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To investigate statistical properties and turbulence structure in MHD channel flows, direct numerical simulations are
conducted for different Reynolds numbers and different magnetic fields. For smal magnetic field, friction
coefficient almost coincides with that of turbulent channel flow without magnetic field. Maximum turbulent
intensity and distribution of coherent fine scale eddies are not affected by the magnetic field. However, for
moderate magnetic field, friction coefficient decreases to 90% of ordinary turbulent channel flow. In this case,
maximum turbulent intensity decreases and location of maximum turbulent intensity shifts toward the center of the
channel. With the decrease of turbulent intensity, the number of coherent fine scale eddies decreases. Especially,
the number of coherent fine scale eddies near the wall (y*<40) decreases significantly.
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Tablel Hartmann and Stuart numbersin the present DNS.

Re Boy Ha N (x 107
0.9 2.95 0.27
180 2.2 7.21 1.59
5.0 16.38 8.19
0.4 3.28 0.13
400 0.9 7.38 0.66
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Fig.1 Developments of friction coefficient.

200 —rr
[ —e— No magnetic field
[—®— B,,~09
150 —+— Boy=2.2

5 100f

—&— B,,=5.0,t=187.5 ]
— —=— Laminar
0.0 el el
100 10t 102
y*

Fig. 2 Mean velocity profiles.

_ 11 RS- cosh(Hay)Q (12)
Ha?® fx cosh(Ha) &
y*<80
channel y

y=-uvE———+ fdy- g fay 12

F =g fay- [1+y)g fay (13

Copyright © 2000 by JSCFD



16 :

T T T
141 @  steady state No magnetic field]
' —e— Reynoldsstress —e—
12 —a— Vjscousity —s—
ﬁ —— Lorentz force

5 10§ Total shear stress ----- E
7
s
o

1.6 e

14 () steady state t=247.5 ]

' —e— Reynoldsstress —e— b

12 —=— Viscousity —e— 4

8 10 —— Lorentz force —— ]

5 Total shear stress - - - - - B

7 1

T .

2 h

0 3 60 9 120 150 180
y+

1.6 e

14 t=187.5 E

' —e— Reynolds stress 1

12 —=— Viscousity ]

4 N —— Lorentz force ]

7 10 E Total shear stress

5 osf .

® o ]

= 06 F -

< c ]

04 .

02 E

0.0‘ Iy L....._AI......J..A....I.....A:

0 30 60 90 120 150 180
y+

Fig. 3 Didgtributions of mean shear stress ((@) By,=0.9, (b)
Bo,=2.2, (C) Bgy=5.0).
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Fig. 4 Developments of maximum turbulent intensity and the

location of maximum turbulent intensity.
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Fig. 6 Budgets of the transport equation for turbulent energy ((a)

Bgy=0.9, (b) Bp,=2.2, (C) Bo,=2,2, t=247.5).
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(b) Bo,=2.2. t=247.5
Fig. 7 lsosurfaces of second invariant (Q'=0.01).

(b) Byy=2.2.1=247.5
Fig. 8 Axesof coherent fine scale eddies.
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Fig. 9 Probability density functions of diameter of coherent fine
scale eddies ((a) By,=0.9, t=100.75, (b) By,=2.2, t=247.5).
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Fig. 11 Probability density functions of coherent fine scale
eddies.

9 10 coherent

rms

Bpy=0.9
rms
06 08

Boy=2.2

10 7+

F T ]
os F (@ y,r<40 —— No magnetic field 1
°r —=— B,,~0.9 E
06 | 4 B.= 3
RN Bo=2.2 ]
04 | 3
02 & E
00 Ev ol R yut’
-p -p/2 0 p/2 p
f y
o7
F (b) 40<y,+<80 —— No magnetic field 1
08 | = By,=09 E
n oy=0- .
06 [ = 3
L 06k —+— By=2.2 ]
04 [
02 §
00 &
-p
00 777
E (C) 80<y,r<120 —— No magnetic field
08 F -
u —=— B,=09 ]
06 - 4
R —— By=2.2 ]
04 £ 3
02 E
00 vy -
-p -p/2 0 p/2 p
f y
o7
F(d) 120<y,*<160 —*— Nomagneticfield
08 F —=— B,,=09 E
06 | —a+— B, =2.2 3
a F oy ]
04 £ 3
02 b4 ]
oo b v oy Ty
-p -p/2 0 p/2 p
f y
0777
08 F (€ y,~>160 —e— No magnetic field ]
S F —a— B,,=0.9 E
06 [ = 3
R —+— By=2.2 ]
04
02 £
0.0

Fig. 12 Probability density functions of the inclination angles of
axes of coherent fine scale eddies.
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Fig. 13 Probability density functions of the tilting angles of axes
of coherent fine scale eddies.
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