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Abstract. The energy transfer problem in contact binaries is briefly reviewed. 

The need to consider energy transfer between the components of a contact binary comes 
from the consideration, in the Lucy (1968) model, that the energy radiated by a compo
nent is different from the energy generated in its deep interior. 

The effects of a source or sink of luminosity in the outer layers of a stellar model have 
been extensively studied and are moderately well understood; but the exact mechanism 
of energy transfer remains uncertain. The former aspect of the problem is summarized 
by Whelan (1972) and references therein; the latter problem has received attention re
cently from Hazlehurst and Meyer-Hofmeister (1973), Moses (1974), Nariai (1974), 
Webbink (1975), Yamasaki (1975) and Moses and Smith (1976). 

An order of magnitude estimate of the flux of transferred energy, F , may be written 
as F ~ c p p V AT where cp is the specific heat at constant pressure, p the density, V the 
sideways velocity and AT the temperature excess (Biermann and Thomas, 1972). This 
estimate shows that deep down in the adiabatic part of the convective envelope where 
the density is fairly high ( p ^ 1CT4 gem" 3 ) sufficient luminosity can be transferred at 
subsonic velocities. In contrast in the outer superadiabatic layers ( p ~ 10~ 6 ' 5 gem" 3 ) , 
even at sonic velocities, it is very difficult to carry the necessary flux. Since the exact 
position of the source or sink of energy is relevant to its effect on stellar parameters a 
more detailed understanding of the energy exchange mechanism is relevant. 

Moses (1974) and Moses and Smith (1976) have considered the details of the sideways 
energy transfer as a fluid problem with different regimes of length scales and dominant 
force, while Hazlehurst and Meyer-Hofmeister (1973) have drawn attention to the phy
sical conditions along equipotential surfaces and the size of the entropy gradient between 
components needed to drive the flow. The sideways flow must consider carefully the heat 
losses in the neck region connecting the components and the maintenance of a more or 
less constant temperature over the surface of a component. 

Nariai (1974) especially and Hazlehurst and Meyer-Hofmeister (1973) have drawn 
attention to circulation models which have been considered in detail by Webbink (1975). 
The possible inefficiencies of the sideways energy transport through the neck have led 
Webbink (1975) to consider the possibility of a large-scale circulation flow connecting 
the two components. The flow is driven by the rotation of the stars in analogy with the 
Eddington-Sweet circulation. The sideways parts of the flow may be inefficient at carry
ing energy but the vertical parts of the flow may generate or absorb energy due to the 
-TbS/bt gravitational energy generation term as matter flows along or against the entropy 
gradient in the convection zones of the component stars. Order of magnitude estimates 
indicate that such a vertical flow energy exchange may be capable of generating suf
ficient luminosity at subsonic flow speeds and a density of p > 10~7 gem" 3 . 
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There has been some progress recently in understanding and quantifying the energy 
exchange process between components of a contact binary system but much work remains 
to be done. 
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D I S C U S S I O N 

Shu: The problem you describe is exceptionally difficult - comparable to the problem of planetary 
scale circulation patterns in the Earth's atmosphere. The problem is that you have a situation where 
heat comes out from the bot tom at different rates; the analogue in the Earth is the different rates of 
heating at equator and pole. The redistribution of heat horizontally while maintaining a minimum 
amount of horizontal pressure difference is very complex, as you well know. 

Whelan: I agree. 
Shaviv: I would like to amplify Dr Shu's comment. Since opacity increases inward in these outer 

layers, heat will tend to flow along the meridian rather than inward. These heat currents will form 
large meridional circulation. 

Whelan: The Webbink model appeals to large-scale circulation. 
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