SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

HEDICL B IMEREERBFTOEIDOLA ) — - N
TR OBUEET R
",

FUNRZRZHRBEET AN

Bl &KX
NN R SRR E R ST IR

BiR, #he i
TR SR B R 2T IR

https://doi.org/10.15017/7932

HIRIEER : LN KREEEEY BRI ZRmERE. 15 (1), pp.25-30, 2001. A KREFEHEEEYI BRI IRRR
N— 30

HEFIBAMR

2 KYUSHU UNIVERSITY




AL T X BN E TR T TDREKD
LAY — -« RF—)Luhim O fEsHE

W& - B BRK - BHR R

Numerical computation of Rayleigh — Benard convection of air under enhanced

acceleration by magnetizing force

Syou MAKI, Toshio TAGAWA and Hiroyuki OZOE

Recent reports suggest that the magnetizing force reveals various interesting phenomena. The
development of a super-conducting magnet enables to provide a strong geometrical gradient for
induction which produces a large value in the magnetizing force. Oxygen is a paramagnetic fluid,
and the magnetic susceptibility is very large. Air contains 21 % of oxygen and therefore is a
paramagnetic fluid, and air is expected to convect with the magnetizing force.
parameter 7 which represents the strength of the magnetizing force versus the accelerations of
gravity. Model equations are the equation of continuity, the momentum equation, the energy

equation, and Biot-Savart’s law. Both natural convection and magnetizing force convection were

Here we use a new

computed with three-dimensional model equations.

The system considered is similar to the

Rayleigh-Benard convection of air within a shallow cylindrical enclosure whose diameter is six

times its height.

The cylinder is filled with air and is heated from the bottom wall, and cooled

from the top. The side wall of the cylinder is assumed to be thermally insulated.
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Fig.1 Schema of the system (a) top view, and (b) side view.
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Fig.2 (a) Vectors of magnetic induction B, and (b)
vectors of magnetizing force v ¥V B? in the bore.
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Fig.3 Vectors of vV B2+1, (a) Zb=5.5, (b) Zb=2.5.
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Fig.4 (a) Top views of isotherms, and (b) velocity
vectors at Z = 0.5 for Pr=0.7, B2 =7000 and 7 =0.

Fig.5 (a) Top views of isotherms and velocity
vectors at Z = 0.5, and (b) side views of isotherms
and velocity vectors for Pr= 0.7, Ra= 7000,

7 =2268 and Zb=2.5.
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Fig.ﬁ Transient responses of average Nusselt
number for Pr=0.7, and @ Ra="7000. v=0,
@ Ra=17000. 7=2268. Zb=2.5,

® Ra=7000. 7=2815. Zb=5.5,

@ Ra=14000. 7=0.
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T = 57.47, max. velocity = 46.31[-], 101.42[mm/s] T = 57.68, max. velocity =.63[-], 106.51[mm/s]

Fig.7 Top views of isotherms and velocity vectors at Z = 0.5
for Pr=0.7, Ba="7000, y=2815,Zb=5.5 and 7 =54.32~57.68.
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T = 13.50, max. velocity = 43.79[-], 95.90[mm/s]

T = 18.40, max. velocity = 44.17[-1, 99.73[mm/s] 7 = 13.60, max. velocity = 46.71[-], 102.30[mm/s]

Fig.8 Top views of isotherms and velocity vectors at Z = 0.5
for Pr=0.7, Ra=14000, y=0and 7=13.25~13.60.
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Table 1 Summary of the computed results,

and maximum velocity for A= 0.01 [m] and
a=2.19X10% [m?s] .

Ra 7b [Z] Maxtﬁli)cny Ma[);v;l/(;;lty
7000 0 25.24 55.29
7000 | 2.5 | 2268 44.47 97.40
7000 | 5.5 | 2815 | 44.5~48.6 |97.5~106.5
14000 0 43.8~46.7 | 95.9~102.3

Table 2 Summary of the computed results,
and magnetic induction for A = 0.01 [m],
0=9.807 [m/s?], p=1.12 [kg/m3l, u© ,=47 X107
[1 and xm=3.77X107[].

y Magnetic
Ra Zb o induction Nu
[—1 [T]
7000 0 0 2.017
7000 2.5 2268 1.438 2.486
7000 5.5 2815 1.112 2.56~2.64
14000 0 -0 2.51~2.58
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