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In our previous papers (‘tutukov, Ergma, 1979; Ergma
and Tutukov, 1979) we have proposed a simple analytical
method to investigate the thermal evolution of shells
accreted onto the surface of a neutron star. We have used
this method for investigation of thermal evolution of
shells accreted onto the surface of a carbon-oxygen white
dwarf.

Let us suppose that hydrogen (or helium) layer is
heating only due to compressional heating of accreted
matter. During compression of newly accreted matter the
energy E (erg/g) is rcleased

GM' AR (1)

E*R°'%
where A R is the thickness of the envelope and

AR =M /4JL§th. (2)
Tuking that the envelope is in hydrostatical equilibrium
we have
= g4
Msh = (4JLR Psh) / (GM') , (3)

where M h is the envelope mass in g, M' is the dwarf
mass in® g, R is its radius in cm and Pah is the pressure
on the bottom of the layer.

In the stage of accumulation of nuclear fuel on the
surface of the dwarf the cnvoloag gains energy with
accreted matter at the rate « c™M', where c is the
velocity of light, M' is the accrotion rate in g/sec and

o[ is= part of energy that heats the envelope.

If there are no other sources (when hydrogen burning
shell is stationary, o = 0.,007) of heat except
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compressional heating, then accordimg to (1=3),
BP / -czo
sh ‘g sh

It is easy to show that durimg the accretion the
Auclear fuel shell is in the thermal equilibrium and itas
temperature can be estimated by equation

0(02 ﬁ' B(T{‘ ac R2 Tﬂh4 (4)

"“Tz omaR®
x ‘guh‘A

Equations (1-4) give

f}09.15 (Qt ﬁ)1/2 ah'1/3 nondegenerate
M gas (cold)

109.75 ('a- ﬁ[)1/3 (gah)1/3 nondegenerate

gas (hot)
y 7/12
7.1 XM 1/4  COsw degenerate
10 () nonrelativistic
‘Le electron gas
(cold)
Tan = 8.56 (® M,1/4 R 8h\5/12 4 t (5)
. s egenerate
10 ( N ) ( ) nonrelativistic
IL° electren gas
(hot)
8.1 XM 1/4 sh 5/12 degenerate
10 S0 =273 relativistic
e electron gas
(cold)

9,06 R M\1/4 sh\1/3 degenerate
\'° ) (%—e ) relativistic
electron gas
(hot)

For the helium layer we may have two regimes: a) "hot"
case (see eq, (5)) - if the hydrogen burning shell is
stationary, thea o = 710 ; b) "cold" came - if
compression of matter is the only heat source, The 8.45
results of our estimates for M = 1,3M¢e and R = 10°°
cm are presented in Fig, 1 and Table 1,

According to our estimates (see Eig. 1) for the
sccretion rates 107 '<M (Mg /yr) £ 10°° two regimes
are possible, One of them with quasistationary burning
hydrogem shell ("hot"), the other with flash burning
shell where during the hydrogem flash part of accreted
mass unites with the core and part of it may be lost
during the flash, Omnly "cold" regime may be responsible
for a nova outburst. In the course of flashes
(hydregen) the helium layer ig incrgqged slso by mass
and for some accretion rates M > 10"  My/yr it is
possible that a helium flash may be responsible for
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enrichment of the outer layer of the dwarf with C and

o glementa. The secernd interesting possibility arises
when M < 10” ? Mqo/yr. For this case the mass of helium
layer may be very large (~ 0.1'M.). This may lead to a
situation whem during accretiom gs of C=0 dwarf ine
creases up to the Chandrasekhar mass limit and in the
center carbon ignition condition is reached when central
density is high (1g ~ 10,0) (Ergma and Tutukov, 1976),
As it was shown by CRefhetkin et &l. (1979) neutron star
formation is possible after a supernova explosion if
central density is more than 10%% g/cm® , According to
our estimates to explain a recurrent nova by thermo-
nuclear model it requires 1) massigg white dwarf, 2)
rather high accretion rate M = 10 7Tl /yr. To avoid
post- flash quiet hydrogen burning, maaa loss is required
for a recurrent nova.
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Fig. 1 - Variation of 1lg T and 1g ¢ in the

envelope of the geccreting whiteSdwar? for df?terent

accretlon rates M is given Numbers along the lines give
Q/yr). Hydrogen (C*(p, ¥)N ') end helium

(30( > C ') ignition lines are marked by solid line,

Dotted line shows the line where degeneracy sete in.

Dashed line shows "hot" regime (see the text).
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