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The investigations o-f plasma motions at the initial phases o-f 
solar -flares (Antonucci and Dennis, 1983; Doschek, 1983; Wata- 
nabe, 1987) suggest evaporation -from the chromospheric -flaring 
area. According to de Jager <1983) when seen at the limb the 
evaporated plasma will look like a "convective plume" and it can 
be seen separated -from heated -footpoint areas.

The subject of this work is the study o-f the possibility o-f 
-forming hydrodynamic structures o-f thermal and starting plume's 
kind at the time o-f evaporation at the upper chromosphere in a 
•flaring area. Also the possibility of increasing an initial 
magnetic field by a periodically moving vortex in a plume 
structure is investigated.

Doschek (1983) points out that both random mass motions and 
upflowing plasma are evident during the rise phase of many flares. 
According to Antonucci and Dennis (1983) the soft X-ray plasma at 
the fla ? onset consists of two basic components: a dynamic
component that later disappears, and a stationary component that 
is present throughout the event. They come to the conclusion that 
dynamic component is due to a chromosphere evaporation resulting 
from the energy deposition during the impulsive phase. From 
analysis of hard X-ray spectra they obtain plasma upward velocity 
of 310 km s at •emperature of 1.4x10 K and turbulent motions in 
the coronal plasma at 130 km s , and draw the conclusion that 
chromosphoric evaporation lasts throughout the impulsive hard 
X-ray burst.

Velocity of 200 km s for temperature pulse AT=:4xlO K can be 
derived on the base of simple theoretical considerations (de 
Jager, 1983).

It is well known from hydrodynamics that when a volume of 
fluid is forcibly ejected into a quiet homogeneous medium a vortex 
ring is formed in which the vorticity is concentrated within a 
sharp core. Hydrodynamics provides some interesting results 
associated with the buoyant vortex structures, such as plumes, 
thermal*1- and starting plumes generated by a finite source which 
emits flu. • of mass and momentum at a steady rate, as well as 
buoyancy (see for example Turner, 1973).

These observational and theoretical considerations lead to the 
idea that it is possible, in definite initial conditions, the 
heated footpoint areas of a flare to be treated as sources of 
momentum and buoyancy and the moving upward evaporated 
chromospheric plasma as a forced plume, or "convective plume" as 
de Jager (1983) proposed to call them. Then from such point of 
vie; ^e can define some of the physical characteristics of these 
hydrodynamic structures.

If the vorticity is assumed to be uniformly distributed over 
the cross-section of the vortex the isolate vortex ring moves 
forward in axial direction at velocity (Lamb, 1945)

341
https://doi.org/10.1017/S0252921100154491 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100154491


(1) z =r (4 n R )  *[ In (8R/<5)- 1 / 4 ]
where? r  i s  the  c i r c u l a t i o n  around the  v o r t e x  r i n g ,  6 i s  the  s i z e
o f  t he  v o r t i c a l  c o r e ,  and R i s  the  r a d i u s  o f  the r i n g .  The c e n t e r
o f  t he  v o r t e x  w i l l  per f orm a p e r i o d i c  motion immediate ly  a f t e r  i t s
r e l e a s e  at the moment t with the  f o l l o w i n g  v e l o c i t y  components1 ,
(Tung and Ting ,  1965) .

&“U [ l-cosco(t--t )] +V sinw(t-t.)
y=VQ [ 1-cosavCt-tp] +UQsinwCt~t1)

with the  f r e q u e n c y  o f  o s c i l l a t i o n s  oo -  r/(SrtL>t^). IF and
r e p r e s e n t ,  r e s p e c t i v e l y ,  x and y components  o f  the  l o c a l  mean 
v e l o c i t y  at the i n s t a n t  t ~ t ^ .

The e f f e c t i v e  s i z e  o f  t he  c o r e  i s
i /  2(3 ) 6-2<>t ) wher e

t
( 4 )  T=jR°Ct ' )dt  ' / R ° C O  and v i s  the  k i n e t i c  v i s c o s i t y .

0
In the  c a s e  o f  s o u r c e ' s  d imension L =3x10"” km and plasma

v e l o c i t y  V~200 km s * we compute d z / d t ,  S, co <̂ t t h r e e  ^ d i f f e r e n t  
t empe ra ture s  o f  e v a p o r a t i o n ,  r e s p e c t i v e l y  T=10 , 1 . 4 x 1 0 "and 10 K.
The r e s u l t s  o b t a i n e d  are shown on F i g .  l a ,  b ,  c .  From t h e s e
f i g u r e s  may be drawn t he  c o n c l u s i o n  t ha t  by i n c r e a s i n g  the  
s o u r c e ' s  t emperature  the  c h a r a c t e r i s t i c  s i z e  o f  t he  v o r t e x  c o r e  6 
i n c r e a s e s  wh i le  the v o r t e x  r a i s e  v e l o c i t y  d z / d t  and t he  p e r i o d ^  of  
i t s  o s c i l l a t i o n s  d e c r e a s e .  I t  i s  c u r i o u s  t o  no te  t ha t  at  T-10 K 
in 60 s the c h a r a c t e r i s t i c  s i z e  6 i s  about  2500 km. The d imens ions  
and the  d u r a t i o n  o f  such a s t r u c t u r e  are  near t o  t h o s e  o f  the so  
c a l l e d  magnetic  t r a n s i e n t s  f i r s t  mentioned by P a t t e r s o n  and Z i r i n  
(1931) and Z i r i n  and Tanaka ( 19 81) .

1
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We restrict the problem to the study of a plume structure with 
a characteristic dimension L=3000 km and time of existing of about 
60 s. We suppose that the time for forming the structure is equal 
to its duration. Later we suppose the possibility of forming 
toroidal vortexes whose ' core's characteristic dimensions
considerably depend on the temperature ^of chromospheric
evaporation (see Fig.la). For example at T=10 K some seconds 
after the vortex is formed its character i st i c dimension î  ̂ already 
500 km, its velocity is of the order of 60 km s and the 
oscillation period is about 5 5.

We are starting from the equation of generation of a 
netic field in a given moving media for which the correlation 
of the velocity field's components is small (Molchanov et 
1983). In the case of an isotropic symmetric flow it is reduced to 
the well-known equation of Steenbeck-Krause-Raedler

—- arot ?+ (3&S

mag­
time 
a la,

C6) a - -  - < vrotv> ^ T 2
' m 2 o

veloc i ty 
magnetic

where t  is the correlation time, v  is the characteristic 
of the short correlative velocity field, and -is the
diffusion coefficient which is considered to be constant.

In the case of an isotropic mi rror-unsynimetr i c flow 
characteristic time for the increase of the magnetic field 
proportional to t v  /c*„ i.e

C7>
where k is constant. In order to 
detailed description of the media

C8> «=k£-v0G

the 
i s

eliminate the necessity of 
s motion from (7) we define

For an initial magnetic field B=0.002 T located in an initial 
motionless atmosphere, similar to the upper chromosphere, at fixed 
boundary conditions (2) the velocity field is defined by solving 
the equation for conservation of momentum and the equation for 
conservation of mass on a two-dimensional network with a step 
Ax=Ay=10 km. Two- steps Lax-Wendroff scheme is chosen. Afterwards, 
on a three- dimensional network with step Ax = Ay~Az = 10 km the 
equation (9) was numerically solved. A modified scheme, in which 
the terms describing the diffusion are approximated by the method 
of Dufort-Frankel, was used.

We simulate a short-time correlated velocity field ( t - 5  s ) 

with a period of oscillation 11=0.1 s^ varying the initial velo­
city components from 60 to 200 km s » The coefficient k and the 
time for the increase of the magnetic field t^ have been selected
so that the first term's coefficient on the right of equation (6) 
exceeds the second term's coefficient. The characteristic velocity 

has been computed as a mean square of the velocityv o0O
components for every junction of the network.

All variants of the numerical experiment produced the si­
milar result: the initial magnetic field does not change. In the 
case of an initial magnetic field decreasing in height an effect 
of bringing-out stronger magnetic field to areas of weaker field 
can be observed.

Probably, the problem of the behaviour of a small scale
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magnetic  f i e l d  w i l l  f i n d  i t s  s o l u t i o n  when a way f o r  a d e t a i l e d  
s t udy  o f  plasma dynamics in s m a l l - s c a l e  eddy s t r u c t u r e s  i s  
f ound . Suggest, i ve in t h i s  r e s p e c t  are  the  r e s u l t s  from some 
l a b o r a t o r y  plasma e x pe r ime n ts  c a r r i e d  out  dur ing  the  6 0 ' s and 
7 0 ' s .  For i n s t a n c e ,  lab ex pe r ime nt s  d e s c r i b e d  by Komelkov e t  a l . 
( 1 9 6 0 ) ,  V a s i l i e v  e t  a l . (1960)  and Komelkov e t  a l . (1962) show 
that  in d i f f e r e n t  plasma c o n f i g u r a t i o n s  c o m p a r a t i v e l y  s t a b l e  
plasma s t r u c t u r e s  are  formed.  The a u t ho rs  d e s c r i b e d  them as 
dynamic s t a b l e  c u r r e n t  f i l a m e n t  c o a x i a l l y  surrounded by plasma.  In 
the most genera l  c a s e  such s t r u c t u r e s  o r i g i n a t e  in t o r o i d a l  
v o t e x e s .  They e x h i b i t  a p roper  l o n g i t u d i n a l  and azimutha^ magneti^
f i e l d
Gauss

of  a p p ro x i ma te l y  equal  v a l u e  o f  t he  o rd e r  o f  10" t o  10
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