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ANALYSIS OF COOLING OF ELECTRIC MOTOR BY RADIAL FAN;
REALIZATION OF THE EXPERIMENTAL ANALYSIS OF CFD

Uk [Toxazan aepoauMHAMIYHMM aHai3 BEHTWJIATOPIB 1 iX KOXYXIB PI3HUX
reomerpiii. ['apHe 00ayBaHHS 3HMXKYe TeMIepaTypy y IBUTYHI Ta 301blye
TEpMiH Horo ciyx0u. 3HMKeHHs TemnepaTypH Ha 10 rpanyciB Moke IPOJOBKUTH
TEpMiH CITy>KOM €JEeKTPUYHOI 130JIA11i1 IBUTYHA Yy /1Ba pa3u. [l BU3HAUEHHS OIl-
TUMaJIbHOI TFe€OMeTpii BEHTHJIATOpA 1 HOro KOXKyXa, a TaKOXX OLIHKHU ii edekry,
aHaJIi3 IPOBOJUTHCS 332 OJHAKOBUX YMOBaX. MeTOI0 IbOTO JIOCIIKEHHSI € BU3HA-
YEHHsI CTaHy IIPOEKTOBAHOIO €JIEKTPOABUTYHA, IKUI HEe Mae nporotuny. s ko-
persiiii aHami3iB 13 HaTypHUMH €KCIepuMeHTaMHu OyB BUKOPHCTAHUN mapamMmeTp -
MIBUJKICTh BXOAY MOBITps. ExcriepuMeHTanbHi pe3ynbTaTH MOXYTh OyTH BUKOPH-
CTaH1 JJIs IPOEKTYBaHHs €JEeKTPOJBUTYHIB, @ TAKOX JUIsl ONTUMI3alii iX aepoau-
HaMiYHUX XapaKTePUCTHUK.

Ru [Tokxazan a’ponvHaMUYECKHI aHAIN3 BEHTHJIATOPOB U UX KOXKYXOB Pa3IMUHBIX
reomeTpuil. Xopoiee 001yBaHHE CHI)KAET TEMIIEPATypy B JIBUTATeNe U YBEIHYH-
BaeT CpoK ero cinyx0bl. CHmkeHue temreparypbl Ha 10 rpaaycoB MOXeT Hpo-
JUIUTh CPOK CITY>KOBI AJIEKTPUUECKOM M3O0JSAIMU JABUraTeNs B Ba pasa. [y ompe-
JIEJIEHNs ONTHUMAaJIbHOM reOMETpPUH BEHTHIIATOPA U €ro KOXyxXa, a TakKe OIEHKU
e€ a¢ddexra, aHaTM3 MPOBOAUTCS TIPH OJMHAKOBBIX ycinoBuUsx. Llempto aToro mc-
CJIEIOBaHMS SIBJISIETCA ONPEAEIUTh COCTOSHUE MPOEKTUPYEMOTO 3JIEKTPOABUTATE-
7151, KOTOPBIA HEe UMeeT mpoToTumna. ljis Koppensiuy aHaIu30B ¢ HAaTYPHBIMU JKC-
NepUMEHTaMU OB UCIOJIb30BAH MapaMeTp - CKOPOCTh BXOZa BO3AyXa. DKCIepH-
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MCHTAJIbHBIC PE3YJIbTAThl MOT'YT OBITH HCIIOJIH30BAHbI JJIs1 IPOCKTHUPOBAHUSA JJICK-
TpOI[BHFaTeHCﬁ, a TAKXKC IJId ONTUMHU3ALUMKU HUX ASPOAUMHAMHUYCCKUX XapaKTCpHU-
CTHK.

Introduction

The purpose of this research is to simulate the cooling state of an electric
motor that does not yet have a prototype. In the induction motor, energy which
cannot transform to the mechanical energy will appear like heat energy. The in-
duction motor will run as efficiently as it can be cooled. The cooling mechanism
is as follows; the radial fan connected to the main shaft of the motor gives the air
in the radial direction. The fan cover allows the radial air to pass over the induc-
tion motor and the heat to move to the atmosphere by convection and radiation.
Convection cooling is the simplest and one of the earliest techniques used [2].

The parameters can be changed in this experiment are quite limited. For
example, it cannot be made a change in the speed of rotation of the fan. Because
the fan is hardly connected to the main shaft of the motor and turns at a speed
equal to the speed of the shaft. In other words, it cannot be connected gear sys-
tems such as multiplier or reducer. The point can be influenced in constraints is
the flow mechanism. It was ensured the optimization of the evacuation of this air
flow by increasing the performance. The things it can be entered into this bor-
der; the fan itself, the fan cover, the fins on the motors. If it cannot be changed
the fins, it can be made the air circulate around these fins. So it needs to be well
known what direction the air is present in, speed value, flow rate and pressure.
Thanks to these, it will be known the clear aspects of the improvement in the
new design.

Expressed as the ratio of the inlet velocity (Vinlet) to the free flow veloci-
ty (Voutlet) with discharge condition. This ratio is the minimum value of the
Vinlet/VVoutlet that the vortex cannot form [3]. Because of this gap between the
induction motor fan and the fan lid, it is practically not possible to create a vor-
tex. However, it can be measured and minimized.

The actual working airflow is determined by the intersection of the fan
curve and the system resistance curve. There are three options for estimating this
working point: experimental measurement of the system using ther-
mal/mechanical modeling, calculation of the operating point using airflow net-
work methods, or calculation of the system.

The main issue for most CFD applications is the modeling of turbu-
lence [4]. In these experiments, visual and numerical results of flow analyzes
were obtained using CFD. Streamlines in particular have many perceptual bene-
fits due to their ability to provide a snapshot of the vectors near key features of
complex 3D flows at any instant in time. However, streamlines do not lend
themselves well to animation [5]. So vector and contour views were used.
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Material and Methods

It was used 112 frame, 1500 rpm, 5,5 Kw induction motor at these analy-
sis and experiments.

Experimental Models:
1. Fan Models: The following three types of fans in fig. 1 — fig. 3 are designed
for flow analysis.

Fig. 3. Fan 3

2. Fan Cover Models: According to the results of the first experiment, despite
changing fan geometry has positive effect on the flow, the negative effect
created by the vortexes has also been tested in experimental models of the
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fan cover designs on the elimination of the vortex formation. The following
three types of fan covers in fig. 4-6 are designed for flow analysis.

Fig. 4. Fan cover 1 Fig. 5. Fan cover 2 Fig. 6. Fan cover 3

Results of Calculation of CFD

1. Fan Models
Fan 1

Fig. 7. Vectorial View of Result of CFD for Velocity for fan 1/fan
cover 1 About Inside Fan Cover

As a result of the above analysis, it appears that some of the air does not
go upright from the rotating volume. This creates a vortex effect at the edge of
the fan cover. This effect reduces the speed of the flow, as well as the flow of air
coming in through the fan door.

elocky Vectors Colored By Velocty Mapntude (mvs) 3

o o

Fig. 8. Vectorial View of Result of CFD for Velocity for fan 1/fan
cover 1 Over Induction Motor Body
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As a result of the above analysis, it is seen that the air has lost its velocity
and direction by hitting the protrusions on the induction motor.

Inlet velocity:3,3[ms”-1]

Fan 2

Fig. 10. Vectorial View of Result of CFD for Velocity for fan 2/fan
cover 1 About Inside Fan Cover

The above analysis also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is lower
than the previous analysis result.

/X" Vekocty Vectors Colored By Velocty Mapnkude (Vs) &3

Fig. 11. Vectorial View of Result of CFD for Velocity for fan 2 / fan
cover 1 Over Induction Motor Body
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As a result of the above analysis, it is seen that, like the first analysis, the
air has lost its velocity and direction by hitting the protrusions on the induction
motor.

ANSYS . Inlet velocity:2,28 [ms”-1]
RV .1

cover 1

Fig. 13. Vectorial View of Result of CFD for Velocity for fan 3/fan
cover 1 Over Inside Fan Cover

The above analysis also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is high-
er than in previous analyzes.

(T Vehociy Vectors Colored By Velocky Magntude (nvs) _ E3
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Fig. 14. Vectorial View of Result of CFD for Velocity for fan 3/fan
cover 1 Over Induction Motor Body
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In the above analysis, it is seen that, like the results of the previous analy-
sis, the air has lost its velocity and direction by multiplying the protrusions on
the induction motor.

w1 v

Inlet velocity:3,27[ms”-1]

i
Prove At 86370105 [0.000352068 o3 1 = [veaty semmmen ] @
Fig. 15. Contoural View of Result of CFD for Velocity for fan 3/fan
cover 1

2. Fan Cover Models
Fan Cover1/Fan1l

|11 1IN

Fig. 16. Vectorial View for Result of CFD for Velocity for fan 1/fan
cover 1 About Inside Fan Cover
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Fig. 17. Vectorial View for Result of CFD for Velocity for fan 1/fan
cover 1 Over Induction Motor Body
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Fig. 18. Contoural Result of CFD for fan 1/fan cover 1
Fan Cover 2/ Fan 1
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Fig. 19. Vectorial Result of CFD for fan 1 / fan cover 2 About Inside
Fan Cover
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The above analysis also shows that a portion of the air does not rise per-

pendicularly from the rotating volume. It appears that some of the convex struc-
ture on the cover allows turbulence to enter and exit, although the flow area in-

side the fan is less.

Veew 1 ¥

Fig. 20. Vectorial Result of CFD for fan 1/fan cover 2 About Induction

Motor Body
In the above analysis, as in the previous analysis results, the air seems to
have lost its velocity and direction by multiplying the protrusions on the induc-

tion motor.

Fig. 21. Contoural View of Result of CFD for Velocity for fan 1 / fan

cover 2
The fact that there is no significant change in the entrance speed indicates

that the level of turbulence cannot be reduced much.
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Fan Cover 3/Fan 1

Fig. 22. Vectorial View of Result of CFD for Velocity for fan 1 / fan
cover 3 about inside fan cover

As a result of the above analysis, it is seen that a very large part of the air
is generated perpendicular to the rotating volume. Since both the fan left in the
flow cover and the fan cover are designed in a concave shape, the air coming di-
rectly to the fan cover is directed out [6]/

N oy o S R 2
S ~ RN o o ‘X?;__:?:&,( =

Fig. 23. Vectorial View of Result of CFD for Velocity for fan 1 / fan
cover 3 about induction motor body

In the above analysis, it is seen that, like the results of the previous analy-
sis, the air has lost its velocity and direction by multiplying the protrusions on

the induction motor. As can be seen from the colors, the flow is much higher
than the other analyzes.
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Fig. 24. Contoural View of Result of CFD for Velocity for fan 1 / fan
cover 3

The fact that the turbulence level is reduced significantly indicates that the
incoming air can effectively exit the fan lid.

Results of Natural Condition Experiments

To correlate the analyzes with real experiments, the velocity of inlet was
used as a parameter.
Fan 1

Fan 2

Fig. 26. Measured Input Velocity for fan 2 / fan cover 1
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Fan 3

Fig. 27. Measured Input Velocity for fan 2 / fan cover 1

Comparing of the results

Fan 1
o A
Inlet velocity:3,3 [ms"-1] Inlet velocity:3,09[ms”-1]

Fig. 28. Comparison of the Measured Input Velocity with The
Analyzing Input Velocity for fan 1/ fan cover 1

Fan 2

Inlet velocity: 2,28 [ms”-1]

Inlet velocity:1,40[ms”-1]

Fig. 29. Comparison of The Measured Input Velocity with The
Analyzing Input Velocity for fan 2 / fan cover 1
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Fan 3

Inlet velocity: 3,27 [ms”-1]
Inlet velocity: 3,29 [ms”-1]

Fig. 30. Comparison of The Measured Input Velocity with The
Analyzing Input Velocity for fan 3 / fan cover 1

Results and Discussion

It appears in fig. 7 — fig. 9 that some of the air does not go upright from
the rotating volume. This creates a vortex effect at the edge of the fan cover.
This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. the air has lost its velocity and direction by hitting the pro-
trusions on the induction motor.

It appears in fig. 10, at fan 2/fan cover 1, some of the air does not rise
steeply from the rotating volume. This creates a vortex effect at the edge of the
fan cover. This effect reduces the speed of the flow, as well as the flow of air
coming in through the fan door. Also, as can be seen from the colors, the flow
rate is lower than at fan 1/fan cover 1.

It appears in fig. 11 also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is high-
er than fan 1 and fan 2.

According to the results of the first experiment, despite changing fan ge-
ometry has positive effect on the flow, the negative effect created by the vortex-
es has also been tested in experimental models of the fan cover designs on the
elimination of the vortex formation. The following three types of fan covers in
fig. 5-7 are designed for flow analysis.

It appears in the fig. 19-21 that some of the convex structure on the cover
allows turbulence to enter and exit, although the flow area inside the fan is less.

As a result of the analysis, it is seen in the fig. 22 — fig. 24 that a very
large part of the air is generated perpendicular to the rotating volume. Since both
the fan left in the flow cover and the fan cover are designed in a concav shape,
the air coming directly to the fan cover is directed out. The fact that the turbu-
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lence level is reduced significantly indicates that the incoming air can effective-
ly exit the fan lid.
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Fig. 31. Correlation between CFD results and Natural Experiment

As seen in the fig. 31, CFD results were correlated with the results of real-
ization experiments. The realization experiments and CFD results confirm each
other very high. This shows that the CFD analyzes give very close results.

. 25 19,81
< 20
£ 15 9,88
9,29 )
Z 10 8,54 7,80 678
€ mm HE: Hm
9 0 —
inlet of the fan cover at vortex in the fan cover first meeting with fin
m fan cover 1 3,30083 8,53787 9,8805
m fan cover 2 3,09341 7,80162 6,78043
fan cover 3 9,28848 2,30571 19,8146

Fan Cover type

B fan cover 1 M fan cover 2 fan cover 3

Fig. 32. Velocity of Flow According to Fan Cover Changing

As seen in the fig. 32, the realization experiments and CFD results con-
firm each other very high. This shows that CFD analyzes give real results.

As seen in the fig. 33, the highest vortex formation on the first cover, the
highest inlet velocity and the highest first meeting with the fin velocity achieved
on the third fan cover.

Conclusions

What we have seen in the results of the analysis;
The air from the fan cover entered a large turbulence in the first region
that reached the fins,
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Fig. 33. Velocity of Flow According to Fan Changing

After air was removed from fan out radially, departed. (Because the radial
face of the wings was flat, the flow could not know where to go and was divided
into two). Some part of the flow went to the surface of the motor efficiently, and
some part went in the opposite direction and broke the productive side, creating
a turbulent flow there and inefficient the flow. The three designed fans showed
small differences but could not solve the turbulence problem. The second of the
designed fan covers could not eliminate the problem of turbulence. The third
one from the designed fan covers prevented the turbulence to a large extent with

its concav structure and greatly improved performance.
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