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Abstract. Construction and initial performance tests of the EVEDA (Engineering Validation and Engineering
Design Activities) Lithium Test Loop (ELTL) were completed; therefore one of the major milestones in the
engineering validation toward the IFMIF (International Fusion Materials Irradiation Facility) was accomplished.
The ELTL, which holds 2.5 tons of Li, is a prototype of a Li target facility for the IFMIF, and is the largest-ever
liquid lithium loop in the history of fusion research. Construction of the ELTL, which simulates the hydraulic
conditions of the Li target and purification systems envisaged in the IFMIF, is a main pillar of Japanese activities
related to the lithium target system in the IFMIF/EVEDA. The initial performance tests conducted after the
construction comprised of the following two stages: 1) basic operations (lithium charging and draining); and 2)
lithium circulation tests. In the second set of tests, the performance of each component comprising the ELTL
(e.g., the lithium cooler, electromagnetic pumps, flow meters, cold trap, and economizer) was confirmed to meet
the predefined specifications. In conclusion, it was demonstrated that the electromagnetic pump circulates lithium
at a flow rate of 3000 L/min through the target assembly. In the final stage of the circulation test, a stable lithium
flow at a velocity of 5 m/s was successfully achieved in the target assembly at an Ar gas pressure of 0.12 MPa.

1. Introduction
The International Fusion Materials Irradiation Facility (IFMIF) is an accelerator-based (D+-Li)
neutron source in which neutrons are generated by injecting two deuteron beams into a liquid
lithium stream (Li target) for testing materials to be used in the DEMO reactor. The
Engineering Validation and Engineering Design Activities (EVEDA) for the IFMIF have been
carried out under the “Broader Approach” (BA) framework between Japan and the EU since
2007.
The EVEDA tasks related to the Li target facility consist of five validation tasks and one
design task. Recent activities related to these tasks were outlined by K. Nakamura [1]. In the
validation tasks, a major activity is the design, construction, and operation of the EVEDA Li
Test Loop (hereinafter abbreviated as ELTL), and is implemented with the following
objectives:
-

Validation of the stable, long-term operation of a high-speed, free-surface liquid Li flow
hydraulically simulating the IFMIF target.
Validation of the diagnostics of the Li flow and the impurity control system for the Li
loop.

Designing of the ELTL was carried out from March 2009 to December 2009, and construction
in an existing building at the Japan Atomic Energy Agency (JAEA) O-arai site began in
November 2009. Finally, construction of the ELTL was completed on November 22, 2010
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after passing an authority inspection by a regional fire department. After completion of
construction, the components of the loop (e.g., the piping and tanks to be touched by Li) were
baked at 350 °C, and subsequently, 2.5 ton of Li ingots were installed into the ELTL prior to
the first operational tests.
Herein, the results of a series of initial operational tests (hereinafter referred to as the initial
performance test) conducted in advance of full-scale validation tests for the ELTL are
presented. The initial performance test was conducted for approximately three months
beginning in December 2010. The objective of the initial performance test was to examine the
basic performance as a liquid metal circulation loop (e.g., vacuum, heating, charging, and
draining of Li), and to examine whether the performance of the equipment, such as the
electromagnetic pumps and the target assembly that produce the Li target, fulfill the design
requirements. Items in the initial performance test are listed below:
1) Li charge and drain operation test;
2) Li circulation tests.
a) Electromagnetic pump and flow meter test
b) Air cooler test
c) Cold trap and economizer test
d) Off-line sampler test
e) Target assembly test
f) Instrument calibration
In this paper, the results of the electromagnetic pump and flow behavior test and the target
assembly performance are reported.
Bypath
line
Confinement
vessel

FIG. 1. Pipe and instrument diagram of the ELTL
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2. Outline of the ELTL
An outline of the ELTL configuration is
described here, because the details of each
ELTL component have been previously
reported [2-4]. FIG. 1 shows an outlined
piping and instrumentation diagram
(P&ID) of the ELTL, whose Li inventory
is 5.0 m3 and platform size is roughly 20
x 20 x 20 m3 (FIG. 2). The ELTL consists
of two major systems: 1) the main loop,
and 2) the purification loop with an
impurity monitoring loop.

The main Li loop was designed to supply
liquid Li at an adequate flow rate
(maximum: 3000 l/min (50 l/s)) and
temperature (operational range: 250 °C to
FIG. 2. Front view of the ELTL
350 °C) to the target assembly (TA), in
which the Li target is provided. The TA is
installed in a confinement vessel at the top of the ELTL platform, as shown in FIG. 2. The
purification loop with the impurity monitoring loop removes impurities (e.g., O, N, C) in the
Li and monitors their concentrations. The main loop consists of 6-inch (partly 4 and 10-inch)
Li circulation pipes made of 304 stainless steel (S.S.); the TA; a quench tank; an
electromagnetic pump (EMP); an electromagnetic flow meter (EMF); an air cooler; a surge
tank; a dump tank (storage tank); and valves. The tanks are connected to an Ar gas cylinder
and vacuum pumps in order to control the pressurized and vacuum conditions. The height of
the main loop was designed to prevent cavitation at the inlet of the circulation pump at a
maximum flow rate of 3000 l/min (50 l/s) in a vacuum.
3. Electromagnetic pump and flow meter test
3.1.

Outline of the EMP and EMF

The main loop and the purification with impurity monitoring loop each have an EMP, as
shown in FIG. 1, with flow rates of 3000 L/min and 20 L /min as the design maximum,
respectively.
There is a permanent magnet-type EMF for each of the main and purification with impurity
monitoring loops. To test the EMP and EMF for the main loop, the following tests were
conducted, along with calibration of the EMFs:
1) Validation of flow rate stability when a constant voltage was applied.
2) Validation of the design maximum flow rate.
During these two tests, the Li was circulated through a bypass line that bypasses the TA (see
FIG. 1).
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3.2.

Calibration of the EMF

3.2.1. Method and Procedure
The calibration of the EMF of the main loop was done by draining the Li, which was filled in
advance above the liquid level “High” in the quench tank, into the dump tank through the
EMF. While the Li liquid level in the quench tank passed through the “Middle” and “Low,”
levels, the signals from the EMFs and the liquid level sensors were recorded, as shown in FIG.
3. Furthermore, FIG. 3 also shows a typical time-series of signals from the EMF output
voltage and the three liquid level sensors (“Low,” “Middle,” and “High”), which dropped to
−23 V from 0 V when the liquid level fell below the sensors, i.e., the sensors are separate
from the Li. Because the Li
volume between the levels is
well defined, the flow rate at
a certain EMF voltage is
calculated by dividing the
known volume by the flow
time between the two levels.
The EMF output voltage is
taken as a time average
during the draining from
“Middle” to “Low.” In order
to determine the relationship
between the flow rate and the
output voltage, the above
process was conducted three
times using three different
FIG. 3. Signals of the EMF and liquid level meters during
flow rates by changing the
calibration (valve aperture 30 %)
valve aperture of the drain
valve.
3.2.2. Result
The relationship between the output
voltage and the flow rate for the main
loop’s EMF was obtained from the
linear least squares fitting:
V = 0.0118 x U,
where V is the output voltage (mV) and
U is the flow rate (L/min).
Although only three samples have been
obtained at this point, the root mean
square (RMS) error between the
obtained and fitted voltages is 0.328
[mV], and corresponds to a flow rate of
27.8 [L/min] and a flow velocity of 0.2
m/s at the TA, which is 1% of the
maximum velocity (20 m/s) .

FIG. 4. Linear correlation between the flow rate
and the output voltage of the EMF
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3.3.

Flow rate stability

3.3.1. Method and Procedure
To examine the stability of the flow rate produced by the EMP, a flow rate stability test was
performed. This test was implemented using the following procedure:
1) Li was charged up to the main loop. (The test (Li) temperature was 300C.)
2) A voltage was applied to the EMP and increased in small steps from the central
control room.
3) The flow rate signal from the EMF and the input voltage to the EMP were monitored
and recorded at flow rates of 1300 L/min during the daytime and 1000 L/min during
the nighttime.
4) The monitoring and recording lasted for three days.
3.3.2. Result on Main EMP
FIG. 5 presents the time-series signals
for the flow rate and input voltages
applied to the main EMP from an IVR
(induction voltage regulator). In FIG.
5, the daytime periods of the test, in
which flow rate was set at 1300 L/min
are from 2000 min to 2500 min and
6300 min to 6800 min. On the other
hand, FIG. 5 includes the signals
during an air-cooler test (from 7500
min to 9500 min), in which the flow
rate was increased to 1500 L/min.
When the voltage was set at 78 V
(nighttime test), the voltage fluctuated
FIG. 5. Time-series signals of the flow rate
from 77 to 80 V, and the RMS of the
and the applied voltage to the main EMP
difference between the set and
recorded voltages was equal to 0.76 V. For the flow rate, the mean value at a voltage of
approximately 78 V was 995 L/min (fluctuation range: 1039 to 953 l/min), and the standard
deviation was 13 L/min. The standard deviation of the fluctuation was one half of the
calibration result. Therefore, it was concluded that the flow rate was sufficiently stable with a
constant applied voltage of 78 V. Further investigation of the stability at a higher flow rate
range of up to 3000 l/min will be performed in the validation test phase.
3.4.

Maximum flow rate

3.4.1. Method and Procedure
After the stability was confirmed, the flow rated was increased to 3000 l/min, which is the
design maximum flow rate for the main EMP. The procedure was as follows:
1)
2)
3)
4)

The cover gas pressure in the loop (in the quench tank) was increased to 20 kPaG.
The applied voltage was gradually increased from 6 V to 7 V.
The flow rate reached 3000 L/min.
The voltage was decreased to finish the test.
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3.4.2. Result
The flow rate in the main loop
produced by the EMP reached 3100
L/min at 212 V and exceeded the
design maximum (3000 L/min). The
time-series signals of the test are
shown in FIG. 6. The EMP input
voltage was increased gradually while
monitoring the abnormal noise around
the EMP, and fluctuation of the
voltage and flow rate did not occur.

The experimentally obtained headdischarge curve (i.e., the pump
performance curve) is shown in FIG.
7. The solid lines indicate the
FIG. 6. Time-series signals of the flow rate and
discharge pressure against the flow
the input voltage
rate as a parameter of the supplied
voltage to the EMP. The dot-dashed and dotted lines indicate the calculated pressure drops in
the flow lines through the TA and the bypass line, respectively. The points where the solid
lines and the dotted lines cross are the typical operation points of the EMP. Experimental data,
including the design maximum flow rate data in the bypass line (3000 L/min at 203 V) and
data for the TA line (presented in a later section) are plotted as squares and circles in FIG. 7,
respectively. For the bypass line, the head-discharge curve based on the calculated pressure
drop is in good agreement with the experimental data obtained at various supplied voltages
from 80 V to 212 V.

FIG. 7. Pump performance curve with experimental data
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4. Target assembly test
4.1.

Target assembly configuration

A picture viewed from the top cover
side of the confinement vessel and a
schematic drawing of the TA are
shown in FIG. 8. The TA consists of
an inlet nozzle, a flow straightener, a
contraction nozzle, a target flow
channel, and an outlet nozzle. It is
installed in a confinement vessel
placed at the top of the platform, as
shown in FIG. 2. All of the parts
(except for the supports, viewing
windows,
gaskets,
and
the
confinement vessel) that come in
contact with liquid/gaseous Li are
made of 316L S.S.
With respect to the piping to the TA,
FIG. 8. Configuration of the target assembly inside the
the main loop has a bypass line for
confinement vessel
the TA, and two air-actuated valves
are installed both at the bypass line and the target line, as shown in FIG. 1. To circulate
through the TA, the Li flow is switched to the TA line after the flow rate is increased to a
certain value in the bypass line and its stability has been confirmed.
4.2.

Test procedure and results

4.2.1. Procedure
Two types of tests were performed according to the following procedure:
1)
2)
3)
4)

Li was charged up to the main loop.
The pressure in the quench tank was set at 20 kPaG.
The flow rate was increased through the bypass line.
Target test #1:
a) The bypass line flow was switched to the target assembly line.
b) The viewing port shutter was opened and the flow was observed (recorded by a
CCD camera).
c) The shutter was closed and the target flow was switched to the bypass line.
5) Target test #2:
a) The shutter was opened.
b) The bypass line flow was switched to the target assembly line. The target flow
was observed during the switching.
c) The target flow was switched to the bypass line. The shutter was closed.
For switching from the bypass line to the target assembly line, a sequential valve operation is
programmed to open and close in an instant by pushing a switching button on the control
panel.
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4.2.2. Results
A video image from the test is shown in FIG. 9. The
voltage applied to the EMP and the resulting flow rate
were 106 V and 735 L/min, respectively. This flow rate
corresponds to a velocity of 5 m/s at the TA flow channel
with an Ar gas pressure of 0.12 MPa. This voltage-flow
rate relationship is also plotted in the head-discharge curve
in FIG. 7, and the experimental results are in good
agreement with the calculated values.
As a conclusion of the target flow test in this initial phase,
the target flow at a relatively lower velocity was
successfully confirmed to be stable, with no significant
difference from the design value in the head-discharge
curve. Thus, these results confirm that the electromagnetic
FIG. 9. Video camera images
pump circulates lithium at a flow rate of 3000 L/min (20
at 735 l/min (106 V)
m/s in the target assembly) through the target assembly,
and demonstrate that the system is ready for a full-scale
validation test of the Li target flow up to a maximum of 20 m/s in the validation test phase.
5. Conclusion
The initial performance test of the EVEDA Lithium Test Loop (ELTL), which is a prototype of a Li target facility for the IFMIF and the largest liquid lithium loop in the world, was
completed. Therefore, one of the major milestones in the engineering validation toward
implementing the IFMIF was accomplished. In the initial performance test, the performance of
each component comprising the ELTL, as well as basic operations of the loop, was validated.
Based on the results of the performance test, it was confirmed that the electromagnetic pump
circulates Li stably, and that the flow rate can be increased to the design maximum of 3000
L/min. In the final stage of the circulation test, a stable Li flow at a velocity of 5 m/s was
successfully achieved in the target assembly at an Ar gas pressure of 0.12 MPa.
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