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Exact solution for an incompressible flow between a rotating disk and a stationary disk
in the presence of an axial magnetic field
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Toshio Tagawa, Tokyo Metropolitan University, 6-6 Asahigaoka, Hino, Japan

Exact numerical solutions have been obtained for the laminar flow between a rotating and a stationary disk, whose
radii are sufficiently large in comparison with the gap between the two disks. The gap space is assumed to be filled
with an electric conducting fluid that has a small magnetic Prandtl number in order to control the fluid flow by the
Lorentz force and to neglect the influence of the induced magnetic field. The flow depends on both the Reynolds
number and the Hartmann number. As the Reynolds number increases, the region of rigid body rotation is observed
between the two boundary layers, whose thickness becomes thinner in proportional to the square root of the Reynolds
number. On the other hand, as the Hartmann number increases, the Lorentz force tends to suppress the secondary flow
significantly and boundary layer thickness of the azimuthal component of velocity is proportional to the inverse of the

Hartmann number.

1. [XL®IC

BT C 3 W CHEBRIEHAMARIC L 0 i S DTt onfgE
1%, von Karman O oRREE CEEICEHBI LT, T e
JEAF OB IR E < 725) \ER LI EIZEVIaED,
ZDt%Cochran @7 Navier-Stokes T DR Z RO TNND,
&I, —RRESR Os T L TERS TS K ISE)
B PO CFE T A 55 7UE13, Bodewadt etal. 12 & 0 HIb T
FARBN, BYECIE, [BHEMBGEEEOSEE L ) b BT
B2 Z EXBITND, T H O EGT UL, Navier-Stokes
SR OIEIARE MR L LTSI CnND, —J5C, [FlEE]
i PR OFTIE L 6T, Batchelor OLIE, V< o785
ENTVD 89,2 SOMBRNE 2 Beie 5 s TR T D478
—MEEAET D EEZIOLNDN, T T FiglioREns L9
(oo — T DNERIE T DI E B o Clalisd 554 24808
T5, —FROERLRE 1TE- T, 2O RO, 4%
PrE s U TRABIMRE TH D b 0D, RiMEEEHEIC L
Reynolds¥t (wd v) \THEIE LT, ST RDKEX I8 5 &
W) ECIERIZEIEE Y, & DReynoldsiill ic/e b & #kM
BB 567 % Bodewadt 525U & BRI BORAF IS FET 5
Karmanse fU & OO = 7 FE 6\ T, RS R X
WX 02720 F9OEIF A - —HRElREA B S D, 2
O—HHHREOMEENL, FEREMIRKOZIOK 03 5 Th b, —
J7C, — MR DIEREFU RS DRI OV T, 213, Attia
@9 pavidson and Pothérat ™,  Moresco and Alboussiére iz k. > T
FRDLNTND, AL TIL, XFRHRIENSE T B 72012, VEhR
NIRRT T~ MAEGE D SN D EEMRATH D & L,
[EHRZED &> 2 FERR IR ORI 09~ 5 — kRl it
B OWTHIET D,

magnetic field !

Fig.1 Schematic model for the system considered.
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(a) Radial component of velocity
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(b) Azimuthal component of velocity
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Fig.2 The velocity and pressure profiles for the various Reynolds
numbers at Ha = 0.

Table1 Important values obtained for the large Reynolds number limit
in the absence of magnetic field (Ha = 0).
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Fig.3 The azimuthal velocity gradient at the walls for the various
Reynolds numbers at Ha=0.
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(b) Azimuthal component of velocity
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(c) Axial component of velocity
Fig4 The velocity and pressure profiles for the various Reynolds
numbers at Ha = 10.
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(c) Electric potential
Fig.5 The electric current density and electric potential profiles for the
various Reynolds numbers at Ha= 10.
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Fig.6 The azimuthal velocity gradient at the walls for the various
Reynolds numbers at Ha = 10.
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(b) Azimuthal component of velocity
Fig.7 Velocity for the various Hartmann numbers at Re = 5000.
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Fig.8 Visualization of the Karman flow.
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Fig.9 VMisualization of the Bodewadt flow.
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Fig. 10 Visualization of the oscillatory flow in a stationary cylindrical
enclosure with a rotating top disk at Re= 10000 and Ha=0.
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