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Fig. 1. Schematic diagram of experimental ap- paratus.

(1) Coolnics circurator (hot side), (2) Coolnics circulator (cold side),
(3) Temperature control units, (4) Analysis record, (5) Permanent
magnet, (6) Thermostat (hot side), (7) Thermostat (cold side), (8)
Thermo-sentive liquid crystal film, (9) Thermocouples (K type), (10)
Control valve, (11) Camera (12) Thermometer
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Table 1. Experimental conditions

Condition Fluid Strength Direction
(mT)

| Water
2 Magnetic 0
3 Magnetic 20 Down
4 Magnetic 20 Up
5 Magnetic 40 Down
6 Magnetic 40 Up
7 Magnetic 90 Down
8 Magnetic 950 Up
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Fig. 2. Temperature measuring points.
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Fig. 3. Variation of temperatures with time.
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Fig. 4. Variation of temperatures with time.

7¥ 73%-(Fig. 39 o8} )¢t vlusle B off, 45 O
ZSA3H Qe] ME vie 9 2ERTE :
Aol vigkol| ule} EAG L& ol Holg Aoz oH
2 FEe] W] debA|7] WiEelrt. stARE, 20 mTe] Y
2 Fukeko g QI7teh H9olle FURoA 1dY
HEo} o= 2] ekl uet ARROE F
S VA7) wjiEe)] A SRl 229
A& DelET

Fig. 4= 4 oM XS Aar, AEe] AI71E 20 mT,
40 mT, 90 mT=E HFERLS wjo] R ER 2 s vepd A
olc}. Fig. 49 aje 4 OolAY] 2xHEE Yepd A
o=, 23 4, 24 6, 27 8ollA ' AjolE HolA] gkt
Z, 34 O Aol o3t 2xst A4 LTt Fig
49] by= A @0l xR T E, Fig. 49 de 334
@l 2=REE 27 UepR ot} o] F ZHolA 40
mT¢ 90 mTE 718F 7299 ¥ o7} giglort, 20 mT=

H

[ol
of
)

e}

|

1 fo o
L —
_Oiﬂ‘ifﬂ
k2
30 o2

s

o]
ww —
Ml to i
rr ogh

b
O:
B



- 130 -

ke ZAgolE Mot whe 22 des Byt ofe A
o] ofsfde] we} Al sRolx] Wshe TRRT} AAME] A
TR olgsl7] WiEelRla Azt i Fig 49 o
244 Q@elMe] ExEEE vepd Aolth. adeliM HE
Z£71(40 mT, 90 mTE 713t B-9)Hr 20 mTE 71k 7399
L7t wobgEt, ol Abde] ofsly] mhEel] A kel
Ao s12-te) wigo] shA] o) wholet A7tEY. Fig.
49] ey 244 GolMe] 2EREE vepd Zolrt. o] A
= 544 O vRPIAE APl 27 25 W} F4)
sttt

Fig. 49 o oy A4S SEIFOR VIRE 734, 5%
H @, @MY WiFe] 2=RES Yekd Flolth Fig. 4]
fy= Fig. 49| apt 4% QoM vlasle] & of vhljseks
UehlSIaL, Fig. 49 o) Fig. 49 o9t 2384 GellA H
sl £ of, WhhEeke vEhllth o)z Abds FEY
Fog et AollE A2ggel A spFellA desl,
FEHI RFoE RS W Atells A el A
£gejo] wdsly| wFolz} Az

oL

19] g AlRto] Aol me} .25 o] USRI, 20
Ro] AubHA dap dge FFe BEoli ok 7 A
eI} i F9RE 7IEeR siA Rt AFHel

& YeE At 23 2= Q7] gl A5l o
=

AFAIS) AT e AR, FH B B
A9sh 8 Ao} gl e, 1en A FAel 7
W 22 19) 39 A9 $5 wE, 24 20) A9 @
Do HAKE AT Ik ER, S5} BESR) <R}

o] A ME Hole Fio] 3t} ojRe: AgHAY 7
G FRERAEG Mot =27) el W] g3l o =4

34221 718}3) 2] Volume 13, Number 3, June 2003

ERMROR 90 mTE Q/hEA Sledel FHo) tis 7]

Al Bk web, negde 241 5o Auc o west

A B AL % 5 9tk 24 4= dhAel ol
2

fr o
B

g3} Yo 20mTr} ke 9ol 7ol

gelo] 1B FY ol Aisle] Wkl sbe A
B 5l o)A A1ge) Jo e g Sl v
ao] el AR Gpl H7) R Lol 4
oA W2l =11, o)z ols| mLodedo] A AkHe] e
A WollA Ly wiEolela AEnt. & Fee]
Aol go] FHE AAlsl] AANFIE ol A ¥

o, et JE-F58 Felr Aojsks Alo] 7FssiAl =

o 27 6&EEH ko= 40 mTE S7he] ASE 1B,

Condition/Condition/Condition|Condition

Fig. 5. Variation of temperature distributions with time: a) Condition
1,2, 3,4, b) Condition 5, 6,7, 8.
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Natural convection of a magnetic fluid is different from that of Newtonian fluids because magnetic-body force exists in addition to
gravity and buoyancy. In this paper, natural convection of a magnetic fluids (W-40) in a cubic cavity was examined by experimental
method. One side wall was kept at a constant temperature (25 °C), and the opposite side wall was also held at a constant but lower
temperature (20 °C). The magnetic fields of various magnitude were applied up and down by permanent magnets. We measured
temperatures at 5 points which are the most suitable places in cavity by the analysis record. The thermo-sensitive liquid crystal film
(R20C5A) was utilized in order to visualize wall-temperature distributions. Several kinds of experiments were carried out in order to
clarify the influence of direction and intensity of magnetic fields on the natural convection. It was found that the natural convection of
a magnetic fluids could be controlled by the direction and intensity of the magnetic fields.

Key words : Magnetic fields, Magnetic fluids, Thermosentive liquid crystal film, Magnetic force, Permanent magnet.



