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Design optimization of the staking line

for an electric fan blade using CFD
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ABSTRACT

Electric fans, which consist of axial blades, are operated by the induction motor. In
this paper, the objective of this study is the performance improvement of the base
model fan wusing the design optimization. In order to aerodynamic analysis,
computational simulations are performed using commercial tool ANSYS-CFX ver. 14.5.
And k—q SST turbulence model is used for the CFD analysis. The design variables are

set up as sweep and lean angles. Volumetric flow rate and torque of the fan blades
are fixed to objective function. The optimized model is shown the increment of the
volumetric flow rate and the reduction of the torque compared with the base model.
The experimental procedure is followed KS C 9301. CFD results and experimental
results are fairly well matched.
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Fig. 1. Shape of the base model

Table 1. Specifications of the base model

Fan diameter 350.38 | [mm]

Hub diameter 936 | [mm]

Number of blades 5

Rotational speed 1020 | [RPM]
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Table 2. Sampling points of the electric fan
No. Sweep angle | Lean angle
1 -15 -20
2 75 -15
3 30 -10
4 -22.5 -5
5 0 0
6 225 5
7 -30 10
8 7.5 15
9 15 20
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Table 3. CFD result of the sampling points Table 4. Result of the optimization
No. | Sweep Lean Q T Base Model Opt. Model
angle angel | [ m?/min] [ mN- ml Sweep angle 0 -24.071

1 15 20 36.88 64.4 Lean angel 0 9.341

2 75 15 36.95 60.15 Q [ m*/min] 51.67 53.684
3 30 -10 28.64 39.28 T [mN- m] 75.56 74.94

4 -22.5 -5 38.73 80.73 R 1.2890 1.2305

5 0 0 51.67 75.56

6 225 5 4558 49.43

7 -30 10 54.21 75.45

8 =75 15 43.39 59.85

9 15 20 47.84 84.62
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Fig. 6. Response surface of flow rate
and torque
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Fig. 8. Comparison of the velocity contour
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Fig. 11. Prototype of the optimized model

"0z 03 o

Radius [m]

<

Fig. 12. Comparison of the volumetric flow
rate with CFD and experimental

results

S 7]
1&

e}

B o] = e
9}
Ak,

N ol
ﬂl}lu ﬂ]lﬂ:

>

t

off £ oo fuorx

o rlo

13
61.84 m?*/min2 =AUt 1
BEESH FAARY AF 1.2890(7|E =)
1.09% 17.29% FAEHS 23ty

CFD 38& Ay 5L A5x4 1,145
RPMolA W35ttt 43S 6044 m?/min 2 o
Zxo] AgAFG= oF 226%2 23S YERAL

o Z23AE BPNA dehte 54 932 1

73
o
=

S
SEER

dste A9, AN bl Mad BYEs
o & 5 Ak

oAM=
oj=ol th

HE7) el
EERER

M L
fo njz 2
=

CEEY 2 e
offl i
rfu
i
e
38
_g

o

o sp was RAsE
@ 3, A4 wde
3.72% 3533
o e 4
3.98% 7AFFo=ZAH

= a—

e
flo o=

% Fra

m
W.ﬂa
(o3 ~—" (

oz N B

o

it

do wr
0,

2

= ”:6? *4771 ‘:‘aﬂOl
Aoz Alg Ay} CFDoH/E,
3t S YERAL

References

1) Cho, J. U and Hwang, M. S, “Analysis of
the Sir Flow due to the Number of Electric
Fan Blades”, Journal of The Korean Society of
Manufacturing Process Engineers, Vol. 11, 2012,
pp. 107-112.

2) Hwang, J. H, “A Study on Electric Fan
Design for Usability Enhancement - Mainly
with propose concept design”, Journal of
Digital Design, Vol.13 2013, pp 203~212.

3) Cho, C. H, Jung, Y. B, Kim, Y. C and
Cho, S. Y, “A Study of the Tip Clearance
Effect to the Performance of an Axial-Type
Fan”, Journal of Fluid Machinery, Vol. 11,
2008, pp. 7-17.

4) Kim, J. W, Kim, J. H, Lee, C and Kim,
K. Y, "High-Efficiency Design of a Ventilation
Axial-Flow Fan by Using Weighted Average
Surrogate Models", Trans. Korean Soc. Mech.
Eng. B, Vol. 35, 2011, pp. 763~771.

5) J and Gogineni, S, W.
Compenhaver, M. Brendel, “Flow field in a
a DPIV

Estevadeordal,

low-speed axial fan: investigation”,



910

B FUY

LR RESE,

A2 T B RE

=1
[ZINY

Experimental Thermal and Fluid Science, Vol.
23, 2000, pp 11~21.

6) Xu, C. and Amano, R. S, “Computational
Analysis of Swept Compressor Rotor Blades”,
International Journal for Computational Methods in
Engineering Science and Mechanics, Vol. 9, 2008,
pp. 374~382.

7) Vad, A, Kwedikha, A and Jaberg, H,
“Effects of blade sweep on the performance
characteristics of axial flow turbomachinery
rotors”, Journal of Power and Energy, Vol. 220,
2006, pp. 737~749.

8) Dentotn, J. D, “The effcects of lean and sweep
on transonic fan performance: a computational study”,
Task Quarterly, No 1, 2002, pp. 7~23.

9) Korean Agency

Standards,

for Technology and

“Electric fans and ceiling fans”,

2013.

10) Ansys Inc, “Ansys 14.5 User’s Manual”,
2013

11) Menter, F. R,
eddy-viscosity turbulence models for engineering
AIAA journal, Vol. 32, 1994,

“Two-equation

applications,”,
pp. 625~632.
12) Pidotech Inc,
2011.
13) Korea’'s energy standards, “Korea Energy

“Piano User’'s Manual”,

Management Corporation”, 2011.

14) Kim, Y. H, Choi, J. H, Jung, J. I, Kim, s,
Lee, J, Chu, M. S, Hong, K. J and Choi, D. H,
“Optimal design of switched reluctance motor
using two-dimensional finite element method”,
Journal of Applied Physics, Vol. 91, 2002, pp.
763~771.



