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A Study on the Heat Transfer Characteristics of Magnetic Fluids in
Concentric Double Pipe Annuli

J. W. Park, G. T. Park and L. S. Seo
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annuli( ©]75 ¥ ), Heat transfer(E 7 &), Magnetic field(Z}7)

Abstract

In this study, to research characteristics of heat flow of magnetic fluid, it's studied about numerical
and experimental method of natural convections change and characteristics of heat transfer in Concentric
double pipe annuli as analysis model. In the result, natural convection of magnetic fluid is controlled
by direction and strength of the impressed magnetic field. Especially, according to average Nusselt
number, heat transfer is the smallest on the balancing point between body force and buovancy.

ot A R-AFNA tEH PstE olFdBoR
1. A 2 dAste] e 5-olA A7k Al7| e Wl u}
2 AAdF A Wis 2 ddd 548 74
AggAe ARPer EAetA g odws A9 R dARHeR YESte dn
AR Axbe] Ao 722 = ApdAe E4dut Aol glolA AupkAd A2 HHEA A
DA o] SEELS Anati ouph), f\é%z’ﬂﬂﬂ #a W A& AgEAa?. s
AAfA L] AgEd BF AFE Hzd AF gaelES WifE7 LT GSMAC e ads
Hn AALE 24 9 Rzt Hxwe] @ Ol%fﬂ-ﬂr(‘” FAHGL FA 499 T NeF
g oae FaHe] QAT Adsrm Az} Hlo} LEEZzAdA F24% 2 SEUEHE Fl
AAE 2D gEd @A AT onE Aol o f&54de Aetstn 299 Husdt. =
T, wE Bv]eme] O 9olAE g gk B Aol A s He Nusselt 78 Talo] H4
)8 o] zAd yat 2WHalY nAE AL 548 detatdtt 58 S8 wtaptae] =
o] AE]E o] &% o] YEEoly o} AYE FE 7heel whek "W Nusselt 77F 247} 5&
o] Aojol] thEk AT mmE Aok Aol AZ1E dA A mak A HE Ve
Mk B AL AYRAY dAg 549 0 A0
£ TE A A7str] flske] s dg gE
2. =X H AT
T soluista 714129} oty
E-mail : jwnarada{@hanmail net B odpdlde i s g vz 3
TEL : (051)200-6712  FAX : (051)200-7656 A AMIANAST Agsdn Y @
" EoHE JlE e e FAUHE Fol g} Pol vhehd 5 ok

#% zoljstn 712

1657



2003

V.o =10

|

L?+(v- Viv = —Vp

1 . . —
+R€(V (gvo)+v-(gyv v ))
4eo .
+ RePeyM v H
2 G
% Vv (cHMA 0) + R—Q”;ﬂ'rl e
[ I RE P R
dT, 1
at c,Fe ¥ kv T
b R A R
M

M- 5 (H-Pe,A Hrw)

A7 A = g/ FeHMD, e SHE
2} parameter, oo A ET parameter Gr2
Grashof*, Re< ReynoldsT , Pe, 2 3] 7ZPeclet
ok

B =dAde AddFoACd oA ¢
alA] AHE-¥ 1 %= BoussinesqAME AME-S1SY

W, o7 9l e Bew o

O FAl= HgHEAdoln, Wyl A A

et

@ &5t oy Fyutolnh

@ FEEEe A7 2 vl&] o #Zr] o9
ol A8k

sehurg Fol d@ urwde o

(or = 0).

® AH¢HE A ol = ).

® BA =& FHMolG

@ AAFFAAA AT BY s T
Algrty gk Ak Ael AA ] 9loiA] &
R

@ Shliomis®el] ojstH 2pAd-&Ao] A Y&

7t EFa e HAtEEE
os=10Q
of #AZE Azt o714 s=
T G4E I HuddRdE,
&= vEolk
@ #iEON ostd A FAe FEgATE

7)’{:—2%7}*

dAdFY W
Qe JAHe]

rr

1658

7]_ )\é%@'q 0:17]/{‘] nga‘f- ;2-"7_(_4'_‘(1):.‘_1{:_ 7?*1:_ X]-/‘é

fral el dAdAs-ol

B AFGAY AEHANE Water base AHJH

A(Ferricolloid W-40)8 P o.2 9T AAdH
Aol =4 @y Ays TR CJEHOR

@T Table 12 F-A|af 4l AFg-
AAE e Aoz muE?
A& 45 AdEtath o71A
AgHAY wE, ARBEAT G =&
o= 2 BRI} F2 7E F gk
SR elH DL Fig 10] YEbH vl9}
#a, ARG Azl Z gd W <
(He, FEY By o o2 vER
S’}ﬂ FAugd e L9 J|EE Er)§u
2 AFdA mesh= olFETY] A5 WHE
el 41219 wEHAE AFEAT A6
AlA Addes 4 ARARY T4 227 A
Al ¢tstep®] AldbA e} vlassted 0.001 ©1E7t
Ao sk vk
B Arolss 2o Alzlel dig

4d9gel 97
8 AERA 2
o Slatel 2R

=i
=

L

L.

Babe) o

Table 1 Properties of magnetic fluid(Ferricolloid

W-40) (20T 7]5)
WP YA FEWAE ay,,) 10 [nm)

A aAL] A= p) 1.37<10° [kg/m’]
R Ak A=( o) 5.16x10° [ke/m’]
B AHEE(H,) 8681107
SHAA T AELAG SN (125107 [l/m’)
deAEgT 37 3y mAuE(] i<
Boltzmann 85 &) 1.38<10 % [J/K)
2okl =k} oA AT ) 2.18%107° [Pa - s]
AR A A BAAT(Y) 1.06x10°° [Pa - s]
AddAe) AR M) 0.36 [Wh/m’]

Dy/D2=0.2,0.25,0.3

L COLD(T=0)

HOT({Ty=1)

Fig. 1 Analytical model



2003

Uz g8 Abgstel vEhilan, vhea @
o] 483 Yk

o= MOTE{IO Iy IR

Az FErEHe 429 fFRE, A
49 Q5 L2 9Rel maRe g3 o)

& AAdAC B &l =da seln]E
20,12 8 48 AEHUT o AF B AT
A5 B HFA el AZIE 0 ml.
55 mT 2 106 mTo]c}

a2 g AR 2EE
HE 20TE dHs}9 o
(WBC-18SE)& &8l 7tz 714
24 #dsiA sk 2 RAle
ol& 7HAEEL7] #ElA
ARE Add Fel Ras
0C "25CR 2= we} 7

Aoz Ma}Ecl A o) A}%z;;_ P
Hof] F=agko s #9g A3E vhelr] $1slA

l‘_‘rﬂ

(1) Hot circulator A : Hot water(inlet)
{2) Cold circulator B : Hot water(outlet)
{3) Water tank C : Cold water(inlet)
{4) Digital camera D : Cold water{outlet)
{5) Magnet direction E : Magnetic fluids
Fig. 2 Schematic diagram of the experimental

apparatus
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Table 2 Result of magnetometry

{(unit : mT)

X|loj1l2|13]|4|5]|6
Im cm | em|em|em|em | om|em Ave.
0 mm 100 91 | 83 | 80 | 84 | 92 |100] 20
10 mm 43 142 (39137 139 [ 41 |43 ] 40
20 mm 3029 202527 |28 |30 28

NDAF(1 em x 1 cm)&
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Fig. 3 The variation of temperature distributions at
steady state
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Fig. 4 Y-coordinate velocity for various magnetic
mtensities at Y=0.5, D/Dy=0.2
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m : direction of gravity
4 : opposite direction of gravity|
4 : horizontal direction
--- i result of equation

Fig. 5 Mean Nusselt number versus magnetic
intensity
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