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(a) Front view

(b) Side view
Fig. 1. (Color online) Pictures of the woofer speaker.
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(a) General woofer speaker

Fig. 2. (Color online) 3Dimensional modeling of the tested woofer
speaker.

(b) Ferrofluid woofer speaker

Table|. Specifications of woofer speakers.

Name Size (DxdxH) Specification
Voice coil (mm) 36.2x 36 x 14 Copper
Bobbin (mm) 36x35x%x35 Polyimide
Top plate (mm) 100x 39x 6 Pure iron
Magnet (mm) 111 x60x 17 Ferrite
Bottom plate (mm) D:100, H:6 Sed
Yoke (mm) D:35, H:23 Stedl
Damper (mm) 75 % 45x% 16 Fiber paper
Ferrofluid (ml) 4 APG W 10
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(b) Ferrofluid woofer speaker
Fig. 3. Therma equivaent circuit moddl.

st @99 2ele |ncropera and Dewitt(2013)0] #4138k
AT SRS o83 GAET WS o851, Fig. 3
7} o] Uk 9 AuA} AFA 93 2T]AH | disie]
Z}z} 4=398199tH11). Fig. 3@ Yyt 29AS FAeh= B
ol I, & FHoIE, 83, 474, vl oI, W)
7 37] 9 R37IE asial Fig. 3(bye AMSRAl -3
21Ae| tisle] AMIFAIE F71= sk Rdgs 73
slom, 2(1)S ol8ste] 7 FAANE 9 Holx FY
255 AR A7, qe EXEEelll ke GAEE,
A= TZo|H ATE 2%=xjolch

q=k-A— 1

3412 ANSYS THERMAL
ANALSISE ©]83}$177 ANSYS WORKBENCH(V.13.0)Z

Fig. 4. (Color online) Mesh map of the model.
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Tablell. Numerical conditions.

Name Specification
Woofer speaker 200W (Max)
Working fluid Air/Ferrofluid
Pressure (kPa) 101.3
Inlet condition (W) 10, 20, 30, 40, 50
Ambient condition (°C) 25
Gravitational acceleration (m/s?) 9.8
600
- Temperature
500 +
<
(3
2
o
g 400 -
§
[
300 -
0 1(l)O 2!I)0 3(50 460 SCI)O 660

Time[S]

Fig. 5. (Color online) Convergence criteria of the numerica anaysis.
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Tablelll. Specifications of the woofer speaker.
Components Specifications
Density (kg m™) 7854
pure  Specific heat capacity (J kgK™) 4.34 x 107
iron Reference temperature (K) 298.15
Thermal conductivity (WmK™) 60.5
Thermal expansivity (K™) 75%x 10
Density (kg m™) 8933
Copper Specific heat capacity (J kgK™) 3.85 x 107
Reference temperature (K) 298.15
Thermal conductivity (WmK™) 401
Ferrite DeNsity (Kg m-3) 7300
megnet Specific heat capacity (J kgt K™ 400
Thermal conductivity (Wm™* K™) 50
Density (kg m™) 1.185
Air Spexific heat capacity (J kg™K™) 1.0044 x 10°
(25°C) Therma expansivity (K™ 0.003356
Dynamic viscodity (kg m™ K™) 1.831x10°
Thermal conductivity (WmK™) 2.61x1072
Density (kg m™) 1330
Ferro- Specific heat capacity (J kgK™) 4200
fluid Thermal expansivity (K™) 75%x 10
Dynamic viscosity (Pa 9) 05
Thermal conductivity (Wm2K™) 0.15
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Fig. 6. (Color online) Temperature characteristics of the woofer
speaker without ferrofluid.
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Fig. 7. (Color online) Temperature characteristic comparisons of the
tested generad woofer speaker with the existed paper.
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Fig. 8. (Color online) Temperature characteristics of the voice-coil for
the woofer speaker with and without ferrofluid.
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Fig. 9. (Color online) Temperature characteristics of the voice-coil for
the woofer speaker with and without ferrofluid.
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Table V. Temperature characterigtics of the main components for the tested general and ferrofluid woofer speakers.

Input Increasing
Type Componert 10w 20W oW 0w 50 W raie
Generdl Top plate [K] 317.2 3423 401.3 525.1 760.0 885
woofer Yoke [K] 3128 3334 3624 505.2 669.2 713
o Magnet [K] 3089 3137 3549 4755 630.8 64.3
Bottom plate [K] 307.6 3194 3805 455.2 619.3 61.3
Ferrofluid Top plate [K] 3125 3313 3828 424.6 5535 48.2
woofer Yoke [K] 309.7 3259 3330 3881 468.8 318
o Magnet [K] 305.9 319.8 3342 3711 4337 255
Bottom plate [K] 305.2 3127 2989 3689 416.6 222
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Numerical Analysis on Temperature Characteristics of the Voice-Cail
for Woofer Speaker Using Ferrofluid

Moo-Yeon Lee* and Hyung-Jin Kim
Department of Mechanical Engineering, Dong-A University, Busan 604-714, Korea

Woo-Young Lee
YoungChang System, LTD, Suandong, Busan 607-823, Korea

(Received 6 September 2013, Received in final form 9 October 2013, Accepted 11 October 2013)

This article is to numericaly investigate the temperature and heat transfer characteristics of the voice coil in the woofer speaker
using ferrofluid with the input currents. The temperature and heat transfer of the major components of the woofer speskers with and
without ferrofluid are caculated and analyzed with the increase of the input currents from 10 W to 50 W at an interval of 10W. As
results, the temperature of voice cail is linearly increased with an increase of input currents. The temperature of the woofer speaker
with ferrofluid is lower 51.0 % than that of the woofer speaker without ferrofluid at the condition of input current 40 W and the
required input current of the woofer speaker with ferrofluid is lower 42.5 % than that of the woofer speaker without ferrofluid at the
condition of voice cail temperature 490 K. In addition, the hesat transfer from voice coil to other components for woofer spesker with
ferrofluid is higher 51.7 % than that for woofer spesker without ferrofluid.

Keywords: voice coil, woofer speaker, ferrofluid, temperature
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