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Abstract As industry develops, the number of facilities utilizing underground spaces is increasing, and
the ventilation method for underground spaces is gradually changing to a method that directly utilizes
ventilation channels. Currently, there is a disadvantage in that the ventilation fan is very vulnerable to
high temperatures to be applied as a belt drive type. In this study, an airfoil design for the blades and
hub of a wall-mounted axial flow fan for smoke control were designed through a 3D modeling program.
A static structural analysis and high-temperature reliability review were conducted using the CAE
program Ansys Workbench. Through thermal stress analysis, the structural safety of the fan was designed
and verified. The high-temperature reliability test of the fan was conducted by an authorized

certification institution to secure structural safety.
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Fig. 1. Picture of Axial fan for ventilation smoke

Fig. 2. Design of Axial fan for ventilation smoke
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Fig. 4. 3D Model exploded view for Axial fan for
ventilation smoke
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Table 1. Design specifications of Axial fan for
ventilation smoke

AL Eq. (1) Zo] 3719 Hu|BEupgAlo g Hojgt

Spec. Unit Value 0o, 0Ty 0T,
Impeller hub diameter mm 290 ox + 3y + oz =0
Impeller shroud diameter mm 710 8’7'“/ 8()’y 8Tyz
Tip clearance mm 5 ox 3y 9z =
Number of impeller blade EA 10 oT oT o
Hub tip ratio - 0.4 = - + = ———————— (1)
P ox oy oz
Rational speed RPM 1,185
T 0,50, 0, : Normal Stress in Cartesian
Flow rate m? /mi 400 Y
coordinate system
e182H5(Tip Clearence) Smm= A=, S82 5399 HZ|(Hook's law) 22X E 7 2 A
5182 aﬂi(lmpeller)ﬂ QT 7o s A9 23 ¢7]9 947 BEs 2 g} Eq. (2)___ 230
ke = Q7 P9 A _ - _ -
. 2F AU HhD Tl FAIST M 5 o) gk See pEe: 9 FYMarrivZ
9] gAzACE S 400m®/min 0.2 HAsIAc}
(71. {o} = [Cl{e}
{U}T: [Ufl; Uy 0. T.’l:y Tyz Tyz]
2.2 XHE A-le {6 }T: [6.1 Ey € ,Y.’I:y Vaz ’sz] ______ (2)
AAE SFWe] 7ot slB= dFulE F2o] d
AH8ohE ACAC-TOS A8, St 5Bt E7iE 3L oj7)4, [ O] SIadaA FePdAK(Young's modulus)

Hole 2E 9 7|ef 220 s e il
SS4005 ARgStct. Z Algof st EAX] & Table 29}

ZrHs8l.

Table 2. Materials of impeller sections

Value
Propert Unit .
perty Blade & Hub) Shaft & Fte
component
Density kg/m 2,600 7,800
Modulus of Elasticity GPa 72.4 160
Poisson’s Ratio - 0.33 0.33
Coefficient o.f thermal /DC 714%10°%| 2.5 % 10~
expansion
Melting temperature T 644-816 1,400
Tensile Strength, Yield MPa 152 230
Compress Yield Strength MPa 185 41.5
3. *xaiN

ofiA] XIHHEEA]

3.1 #X
A= IA A o 32 BHgAol| gt HF

X-y-2

9} ZolEH|(Poisson ratio)oll oA ¥islol= gro=2
g oJgict.

Eq. Q)X HBE(e)d AEZH(7)9 HEES
5790 o=t ©/9A419] #9l(Displacement)® UERd &

%om, o= Eq. 3)3 #o] EFF 4= UTH7I.
_ou _ou ov
€ T gy 0 Ty T @ o
_ ov | _ ou  ow
v = oy Tz T Ty, ox
_ v ov 0w
€ oz 0 v oz oy
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44*(Element number)= 708,4997, E&4(Node
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Fig. 5. Finite element model of Axial fan for
ventilation smoke
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Fig. 6. Boundary condition of Axial fan for
ventilation smoke
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P ot
[ ka_T)+i(k0_T)+i(k6_T))_Q:0
or \ ox oy \ oy 0z 0z

- - - (4)
p - mass density
¢ : specific heat
k : thermal conductivity
() : internal heat generation rate
T : temperature

t . time

A4 o8t S HPES] TAE et
e Eq. (5)2F 2ol e 4= 3t

{O’} = [C}{G—EO}
{ot'=lo, 0, 0.7, 7. 7,.]
{e}T = ]
€ = €y €y € Vay Var Vyz
[0)"=1aAT aAT aAT 0 0 0

« : coefficient of thermal expansion

AT : temperature difference
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Fig. 7. Thermal load condition of Axial fan for
ventilation smoke
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(a) Total Max. Stress(MPa) = 61.546
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(c) Blade(detail) of Max. Stress(MPa) = 61.546
Fig. 8. Maximum stress of axial fan for ventilation
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61.546 Max
54.708
47 869
41.031
34.102
27354
20518
12677
6.8387
0.00020406 Min

(b) Blade of Max. Stress(MPa) = 61.546
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21.359

1860

16.02

13351

10,681

80118

53423

26728
0.0032275 Min

(d) Hub of Max. Stress((MPa) = 24.029

smoke
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(a) Blade of FOS = 2.47 (b) Blade(detail) of FOS = 2.47
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Fig. 9. FOS of axial fan for ventilation smoke
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(a) Total deformation (mm) = 0.136 (b) X-direction deformation (mm) = 0.027
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X

(c) Y-direction deformation (mm) = 0.076
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i

(d) Z-direction deformation (mm) = 0.111

Fig. 10. Maximum deformation of axial fan for ventilation smoke

Table 3. Max. stress & max. deformation of axial fan for ventilation smoke

Component Maximum stress | Factor of safety Maximum deformation (mm)
(MP) (FOS) Total X-direction Y-direction Z-direction

Total 61.546 2.47

Blade 61.546 2.47 0.136 0.027 0.076 0.111

Hub 24.029 6.33
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(a) Total Max. Stress(MPa) = 62.745
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(b) Blade of Max. Stress(MPa) = 62.745
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Fig. 11. Maximum stress of axial fan for ventilation smoke (Thermal stress)
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Fig. 12. FOS of axial fan for ventilation smoke (Thermal stress)
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(b) X-direction deformation (mm) = 0.035

011212 Max
0.098856
0.085597
0.072338
0039079
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0.032561
0.019302
0.0060423
-0.0072168 Min

(d) Z-direction deformation (mm) = 0.112

Fig. 13. Maximum deformation of axial fan for ventilation smoke (Thermal stress)

Table 4. Max. stress & max. deformation of axial fan for ventilation smoke (Thermal stress)

Component

Maximum stress

Factor of safety

Maximum deformation (mm)

(MPa) (FOS)
Total X-direction Y-direction Z-direction
Total 62.745 2.42
Blade 62.745 2.42 0.139 0.035 0.075 0.112
Hub 24.255 6.27
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b

Fig. 16. High temperature test of axial fan for
ventilation smoke
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