
RADIATION EMI!CTED DURING THE FLIGHT: APPLICATION TO ASSESSMENT 
OF BOLIDE PARIlMETERS FROM THE SA!L%LLITB RECORDED LIGKT FLASHES 

Svetsov V.V. (Institute for Dynamics of Geospheres, Russian 
Academy of Sciences, 38 Leninskii Prospekt, build.6, Moscow, 
117979, Russia) 

Radiation plays a key role in the performance of bodies 
entering the atmosphere. At the certain altitudes the radiation 
flux is greater than the hydrodynamical energy flux, and the 
shock becomes supercritical [I]. In such a radiation dominated 
regime of flight the great portion of energy is emitted from the 
narrow temperature peak behind the shock wave, and the volume of 
preheated air is many times the volume of the meteoroid [2]. 
Stony bodies 1 to 10 meters in diameter can reach the altitudes 
of 20 - 40 km. In this case the radiation of the hot air in the 
shocked compressed region and in the wake constitutes the major 
portion of the whole light impulse. The previous 1D numerical 
computations of the thermal structure and optical luminosity of 
strong shock waves in air of reduced density [3] have shown that 
from 10 to 30 % of hydrodynamical energy flux can be emitted by 
the shock wave. 

Calculations of the whole light impulse emitted during the 
flight offer a substantial challenge for 2D codes because the 
equations for radiation transport coupled with hydrodynamics 
should be solved on an adaptive mesh with different scales, 
which vary from millimeters in the spike at the shock front to 
meters in the thermal precursor and to hundreds of meters in the 
wake. Instead, I have developed a ID approach using the 
gasdynamical analogy between the flight of an axially symmetric 
body and an action of an infinite cylindrical piston on gas [41. 
Taking the piston's velocity and the work done by the piston 
equal to those of the meteoroid, one can gain a reasonable 
approximation to the flow pattern around the body and the more 
so in the wake. In this procedure, the piston radius at the end 
point matches the meteoroid size R. We have carried out a set of 
calculations for R=l m and R=10 m in the range of velocities V 
from 10 to 50 km/s and the altitudes H from 20 tO 50 km. The 
main portion of energy, released at a fixed point, is radiated 
within the time interval 0.01 - 0.05 s. A fraction of the 
emitted energy has been obtained as a function of R, V and H. 
The R and H dependencies of f prove to be not as strong as 
V dependence. For H=30 km and R=10 m f varies from 0.1 3 at 
V = 10 km/s to 0.43 at V = 50 krds. 

Using the derived dependence of f, one can estimate a light 
power during the flight as 

where M is the meteoroid's mass. This equation in combination 
with ..-. two equations of the single-body model of drag and ablation 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1366 LPSC XXV 

RADIATION I!IiIlll.lllu) DURING THE FLIGHT: Svetsov V.V. 

(Cd is the drag coefficient, Ch is the heat transfer coefficient 
and Q is the specific energy of vaporization) can give 
predictions of the meteoroid behavior in flight. 

Recently, the light curves obtained via satellites equipped 
by optical sensors were demonstrated in [61 for the October I 
1990 event. The altitude of 30 km for the peak signal was 
detected by the companion locator. Using these data and assuming 
various initial velocities V and entry les 9, I have solved 
Eqs.  (1) to (3) for several values of Cpfrom 0.01 to 0.1 [71) 
to derive the initial energy and the time dependencies of Y and 
R. Values of V = 30 W s  to V = 50 km/s and Ch = 0.1 lead to 

- - 

contradictions in the behavior of the meteoroid: R &ren with time while the major portion of the body was burnt ou due to 
thermal ablation. Moderate values of V from 15 to 20 km/s, being 
more justified, give the preentry kinetic energy from 3.8 to 5.8 
ktons. These values depend only slightly on 9. 

In Fig.1 predictions of V(H) are plotted for different 
initial values of V on the assumption that *7~/4 and Ch=0.03. In 
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Fig.2 the effective radius of the body is shown as a function of 
H for V = 20 km/s and different Ch: 0.01 (solid lines), 0.03 
(dashed lines) and 0.1 (dotted lines). The essential growth of 
the radius and effective cross section might be caused by 
fragmentation and subsequent lateral expansion of the 
meteoroid (see [8-101) . 
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