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Abstract 

A new liquid lithium pellet delivery system has been developed that will be used in several Li 
delivery schemes on NSTX-U. The LLPD is based on dripping Li out of a 300 µm nozzle. A high 
pressure gas is used to drive the formation of droplets which sets the frequency, up to 2 kHz, and 
drop size, 0.6 mm < ddrop < 2.0 mm. An alternative method for drop production uses a modulating 
current and permanent magnets to provide a J×B force that drives the formation of droplets. It is 
suggested that the current amplitude sets the size of the drops and modulation sets the frequency 
that the drops come out of the nozzle. It is intended to use the LLPD to deliver solid Li pellets for 
the granular injector system, fill the upward facing LITER (U-LITER) being developed and 
maintain fresh Li during a discharge by injecting Li drops into the plasma, ablating the Li and 
replenishing the coatings on the PFCs. 

Lithium Wood’s Metal 
Tmelt 
[oC] 180.51 70 

ρ 
[kgm-3] 512 9700 

γ 
[Nm-1] 0.4 0.42 

µ 
[Nsm-2] 5.03×10-4 0.291 

Re 
300 µm 3050 100 

Re 
500 µm 5090 200 
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•  Shown above is a selection of lithium pellets formed 
by the LLPD. 

•  Initially experiments have been performed with 
Wood’s metal since it’s a good surrogate for lithium. 

•  Lithium studies were performed at the University of 
Illinois, Urbana-Champaign. 
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Le[:	   Photo	   of	   the	   set	   up	   for	  
the	  horizontal	  LLPD	  .	  

Right:	   Photo	   of	   some	   of	   the	  
pellet	  formaHon	  and	  break	  up	  
with	  the	  horizontal	  set	  up.	  

Electromagnetic Pulsing 
•  An external regular impulse can force 

the breaking up of the Liquid metal to 
be regular. 

M. Orme et al. Rev. Sci. Instrum. 58(2), Feb 1987. 
M. Orme et al. Phys. Fluids A 2 (7), July 1990. 
M. Orme et al. Phys. Fluids A 5 (1), January 1993. 

•  Electromagnetic pulsing has been tried. 
– Modulating current sets the frequency 
– Amplitude i.e. the pressure generated, 

determines the drop/pellet size. 
–  Permanent magnets.  
–  SmCo High temperature (up to 500 oC) 
– B = 0.3 T 

•  Current 
– Modulated BoP 
–  I < 100 A 

No	   droplet	   forma*on	  
observed	   means	   higher	  
currents	   and	   B-‐field	  
needed.	  

E. M. Borges et al. Thermal Eng. Vol 
5 No 2, December 2006 pp. 16 - 23. 

Above:	  Frequency	  and	  pellet	  diameter	  are	  dependent	  on	  the	  
pressure.	  PloMng	  them	  against	  each	  other	  allows	  for	  them	  to	  
be	  calibrated	  against	  each	  other.	  

Le[:	  Curves	  based	  on	  modeling	  for	  the	  liquid	  metal	  flow	  rate	  
using	  the	  experimental	  data	  from	  frequency	  and	  drop	  size	  as	  
well	  as	  the	  model	  and	  a	  measurement	  using	  a	  3	  second	  burst.	  	  
 Wood’s metal with a 300 µm diameter orifice,  Lithium with 
a 300 µm diameter orifice,  Lithium with a 500 µm diameter 
orifice and × Wood’s metal with a 300 µm diameter orifice 
done with a 3 second burst.	  
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Schema*c	   showing	   the	   principle	  
behind	  	  the	  EM	  pump	  system.	  

Magnet
s	  
Electrodes	  

Tube	  

Insulato
r	  
Orifice	  side	  

Metal Conductivity 
[σ, Sm-1] 

Resistivity 
[ξ, 1/σ, Ωm] 

Volume 
[V, m-3] 

Resistance 
[R, Ω] 

Stainless Steel 1.45×106 6.90×10-9 3.06×10-7 2.14×10-4 

Wood’s Metal 1.13×106 885×10-9 1.20×10-6 2.285×10-4 

Lithium 3.52×106 284×10-9 1.20×10-6 73.32×10-6 

Le[:	  The	   ideal	  pressure	  and	  
frequency	   relaHonship	  
where	   the	   pellets	   produced	  
would	   be	   synchronous	   at	  
kRo	   =	   0.697,	   (a)	   Wood’s	  
metal	  and	  (b)	  lithium.	  

(b)	  

Piezoelectric Crystal 

•  Use a piezo-crystal to set frequency. 
•  Pressure set to have ideal Rayleigh condition kR0 = 0.697 
•  Produce synchronous drops 
J. M. Algots et al. Proc of SPIE Vol 5751, pp 885-891 
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Below	  Right:	  The	  
electromagneHc	  pulser	  
developed	  for	  the	  LLPD.	  	  

Table:	   A	   list	   of	   the	   conducHvity	   and	  
resistance	   of	   the	   stainless	   and	   liquid	  
metals	   for	   the	   volumes	   inside	   the	  
pulser	   tube.	   It	   shows	   that	   half	   the	  
current	   with	   Wood’s	   metal	   is	   lost	  
through	   the	   stainless	   steel	   wall.	   Thus	  
not	   allowing	   enough	   force	   to	   be	  
produced.	  

Above:	   Images	   of	   the	   Granular	   Injector	   developed	   at	   PPPL	   with	   the	  
original	  dropper	  and	  paddle	  	  shown.	  


