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�
I. Introduction


Estimate helium density in the core plasma, � EMBED Equation.2  ���, assuming that helium is pumped out by entertainment in liquid metal flowing through the working chamber


� EMBED Word.Picture.6  ���


� EMBED Equation.2  ��� and � EMBED Equation.2  ��� are the diffusion coefficient and density of helium in liquid metal; � EMBED Equation.2  ��� is the residual time of liquid metals in working chamber; � EMBED Equation.2  ��� is the stopping distance of helium ion; and � EMBED Equation.2  ��� is the distance at which helium is transported 


�
For � EMBED Equation.2  ���  and helium recycling at the wall the helium balance equations are:


Incoming flux = outcoming flux at the surface:


� EMBED Equation.2  ��� (1)


� EMBED Equation.2  ��� is the helium ionization mean free path, � EMBED Equation.2  ��� is the plasma diffusion


coefficient, and � EMBED Equation.2  ��� is the wall surface area


Production rate  = evacuation rate:


� EMBED Equation.2  ���


						� EMBED Equation.2  ��� 		(2)


� EMBED Equation.2  ��� is tokamak minor radius,  � EMBED Equation.2  ��� is the plasma heat diffusivity, � EMBED Equation.2  ���, and


� EMBED Equation.2  ��� is the plasma volume


From Eq. (1), (2) with we find


	� EMBED Equation.2  ���,			(3)


� EMBED Equation.2  ��� is the minimum core helium density which corresponds to � EMBED Equation.2  ���


For diffusive transport, � EMBED Equation.2  ���, we have


� EMBED Equation.2  ���


					� EMBED Equation.2  ���,	(4)


which for � EMBED Equation.2  ��� and � EMBED Equation.2  ��� gives


� EMBED Equation.2  ���� EMBED Equation.2  ���


However, internal flows in liquid metal can result in the increase of � EMBED Equation.2  ��� and � EMBED Equation.2  ��� reduction


�
II. Effects of liquid metal internal flows


� EMBED Word.Picture.6  ���


For the case of a small flow velocity, � EMBED Equation.2  ���, we can estimate � EMBED Equation.2  ���


Assuming that � EMBED Equation.2  ��� (� EMBED Equation.2  ���) we find


� EMBED Equation.2  ���	


		� EMBED Equation.2  ���		(5)


�
For the case of a large flow velocity, � EMBED Equation.2  ���, helium transport inside liquid metal can be described by effective diffusion coefficient	� EMBED Equation.2  ���


where power � EMBED Equation.2  ��� depends on the details of the flow


Therefore we have � EMBED Equation.2  ��� and 


	� EMBED Equation.2  ���


For the case � EMBED Equation.2  ���  we have 


� EMBED Equation.2  ���	(6)


For � EMBED Equation.2  ���, � EMBED Equation.2  ��� and � EMBED Equation.2  ��� from Eq. (6) we find 


	� EMBED Equation.2  ���			(7)


�
III. Conclusions


Internal flows in liquid Li can significantly enhance helium pumping by Li 


Simple estimates suggest that internal flows in Li with velocity � EMBED Equation.2  ��� and scale length � EMBED Equation.2  ��� can reduce � EMBED Equation.2  ��� to a tolerable level


More accurate calculations are needed


In particular, time dependent features of internal flows can be important


Instabilities associated either with liquid Li flow in the magnetic field or plasma-liquid Li interactions can be a trigger of such internal flows in liquid Li


