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SUMMARY

The author considers the motion processes outside the
seat of a flare in hydrodynamic approximation. The relevant
basic gas parameters are ascertained and, neglecting some of
them, the Tr-theorem of dimensionality is used. Only a sphe-
rically-symmetrical model medium motion is considered. After
elaborate discussions formulas are derived and converted. The
results are applied to the simplest case of gas motion dependen-
ce on coordinates and time. The influence of the magnetic field
on interplanetary gas motion is considered.

*
* *

As is well known [1 - 31, solar chromospheric flares occur and take place

within a comparatively small volume, the area occupied by a flare being about

0.1 percent of solar disk area with flare height of the order of 10 9 cm. The

development time of processes in the seat of the flare has, as a rule, an order

of magnitude 3 . 10 2 — 4 . 10 3 sec. The total energy E a' liberated in the chromo-

sphere during flares, varies by order of magnitude within the range 10 29 _ 1034

ergs.

We shall consider the processes of medium's motion outside the seat of the

flare, where the details of the process of occurrence and development of the

flare no longer have any substantial significance.

* The fundamental results of this paper have been reported by the author
at the 3rd All-Union Assembly on Theoretical and Applied Mechanics (Moscow,
25 January- 1 February 1968)

** Paper presented by Academician L. I. Sedov on 10 September 1968.
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From the works [ 1, 4, 51, devoted to theoretical and experimental ques-

tions of interplanetary gas' parameter determination, it is possible to conclude

that for gas density p l and quiet solar wind velocity v l inside a certain solid

angle K < 2Tr originating from the Sun, and in the region between the Sun and the

Earth ' s orbit, one may assume the following approximate dependences:

p l s Ar-w, v i Q BrW— 
2•	

(1)

Here r is the distance from the Sun; A and B are quantities which will-be consi-

dered as constant and independent of the angles 8, ^ in a spherical system of

coordinates with center in the Sun, and of time t. The concrete values of the

quantities A,B and w may be found, for example, on the basis of data of rocket

and radar measurements.

2. To describe the motion of the medium we shall make use of the hydro-

dynamic approximation. If we neglect the influence of initial gas pressure pl,

of electromagnetic forces and also of viscosity and heat conductivity, the sys-

tem of the basic characteristic parameters during gas motion has the form

^ q t9 Eo 9 A, B. w, y . go 9 R ol 11 SZ,	 (2)

where y is the effective adiabate exponent of the gas; SZ is the mean angular

velocity of Sun's rotation; g 0 is the gravitation acceleration on the surface

of the Sun; R. is the radius of the Sun; 1' is the characteristic linear dimen-

sion of the seat of the flare. The quantities A, B and w may assume various

values, depending upon the time of the year and on the state of interplanetary

medium, while the energy Eo is different for various flares (here and further

we understand by energy Eo the part of flare's total energy which participates

in the motion of the gas). This is why it makes sense to ascertain those basic

dimensionless parameters, which characterize the considered phenomenon and to

examine the question of conversion of functions characterizing the motion of

gas at variation of medium's parameters and energy Eo.

Since the gravitation and the Sun's proper rotation feebly influence the

propagation of perturbations during flares, parameters Q and go may be disregard-

ed during rough estimates of characteristics of moving gas. From dimensional

parameters Eo, A, B it is possible to form with length and time dimensionalities

the following quantities: r'= (Eo 1AB2 ) 1A ! ► for the kinetic characteristic of

length and t' = (r') 3-1*/ B for the kinetic characteristic time. Then, on the basis
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of she Tr-theoreai of dimensionality [ 6], we may write for any dimensionless cha-

racteristic of flow ( for example, density g = p/pl):

g = g(r/r*, t / t* ' 6, ^. W , a lr (12)*	 (3)

where a, = Ro/r*, % = l/r* (a2 « al).

It follows from formula ( 3) that for fixed Y, W, a,,% the dimensionless

functions of the form ( 3) will describe the class of flows for various parameters

Eo , A and B. At _characteristic dimensions of the region of motion much greater

than R. , the influence of the finiteness of the radius of the Sun on.the racoon

of gas in a certain region of the leading edge of perturbations may be disregard-

,	 ed, that is, the influence of parameter a l and, consequently of a2 may be neglected.

If we consider the solar wind velocity inside the considered solid angle as

directed along the radius, and the conditions of energy liberation as correspond-

ing to spherical symmetry of the flow, the gas flow inside the considered solid

angle K may be considered a spherically symmetrical.

Let us introduce the denotations: x = r/r*, y = t/t*. For a spherically

symmetrical model of flow, functions of the form ( 3) will depend only on two pa-

rameters x, X, i. e.

g = g (x, Y^ Y, W)	 (4)

It is natural that for a global consideration of the process of propagation

of perturbations at flares, one must take into account the dependence of the ini-

tial density and solar wind velocity components on the angles 6 and ^ and, pos-

sibly on time t. In this case, the solution of the hydrodynamic problem sought

for will depend on a large number of variables, and the functions entering into

this solution will have the form (3).

In the following we shall consider only a spherically . -symmetrical model of

medium ' s motion. If the motion of the quiet solar wind is considered isothermic

and if we set up the question on accounting for the initial pressure p l , we shall

have for the one-dimensional model:

pi = Cr-W 	(5)

In this case we have a new dimensional constant C, which allow us to form

a new characteristic length rO = (Eo/ C) 1/0-w) . Still another dimensionless parameter
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a'3 — 
r e /r* will enter into formulas of the form (4). The estimates conducted

by us of the total initial energy of the solar wind in a volume inside a certain

solid angle show that at distances of the order of one astronomical unit, the to-

tal initial kinetic energy of the quiet solar wind too is by one order greater

than the total initial thermal energy of the gas (and greater than the initial

energy of the magnetic field). We shall consider that parameter l may be

neglected during rough qualitative analysis of the phenomenon under considera-

tion.

To represent the order of magnitude of the kinetic characteristic length

r*, we shall refer r* to a certain radius ra, and, on the basis of formulas for

p l and v i we.eliminate AB2 from the expression for r* . We shall then have

r*/ra = (Eo/k*) 1(w —1)' 
k* = pl(ra)[vl(ra)12ra3.

Plotted in Fig.l are the dependences of r*/ra on Eo for the case when

ra — 1.5 . 10 13 cm (astronomical unit), k* = (1.5) 3. 10 31 g.cm 2 -sec (dashed lines),

k* = 5(1.5) 3. 10 32 g.cm.?/sec (solid lines), and the energy Eo of the flare

varies from 10 28 to 10 35 ergs.

In Fig.l curves 1 correspond to

w = 2, curves 2 — to w = 2.5, curves

3 — to w = 2.9. The calculations per-

formed indicate that for great values

of Eo , the quantity r * may be great-

er than the astronomical unit.

3. The dependences of the sought

for functions on dimensionless para-

meters may be determined theoretical-

ly or experimentally, in the course

of rocket measurements during solar

Fig.l	 flares. At theoretical, and more

rarticu?arly, at experimental deter-

mination of gas parameters' dependence on coordinates and time for density, pres-

sure and gas velocity, and the time of perturbation arrival at the given point

may be found only for some fixed Eo = Eo l , A — A l , B = B1.
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This is why we shall examine the question of conversion of the obtained

data to the case of other values of these constants Ep 2 , A2 , B 2 . One may adopt

the following procedure. We shall find the dimensionless time y and the dimen-

sionless coordinate x for the state E 01 , A 1 , B 1 , and then from formulas r — r*x,

t — t*y we shall find the value of the coordinate and the time for the state

E 0 2 , A29 B2*

For the conversion of time we shall find

Y = tM/ td '+ t(2) = tZ Y = 02- /tI')t(l),	 (6)

where	
r •	 (goilA 13 11 -1)	 z = i 2).

For the conversion of distances (Euler or Lagrange coordinate of gas par-

ticle), we have

x = r(1) 
/ r1. ,
	 r(2) = Wx = ( r2* / rt * ) ?(0 . 	( 7)

Here t (i) , r (i) (i — 1, 2) are the dimensionless values of time"and the coor-

dinates corresponding to the flare for parameters E Oi , Ai , Bi . Analogous for-

mulas may be also written for the conversion of velocity, density and pressure

of the gas and of other quantities. Thus, for the density p we have

g — p ( 1 ) /P 11 1 P( 2 ) — 9P 12 — (P 12 /P 11 )P( 1 ) . 	(8)

Formulas (6) - (8) yield (in the assumed model flow) the similarity laws

for the process of gas motion induced by the flare. For a more complex model

of gas flow formulas (6) - (8) will take place only at fixed values of addi-

tional dimensionless constant parameters, for example, a j (J- 1,2,3).
4. Let us bring forth a simplest example of velocity, density and pressure

of gas dependences on coordinate r and time t. We shall simulate the flare phe-

nomenon by a sp4terically•symmetrical point explosion in gas, neglecting the

dimensions of the Sun, the motion of interplanetary gas in solar wind, the ini-

tial pressure, the influence of gravitation and of magnetic fields. We shall

consider that the initial density of the gas is

	

P, — Ar-WI , w, = (7 — 1f) / (Y + 1)
	

(9)

In this case the system of determining parameters is reduced to constants

E 0 , A and Y and the motion of gas is "automodel" [6], whereupon the solution

. . / 0 .
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of the hydrodynamic problem has the form:

Y + 1	 i	 24S"pl ri r a	 26 r

	

Eo 4/2a	 2	 Rn(V+1)
`a	

(10)

r=—A) t , S	 (5^wl)	 a= 3(Y`1)(3YY1).,.

Here r2 is the radius of the shock wave, which is the leading front of the per-

turbation.

The solution ( 10) was obtained by L. I. Sedov [6]. In the particular case

wl = 2, Y = 5 /3, it was utilizied in the work [ 1] to describe the motion of gas

during flares. Note that if E o actually is the energy of the flare liberated

inside the solid angle K, when utilizing solution ( 10), in the formula for a in

the descritpion of motion inside the solid angle K, we should write 2K instead

of 27r. If we now bring the formula for r 2 ( t) to a dimensionless form, by relating

radius r2 to r*, and the time t to t *, we shall have

	

X2 
= a-62 y6 .
	 (n)

Let ra be the astronomical unit. Then, for the time of shock wave arrival

to Earth's orbit we shall have

tQ = r' 
s (a A/Lo)'/,	(12)

or in dimensionless form:	 /,	
i^a

-TS. = ra r , Y. = a ^'^Ya

Note that formulas (11), (12) are valid not only for the dependence of

w = wl on Y, indicated in relations (9), but also for any automodel motions

of the considered type [6]. If the quantities A, y, w for two different flares

are identical, it follows from formula (12) that the ratio of the squares of times

of perturbation ' s arrival at a certain point of space is inversely proportional

to the ratio of energies of solar flares, i. e. t^ 2) /t j ) a Eo l /E02 . Formula (12)

provides the possibility to determine the quantity Eo according to known values

ta, ra, A. Thus, if w = 2, to — 10 5 sec, A = 10-23ra 9 /cm, we find Ep ~ 10 33 ergs.

If in the considered example we took into account the motion of the gas in solar

wind (v l # 0, P 1 4- 0), the problem would no longer be automodel, and for its so-

lution we would have to utilize the approximate analytical and numerical methods.

.. / . .
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5. When taking into account the influence of magnetic field on the motion

of interplanetary plasma, the problem of determination of the parameters of flow

is substantially complicated even in the approximation of standard magnetohydro-

dynamics. However, if we neglect the influence of the field on the motion of

the medium and if we limit ourselves to the determination of only the deforma-

tion of the field, it will be easy to conduct here not only the analysis of the

dimensionality of the phenomenon, but also point on the basis of the results of

works [1, 71 to the analytical dependences for the distribution of magnetic

fields in the outer space.

The author expresses his gratitude to L. I. Sedov for the discussions and

his valuable advice.

*** T H E E N D ***
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1 September 1968
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