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Optimal Design of Impeller according to Blade Shape Variation
Using CFD Simulation

Da-Mi Yu'? Semo Kim? Hye-Lim Jang? Dae-Hyun Hah? and Lae-Hyong Karlg®

'Department of Mechatronics EngineerirfyANL-CBNU Engineering Institute-Korea,

and *Department of Flexible and Printable Electronicsiofibuk National University
Abgtract

The objective of this study was to investigate thdluence of the blade shape on the impe
performance, for design optimizing of the high laif impeller. First, the quantity, angle, and ldngof
blades, which are considered to have a large infleeon the impeller performance, were selected emgn
variables. Then, 27 cases of impeller shapes welected according to the design of experiment (DOEH)
predict the conduct of the blower based on thecsede impeller shape, flow analysis was performethg
the immersed solid method of ANSYS CFX. In the CKFé&sults, the highest airflow was expected in
impeller having a combination of 50 EA, 6° and 5 mRinally, a blower with the original impeller she
and the optimized impeller shape was fabricatedngusa 3D printer, and the analysis tendency
experimental tendency were verified through expernits.
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Existing Blower Fan

(To Performance Improvement)

DOE-Based Blower Fan
Geometry Design

CFD-Based Blower Fan Shape
Optimization

3D Printer Based
Prototyping & Verification

Fig. 1 Flow Chart of Impeller Desic
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Diameter

Parameter

Value

Height

25 mm

Diameter

71 mm

Blade Quantity

56 EA

Blade Angle

12¢

Blade Length

65 mm

Rotating Speed

6,000 RPM

Fig. 2 Original Impeller Mode

Awerage Velodty [m/s]

59 6 o 6 1. ] 23 a |5 & 7 p 3 om

Blade Quantity [EA] Blade Angle [*] Blade Length [mm]

Fig. 3 Average Velocity according to Design

Variatior
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Table 1 Design Criteria for Blade

Parameter Design‘ Level :
Low Mid High
Quantity[EA] 50 53 56
Angle[°] 0 6 12
Length[mm] 5 6.5% 8

*QOriginal blade parameter

AA £FGG F 56 ) ol TN e HE
grel toms, o FFel4 £ AFol U Aol
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Mass flowat blower outlet « 60s
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Loss %] = Volume fluz at inlet — Volume fluz at outlet @)

Volumel fluxl at inlet
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P1 @ Impeller Hub Zone

Fig. 4 Fluid Domains and Impeller of Simulation:
(@) Domain of Fluid Zone; (b) Domain of
The Blower fai
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Fig. 5 Results of Fluid Domain Size Verification T
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ZUxd wE Ax 8 Al (mesh convergence B Ao AbgE F7F Z7 (domain condition)
test) sttt Table 20 AlY =4S A3 < Table 4° sttt =l & fs5ddd sF3)
Fom Fig. 69 = A¥= At AxF 98 A = HEe A g (stationary state) 2AS Zt+=
3 A, #55E = At WE AF fFo]l £29% o 25 °C9] 1 atm 37|2 AAsRoH, =g o 3
a2 dAdsiA Xt 31e G99 F qder FdalE BES 5000 rpmlE 3] HEE immersed
ol V|To®E FHEARE A, SHEE #5, solid &1o2 A7d3} .
#6, #7 <ol elA Aztel i@ &) P 2 #5 _ N
o] A%} zAoE ARG, HE AAD AA Table 4 Domain Condition
olo] Ax}4E Table 39 A7l 3L}, FZ, hZ, IBZ, IHZ
Type Fluid domain il
Table 2 Mesh Information of Mesh Convergent Test [Fluid Materiall Air at 25 °C | 4 e
_‘.“"-‘JJI I[L‘:l:‘ -
Models 3 =
#l | #2 | #3 | #A | #5 | #6 | #7 Pressure 1 atm LS G
Mesh S
Elements Size (mm) Models Stationary o
Motion Fr
Impeller| 6 4 1 1 1 0.8 | 0.6
Impeller
IBZ 6 4 1 1 | 08|08/ 06 Type Immersed Solid
Models .
IHZ | 10 | 10 | 15| 15 | 1.5 | 1 | 1 Motion Rotating
Hz | 10| 10| 1 |15|15] 1 | 1 Rotating 6.000 rpm
Speed
FZ 40 40 15 15 15 15 15 Rotation
. . Counterclockwise
SRT | 15 | 20 | 47 | 40 | 50 | 80 | 200 Direction
x# = Mesh Case .
SRT - Sol unming T 2 AFE FAEA AFEE B2 AA EES
*O. K. = r
orver Tnming tme o) z7e B3t 1%} | 91849, Table 59 Hol& u}
038 300 9’]' @—o] %i%-ﬂ 9’]’ %:I‘Ll?“q 7(5‘74112_4_3 OE:]E%;‘(_]
i il sy =4 (opening) o=, BE99] -4 ek
S oo L ReE mad (wal) 0F so] fA19) Sgol AT
X
5 osl '\.\ o3 = AASAT 7 A wHldl Aol HEAAW
E oal — 1o o 2 GGI (General Grid Interface)o.2 A e]3le] Az}
2 . L2 ARl A ARt AuHES 9t AES4
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Mesh Cases

Fig. 6 Mesh Convergence Test Res

Table 3 Mesh Information of Each Domain

Tome Mesh Information

Nodes Elements

Impeller 1,139,428 756,567
IBZ 835,689 214,984

[HZ 50,486 14,119

HZ 171,375 47,983

FZ 44,796 13,705
All Domains 224,1674 1,047,358

AAH=A
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developed) ]2l 0.2 %, time step= 6.70E-3
2 AAsglen,  64HE FAAE #H
Windows10-based computer (Intel(R) CPU, 3.4
GHz, 32GB RAM) $H7golA =3 &}3itt.

Table 5 Boundary Condition

Inlet, Outlet of HZ
Type Opening W
Openi ™
Mass and pening 7 L] N\
Pressure and (
Momentum L 4
No Direction & £
Relative Outlet "5 y
1 atm o
Pressure
Wall of HZ
Type Wall
M d
ass afl Smooth Wall
Momentum
Relati :
Ve No slip Wall | wer
Pressure
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Volume Flux [CMM)]

Blade Quantity [EA]

Fig. 7 Volume Flux According to Blade Quantity

Variatior
058 —s—50 EA 50 EA| —=—50 EA
Length 5mm 52 £a| ||_Length 6.5mm [::53 £a| | Length 8mm 53 EA|
—a— 56 EA ——56 EA ——56 EA

e
o
S

Volume Flux [CMM]

|
)

Blade Angle [°]

Fig. 8 Volume Flux According to Blade Angle
Variation

quantity 50EA | 2~ | [ Quantity53Ea | =30 || [Quantity s6EA | 520

——12° ——12° ——12°

Volume Flux [CMM]

Blade Length [mm]

Fig. 9 Volume Flux According to Blade Length
Variatior
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A A, Edel= Aert 5070, A4=7F 6°
dol7b 5mm¥ A9l 7 F2 HeE Hilonw,
o] 445 4 =AY (optimized impeller) & A4
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Fig. 10 Outlet Area of Blowe

Table 6 Velocity, Velocity w Contour at Outlet

Original
impeller
(56 EA,

Velocity

Y Axis

Max : 17.9 m/isW
Min : 1.0 m/s

Axis

12°, 6.5

mm)

Velocity w

Y Axis

Optimized
impeller

Velocity

¥ Axis

Max - 19.0 m/:
Min : 1.0 m/s

(50 EA,
6°5

mm)

Velocity w

Y Axis

Table 62] velocity®} velocity w2l contours® %

& Fig. 11 82

80% zoldl st Elo]

) EETolA #FA fres &A= vk A
|

o] velocity w contours®

i Hee HF o4

B EET A FielA

HeE @45 B Uy
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W W (span wise)]l XZ @A) &= WH Table 7 Pressure Contours at Different Span Wise
(vector)olt}h, &% ®E z} FAHANA §A A=Y Locations of 20, 50, and 80%
s&o g B4& st=d =80 ®u(3,5]. Loeaion Original Impeller Optimized Impeller

A Azts Aurw oHlels} walA wEko 2 3 (56 EA, 12 °, 6.5 mm) | (50 EA, 6 °, 5 mm)
A Bezm B9l rdA Holgd #A7 ]
ol WS uet UFHo A3 HEE EFHE A
< A F vk 29k WE 9% (80% span o 7
wise)elli= o] FUH o oA HuA EZEH M s0sokes | I
DAY el AW FA S d¥7F B2 UFE 5o
o7t oAl Uoks @48 B 5 ok v Al
Bagolis EETol doj7k 71 she]Zrh A9 20%
or@ olgjdt A Hetd Aog myHrh

80%
gotyse ;Fret—y

Table 8 Velocity Contours at Different Span Wise
Locations of 20, 50, and 80%

Location Original Impeller Optimized Impeller
(56 EA, 12 °, 6.5 mm) (50 EA, 6 ° 5 mm)
Fig. 11 Velocity Vector Contours at Different Sp: 20%
Wise Locations of 20, 50, and 8!
3.1.3 E29 513 U Fxof & Fx EM
50%

EZe a4 QA HA fFEedds H7)elst
o] Table 7¢ Table 89X % mlz7IAE E=Z9 u}
gHo2RE 20%, 50%, 80% xoldl aFs=
HA A I £ BEXE contourE YERNL

& Be gude) WRAE

RS FAT 5+ ok QB FAsA goA
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Fig. 12 Housing and Impeller for Verification
Experiment; (a) 3D Printed Blower Fan;
(b) Manufactured Blower Fa

Ao 291 mHEle PLA (polylactide)E A}-&-3
3D ZHER &¥3slo] A28t 2™, encoder motor

~
—

G-32GM)& AR&sigitt. T&& S437] flst &

(AS836, ZA4W9 0~45m/s, #
Am/s, AFE £3%+0.1dgts)S A3t o,
ot F% (CMM)E T

shadrt. Al A9 set-up W8-& Fig. 131 AelskaA
o

AT E
o=

W, 2 84
st

Arduino UNOE AAH PCE &9¢

Arduino Board
(Arduino UNO)

oao o4a
* @oo ag3

Blower Fan + Encoder Motor
(IG-32GM)

Power Suppl
(DP30-50TP)

Fig. 13 The Set-up of Verification Experimen

Zzet CFD sfM 21 Hlu/HE
g AE] HASE H8 48 529
etk 1 A3} Fig. 14004
FF Wste] zte]7t 3.51 %=
% WgE sl & &
HEE o] &alo] Wste e
= 21843}t Table 9

B A FFe

™

o]
i=4

o toh
2

(Eqr
-3
k=)
i
O;

t} F=o] 331, impeller C7} impeller BR.UY} £3fo]
Zkokth. ol CFDelA e Addz dA st e &

A Manufactured Blower Fan
® 3D Printed Blower Fan

Y =0.00228 X
Y =0.00236 X

Velocity [m/s]

. 1 1
0 2000 4000 6000

Moter Rotating Speed [rpm]

8000

Fig. 14 Comparison Between 3D Printed Fan and
Existing Fan
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