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Abstract amorphous ice, crystalline ice (of cubic or hexadon
syngonies), a mixture of ice crystals and liquideva

We investigated numerically possible structure of @nd, finally, water with suspended solid particles.

interiors of KBO objects for different mass ratidb o .

radionuclides. As an example we considered thermal3. Mathematical model of heat

evolution of KBO(20000) Varuna and KBO(50000) {r ansport in KBO

Quaoar. We have found conditions of liquid water

existence under the surface. It is shown also ttiet
role of %Al for the possibility of liquid water
formation is overestimated.

Dynamics of the internal structure of the celestial
body for spherically symmetric case is described by
the heat transport equation

1. Introduction 3
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The formation process of Kuiper belt object and the
evolution of its internal structure until the prese aT
time are studied depending on the volume mass ratio  or
and specific power of radiogenic heat sources. The 4t
building material of the forming KBOs is assumed to
be dust particles of protosolar cloud and finely
fractioned water condensate. The heat sourced-of al | () =T,

time celestial body existence are radionuclidd¥,

2%y, 22Th, *°K, %Al embedded in solid dust particles whereT(Rp) is the temperature, is the bulk density,

at the time of KBO formation. This heat is the main c is the heat capacitk is the effective coefficient of
reason of KBO structural changes due t®Hphase thermal conductivityf(t) is the volume power of the
transitions  including formation of different internal sources of radiogenic heag(t,T) is the
crystalline ice structures and liquid water. phase transition energg,is the volume part of dust,
Alis red albedoQy, is insolation g is IR emissivity.
Thermal-physical properties of KBO material
components used in our simulations are presented in
the Table 1. Thermal energy release &, 22U,
B2TR, 4%, Al isotopes is 7.20% 7.3810%
6.1810%% 2.1410"% 2.0110™ J correspondingly.
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2. Composition and structure of the
forming KBO building material

A spherically symmetric celestial body has formed a
a result of accretion. The body’s material considts - ) - ; 2.
a two-component porous disperse system. The basiér_h'S equation was solveq numerically using finite-
of this system was amorphous iceCHwith frozen difference method for various values of the volume
trapped solid dust aluminosilicate particles with contentp of the solid component with initial content

imbedded radionuclides as radiogenic heat sources®f e samdg |s?topes 5.37,1.63, 15, 20.8 andphi6
The heat produced by radionuclide decay causescorrespondingly.
phase transitions of J@. In this way, the celestial

body forms spherically symmetric areasntaining



Table 1: Thermal-physical properties of KBO
material components

Structure  specific
density

(kg/m™)

amorphous 1200
ice

cubic ice 956

hexagonal 917
ice

(a) heat capacity
(J/kg K) and (b) thermal
conductivity
J/mKs)

(a) 90+7.4B[1]
(b) 0.028+0.00238,
T<150 K [2]

(a) 90+7.491]
(b) 0.028+0.0023#,
T<150 K [2]

(a) 90+7.49[1]
560/,
150 K<T<270 K [1]

liquid 1000 (a) 1690+5.380°T
water +800T2 [1]
(b) 0.5524+0.016B[3]
dust 2600 (a) from paper [4]
(b) 2.4 [2]
4. Objects of investigation and
results
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Figure 1: The dependence of phase transition
boundaries on the parameter p for KBO(20000)
Varuna (dotted lines) and KBO(50000) Quaoar (solid
lines): amorphous ice — below blue curves, cubdc ic

— between blue and magenta, hexagonal ice —
between magenta and green, ice-water mixture —
between green and red, liquid water — above red.

5. Conclusions

The action of radiogenic heat sources on the
formation and dynamics of KBO internal structure

has been investigated theoretically. For large KBO
objects (Varuna, Quaoar) the range of specific
volume part values have been determined where the
existence of these objects is possible from the
moment of their formation to the present time. The

The investigation of KBO formation processes and |ocation of phase transitions boundaries between
the evolution of their internal structure have been gifferent phase states of,® (different kinds of ice,
carried out for KBOs Varuna and Quaoar as an jce-water mixture and water) is found.

example. The following average characteristics of
these objects have been determined experimenfally [
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