Pa)
0 1,333 945 934
25 1,410 1,128 1,113
45 1,333 859 846

Table 5 Change of the fluid pressure according to tilting angle
parameter from the computational fluid dynamics

analysis
Angle Section#1 Section#2 Section#3
parameter (Pa) (Pa) (Pa)
70 1,153 975 970
90 1,410 1,128 1,113
110 947 944 947
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Fig. 5 Schematic illustration of pressure mapping the finite
element model from the computational fluid dynamics
analysis result
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Table 6 Mechanical properties of the carbon graphite

pkg/m’) \ 1,720 E (GPa) 15
Safety strength (MPa) 16
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(b) Analysis result of the displacement

Fig. 6 Description of structure analysis result during the vane
type vacuum pump operation
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Table 7 Change of the stress and displacement according to
rotating angle parameter from the structure analysis

Angle Stress Displacement
parameter (kPa) (mm)
0 26.7 0.016
25 46.2 0.023
45 45.6 0.029

Table 8 Change of the stress and displacement according to
tilting angle parameter from the structure analysis

Angle Stress Displacement
parameter (kPa) (mm)
70 36.7 0.018
90 46.2 0.023
110 40.1 0.018
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Analytical Study on Inner Flow and Structural Stiffness in Vane Type of Vacuum Pump
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Fig. 7 Schematic illustration of the boundary condition for the
rotor revolve around its axis during the vane type
vacuum pump operation

Contacts

Table 9 Change of the stress and strain according to rotating
angle parameter from the kinetic analysis

Angle Stress Strain
parameter (MPa) (%)
0 9.3 0.05
25 7.7 0.03
45 21.8 0.16

Table 10 Change of the stress and strain according to tilting
angle parameter from the kinetic analysis

Angle Stress Strain
parameter (MPa) (%)
70 122.5 0.34
90 7.7 0.03
110 128.7 0.31
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(a) Analysis result of the stress
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(b) Analysis result of the strain
Fig. 8 Description of kinetic analysis result during the vacuum
pump operation
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