
L63
�

���������
	
�
��������� � �
�����������������
, 527:L63–L66, 1999 December 10�

1999. The American Astronomical Society. All rights reserved. Printed in U.S.A.

SCALING
 

LAW FOR THE HEATING OF SOLAR CORONAL LOOPS!#"%$'&'(*),+�-/.'0'132 1 4%536*7,4%538/9�:<;>=@?,A BDCE9'F 2
G

Departamento de Fı́sica, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires,
Ciudad Universitaria, Pabellón I, 1428 Buenos Aires, Argentina; dmitruk@df.uba.ar
Received 1999 July 22; accepted 1999 October 12; published 1999 November 17

ABSTRACT
H

W
I

e report preliminary results from a series of numerical simulations of the reduced magnetohydrodynamic
equationsJ used to describe the dynamics of magnetic loops in active regions of the solar corona. A stationary
velocityK field is applied at the photospheric boundaries to imitate the driving action of granule motions. A turbulent
stationarL y regime is reached, characterized by a broadband power spectrum and heating rate levels
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compatibleS with the energy requirements of active region loops. A dimensional analysis of the equations indicates
that
T

their solutions are determined by two dimensionless parameters: the Reynolds number and the ratio between
the
T

Alfvén time and the photospheric turnover time. From a series of simulations for different values of this
ratio, we determine how the heating rate scales with the physical parameters of the problem, which might be
usefulU for an observational test of this model.
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1. INTRODUCTION

Solar
 

coronal loops are likely to be heated by ohmic dissi-
pationW of field-aligned electric currents. These currents are
driven
X

by photospheric motions, which twist and shear the
magnetic field lines at the loop footpoints. The generation of
smallL scales in the spatial distribution of these currents has
been
Y

observed and studied in recent simulations (Mikić,
Schnack,
 

& Van Hoven 1989; Longcope & Sudan 1994). Small-
scaleL currents are required by most coronal heating theories,
sinceL they produce a major enhancement of the energy dissi-
pationW rate. The development of magnetohydrodynamic (MHD)
turbulence
T

in coronal loops has recently been proposed (Gómez
&
Z

Ferro Fontán 1992; Heyvaerts & Priest 1992; Einaudi et al.
1996; Hendrix & Van Hoven 1996; Dmitruk & Gómez 1997)
as[ a likely mechanism to provide such enhancement, since the
energyJ being pumped by footpoint motions is naturally trans-
ferred to small-scale structures by the associated energy
cascade.S

In the present Letter, we numerically test this scenario, de-
scribingL the dynamics of a coronal loop through the reduced
MHD
\

(RMHD) approximation. In § 2 we briefly describe the
RMHD approximation and perform a dimensional analysis of
the
T

equations, which leads to an interesting prediction for the
functional dependence of the heating rate with the physical
parametersW of the problem. The details of the numerical sim-
ulationsU are summarized in § 3, and an overview of the results
is given in § 4. A quantitative scaling law for the heating rate
is
]

derived in § 5, and the relevant results of this Letter are
listed in § 6.

2. DIMENSIONAL ANALYSIS OF THE RMHD EQUATIONS

When
I

a coronal loop with an initially uniform magnetic field
is driven by photospheric motions at its footpoints, aˆB = B z^0

_
rather complex dynamical evolution sets in, which is described
by
Y

velocity and magnetic fields. For incompressible and
elongatedJ loops, i.e., loops of length L and[ transverse sec-
tion
T

such that , the velocity [(2
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respectively. The evolution of the fields a| and[ ~ is
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by the RMHD equations (Strauss 1976):
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