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A Study on Thermal Deformation due to Fan Shape of Hair
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ABSTRACT

This study investigates thermal deformation due to fan shape of a hair dryer. In this study, thermal analysis showed
that the shape of an electric fan results in lower temperature than that of a sieve frame. Among the shapes of electric
fans, the temperature change decreases as the number of wings decreases. As a result of thermal deformation, model 4
(sieve frame shape) showed increased change of deformation compared to models 1, 2, and 3 (with electric fan shapes).
Thus, the model 1 dryer with the sieve frame shape is shown to have the least durability among models 1, 2, 3, and 4. It
is thought that the analysis results of this study can be applied to durability improvement and safer design of hair

dryers.

Key Words : Hair Dryer(30{=2}0|7|), Fan Shape( &4}, Thermal Deformation(&# &), Temperature(2 <),

Durability(Li 7249)
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(a) Model 1

(b) Model 2

(c¢) Model 3

(d) Model 4
Fig. 1 Meshes of models

Table 1 Material properties

Density 7850kg/m"3

Coefficient of Thermal Expansion 1.2e-005 /C

Specific Heat 434 J/kgC

Thermal Conductivity 60.5 W/m-C
Resistivity 1.7e-007 ohm'm

Table 2 Nodes and Elements at models

Model Nodes Elements
Model 1 79814 51462
Model 2 89121 51462
Model 3 26909 14722
Mode 4 63809 37209
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(a) Model 1

Il Ternperature: 30 ~C

(b) Model 2

[ Temperature: 80 C

(c¢) Model 3

[ Temperature: 90. “C

(d) Model 4
Fig. 2 Constraint conditions of models
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I: Steady-State Thermal
Ternperature

Type Temperature
Unit: =C

Time: 1

90 Max
80855
8071
80585
8042
80275
80131
B88.986
BE.841
88.696 Min

(a) Model 1

E: Steady-State Thermal
Temperature
Type: Ternperature
Unit: =C

Tirne: 1

90 Max
B9.BG7
80,733
898
89466
89.333
80,109
89.066
88933
§8.799 Min

(b) Model 2
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A: Steady-State Thermal C: Transient Thermal

Termnperature Ternperature
Type: Temperature Type. aTemperature
Unit: =C Unit: *C
3 Time: 1800
Time: 1
79.651 Max
90 Max 70.491
20.870 70331
80758 ;Z](;I
80627 78.849
80516 78.689
89395 78529
80274 7B368
78.208 Min

£8.911 Min

(c¢) Model 3

(c) Model 3

N: Transient Thermal
Ternperature
Type: Ternperature
Unit: =C
Time: 28.303

N: Transient Thermal
Ternperature
Type: Temperature
Unit: *C

£80.936 Max Time: 1800

89.813
20.60
§9.567
20442
s9.32
20,107

80.965 Max
§9.002
BB 038
BT 075
86112
85148
84.185
§3.221
82258
81.294 Min

§9.074
88.951
EE.E28 Min

(@ Model 4
Fig. 3 Temperatures of models at initial state (d) Model 4

Fig. 4 Temperatures of models at the elapsed time of
1800s

K:
T

™
Un

it
o

76.555 Max
76.378
76 202
75.026
75.810
4 rs.s72

32 9 HYF siMe A

Fig. 5& 27] 2% JHdAe 458 Ye

Tmsein y W agelt 7] &5 A A AL &
2 B9l IS Model 352 21523MPa?] <o

ettt A 28-S B 29 Model 424

495.87MPa®] §-¥o] gttt Fig. 62 1800%&7} A

(@) Model 1 o o A8 NS @ Aol o] o) HA
D — Lol 2 2de Model 3224 179.99MPag]
g0l gtk Ao g0 U Hue Model 4
mene 2] 426.97TMPa] & o] uisith wabA 27|14
t Bl HEE 1800F] WAL zEE AdEjolA g
w117 2¢Ee BS w Model 37} e mREo vl
B fhel o A gl ok AL ¢ & U
e . 4% Asg B3 dolrl Azke olselol

719l WA & 2 kA ¢ Jdd Aow AL
s39.

(b) Model 2

-85 —



dloj=etel)e] A Fgo] mE A Fol

AT F=7AVEEE A, A6, A3s

J: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa
Hnit: MRa Time: 1800
Time: 1
237 Max

300.54 Max 210.67

267.15 18423

233.76 158

200.36 131.67

166.97 105.33

133.58 79

10018 52.667

66.788 26.333

35,304 0.00010433 Min

0.00010626 Min

(a) Model 1

F: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress Time: 1800

Unit: MPa

Time: 1 306.24 Max

272.2

378.39 Max 238.26
33634 20423
284.3 17019
252.26 13615
21022 10211
16817 68.075
12613 34 038
84.086 0.00037539 Min
42.043

0.00016294 Min

(b) Model 2

B: Static Structural
Equivalent Stress

Type: Equivalent fron-hises) Unit: MPa

Unit: MPa Time: 1800

Time: 1

179.99 Max

215.23 Max 15999
19132 13999
167.4 120
14249 89,995
11257 79097
95859 59.098
71744 39.998
47.83 19935
23915 000038728 Min

0.00041973 Min

(c¢) Model 3

P: Static Structural
Equivalent Stress
Type: Equivalent (won-Mises) Stres:

Unit: MPa
Time: 1 426.97 Max
379.53

A479.87 Max 33z2.09
42655 284.65
37323 297.2
21091 189.76
266.6 142.22
213 28 94.883
159.96 . =
et 0.0023866 Min
53.321

0.0021985 Min

L: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

(a) Model 1

H: Static Structural
Equivalent Stress

Type: Equivalent fwon-Mises) Stress
Unit: MPa

(b) Model 2

D: Static Structural
Equivalent Stress
Type: Equivalent fvon-hises) Stress

(c) Model 3

O Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stres:
unit: MPa

Tirne: 1800

(d) Model 4

of models at

(d) Model 4
Fig. 5 Equivalent stresses of models at initial state

Fig. 6 Equivalent stresses
elapsed time of 1800s
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