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Figure 3. Profiles of temperature, as well as radial and tangen-
tial thermal stresses, from the surface to the center of the crystal
ice small bodies at a final distance of 4.95 AU, obtained by both
analytical (a2 = const) and numerical methods.

tent with the stress discrepancies shown in Figure 3. For a
cometary body with a radius of 200 m, the average discrep-
ancy in stresses at the center is about 1 K from the start to
the final distance, while at the final distance the discrepancy
reaches approximately 4 K. For a cometary body with a ra-
dius of 1 km, stress discrepancies are observed at almost all
distances, with an average discrepancy of about 5 K and a
maximum discrepancy at the final distance of approximately
10 K. For a cometary body with a radius of 3.5 km, the aver-
age discrepancy is about 1.5 K, with a maximum discrepancy
at the final distance of approximately 2 K. Such minimal dis-
crepancies can be explained by the fact that, in the analytical

Figure 4. Thermal stresses at the center of the body (x/r=0) for
the radial component (left) and at the surface (x/r=1) for the tan-
gential component (right), calculated by analytical and numerical
methods at various heliocentric distances from the initial position
of 86 AU to the final distance of 4.95 AU.

solution (HDE), a constant value of the a2 parameter is used
at T = 30 K for bodies larger than 1 km, since they retain
an initially low temperature in their central regions up to
the moment of destruction. For bodies with radii of approxi-
mately 30 m, a2 - constant value is used at T = (125–200) K,
corresponding to the blackbody temperature at the final dis-
tance, as heating in such bodies occurs throughout the entire
volume. However, for sub-kilometer bodies, this parameter is
averaged over the temperature range between the start and
final distances, T = (30 – 200) K, since pronounced tempera-
ture gradients are observed throughout the entire profile. Fur-
ther, Figure 5 show the temperature profile, thermal radial
and tangential stresses in the near-surface layer at a depth of
10 m.

As shown in Figure 5, heating occurs more effectively for
the cometary body with a radius of 30 m, while the results
for radii of 200 m, 1 km, and 3.5 km are comparable. The
temperature discrepancy at a depth of 10 m between the
two methods is approximately 10 K. The temperature dis-
crepancy at a depth of 10 m between the two methods is
approximately 10 K. For the stresses shown in Figure 5, the
discrepancy between the analytical and numerical methods
at a depth of 10 m is about 1 K for the 30 m and 200 m bod-
ies, whereas for the 1 km and 3.5 km bodies the discrepancy
is minimal (less than 0.1 K). For the stresses in Figure 5,
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Figure 5. Profiles of radial and tangential thermal stresses in the
near-surface layer at a depth of 10 m at a final distance of 4.95 AU,
obtained by analytical (solid curve) and numerical (dotted curve)
methods for cometary bodies of various sizes.

the discrepancy for the 30 m body is less than 1 K, while
for the 200 m, 1 km, and 3.5 km bodies it is approximately
10 K. It is also important to note with regard to Figure 5,
which is also applicable to silicate rocks, that at the surface
|x = r| the radial stress is Trr = 0, whereas the tangential
stress is Tφφ < 0. However, as depth increases toward the
center, the stresses Trr and Tφφ should begin to equalize,
a behavior that should be consistent for both methods. An
analysis of crystalline ice clearly demonstrates this trend for
a cometary body with a radius of 30 m, since a depth of 10 m
constitutes one-third of its profile. A comparison of the re-
sults shows that at a depth of 10 m Trr ≈ Tφφ, with values of
approximately 5 K for the analytical method and 6 K for the
numerical method. For cometary bodies with radii of 200 m,
1 km, and 3.5 km, such equalization is not observed, because
a depth of 10 m represents only a small fraction of the total
profile. The analytical solution performs well for large bodies,
for which thermal diffusion does not reach the center and the
temperature distribution remains relatively stable. However,
for small bodies, where the entire volume heats up rapidly,
only the numerical model accurately reflects the temporal
and spatial variations in temperature.

Silicates: For the numerical calculations of silicate rocks,
the variable coefficient from Equation 3 was used, whereas
a constant value was adopted for basalt and chondrites in
the analytical solution in accordance with Table 2. Figure 6
illustrates the temperature profiles, as well as the radial and
tangential thermal stresses, within meteoroid bodies.

Figure 6 presents a comparison of the numerical and ana-
lytical solutions of the heat diffusion equation for small bodies
with radii of 10 cm, 50 cm, 1 m, 5 m, 10 m, and 100 m com-
posed of silicate chondritic and basaltic material. For a 100

Figure 6. Profiles of temperature, as well as radial and tangential
thermal stresses, from the center (x/r=0) to the surface (x/r=1)
within bodies of various sizes at a final heliocentric distance of
0.0345AU ≈ 7.4R⊙ for chondritic material, obtained by both an-
alytical (a2 = const) and numerical methods.

m meteoroid, a nearly complete coincidence of the numerical
and analytical temperature and stress profiles is observed,
with differences of less than 1 K. For radii of 1 m and 5 m,
the average discrepancy is approximately 20 K. For bodies of
10 cm and 50 cm, the average discrepancy is about 200 K,
which is considered a reasonable result given that the black-
body temperature at the final distance is 1500 K. The highest
level of agreement (with discrepancies of less than 20 K) oc-
curs in the near-surface region, extending up to 5% of the
total profile. However, the maximum discrepancies occur at
the center: 150 K for 10 cm, 300 K for 50 cm, 100 K for 1 m,
100 K for 5 m, 50 K for 10 m, and 5 K for 100 m. Significant
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Figure 7. Thermal stresses at the center of the body (x/r=0, ra-
dial component) and at the surface (x/r=1, tangential component),
calculated using analytical and numerical methods at various he-
liocentric distances from the initial position of 3.45 AU to the final
distance of 0.0345AU ≈ 7.4R⊙ for chondritic and basaltic bodies.

discrepancies are observed throughout the entire volume for
bodies with radii of 10 cm and 50 cm. Due to their small size,
heating encompasses nearly the entire volume, and the tem-
perature gradient equalizes rapidly. Thus, as with icy bodies,
the analytical solution for silicate meteoroids proves accurate
only when there is a sufficient thickness of the uncooled layer,
whereas the numerical model is necessary for an adequate de-
scription of thermal processes in small bodies.

Subsequently, Figure 7 illustrates the dependence of radial
stresses at the center and tangential stresses at the surface
on the distance from the star, obtained by both analytical
and numerical methods. These dependencies are calculated
specifically for silicate bodies.

Analysis of Figure 7 shows that for bodies with radii from
1 m to 100 m, both stress calculation approaches at different
distances demonstrate good agreement, and discrepancies in
distances are minimal. For a body with a radius of 50 cm,
the average discrepancy is approximately 100 K; for 1 m, it
is 80 K; for 5 m, 20 K; for 10 m, 50 K; and for 100 m, 45 K.
The stresses at the final distance also differ for all sizes. The
discrepancy between the two methods varies: for 50 cm, it is
about 50 K; for 1 m, 100 K; for 1 m and 5 m, approximately

Figure 8. Profiles of radial and tangential thermal stresses in the
near-surface layer at a depth of 1 m at a final heliocentric distance
of 0.0345AU ≈ 7.4R⊙, obtained by analytical (solid curve) and
numerical (dotted curve) methods for meteoroids of chondritic and
basaltic material of various sizes.

100 K; for 10 m, 50 K; and for 100 m, about 10 K. Subse-
quently, Figure 8 presents the profiles of temperature, as well
as radial and tangential thermal stresses, in the near-surface
layer at a depth of 1 m for small silicate bodies. An analysis
of the near-surface layer presented in Figure 8 was carried
out in a manner similar to that described for Figure 5. The
main difference lies in the fact that the near-surface layer
was considered at a depth of 1 m, which is associated with
the lower thermal conductivity of silicates compared to crys-
talline ice. As shown in Figure 8, the temperature discrepan-
cies between the analytical and numerical methods are small:
approximately 5 K for a meteoroid with a radius of 1 m, 15 K
for a radius of 5 m, and 10 K for a radius of 10 m. Regarding
the stresses in Figure 8, the discrepancy is about 50 K for
the 1 m body, approximately 10 K for the 5 m body, and
about 30 K for the 10 m body. Furthermore, the equalization
condition Trr ≈ Tφφ occurs at a depth of 40 cm for a 1 m
radius meteoroid at a temperature of approximately 150 K
according to the numerical method, and at a depth of 50 cm
at the same temperature for the analytical method. For the
5 m and 10 m bodies, this equalization is expected to occur
at depths greater than 1 m from the surface. The numerical
model is applicable to silicate bodies and shows consistency
with the analytical solution. For large silicate bodies with
radii exceeding 10 m, the temperature distribution remains
stable in both the deep interior and near-surface layers, since
thermal diffusion does not reach the center due to the low
thermal conductivity of silicates, whose thermal diffusivity is
approximately an order of magnitude smaller than that of
crystalline ice. For this reason, a narrower size range from
10 cm to 100 m was selected, as even a 10 m fragment re-
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tains its initial temperature in the central region. For small
silicate bodies (less than 1 m), where the entire volume heats
rapidly, only the numerical model accurately describes the
temporal and spatial evolution of temperature. The proposed
numerical model is applicable to both silicate and icy bodies.
Similarities and discrepancies follow the same general trends
for both large and small bodies; the primary difference lies in
the selected size range: from 10 cm to 100 m for silicates and
from 30 m to 3.5 km for icy bodies.

To address the physical interpretation of the comparison,it
should be noted that the observed minor discrepancies be-
tween the two approaches are primarily driven by the tem-
perature dependence of the thermal diffusivity a2(T), rather
than numerical artifacts. In the numerical approach, the non-
linear heat conduction equation is solved using the explicit
Euler finite-difference scheme (first-order in time and secon-
dorder in space, FTCS) to account for the dynamically chang-
ing a2(T), and the resulting temperature field is subsequently
used to calculate thermal stresses. Despite the differences in
the mathematical treatment, the analytical method demon-
strates very good overall agreement. This is due to the care-
ful selection of the constant a2 based on the physical char-
acteristics of the bodies. Specifically, for very large bodies,
a2 was chosen at the initial temperature, since their internal
regions remain cold until the final distance. For small bod-
ies, which heat up entirely, a2 was taken at the temperature
corresponding to the final distance. For medium-sized bod-
ies, an averaged a2 between the initial and final temperatures
was used. Because of this size-dependent parametrization, the
analytical model successfully minimizes deviations from the
numerical solution, resulting in only slight differences in the
evaluated thermal gradients and stresses.

5 CONCLUSIONS

This study formulates and solves a comprehensive problem
addressing the mechanism of thermal destruction of small
bodies (SB) of various compositions (icy and silicate) during
their approach to the Sun.

Key Results

The following dependencies of destruction on the size and
composition of stony bodies have been established:

• Basaltic and carbonaceous bodies begin to disintegrate
at heliocentric distances between Earth’s orbit and Mars’s
orbit (1–2.5 AU).

• Ordinary chondrites disintegrate closer to Venus’s orbit
(∼0.7 AU).

• Small stony bodies (< 10 m) disintegrate in the region
between the orbits of Mars and Mercury, while larger bodies
(∼40–100 m) disintegrate between the orbits of Mercury and
Venus.

• Very large silicate bodies (> 100 m) disintegrate closer
to the Sun, producing dust clouds observable in the infrared
and optical ranges.

For cometary nuclei moving along highly eccentric orbits,
thermal stresses generated by the heating of surface layers
are shown to be a critical factor in their destruction. Bodies
with radii from 100 m to 3 km are most susceptible to in-
ternal cracking due to strong temperature gradients between
the cold interior and the heated surface. Small bodies (radius
up to 10 m) heat throughout their entire volume without ac-
cumulating significant internal stresses, whereas large bodies
(radius greater than 10 km) retain a cold interior and experi-
ence heating only in a thin surface layer, remaining resistant
to thermal destruction.

• For small bodies composed of silicates (0.1–5 m) and
crystalline ice (less than 30 m), the analytical solution may
significantly deviate in the central regions, whereas the nu-
merical solution accurately accounts for volumetric heating.

• For icy bodies (30–200 m) and silicate bodies (10–
100 m), the analytical solution remains applicable in the near-
surface zone (up to 10–20% of the radius), but numerical
modeling is required at greater depths.

• For large bodies (1–3.5 km for cometary nuclei and
∼100 m for silicates), discrepancies between the analytical
and numerical approaches are minimal throughout the entire
profile.

Both approaches complement each other effectively, and
their combined application provides a reliable and accurate
assessment of the stability of small bodies during solar ap-
proach.

In the long term, this research may be extended by incor-
porating elliptical orbits and modeling multiple orbital revo-
lutions up to the complete destruction and subsequent evapo-
ration of cometary nuclei. This would allow for consideration
of thermal stresses arising both during the approach to and
recession from the star. Future developments include more
detailed calculations of mass loss during stellar approaches
and subsequent material accretion. Additional modeling will
account for various heat balance boundary conditions, inter-
nal sublimation processes, and other relevant physical factors.
Further refinement may be achieved by integrating multiple
destruction mechanisms and orbital dynamics into a compre-
hensive simulation framework describing the environment of
both the star and the small body. The model is planned to be
extended to three dimensions with implementation of the full
thermal stress tensor. Moreover, diurnal rotation effects will
be incorporated, including azimuthal and latitudinal (equa-
torial) profiles and their influence on thermal stress distribu-
tion.
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