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Numerical Study on Thermal Analysis of Motor and Flow
Characteristics by Optimizing Hole Shape of Axial Fan Hub
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ABSTRACT

The motor used to drive an axial flow fan generates heat due to internal resistance, which negatively affects performance
and shortens the fan’s life span. In this study, cooling of the fan motor using the passive flow control (PFC) method was
employed via the hole shape optimization of the axial fan hub. Four design parameters were selected and design points were
created using an optimal space-filling design method. The Kriging model was used to construct the response surface. The
optimization process using the multi-objective genetic algorithm (MOGA) was performed until the error between the candidate
value and the CFD value was less than 0.1%. By comparing the candidate with the initial shape, the optimized shape generated
air flow from the back to the front of the axial fan hub. The maximum temperature of the motor was reduced by 17.47 K
under the same rotational speed. Conversely, the temperature was further reduced by 6.21 K when compared with the initial

shape and operated at the same total pressure.
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Fig. 1 Base model

Tangential Hole Angle : 6,

Radial Hole Angle : 6,

: Dy,
Location of Hole : L,
Fig. 2 Design variables of hole shape
Table 1 Axial fan specifications
Axial fan specifications
Fan diameter [mm)] 235
Span length [mm] 52.5
Stagger angle [deg] 45
Twist angle [deg] 15
Fan speed [RPM] 1,296
Number of holes 6 8 12
D, [mm] 3-13 | 3-10 | 3-7
L, [mm] 20-40
0, [deg] 0-45
0, [deg] -30-30
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Table 2 Duct specifications
Duct specifications
Inner diameter [mm] 242
Tip clearance [mm] 35
Width [mm] 80
Table 3 Motor specifications
Motor specifications
Efficiency [%] 62.4
Input power [W] 21.90
Copper loss 0.80
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Table 4 Boundary conditions

Inlet Outlet
Gauge Pressure Total temperature Mass flow rate
[atm] [K] [ke/s]
0 288.15 1.817< 10"
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Fig. 3 Computational domain

Fig. 4 Grids of axial fan configuration
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Table 5 Optimized model specification with base model

Base model Optimized model
Hole - 12
Ly [mm)] - 34.375
0t [deg] - 8.738
Or [deg] - 17.447
Dy [mm] - 4972
Avg. Tmotor [K] 305.26 30245
Max. Tmotor [K] 349.80 33233
del Pt [Pa] 21.100 22.784
Fan torque [Nm)] 7421 <102 7.428< 102

Table 6 Optimized model specification with base model
(Equalize total prressure)

Base model Optimized model
RPM 1,296 1,291
Avg. Tmotor [K] 305.26 304.23
Max. Tmotor [K] 349.80 343.59
del Pt 21.100 21.070
Fan torque 7421107 7427107

( p

Fig. 8 Optimized model
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(b) Optimized model

(a) Base model

Fig. 13 Streamline at hub cap zone
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