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SUMMARY

In this paper, the aerodynamic characteristics obaling fan in a low-voltage electric motor

were numerically investigated by solving three-digienal Reynolds-Averaged Navier-Stokes
equations. The k-model was used for analysis of turbulence. Thiefimolume method and

unstructured tetrahedral grids were used in theemaad analysis. A parametric study was
performed for the aerodynamic performance, ancptirameters related to the geometry of the
blade and fan casing were selected for the studyas$ found that mass flow rate through the
cooling fan can be increased by controlling thevfseparation in blade passage and fan casing.

INTRODUCTION

Low-voltage electric motors are widely used as ingodt power sources in various industries.
Because cooling fans for these motors need to beatga bi-directionally, radial blade centrifugal
fans are widely applied to the cooling of the aleanotors. Recent legislation detailing minimum
energy performance standards for energy using pteduave been introduced worldwide, and
manufacturers have responded by investigating ndstifmr reducing energy consumption of their
products. In order to meet this condition, the dduns in aerodynamic loss in cooling passage and
thermal instability caused by heat generation,rageliired to be improved in order to enhance the
motor performance.
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There have been some experimental and numericasgtigations of cooling fans in electric motors.
Grimes et al. [1] experimentally and numericallyded the flow induced by a motor cooling fan of
axial type. They measured radial and tangentiaborgl components near the inlet of the cooling
fan to investigate the effect of blockages on thefggmance of the cooling fan. Li [2]
experimentally investigated cooling performanceaofmagnet electric motor with a variation of
geometry of centrifugal impeller. Walsh et al. [lnducted experiments to evaluate the effects of
inlet cover design on cooling performance of thecebnic portable devices. And, Chang et al. [4]
investigated thermal performance of a large scatgomwith guide vanes in the casing, and
suggested the optimum distance between guide \aamefan blades to minimize the leakage flow.

As mentioned above, some researchers investigatedynamic characteristics of motor cooling
fans. However, systematic aerodynamic analysimbaget been performed for electric motor with
bi-directional cooling fan. In this work, the eftecof the shapes of fan blades and casing on
aerodynamic performance of a motor cooling fan, ehdeen investigated based on three-
dimensional Reynolds-Averaged Navier-Stokes (RAAS)Iysis.

NUMERICAL ANALYSIS

In this study, aerodynamic characteristics of alingofan in a low-voltage electric motor were
analyzed by solving three-dimensional RANS equatiamith the ke turbulence modelFigure 1
shows the computational domain with the referema#ing fan in a low-voltage electric motor. The
whole flow domain of the cooling fan was considem@sl the computational domain for the
numerical analysis. This computational domain idek a rotating impeller domain and two
stationary domains (flow domains in inlet duct ad motor body). To solve three-dimensional
RANS equations, the commercial CFD code, ANSYS-CIRD [5], was used by employing an
unstructured grid system. And, thes knodel was used as turbulence closure. The firdtpints
from the wall were adjusted to keep y+ >20 as shiovig. 2.

Frozen-rotor

Figure 1: Computational domain with reference matooling fan
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Figure 2: Structure of the grid system

The working fluid was considered as an air at%nd the total and static pressures were set at

inlet and outlet boundaries for steady-state sitanarespectively. The surfaces of the fan blades
and motor body were considered no-slip walls. Tiozen-rotor interface method was set at the
interfaces between rotation and stationary domains.

A grid dependency test was carried out in a rarigie290,000 - 8,000,000 nodes to determine the
optimum number of grids as shownHig. 3. This figure shows the velocities at the pointated
between the adjacent fins, which distribute on mbtaly in circumferential direction. Through the
test, about 5,000,000 were determined as the obptwmaber of grids, which consists of about
300,000, 700,000, and 4,000,000 nodes in the duet, rotating impeller, and low-voltage motor
body, respectively.
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Figure 3: Results of grid dependency testflow velocities
at the points located between the fins on motoybod

The root mean squared residual value of the momeand mass equations were set to fall below
10E-06. The physical time-scale was set to, Wherew is the angular velocity of the blades. The

computational time was typically 15 — 18 hours, etefing on the geometry considered and
convergence rate. The present calculations weferpegd by Intel Core 17 CPU 874K and a clock

speed of 2.94 GHz.
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PARAMETRIC STUDY

In the present work, a parametric study was carodfor the aerodynamic performance of the
motor cooling fan, and the parameters related éoggpmetry of the blade and fan casing. A back
plate was installed in the middle of the fan blad&istance between blade tongue and cemgr (
installation degreed) of the back plate, and number of bladsy ¢f fan impeller shown itfrig. 4,
were selected as the geometric parameters to teel tes

Figure 4: Definition of geometrical parameters

RESULTS AND DISCUSSION

The numerical results based o kdrbulence model have been compared with expetaheiata
measured in this work for flow velocities at thents located between the fins on motor body in
circumferential direction as shown kg. 5, where the numerical results shgood agreements
with the experimental dat&igure 6 shows the variations of aerodynamic performandeth®
cooling fan with the geometric parameters. Variagiof mass flow rate and torque of the cooling
fan with number of blades are showrFigy. 6(a). Both the mass flow rate and torque of the cooling
fan increase with an increase in the number ofdda@hus, the cooling fan witk = 24 shows the
best aerodynamic performance among the tested marabblades. As for the/H, the cooling fan
havingPi/H = 0.51 shows the maximum mass flow rate and mimnrque a shown ikig. 6(b).
And, Fig. 6(c) clearly shows that torque decreases rapidly witinarease in the installation angle
of back plate. This indicates that aerodynamicgrerance of cooling fan is highly sensitive to the
installation angle of back plate.
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Pin number

Figure 5: Validation of numerical resulfer flow velocities at the points located betwess fins on motor body
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Figure 6: Variations of performance functions wigaometrical parameters
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The streamlines at 80% span of impeller havingedsifit numbers of blades are presentdeign7.
The large vortex in the blade passages (dashdé)dasmbserved in case Nf= 10. The size of this
vortex decreases with an increase in the numblelades.

Figure 8 shows streamlines at 70% blade span. In case/df of 0.66, the largest vortex is
generated between blade passages. This vortedatzeases with a decreasdPjfH. The velocity
contours on the x-y plane of cooling fan havingfedént installation angles of back plate are
represented ifrig. 9. Foré; = 20°, the high velocity region between the aasind blades (dashed
ellipse) is widely distributed in comparison witiose of the other cases.
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Figure 7: Streamlines at 80% blade span for difféneumbers of blades
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Figure 8: Streamlines at 70% blade span for différdistances between tongue and shaft of blade
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(@) 6; = 20° (b) 6; = 35° (©) 6; = 45°.
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Figure 9: Velocity contours on the x-y plane fdifetient installation angles of back plate

CONCLUSIONS

A parametric study of a cooling fan in a low-vokagjectric motor has been performed using three-
dimensional RANS analysis. The present numericallte for the cooling fan showed good
agreements with the experimental results. The w&ffexf blade geometry on aerodynamic
performance of motor cooling fan were investigat@eésted parameters were related to the
geometry of blades, i.e., distance between bladgu® and center of impeller, number of blades,
and installation angle of back plate. The mass flate of cooling fan increases as the number of
blades increases, and also as the distance bethlade tongue and center of impeller and
installation angle of back plate decrease. Andiais found that torque of motor cooling fan is most
sensitive to the installation angle of back plaispared to the other geometrical parameters.
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