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A Study of Driving Characteristics and Structural Safety of Scaled
Model of Variable Pitch Axial Flow Fan Using Finite Element Analysis
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ABSTRACT

The purpose of this study is to verify the kinematic movement of the variable blade mechanism design for a scaled model
of a variable pitch axial flow fan with a capacity of 55 kW and to verify structural safety according to the blade setting angle.
The design of the variable pitch mechanism was performed using SolidWorks and the kinematic verification of the slider crank
movement was performed through Motion Simulation. The structural safety of each component by the impeller and variable

pitch mechanism was verified by deriving the maximum stress according to the blade setting angle using Ansys Workbench.

93] 3D mulgS £33} SolidWorks?] 7]-+&F 3jj4]
T132] Motion Simulation© = 7 AX|ZtE=9] W7o
S+ (Axial Fan)> A8} 37t 9 U] F7tol| 4] £7] gk 7198t Ase ASstelth dgee) Gl dAa=d
9 AAE Qs ket JEokoll ARgE= S8t dulojty, 2 xeHAAS Brsly] Q)8 CAE AR 2180l Ansys
HH" FHNA QYR 2E&S FUselr] Yt OS2 Workbench R20220. 2 22(Stress) ¥ W3 (Deformation)
7hae) FZ710] Higt 71H7F obAaL Qlet 7S] S8 & Alele] A HEG T e wEgdAT Wl 9
= AAeAEER FA] S FASHEA daof wet gk oJullE e} oEale] 7o RE sholsle]
‘*7H(Blade)—°4 AR 7= (Setting Angle)E W7 sto] oA

.M E

S.:IM_

s

w& Fjsiely] $I5t $57] 7%l 2. Sut HMPE HE XjupLEAY

7hHO} AIARE SESE7] Qlel 7158 | Szl o
gt AT} o]FofRA L P2 A2 E FIl G HAAE WA fetaadidor e HYEO| S o] i W
o] o]FojaL G/ MAZtETE WAE Aol FRAQ AAe ake] AAWHS Tl HA AL 5= ook A
ek go] HAw ofof Fitt, YA Az 542 A (Elastic modulus) @t ZolE

2 Aol A= s5kwi 7He] 57 /N 3gollA A H](Poisson ratio)E A4teE7] $lal wjEHA AR UERd

A 2P dell 39 s R A T2 ol FAHA FIEA 2R det ay o] @2 ALtE e 24 RS
TS 9I5h 2/3 2A1Y(Scale) O] 4 AARES AZstefof  2o] WP or FHstaL of7]of o} el tigt &9
ek BN AF ARE Sl 4 kel oigt 7F AR89 FEHAAE ALk Heh
Hol FIg7xE A2 3D CAD 27139l SolidWorksS 48] HH Q Aof tish Y Feo] FATEN, =N (&n)

¥

St/ nS st 7)1 A4 A58 (Department of Mechanical Design Engineering, Korea Univ, of Education and
Technology)

0 Sty |anS st 7] A-g8H (Department of Mechanical Engineering, Korea Univ. of Education and Technology)
T WAIA AL E-mail : lijang@koreateh. ac kr

The KSFM Journal of Fluid Machinery: Vol. 27, No. 2, April 2024, pp.31~39(Received 06 October. 2023; revised 14 February. 2024; accepted for publication 03 March. 2024)
SRRV HEE =28 M27TA, MRS, pp.31~39, 2024(= %Q# 1Tt 2023.10.06, =24-FURE 2024.02.14, MAIRZ LA 2024.03.03) 31



=4 3 2,
1
M =50-90=n)
1
N, =1-9(1-n)
1 ®
N, = 1-9(1-n)
1
N, =1(-00-n)
QukAel 82 HHo) u R AL 4 (99} o] B
4 otk
Eh 0w 1-volu 1+v 8%
m{y* 2 ap 2 ow ]* 0
2 2 2 @
Eh |0°v 1—vov 1+v 8%u
=2 o+ +Y=0
11—/ {aﬁ 2 o 2 3x8y}

)

®)

4 @24 (512 4 (o] tHelste AR AR K12
A (6)3+ 2ol rhekd 4 9lrt

o
oN ON| [1v 0 o

_ | oz ayl| |v1 0 |_ N
I i PN i ©

w or 2| | v

oy ox
APEA 840 483 FEls A (65 T8 A (D= £F

2 % 9tk

K] = Det. (B [DI[B, )

32

Fig. 1 ()&= Y¥#9] 70| 1,500mme] 55kW =573
$3719] mdolrt, S]E(Hub)2t G7h E 7IielE 54
7171 gt |3 Fx27F 2% T2 B|E ol A= o] 9l
o}, 23 3B x| A Il AA4E WIS fdl
A7z 7T walol gt MES Haslstnal AAH
Axto|t}, Fig. 1 (b) 55kW 7FAQ] &57] dle|e] 4 4
APRERS: 9/39] Z4 AAstelen, A7 1,000mme] 7]
o 3|8 A7 o] Zax|o] T 2o FH gk JH Fx
£ A =H, ®H2 729 dolrt AAH o8 FhAaTh
upet g3 Gz 7ol JFol gl AR AtmEct

54 gAY o] HA| ARFE Table 13} 2t A
AXFFE 55kW 7HAC] HF719] FHa AdARER A A2
3719 Wsh= 1A, 2[27 9 3] EH|(Hub ratio)

L FshA gt

(a) Variable pitch impeller

(b) Scaled Model of Variable pitch Axial Fan

Fig. 1 System of axial fan
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Table 1 Design specifications of scaled model variable

Specifications Unit Value
Impeller hub diameter mm 320
Impeller shroud diameter mm 1,000
Tip Clearance mm 5
Number of impeller blade ea 8
Hub Tip Ratio - 0.32
Rotational speed rpm 1,185
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Fig. 2 3D Modeling of Scaled of Variable pitch Impeller
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Fig. 3 Variable pitch link system
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Fig. 4 Graph of stroke blade setting angle
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Fig. 6 Finite element shape of operating speed

Table 2 Stroke of the Blade setting angle

Stroke (mm) Blade setting angle (degree)

0 0

5 7.5

10 15

15 22.5

20 30
. — 25 37.5

(b) Detail of fixed support 30 45
Fig. 5 Boundary condition 35 52.5
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(e) Blade setting Angle 30 degree (f) Blade setting Angle 37.5 degree

(h) Blade setting Angle 52.5 degree

(g) Blade setting Angle 45 degree
Fig. 7 Model for each blade setting angle
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Table 3 Maximum Von—Mises Stres impeller

Blade setting angle (degree)

Maximum Von-Mises stress (MPa)

0 69.448
7.5 72776
15 68.828
22 65.746
30 69.038
375 70.656
45 72.649
52.5 80.365

84
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68.828 = 69.038
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7.5 15

225 30 37.5

Setting Angle of Blade (degree)

45

525

Fig. 8 Maximum Von—mises stress of Impeller (MPa)
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(a) Blade setting Angle 0 degree = 69.448

72776 Max

72776 Max
7035

| 5 S O s
“g8Es

B4 808
56.839
48871
40903
22935
24 967
16909
9.0304

1.0622 Min

(b) Blade setting Angle 7.5 degree = 72.776
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(f) Blade setting Angle 37.5 degree = 70.656
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(g) Blade setting Angle 45 degree = 76.649
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(h) Blade setting Angle 52.5 degree = 80.365

Fig. 9 Maximum Von—Mises stress of impeller (MPa)
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