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Current and vorticity dynamics in three-dimensional magnetohydrodynamic 
turbulence 

H. Politano, A. Pouquet, and P. L. Sulem 
CNRS URA 1362, Observatoire de la Cote d'Azur, BP 229, 06304 Nice Cedex 4, France 

(Received 30 November 1994; accepted 22 March 1995) 

Spectral numerical simulations of homogeneous incompressible magnetohydrodynamic turbulence 
at Reynolds mumbers up to about 500, are pertormed using a uniform grid of 1803 collocation 
points. Strong vorticity and current sheets obtain both in the presence and in the absence of magnetic 
nulls. Contrary to vortex sheets in hydrodynamics, these structures do not destabilize into filaments, 
but are locally disrupted. They are the main loci of kinetic and magnetic dissipations. © 1995 
American Institute of Physics. 

I. INTRODUCTION 

Structures of intense magnetic current in magnetohydro
dynamic (MHD) flows and their possible instabilities have 
been the object of active research during the last decades, 
mostly in two-dimensions (see Refs. 1-3 for reviews). In 
this context, numerical simulations of the free evolution of 
high Reynolds number MHD flows confirm the formation of 
magnetic current sheets centered on neutral X-points, to
gether with a quadrupolar structure for the vorticity.4.5 Such 
current sheets, associated to strongly sheared magnetic fields, 
may later on be disrupted by tearing instabilities. This evo
lution still occurs when the structures are embedded in a 
turbulent velocity field6- 8 indicating that a strong hydrody
namic activity preserves the qualitative dynamics of a per
turbed sheet pinch and the formation of magnetic islands by 
reconnection. 

Extension of this picture to three dimensions is more 
delicate and two main definitions of reconnection have 
been proposed. One approach refers to "the process where
by plasma flows across a surt-ace that separates regions con
taining topologically different magnetic field lines".9 The 
other one, more general, characterizes reconnection as 
changes in the connection of magnetic field lines.1O In par
ticular, the question arises whether the magnetic configura
tion involved in this process is mostly two-dimensional with 
a third non-zero component of the magnetic field,11.12 or 
whether genuine three-dimensional magnetic nulls are 
required. 13- 15 Reconnection, often materialized by the pres
ence of an electric field component along the magnetic field, 
is observed in both configurations. Nevertheless, the debate 
remains as where might develop the most intense current 
structures in the limit of high Reynolds numbers, a question 
pertinent for example for the heating of the solar corona, or 
the dynamics of Flux Transfer Events in the magnetospheric 
environment. 

In most studies devoted to this problem, hydrodynamic 
effects are neglected. In order to investigate the effect of a 
turbulent motion, we present in this paper numerical simula
tions of freely decaying high Reynolds number three
dimensional incompressible MHD flows. We concentrate on 
fluids with unit magnetic Prandtl number and assume com
parable initial kinetic and magnetic energies. The simulations 
are performed in periodic geometry, using pseudo-spectral 

methods and a resolution of 1803 collocation points. In order 
to reduce the number of Fourier transforms, the dynamical 
equations are integrated using the Elsasser C variables 
z±=v::tB which satisfy 

~+ - + + 
-+z ·Vz =-VP+VLlz at ' 

(1) 

In Eq. (1) v denotes the kinematic viscosity and the magnetic 
diffusivity (taken equal). 

1\vo main initial conditions are reported. Run A corre
sponds to deterministic initial velocity and magnetic field 
given by 

110=( -2 sin y,2 sin x,D), (2) 

bo=(-2a sin2y+a sinz, 2a sinx+a sinz,a sin x 

+ a sin y), 

where we chose a = 0.8 in order to ensure a moderate corre
lation coefficient 

2fv(x)·b(x)dx 
p= =41% 

f( v2 (x) + b2 (x) )dx 
(3) 

The initial kinetic and magnetic energies are E6 = E'f! = 2. 
This flow can be viewed as a three-dimensional extension of 
the Orszag-Tang vortex,16 often used as a prototype of two
dimensional MHD flows because of its simple structure con
sisting of a magnetic neutral X-point located at the center of 
an elliptic stagnation point of the velocity. The kinematic 
viscosity and magnetic diffusivity are v=5.1O- 3 • With the 
usual definitions of the integral scale and of the root mean 
square velocity (see for example Ref. 17), this corresponds to 
a Reynolds number R = 544. A noticeable property of this 
flow is that, due to the presence of symmetries, the magnetic 
neutral points are persistent and located at collocation points, 
namely the center and the vertices of the (O,2'lT)-periodic 
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FIG. 1. Temporal evolution of the kinetic and magnetic energies (top) and 
enstrophies (bottom) for runs A (left) and B (right). Solid and dashed lines 
refer to kinetic and magnetic quantities respectively. 

box, as well as the center of the sides and the middle of their 
edges. These magnetic nulls are of different types, character
ized by the eigenvalues of the local magnetic field gradient 
matrix BiB j' For example, at the initial time, the magnetic 
null located at (7T,0,0) has one positive and two negative 
eigenvalues (referred to as type A in figure 1 of Ref. 15); the 
magnetic null at (7T,0, 7T) has two positive and one negative 
eigenvalues (type B); the magnetic null at (7T,7T,0) has one 
real positive and two complex conjugate eigenvalues (type 
As); the magnetic null at (0,7T,0) has one real negative and 
two complex conjugate eigenvalues (type Bs). The type of 
the magnetic nulls can however change during the time evo
lution. 

Run B corresponds to random initial conditions whose 
kinetic and magnetic energy spectra are both proportional to 
k2e-(klko)2 with ko=0.8 in order to maximize the Reynolds 
numbers attainable at a given resolution. We prescribe 
a kinetic energy E &' = 1.4, a magnetic energy E'f! = 1.6 
and a correlation coefficient p = 20%. The resulting 
Reynolds number is R = 256, thus lower than for run A. We 
checked that for the flow realization we used, there exist 
adjacent collocation points where all three components 
of the magnetic field change sign, indicative of the pre
sence of a magnetic null between these points. We also 
performed a simulation of a purely hydrodynamic flow (run 
C) with the same initial velocity as run B, but zero magnetic 
field, in order to point out the specific character of MHD 
flows. 

Section II is devoted to the evolution of energetic quan
tities and to the estimate of the characteristic time scale of 
the global dynamics. Section III addresses the geometry of 
the regions of intense current and vorticity. The detailed dy-
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FIG. 2. Temporal evolution of the kinetic enstrophy for run C (same initial 
velocity as run B but no magnetic field). 

namics of these structures is analyzed in Section IV. A few 
concluding remarks are presented in Section V. 

II. ENERGETIC PROPERTIES OF THE FLOWS 

In order to give a global description of the flow evolu
tion, various energetic quantities are displayed in figure 1, 
for runs A and B. In both simulations, the evolution of 
the kinetic and magnetic energies shows a significant pre
dominance of the latter, as predicted on the basis of equi
librium ensemble methods for ideal MHD.18 Mild oscilla
tions are also observed which are reminiscent of Alfvenic 
exchanges, as in the two-dimensional case,7.19 The correla
tion coefficient (not shown) remains almost constant up 
to a time t = 0.6 for run A and t = 0.7 for run B which 
roughly correspond to the inflection points of the mag~ 
netic enstrophy. Afterwards, like in two-dimensions,2o p 
grows almost linearly, reaching 63% at the final time 
t=4.4 for run A and 30% at t=3.4 for run B. The kinetic 
and magnetic enstrophies (mean square vorticity and 
magnetic current) have been amplified by one order of mag~ 
nitude when they reach their maxima. In run A which corre
sponds to the higher Reynolds number, the magnetic enstro
phy displays a secondary maximum, a feature which in two 
dimensions was observed to strengthen with increasing Rey
nolds numbers.s Note that for the pure hydrodynamic simu~ 
lation (run C) with the same initial random velocity field as 
in run B, the kinetic enstrophy reaches a maximum of lower 
amplitude at a significantly later time (figure 2). The small
scale dynamics thus appears to be enhanced by the magnetic 
coupling. 

A local characterization of the small-scale activity is 
provided by the suprema on the entire domain of the vor
ticity and magnetic current. Figure 3 displays these quan
tities for run B; a similar behavior is obtained with run A. 
We observe a rapid growth followed by a saturation near 
the first inflection point of the magnetic ens trophy 
(t=0.7). Later on, a long plateau where supJwJ and 
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FIG. 3. Temporal evolution of the suprema of the vorticity (left) and mag
netic current (right) for run B. 

supljl remain mostly constant, is visible. The weak local 
maxima usually reflect changes of the most intense vor
ticity or current structures. The evolution thus significantly 
differs from that of the kinetic and magnetic enstrophies 
whose main contributions come from moderate vorticity and 
current which occupy a much more significant volume than 
the very localized extreme values, as is the case for Navier
Stokes turbulenceP Figure 4 shows the kinetic and magnetic 
energy spectra EV(k) and EM(k) for run B (similar spectra
not shown--obtain for run A) at a time close to the maxi
mum of the magnetic enstrophy. Such spectra· are obtained 
by angular averaging of the corresponding square Fourier 
mode amplitudes on spherical shells of unit thickness, 
located around the wavenumber k. We observe a significant 
excess of magnetic energy at small scale, as already observed 
for similar initial conditions in two-dimensional simula
tions,s as well as in the framework of second-order 
closures.21 By fitting these energy spectra at successive in
stants of time (every 0.02 time units) with functions of the 
form C(t)k- n(t)e- 2 8(t)k, we observe that for both fields 
the logarithmic decrements 8 decrease exponentially with 

10-2 

10-4 

10-6 

k 

FIG.A. Kinetic (solid line) and magnetic (dashed line) energy spectra for 
run B at t= 1.8. 
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3. 

FIG. 5. Temporal evolution of the logarithmic decrement ,5 (see text) for run 
B of the kinetic (a) and the magnetic (b) energy spectra. The three lines 
correspond to three different intervals of fit, namely 5<k<50 (solid line), 
5<k<60 (long dash) and 5<k<70 (small dash). 

comparable rates during the early inviscid period. When 
dissipation is no longer negligible, the decay is slowed down. 
The minima of 8 correspond to about 1.5 mesh sizes for 
run A and 2 mesh sizes for run B (presented in figure 5). 
The logarithmic decrement then slowly increases as the 
Reynolds number is reduced by dissipation. Note that the 
minima of 8 are such that spectral accuracy is preserved all 
during these computations: both flows are fully resolved, but 
not excessively. 

The corresponding prefactor exponents net) (not shown) 
are also computed numerically, but they are not easily inter
preted in terms of inertial exponents when velocity-magnetic 
field correlations are significant. In MHD turbulence, inertial 
cascades are more easily described in terms of the Elsasser 
variables z±. When an inertial range exists, the associated 

spectraE+(k) and E-(k) behave like power laws k- m+ and 

k- m-, where the exponents m+ and m- are sensitive to the 
velocity-magnetic field correlation of the flow (see Ref. 22 
for a review). Phenomenological arguments and two-point 
closures,23 consistent with high resolution direct numerical 
simulations in two dimensions,S suggest that m + + m - =3. 
For negligible correlation, this reduces to the 3/2 exponent 
predicted by Iroshnikov24 and Kraichnan25 for the kinetic 
and magnetic energy spectra. In the present simulations, the 
Reynolds numbers are too low for the development of 
well-defined inertial ranges. We nevertheless estimated the 
spectral exponents by fitting E+(k) and E-(k) spectra as 
indicated above. When the Reynolds number is sufficiently 
high, as for run A, the resulting values of m + + m - for 
1.1 < t<2.8 (corresponding roughly to the lapse of time dur
ing which the enstrophies are close to their maxima) fluctu
ates around a value not incompatible with the above predic
tion, although a Kolrnogorov spectrum cannot be completely 
ruled out with the present data. 

III. GEOMETRY OF INTENSE CURRENT AND 
VORTICITY FIELDS 

The period of exponential decay for the logarithmic dec
rements of the kinetic and magnetic energy spectra is asso
ciated in physical space to the formation of layers of vortic
ity and magnetic current whose thickness shrinks until 
viscosity and magnetic diffusivity inhibit this process. A 
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FIG. 6. Perspective view for run A at various times of the vorticity (dark 
grey) and current (black) where strong (see text). as well as weak mag
netic field (light grey). Coordinates axes are indicated for orientation. 
From t=0.8 to t= 1.2. three individual structures Nt. Nz and 
St--corresponding respectively to two magnetic nulls and to a current sheet 
not associated with a magnetic null-are labeled (see also figure 10). 

main question concerns the mechanisms leading to the for
mation and the disruption of these structures. in relation with 
the models proposed in the literature, and in particular in the 
light of the role (or lack thereof) of magnetic nulls. 

In this context, figures 6 and 7 show for runs A and B 
respectively, the regions of strongest current (in black) and 
vorticity (in dark grey), by plotting the 10,000 most intense 
vectors of each field in the entire domain. We also indicate 
the regions of weak magnetic field by superimposing the 
10,000 weakest magnetic field vectors (in light grey). For run 
A, the retained magnetic current at t = 0.4 (figure 6a) corre
sponds to intensities larger than 96% of the maximum, indi
cating a mild variation of this field. Later on, intense currents 
concentrate in space and the lower threshold is reduced to 
70% at t=0.8 and t= 1.0 (figures 6b and 6c), and approxi
mately 50% at later times (figures 6d-6f). Note that at the 
final time, the maximum of the current has already de
creased, due to dissipation. Similarly, the threshold for the 
vorticity field is 95% of the maximum in figure 6a, 80% in 
figure 6b, 70% in figure 6c, 60% in figure 6d and figure 6e, 
and 50% in figure 6f. 

The (symmetric) current sheets visible at t = 0.4 in figure 
6a connect magnetic nulls of type As and Bs. In contrast, at 
t = 0.8 (figure 6b), the dominant current sheets are not related 

2934 Phys. Plasmas, Vol. 2, No.8, August 1995 

..... 

t 
" ". 

FIG. 7. Perspective view for run B at various times of the vorticity (dark 
grey) and current (black) where strong (see text), as well as weak magnetic 
field (light grey). Coordinates axes are indicated for orientation. 

to any magnetic nulls. At t= 1.0 (figure 6c), an additional 
elongated current sheet is visible in the middle of the fluid, 
connecting A and B type magnetic nulls. At this time, the 
regions of strong vorticity are adjacent to regions of strong 
current. At t::: 1.2 (figure 6d), two additional current struc
tures originate from A and B type magnetic nulls. The pres
ence of intense vorticity on both sides of the current sheets 
suggests, by analogy with the two-dimensional case, a qua
drupolar geometry which will be illustrated in more details in 
Color Panel 6 below. At t::: 1.8 and t = 2.8, both vorticity and 
magnetic current sheets have already been significantly dis
rupted. 

Similar configurations obtain in run B (figure 7) where 
the thresholds are respectively 88%, 59%, 59% and 58% for 
current and 89%, 68%, 63% and 66% for vorticity at 
t::: 0.4,0.8,1.6 and 2.2. It appears that vorticity and current 
sheets are less extended than in run A, an effect likely due to 
more disorganized initial conditions. 

An important observation is that neither in run A nor in 
run B, vorticity tubes are formed, in contrast with hydrody
namic turbulence where they are ubiquitous,17 even at mod
erate Reynolds numbers.26

•
27 Here, vorticity and current dis

play similar features and are usually intense in adjacent 
regions. On the other hand, figure 8 shows that like in 
hydrodynamics,2& intense vorticity (typically larger than 50% 
of the instantaneous maximum) rapidly aligns with the ei
genvector of the strain tensor ~ (aiv j + ajv i) associated to the 
intermediate eigenvalues. Similar results were found in Ref. 
29 in the different context of convective dynamo in com
pressible fluids. The local configuration of the magnetic field 
within regions where current sheets are strong is displayed in 
Panel 3 for the sheet developing near the magnetic null Nl 

Politano, Pouquet, and Sulem 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

134.59.10.32 On: Wed, 11 Dec 2013 14:05:18



(Color Panel 3a) and for the sheet 81 (Color Panel 3b), the 
latter not being related to the presence of a magnetic neutral 
point. Color Panel 3a corresponds to a magnetic shear, while 
Color Panel 3b displays a sharp change in the direction of the 
magnetic field when crossing the layer. For both pictures, the 
intensity of the retained magnetic field is between 40% and 
70% of its instantaneous maximum within the extracted sub
volume of 453 points. 

In order to characterize the magnetic field near a current 
sheet, we display in figure 9 the histograms of the angle 
between the magnetic current j and the magnetic field B at 
various times for run A. The statistics are performed within a 
303 sub-cube centered at the instantaneous maximum j M of 
the magnetic current with the condition Jjl > 50% j M' By 
this procedure, various current structures are selected at dif
ferent times. By inspection in physical space, we check that 
at t= 1.0 (figure 9a) and t= 1.6 (figure 9d), a current sheet is 
selected which is not related to a magnetic null, whereas at 
t= 1.2 and 1.4 (figures 9b and 9c), the selected sheet resides 
near the magnetic null ('7T,0,'7T). For t= 1.2 and t= 1.4, B 
and j appear indeed to be mostly perpendicular. In contrast, 
for t= 1.0 and t= 1.6, the histogram is scattered on different 
angles, which reflects the presence of a non-vanishing com
ponent of the magnetic field. 

For run B, the direct identification of current sheets 
by inspection in physical space appears to be more delicate, 
and in such a situation, histograms like in figure 9 may 
be useful. On this basis, we conclude that in run B the most 
intense current sheets are not related to the presence of mag
netic nulls. Near such sheets, the magnetic field indeed ap
pears to be mostly parallel to the magnetic current (for 
t>0.8). 

IV. DYNAMICS OF CURRENT AND VORTICITY 
STRUCTURES 

The aim of this section is to analyze more precisely the 
current sheet dynamics by following the time evolution of 
two of these structures extracted from run A and one from 
run B. The dynamics of the nearby vorticity is also ad
dressed. 

The current sheets selected from run A develop near the 
Nl and N2 magnetic nulls respectively (see figures 10 which 
show only regions of high current and enable us to easily 
localize them with respect to the magnetic nulls located at 
the nodes of the lattice). We observe that the magnetic null 
N 1 has real eigenvalues until t = 1 .8; afterwards, two of them 
become complex symmetric. On the other hand, the central 
N2 magnetic null which is strongly constrained by the sym
metries of the flow keeps real eigenvalues for all time. The 
local visualization given in Panel I retains all the vectors 
whose amplitude exceeds a given threshold within a sub
cube of 45 3 grid points centered on the maximum magnetic 
current at t= 1.2. A fixed color map-where blue, green, 
yellow, orange, red and purple refer to increasing 
intensities-is used during all the temporal evolution. With 
this refined resolution, we notice that the current sheet lo
cated near Nt> visible at t= 1.0 in figure 10, has in fact a 
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complex structure. Figure lla shows the presence at (=0.8 
of three distinct layers where the current points to alternate 
directions. At t= 1.0 (figure lIb), the current has strength
ened, the layers have been pushed against each other and the 
inner one has disappeared. The resulting layers then merge 
and still intensify until (= 1.4 ( Panels la, Ib). At this time, 
we see that the layer begins to be disrupted. At t= 1.6 (Panel 
lc), the intensity of the current has significantly decreased 
and is hardly visible on the global picture of the flow pre
sented in figure IOd. Moreover, the color picture in Color 
Panel 1b indicates that the current sheet breaks in two parts. 
The further evolution (Panel lc, Id, Ie) shows the separation 
of the resulting structures and the rapid decay of their inten
sity. 

The detailed evolution of the magnetic current near the 
central null N2 is displayed in Color Panel 4. We observe at 
t= 1.0 (Panel 4a) and t= 1.4 (Panel 4b) the development of 
current inhomogeneities. Note that at this later time, a sig
nificant dissipation already occurred near the neutral points, 
making the connection by the current sheet no longer visible 
in figure lOc. Later on at t = 1.6, shearing of the current layer 
takes place near the N2 point as seen on Color Panel 4c. 
Finally, at t= 1.8 (PaneI4d), the two resulting current struc
tures evolve independently. 

Similar visualizations were performed on run B. One of 
them is presented in Color Panel 5 for a current sheet not 
related to a magnetic null. The selected current structure is 
among the strongest which develop during the run. It in
cludes the maximum of the current field at t=0.6 and 
t = 0.8. The evolution of the whole sheet is displayed. We 
observe its strengthening and later on its disruption. This 
structure dissipates globally without being significantly 
warped, as seen in Color Panel 5d (note that the considered 
sheet is partly hidden behind another elongated structure vis
ible on the right hand side). 

We now turn to the vorticity field dynamics that we de
scribe in the context of run A. In Color Panel 6 the current 
(in blue) and the vorticity (in red) are superimposed near the 
Nt magnetic null. At t= 1.2, a strong current sheet is formed 
and the vorticity displays a quadrupole structure (Panel 6a, 
with a threshold at 60% for the vorticity and 50% for the 
magnetic current) reminiscent of the two-dimensional 
case.4

,8 When the threshold is decreased (Color Panel 6b) to 
30% of the maximum for the vorticity and 15% for the mag
netic current, the layered structure of the two fields is en
hanced. 

Color Panel 2 shows the time evolution of the above 
vorticity structure. At t= 1.4 (Panel 2a) when the current 
sheet reaches its maximum intensity, the vortex quadrupole 
is clearly visible. When the structures merge at t= 1.6 (Color 
Panel2b) into an extended vortex layer, the intensity of the 
current sheet has already been significantly reduced by 
dissipation. Later on, at (= 1.8 (Color Panel 2c), vorti
city still intensifies and inhomogeneities develop at t = 2.0 
(Color Panel 2d). Two distinct maxima are visible at t=2.2 
(Panel 2e), while the intensity has already decayed. At 
t=2.4 (Panel 21), two elongated layers have formed and 
evolve in different planes. Vorticity dynamics thus appears 
similar to that of the magnetic current although slightly de-
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Color Panel I: Temporal evolution of the current sheet located near the central magnetic null N. for run A (see also figure 6). The color bar ranging from blue 
(weak values) through green, yellow, orange (intermediate values) to red and purple (extreme values) is fixed in time. A sub-cube of 45 3 points is displayed. 
The different times are t= 1.2 (a), t= 1.4 (b), t= 1.6 (c), t= 1.8 (d), t=2.2 (e), and t=2.4 (t). Color Panel 2: Vorticity field in the vicinity of the magnetic 
null N •. Time varies by regular increments from t= 1.4 (a) to t= 2.4 (t) (see Color Panel I for color bar). 

layed. In particular, no tendency to form vortex filaments is 
observed, indicating that the Lorentz force plays a significant 
role in regions of strong vorticity. be it only because vorticity 
and current structures usually form in conjunction in most 
cases, 

Another striking difference with the hydrodynamic case 
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appears when one considers the pointwise kinetic and mag
netic dissipations. For this purpose, we superimpose in figure 
12, again in the neighborhood of the N 1 magnetic null for run 
A, high magnetic current (respectively vorticity) and point
wise magnetic (respectively kinetic) dissipation O'~ 
=4 v(iJ jbj +iJj b j )2 [respectively o"i=! v(iJiVj+iJjVj)2]. 
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Color Panel 3: Magnetic field (in red) and magnetic current (in blue) for run A near N1 at t= 1.2 (a) and near 81 at t= 1.0 (b). Arrows are indicated by a white 
dot (for a nomenclature of structures, see text, figures 6 and 10 and Color Panel 1) (top left). Color Panel 4: Temporal evolution for run A of the magnetic 
current sheet near the magnetic null N2 for t= 1 (a), t= 104 (b), t= 1.6 (c) and t= 1.8 (d). Color bar as in previous panels. The same perspective is used 
throughout. Color Panel 5: Temporal evolution of a very strong current sheet for run B at times t=0.6 Cal, t= 1.0 (b), t= 1.2 (c), and t= 1.4 (d). In Color 
Panel 5d, the current sheet under study is behind the new yellow sheet located on the right hand side. Color Panel 6: Strong vorticity (in red) and magnetic 
current (in blue) for run A at t= 1.2 with different thresholds: at 60% of the maximum for the vorticity and 50% for the magnetic current (a); decreased to 
30% for the vorticity and to 15% for the magnetic current (b) (bottom right). 

The magnetic quantities are presented at t= 1.4 and 2.4, and 
the kinetic ones at t= 1.8 and t=2.4. Current and vorticity 
thresholds together with dissipation iso-surfaces are of the 
order of 50% of the instantaneous maxima. The main obser-

Phys. Plasmas, Vol. 2, No.8, August 1995 

vation is that intense current and vorticity sheets are strongly 
dissipative and thus cannot be viewed as coherent structures. 
This contrasts with vortex tubes in hydrodynamic turbulence 
where dissipation is almost negligible.30
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FIG. 8. Probability density of the cosine of the angle between the vorticity 
and the three eigenvectors e, • e2 and e3 of the strain matrix where vorticity 
is strong, for run B at t = 1.2. 

V. CONCLUDING REMARKS 

We report in this paper on numerical simulations of 
freely decaying homogeneous MHD turbulence at moderate 
Reynolds numbers. As already noted by several authors in 
different contexts-for example with different boundary 
conditions,33 or in the framework of simplified equations cor-
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FIG. 9. Cosine of the angle between magnetic field and magnetic current for 
run A on intense current structures at four different times. 

responding to the presence of a strong uniform component of 
the magnetic field34

,35 -strong current sheets develop not 
only at magnetic nulls, but also in a configuration corre
sponding to a locally quasi two-dimensional geometry with a 

(a) /;1.0 

FIG. 10. Perspective view of the current where strong for run A at various 
times (see also figure 6). 
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(a) t=0.8 (b) t=1.0 

FIG. 11. Blowup of the Nt-current sheet at t=0.8 and t= 1.0 indicating the 
presence of several parallel layers. 

non-zero third component for the magnetic field, as amply 
observed in the magnetosphere.36 

We also show that the internal dynamics of these current 
and vorticity sheets is substantially different from the purely 
hydrodynamic case: indeed, whereas for run C with the same 
random initial velocity as run B but no magnetic field, vor
ticity filaments obtain (see figure 12 of Ref. 37), no such 
structures are visible for run B, neither for the vorticity nor 
for the magnetic current. In this context, it would be of in
terest to investigate whether the transition from a fluid to a 
magnetic behavior is abrupt or not, when the magnitude of 
the initial magnetic field is increased. Note however that 
when the fluid is stirred, a dynamo effect can take place 
which is known to lead to the development of localized mag
netic structures,38 such as flux tubes.29 These problems need 
further investigations. 

(a) t=1.4 t=2.4 

(c) t=1.8 (d) t=2.4 

FIG. 12. Superposition in perspective plots in the vicinity of the Nt structure 
(see also figures 6 and 10) of the magnetic current and magnetic dissipation 
(see text for definition) at t= 1.4 (a) and t=2.4 (b), and of vorticity and the 
kinetic dissipation at t= 1.8 (c) and t=2.4 Cd), in regions where the fields 
exceed about 50% of their instantaneous respective maxima. 
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