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We calculated the temperature regime of an active region considered as a conical hole in dust layer.
All the calculations are carried out for the case when the season effects are distinctly expressed.
The temperature is defined from the geometrical parameters of the active region separately for ice
bottom and dust walls. It is shown that dust walls are cooled very slowly for the small vertex
angles of the crater structure. The temperature of the ice bottom practically does not change
over the whole period of rotation, because it is retained at an approximately constant level by
concentration of reradiated energy from the dust walls heated by the Sun.

INTRODUCTION

Since VEGA–GIOTTO missions [5] cometary nuclei are surely considered as non-spherical bodies with inho-
mogeneous surfaces. It would be unreasonable to persist on the similarity of every cometary nucleus to that
of P/Halley, but it is impossible to ignore the fact that outgassing of volatiles may be concentrated in a small
number of active zones [5]. It is necessary to replace classic idealized models of a cometary nucleus by more
realistic ones. The subject of the present paper is to describe heat transfer and sublimation in an active re-
gion [1, 2]. There are different ways of craterization: non-catastrophic evolutionary processes and some explosion
mechanisms. The different reasons of the catastrophic craterization are considered: a meteoroid impact, fast
sublimation of a species more volatile than water ice, fast crystallization of amorphous ice, recombination of
hydrated ions [6]. A simple model of an active region that looks like a conic hole (crater) in the dust mantle of
a nucleus is proposed here. The crater has bare ice at the bottom and dust on its side walls (Fig. 1).
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Figure 1. A discrete grid for the numerical solution of the system of integral equation (heat balance on the ice bottom
and dust walls of crater)

THE MODEL DESCRIPTION

The temperature regime of an active region on a cometary nucleus are calculated. All the calculations are
carried out for the case when the season effects (for different angles between the equator of the nucleus and its
orbital plane) are distinctly expressed. The essential assumptions are as follows:
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1. The nucleus of the comet is spherical and homogeneous.

2. An active region looks like a conic hole (crater) in the dust mantle on the nucleus. The crater has bare
ice on the bottom and dust on its side walls.

3. The temperature distribution is calculated taking into account two ways of heating: directly from the Sun
and by re-emission in infrared from the walls of the crater. The temperature distribution over the crater
is obtained for different geometrical parameters sets and orbital parameters.

4. The study of temperature regime are carried out for the case when the season effects are distinctly
expressed.The different angles between the equator of the nucleus and its orbital plane have value: ψ =
0, 30, 60, 90◦.

5. A discrete grid (see Fig. 1) was constructed for numerical solving of the system of integral equation (heat
balance on the ice bottom and dust walls of the crater). The bottom and lateral surface of the cone were
divided into small elements of equal areas.

THE MODEL EQUATIONS

The heat balance of an active region is defined by the local zenith distance of the Sun and the nucleographic
latitude of the active region. The local zenith distance z is given by the formula:{

cos zbi = �nsun · �nbi,
cos zsi = �nsun · �nsi,

(1)

where nsun is the unit vector of the direction of the solar rays that is given by the relationship:

nsun = [− cosφ sinψ + sinφ cosψ cos(t),− cosφ cos(t), sinφ sinψ + cosφ cosψ cos(t)], (2)

where φ is the angle of the incident solar radiation on the cometary nucleus, ψ is the slope angle of the orbital
plane of the comet, t is the hour angle.

The algebraic equations were used to calculate the distribution of the temperature over the local active area.
For the bottom of the crater:

Tbi =
B

A− ln

{√
2πmkTbi

L

[
q(1 −Aice) cos(zbi)

r2com

− (1 −Aice)σT 4
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σ(1 −Adust)T 4
sj

π
Kijds

]} , (3)

where q is the solar constant, rcom is the heliocentric distance of the comet, Aice, Adust are the albedo of
the surface of the nucleus, Tbi and Tsj are the temperatures of water ice and dust, respectively, σ is the Stefan–
Boltzmann constant, mH2O = 2.988 · 10−26 kg denotes the molecular mass of water, k = 1.38 · 10−23JK−1 is
the Boltzmann constant, L is the energy of sublimation per one molecule. For the side of the crater structure
one can write:

Tsi =

⎧⎨
⎩ 1
σ
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⎣q(1 −Adust) cos(zsi)

r2com
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1/4

. (4)

The gas inside the cone has the temperature Tgas. It is assumed that the gas receives the energy from
the wall, proportionally to the temperature difference between the gas and the wall. The efficiency of heat
exchange is determined by the coefficient α.

The effectiveness of heat exchange in Eqs. (2) and (3) is determined by the matrix Kij given by the rela-
tionship:

Kij =
cosβi cosβj

l2ij
ΔS, (5)

where ΔS is the area of an element of the surface. In turn, cos (β) is determined by a dot product of two unit
vectors relationship [2]: {

cosβi = �ni ·�l 0
ij ,

cosβj = �nj ·�l 0
ij ,

(6)
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here n is a unit vector perpendicular to the centre of the i-element of the dusty wall:

n = [nxi, nyi, nzi] (7)

and
�l 0
ij =

{xbi − xsj , ybi − ysj , zbi − zsj}
lij

. (8)

The length of the l-vector is

�lij =
√

(xbi − xsj)2 + (ybi − ysj)2 + (zbi − zsj)2 , (9)

where x, y, z are the coordinates of two points: one on the side wall (subscripted by sj) and the second at
the bottom (subscripted by bi) of the crater.

The algebraic system for calculation of the temperature can be solved by an iteration method using the dis-
crete grid shown in Fig. 1. It occurred that this iteration process converged quickly. When calculating the heat
balance in an arbitrary point of the crater on a rotating nucleus one has to check if this point is illuminated or
shadowed [6].

The distribution of the temperature on conical craters was calculated for the set of parameters that is given
in Table 1.

Table 1. Geometrical parameters for models of active area on the surface of a cometary nucleus

r, cm h, cm κ, degree φ, degree ψ, degree t, degree

50 100...300 45 60 0, 30, 60, 90 0...90
50...110 100 45 60 0, 30, 60, 90 0...90

50 100 30...60 60 0, 30, 60, 90 0...90

We applied our model results to Comet Halley. It is obtained that our model explains the absence of a drastic
temperature and sublimation variation on the cometary nucleus.

EFFECTS OF CRATERS

It is interesting that the dust walls are cooled very slowly for the small vertex angles of the crater structure.
The temperature of the ice bottom retains practically unchanged over the whole period of rotation because
of income of reradiated energy from the dust walls heated by the Sun. Sometimes, ice may sublimate even
from the night hemisphere due to infrared radiation from dusty side of the crater. Figures 2, 3, and 4 show
the results of calculation of temperature of local active area on the cometary nucleus for different angles between
the equator of the nucleus and its orbital plane.

100 120 140 160 180 200 220 240
220

240

260

280

300

320

340

360

380

The radius of the ring on the side, cm

T
h
e
 
m
i
d
−
t
e
m
p
e
r
a
t
u
r
e
 
o
n
 
t
h
e
 
r
i
n
g
,
 
K

1

2

3

4

Figure 2. The temperature regime of the crater structure for the geometrical parameters of the cone: h = 300 cm,
r = 100 cm, κ = π/8. The lines 1, 2, 3, 4 correspond to ψ = 0, 30, 60, 90◦
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Figure 3. The temperature regime of the crater structure for the geometrical parameters of the cone: h = 100 cm,
r = 50 cm, κ = π/8. The lines 1, 2, 3, 4 correspond to ψ = 0, 30, 60, 90◦
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Figure 4. The temperature regime of the crater structure for the geometrical parameters of the cone: h = 100 cm,
r = 110 cm, κ = π/8. The lines 1, 2, 3, 4 correspond to ψ = 0, 30, 60, 90◦
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