
EXPERIMENTAL STUDY OF LITHIUM CAPILLARY FLOW AND EVAPORATIVE PROCESSES 
UNDER SIMULATED REACTOR CONDITIONS.  C.G. Miller1 and T.F. Lin2, 1Independent Consultant, 
cgm124@gmail.com, 2Penn State University Applied Research Laboratory, P.O. Box 30, State College, PA 16804 

 
 
Introduction:  Liquid metals have long been mate-

rials of interest for space fission power applications due 
to several key properties.  In particular, the high surface 
tensions of liquid metals such as lithium offer great po-
tential for their use in capillary structures as a means to 
maintain passively safe coolant flow. 

Several space nuclear technologies have been pursued 
that utilize liquid metals in various capacities.  Lithium 
was used extensively as a working fluid in the SP-100 
program, in which lithium was circulated using thermoe-
lectric pumps [1]. In contrast, the SP-100 based liquid 
metal reactor (LMR) employed the active cooling concept 
for lithium circulation [2]. 

Other space reactor concepts have used passive capil-
lary forces to drive the flow of liquid metals in heat pipe 
configurations, such as the SAFE-400k [3] and the 
SAIRS [4], which incorporated liquid sodium heat pipes 
into the reactor core, and the HP-STMCs and SCoRe 
reactor systems [4-6], which explored the use of lithium 
heat pipes. 

The need for maintenance-free operation in space 
nuclear power systems and the attractive heat transfer and 
capillary properties of liquid lithium have led to the study 
of a Capillary Pumped Reactor (CPR) concept [7-9]. In 
the CPR, the fuel rods are completely surrounded by a 
capillary medium, which is used to wick liquid lithium 
over the fuel rods to provide completely passive cooling 
of the reactor core. Lithium flow is maintained by the 
generation of lithium vapor on the surface of the capillary 
structure, which also enhances the heat transfer. The va-
por is then used to power an energy conversion system to 
produce electric power, then condensed and returned in a 
capillary structure to the reactor core, as notionally sug-
gested in Figure 1. 

Extensive sets of experiments have been conducted to 
evaluate potential selections for the capillary medium in 
the CPR. First, the capillary performance of several can-
didate structures was explored using benign high surface 
tension liquids [8]. Using these results, some of the struc-
tures were selected for further study through lithium wet-
ting experiments [9]. Experimental work then progressed 
to this study of capillary structures under simulated reac-
tor thermal conditions. 

Experimental Setup and Procedure:  An experi-
ment to study the heat transfer characteristics of lithium 
in a capillary structure under simulated reactor fuel heat 
release conditions was conducted in an atmospherically 
controlled, fully instrumented quartz chamber to allow 

 
Fig.1. Schematic of CPR loop coupled with converter and 
radiator 
 
observation of the lithium flow throughout the experi-
ment.  The test section of the chamber consisted of a li-
thium pool, a vertical resistance heater rod to provide 
thermal simulation of a nuclear fuel rod, and a cylindrical 
sintered powder wick with an average pore size of 2 µm 
surrounding the heater rod.  The resistance heater rod was 
instrumented with six thermocouples evenly spaced in the 
axial direction, labeled TC W1 through TC W6 from bot-
tom to top. 

Prior to the experiment, the chamber atmosphere was 
argon purged and brought to a pressure of 13.8 kPa (2 
psia). The lithium pool was then heated to and maintained 
at 811 K (1000 °F).  The wick was set to an axial position 
above the surface of the lithium pool that allowed it to 
completely cover the hot section of the heater rod. 

Power in the heater rod was initially maintained at 
700 W, resulting in a heater rod surface heat flux of 77 
kW/m2, until steady-state temperatures were observed in 
the heater rod..  With the dry wick under steady-state 
conditions at 700 W, the wick was lowered into the li-
thium pool, and the transient temperatures were  recorded 
as the lithium was wicked over the heater rod. 

Results and Discussion:  Figure 2 shows the heater 
rod temperatures and power recorded during lithium 
wicking.  The initial spikes in temperature clearly indi-
cated the progression of lithium vapor up the dry wick 
structure, and the progressive increases in peak tempera-
tures indicated heating of the lithium vapor.  The large 
successive temperature drops in the four lowest thermo-
couples signaled the arrival and passing of wicked liquid 
lithium, while the elevated temperature of TC W5 indi-
cated that the capillary limit for this wick was reached at 
an approximate height of between 187.5
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Fig. 2. Heater rod temperatures and power during lithium wicking 

 
and 241.3 mm above the lithium pool.  TC W6 did not 
follow the temperature trend observed at the other ther-
mocouple locations due to a heat sink created by a nearby 
wick support plate. 

The peak temperatures observed during the experi-
ment were close to the lithium boiling point of 1339 K 
(1950 °F) at 13.8 kPa (2 psia) predicted by the Clapeyron-
Clausius equation. Thus, the experiment confirmed that 
the desired operating conditions for the CPR [8] are at-
tainable in practice. 

Throughout the experiment heavy lithium vapor pro-
duction was observed on the wick surface, along with 
heavy condensation of this vapor on the inner surface of 
the quartz. Through the observed vapor formation and the 
clear presence of lithium on the wick surface when 
viewed with a scanning electron microscope, it was de-
termined that the bulk of lithium vapor forms on the outer 
surface of the wick.  This supports the notional concept of 
Figure 1, in which the lithium vapor can be passively and 
massively produced to drive the energy conversion sys-
tem, then be condensed and returned back to the reactor. 

Another key observation from the experiment was the 
ability of the lithium to continue to wet the wick structure 
during evaporation. This validates a key part of the theory 
of lithium capillary pore system applications, which is 
that dry out can be prevented through the replacement of 
vaporized lithium with freshly wicked liquid lithium. The 
evidence for this observation was provided by both the 
lower heater rod temperatures under wet conditions and 

by the presence of lithium up to the observed capillary 
limit in the wick after the experiment. 

Conclusion:  The 2 µm sintered powder wick struc-
ture continues to be a viable candidate as the capillary 
medium in the CPR concept and technology. Excellent 
wettability and liquid regeneration in the presence of eva-
poration were shown with liquid lithium, and evaporation 
was shown to occur on the surface of the wick. Addition-
ally, heat transfer was vastly improved through evapora-
tion of the liquid lithium from the wick structure. Further 
investigation into the operating conditions necessary to 
remain within all limits of the capillary system is re-
quired. 
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