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ABSTRACT

A fhsed lithium chloride salt system’s constitutive properties were evaluated and compared
to a number of fluid properties, and water was shown to be an excellent simulant of lithium chloride
salt. With a simple flow model, the principal scaling term was shown to be a fimction of the
kinematic viscosity. A water mock-up of the molten salt was also shown to be within a + 3’XOerror
in the scaling analysis. This made it possible to consider developing water scaled tests of the molten
salt system. Accurate flow velocity and pressure measurements were acquired by developing a
directional velocity probe. The device was constructed and calibrated with a repeatable accuracy of
& 150A.This was verified by a detailed evaluation of the probe.

Extensive flow measurements of the engineering scale mockup were conducted, and the
results were carefidly compared to radial flow patterns of a straight blade stirrer. The flow
measurements demonstrated an anti-symmetric nature of the stirring, and many additional effects
were also identified. The basket design was shown to prevent fluid penetration into the fiel baskets
when external stirring was the flow mechanism.

1. INTRODUCTION

For seventy years, nuclear pyrochemical research has been conducted in the U.S. (lliggs and
Lilliendahl, 1930), and several extended process reviews have been published in the literature by
(Martinet and Caligara, 1973) and (Willit et al., 1992), as well as several comprehensive reviews
presenting the fimdarnental aspects of solid cathode electrodeposition in fhsed salts. See (Fleishman
and Thksk, 1963) and (Despic et al., 1972, 1983). In Europe and Japan, much of the published work
applying this technology to spent fiel reprocessing was done in the 1960s and 1970s, while during
the 1980s studies were conducted at Argonne National Laboratory (ANL). This work was done in
conjunction with fhel processing for the Integral Fast Reactor (IFR) program (Till and Chang, 1988)
and (Chang, 1989). Since 1994, the emphasis of pyrochemical research at ANL has been redirected
to demonstrate spent nuclear fuel conditioning for final disposal, and in association with this
research, both stable mineral waste forms are being developed (Pereira et al., 1996), as well as metal
waste forms (Westphal et al.,1994) and (Abraham et al., 1996).

Application of this treatment process on Experimental Breeder Reactor 11(EBR-11)spent fbel
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began in 1996. These fuels are metallic uranium containing bond sodium, and the driver assemblies
are mostly comprised of a U- 10Zr alloy. The peak burn-up of a fuel assembly is about 10 aO/O;
however, some test assemblies have been irradiated to burn-up levels approaching 20 a% (Goff et
al., 1994). The treatment process for metal fhels utilizes a combined fised salt liquid and metal
process in the electrorefining stage. The fbsed salt is a LiC1-KCl (58.5 -41.5 mole%) eutectic and
the liquid metal is molten cadmium.

In addition to applying this pyrochemical treatment to metal fuels, work is in progress to
apply it to oxide fuels (Gay and Miller, 1994) and (Laidler, 1994). The concept advanced for
reducing spent oxide fhels is to provide a preprocessing stage which reduces the oxide fhel, and then
use the existing metal process technique to complete the fiel treatment.

This preprocessing stage is designed to saturate fused lithium chloride salt with lithium metal
at an operating temperature of 650‘C. This is slightly above the melting point for lithium chloride
which is reported by Barin et al. (1977) and Rossini et al. (1977) to be 610 “C. At this temperature
the specific gravity of lithium is =0.47 and that of lithium chloride is =1.48 (Janz, 1967). Lithium
is only slightly soluble in lithium chloride, i.e. =0.5 molO/Oor 0.082 WtO/O at 6500 (Dworskin et al.,
1962). Therefore, the lithium and lithium chloride will normally exist as a multiphase liquid plus
saturated liquid when an excess of lithium is present in the system. The lithium chloride acts as a
fluxing agent, and is commonly used in brazing and welding applications (Scully, 1990) and
(Andrews, 1978), and as such it serves two fhnctions in the process. First, the fbsed salt dissolves
any impurities that would impede the reduction kinetics. Also, the salt is the difision medium for
removing the lithium oxide from the fiel matrix. The volubility of lithium oxide in lithium chloride
is 8.7 WtO/O at 650°C and the process is designed to prevent lithhm oxide from precipitating.

Physically, the preprocessing stage saturates fksed lithium chloride with molten lithium
which combines a powerful flux with a vigorous reducing agent. The result is a quick reduction of
most fission products and fiel oxides. The feasibility of this process has been confirmed by
Mcpheeters et al. (1994) in small-scale experiments on the order of 100 g metal oxide. The reaction
kinetics at this scale have been observed to be very high. Another device, called the engineering
scale facility (on the order of 10 Kg metal oxide), has recently been constructed and operated with
non-similar results. This apparatus is described by Karen et al. (1996):

The next phase of development for the oxide fuel demonstration program is to construct and
operate a new device that is volumetrically about an order of magnitude larger than the engineering
scale device. The equipment will be located in the Hot Fuel Examination Facility (HFEF) main cell
which is located at Argonne National Laborator - West (ANL-West). The purpose of this Pilot-Scale
Oxide Reduction (PSOR) device will be to demonstrate the lithium-based oxide fuel reduction and
salt recovery process with nominal 100-kg batches in a hot-cell environment.

Several ongoing and related research activities continue in order to complete the final
evaluation of the preprocessing apparatus’ design. They include: (a) quanti~ing the hydrodynamic
phenomena of the device; (b) evaluating the fluid transport dependent reduction kinetics; (c)
estimating the hot cell impurity effects on the Li/LiCl fhsed salt chemistry; and (d) estimating the
corrosion activity of the salt matrix.

Quantifying the hydrodynamic phenomena is the most essential task, since the reduction
kinetics, cell impurity and corrosion activity of the salt matrix are all strongly dependent on the fluid
flow field in the reaction vessel. For example, the kinetics of the reduction reaction are dependent
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upon transport of lithium to the oxide fuel, reaction of lithium with the metal oxides, and transport
of lithium oxide away Ii-em the fuel matrix and each of these transport mechanisms are Reynolds
number dependent. Thus, characterizing the hydrodynamic phenomena is requires if time-rate
reaction predictions are to be calculated. In addition to this, the PSOR stirring con.ilguration must
be scaled and designed to provide similitude in order to provide a predictable operation based on the
smaller scale devices ( Eberle et al., 1998). The impurity accumulation rate is a surface area
dependent phenomena. The surface area can be disturbed by the pumping power delivered to the
fluid, which again is Reynolds number dependent. Finally, since liquid metal and molten salt
corrosion rates increase with increasing Reynolds number, these results could impact the results of
previous corrosion studies (Eberle et al., 1997a, 1997b) and Olson et al. (1998).

2. HYDRODYNAMIC SIMULATION OF LITHIUM CHLORIDE

As previously noted, it is necessary to understand how salt flows in the PSOR reaction
vessel. Very little practical testing of the salt matrix’s hydrodynamic character can actually be
performed in situ, because the process temperatures are too high for most flow measurement
techniques, and too reactive to use most materials. So it was decided that tecluiques other than in ‘
situ measurements should be investigated. Furthermore, it was anticipated, that if successfi,d, it
would be possible to make better use of the smaller scale at temperature tests which have been
performed.

Some of the key physical properties of molten LiCl salt, are comparable to those of water at
room temperature. For the current system design, one of the unknowns is the flow field and
circulation in any of the scale devices. In any of the system scales pressure head must be know,
either to estimate the flow losses or estimate the pumping power required in devices. It has
previously been shown by Eberle et al. (1998) that the
dimensionless form, and can be written:

[)1/4 1.75

h ● “= 0.2414 v Q
gD 4“75

pressure head can be expressed in a

(1)>

where h*is the normalized water column height, v is the kinematic viscosity, Q is volumetric flow,
and g is the gravitational constant, and D is diameter. In this case, the water column height is
normalized by the total flow length. From the formulation in this equation, it can be seen that if the
water mock-up and a device are geometrically similar, then the pressure head can be scaled by the
kinematic viscosity, for the same volumetric flow rate. Furthermore, since the term is to the 0.25
power, then the actual head loss for the PSOR should be close to the water head measured in the
mockup device. A comparison of the kinematic viscosity for LiCl and Water as a function of
temperature is shown in Figure 1. Based on this data, the error should be less than 3°/0. However,
since the salt is nearly twice as dense and slightly more viscous, the power requirements for the
pumping of the molten salt will be greater than for the water mockup.

These results make it feasible to consider a water mockup of the PSOR device in order to
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Figure 1. Scaling comparison of fksed LiCl and water.

examine the hydrodynamic response of the reaction vessel. But fiu-thermore, it also allows for the
possibility of recreating the laboratory scale and engineering scale devices so that semi-quantitative
comparisons between all the devices can be made. In some preliminary studies it was determined
that the flow rates to be measured were on the order of one inch per second, which are extremely
low. This required some development of a low flow rate measurement technique. Furthermore, the
reaction vessel configuration made it impractical to use a common Pitot tube design, so it became
necessary to develop a probe technique as well.

3. PROBE CONSTRUCTION

In the areas of hydrostatics, pneumatics and dynamic measurements

-.

of fluids, there are
numerous techniques for acquiring pressure and veloci~ data. However, most are only applicable
over a specified measurement range. This makes the choice of measurement technique dependent
on the velocity range to be measured in an apparatus. In order to narrow the type of measurement
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technique to be used for this work, the flow was estimated in order to determine what might be a
feasible probe design. This was done using a simple estimate of the power per unit volume in the
bulk fluid. Creapeau (1997) had studied the effective power number, Po, for the laboratory scale
device, and the engineering scale device and found that the bulk mixing decreased with increasing
device size. Some fairly crude quantitative velocity measurements were also performed using
neutrally buoyant particles. These results indicated a velocity ranges on the order of 1 inch per
second in water.

Due to the small velocity and pressure ranges, it was expected that a multiplying gauge
would be necessary. In the literature, there are several methods for increasing the gauge
measurement; however, early on, a two fluid u-tube device was investigated, because it is usually
ideal for measuring small changes in pressure. In these devices there is a multiplication effect that
results in the density difference between a heavier and lighter fluid. The assembly design is shown
in Figure 2. For this device, a stainless steel probe is connected to a flexible tigon tubing connection,
so that the probe has free motion. The tigon tubes are in turn attached to sealed plastic cylinders
which provide the reading difference. In order to enhance the measurement sensitivity, an added
area effect was implemented by providing a horizontal bubble gauge to the multiplying gauge. This
modification increased the gauge multiplication by a factor of 70.

In addition to a multiplying gauge, a local probe was also needed. Several
commercial Pitot tube designs were examined, but none were not capable of examining confined
areas where knowledge of the flow field was critical. Several probe designs were examined. The
essential difference between these and a standard Pitot tube is at the fluid intake. For a Pitot tube,
the single inlet allows for a gauge measurement, whereas the double inlet provides a local
differential measurement.

There are a number of variables which can influence the measurement and accuracy of
standard Pitot tube measurements. They include the yaw and pitch of the probe in the fluid stream,
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the Mach number, M, boundary effects and turbulence. Other issues of practical importance are the
stabilizing time constant of the reading and apparatus repeatability. All of these are normally
examined in order to characterize a Pitot tube design. The probe design was primarily based on the
reading time constant and measurement repeatability.

The reading time constant is simply the time it takes for the pressure reading to reach
equilibrium. The time constant is a fimction of the tube length, tube diameter, as well as the
displacement volume of the manometer fluid. In standard manometer design, equilibrium pressure
can usually be achieved in less than 60 seconds. This became a criteria as we examined these 4
designs. Experimentally, the time constant was found to be most sensitive to the probe inlet
diameter, and so for all of the probe designs a 3/32” diameter inlet was used. This is consistent with
industrial recommendations that the inlet dkrneter remain larger than 1/16”.

4. CALIBRATION RESULTS

The probes and multiplication gauge were tested together in order to determine the range,
the device calibration and the repeatability of the measurement technique.

Since predictable flow rates at very low velocities were needed, the usual pipe flow
calibration was impractical to execute, and a water system under solid body rotation was used to test
his measurement technique. When a fluid is in solid body rotation then the mass moves without
deformation and there is no shear stress. Thus, only body forces cause pressure gradients in the fluid.
If a cylindrical container is partially filled with water and is allowed to rotate at a constant angular
velocity about its axis, then once the system reaches equilibrium there is no relative motion within
the liquid and a parabolic free surface is established in the container. The equation for a static fluid
in solid body rotation is:

-Vp+pg=pz , (2)

where P is the pressure, p is fluid density, g is the gravitational body force on the liquid and a is the
acceleration body force on the liquid. From Figure 3, it can be shown that if the reference point is
taken at the radial centerline then we may write:

Ah - (m‘)2-—
2g ‘

(3)

where h is the height of the fluid along the parabola in the solid body rotation, u is the angular
velocity or rotation, and r is the radial position from the axial centerline. For these tests, a turntable
angular velocity of 23.5 rpm was used. Also from continuity, the volume of air displaced from the
plastic cylinder must be the same as the volume in the oil line, so that:
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In this case the diameter ratio is the magnification factor for the pressure measurement from the
cylinder to the oil tube line. The inside diameter of the cylinder was 1.022 inches, and the inside
diameter of the oil tube was 0.125 inches. The friction and surface tension effects were ignored in
this case. Thus these assumptions further allow for a simple transformation from pressure head to
flow velocity:

V=dzm . (5)

Equations 3,4 and 5 provide the basis for a very sensitive Bernoulli correlation which can be used
to measure the local fluid velocity in terms of the oil displacement. This is shown in Table 1.

Table 1. Bernoulli Correlation Results for the 23.5 rpm Calibration.

Position R (in) v = Or (in/see) dh =@/2g (in) dl = (D#Dl)2dh (in)

1 2.75 6.768 0.059 3.965

2 2.25 5.537 0.040 2.654

3 1.75 4.307 0.024 1.606

4 I 1.25 I 3.0761 I I0.012 0.819

5 0.75 1.846 0.004 0.295

6 0.25 0.615 0.000 0.033

7 -0.25 I -0.615 I -0.000 I -0.033 I

8 -0.75 -1.846 -0.004 -0.295

9 -1.25 -3.076 -0.012 -0.819

10 -1.75 -4.307 -0.024 -1.606

11 -2.25 -5.537 -0.040 -2.654

I 12 -2.75 I -6.768 I -0.059 I -3.965 I

The calibration arrangement is shown in Figure 3. It consisted of a turntable with a
cylindrical canister of water that was rotated at 23.5 rpm. The system was allowed 10 minutes to
reach a steady state parabolic profile, so that transient changes in the free surface were minimized.
A drill press micrometer was used to provide a precision displacement of the probe in the rotating
fluid. The displacement accuracy was & 1 roil. Repeatability of the measurement was better than
12?40of maximum flow.
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Figure 3. Probe Calibration Assembly.

With the time constant data and repeatability understood, the last item to investigate was
measurement accuracy. This was done by examining the theoretical Bernoulli measurement against
the actual measurement of these probes. Tfiese results are shown in Figure 4. Four probe designs
were evaluated. Eberle et.al (1998) has documented the design details for each of these probes. All
four designs show a device measurement that is generally biased low with respect to the theoretical
Bernoulli measurement. This is believed to be caused by the combined surface tension and friction
in the capillary tube. Both these influences would tend to decrease the theoretical deflection.
Essentially both forces become a constant loss term in the energy equation as pressure head is
converted into flow rate. the measurement bias must be accounted for since the loss term is
significant. One way to account for these losses would be to estimate the values of the surface
tension and friction terms. However, there was not sufficient constitutive data concerning the oil
and the tubing to attempt such a calculation. The other way to account for the losses would be to
directly correlate the rigid body velocity to the measured displacement. This was done, and the
functional form of the Bernoulli correlation for relating oil displacement to velocity was:

VI VI = 15.7Ak , (8)

Where V is the local probe velocity measured in inches per second and Ah is the oil displacement
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Figure 4.Velocity Probe Accuracy Comparisons

in the multiplying gauge in inches. For this correlation, the correlation coefficient was 0.99 with a
system having 60 degrees of freedom. Overall, the measurement technique has a measurement
accuracy that is better than 15°/0,which is acceptable for the type of system measurements to be
performed in the scaled mock-up experiments.

5. SCALED APPARATUS DESCRIPTION

Next a scaled mockup of the molten salt reduction vessel was examined. A schematic of the
reduction vessel is shown in Figure 5. Some of the significant items necessary to achieve geometric
scaling include the vessel’s dimensions and fluid level, the fhel basket contlguration and stirring
apparatus. One of the significant features of the fiel basket is the double pouch cordiguration. The
intent of this design is to enhance the effective surface area of the fhel in the salt bath. This is
achieved by storing the fhel in a longer, thinner basket. Since the reduction kinetics are dominated
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Figure 5. Schematic of Molten Salt Reduction
Vessel.

by the porous transport, this dimension becomes critical in influencing the amount of time needed
to complete the oxide reduction process.

The mockup apparatus’ inside diameter is 17” (43.2 cm) its height is 36’’(91.4 cm). The
molten lithium chloride level in the reduction vessel occupies 39% of the volume, or 1.84 ft3 (52.3
liters). The crucible configuration is shown in Figure 6. The basket was made of stainless steel 10
mesh plate, that was welded together into a right rectangular structure. The Basket’s width across
the front face was 3.5” (8.89 cm) and the total thickness was 1.625’’(4.13 cm). The total thickness
consists of three regions. The first fuel region which was 0.625” (1.59 cm), the gap between the two
fhel regions which was 0.375” (0.953 cm) and the second fhel region which was 0.625” (1.59 cm).
The total fill height of the basket was 15“ (38.1 cm), however the fhel height was not allowed to
exceed 13.5” (34.3 cm)..

A simple four blade stainless steel mixer was used to stir the salt matrix. The blade pitch was
45 ‘relative to the horizontal axis with an outer blade diameter of 4.375” (11.1 cm) and a blade height
of 2“ (5.08 cm). For stability, the impeller blades were secured with a pair of fixed radial ribbons
on the top and bottom of the blade assemblies. The impeller shaft diameter was 1.75” (4.45 cm) and
the bottom of this stirring assembly was fixed 4“ (10.2 cm) from the bottom of the reaction vessel.

10
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Figure 6. Crucible Configuration

The stirring speed was set at 500 rpm.
The water mockup of the molten salt system was built on a 1:1 scale. The crucible was

simulated from Plexiglass, so that internal visualization of the flow could be performed. The
impeller and fuel basket were constructed from design specifications. Plexiglass disks were used to
simulate the geometric displacement of the Iithlum cathode. These consisted of a set of fourteen 4“
(10.1 6 cm) O.D disks. These disks were mounted on a thin spool rod that separated each disk by
0.375” (.953 cm) and the disks were ().5” (1.27 cm) thick.

A steel mounting ring was built to constrain the stirring assembly relative to the fuel basket
inside the vessel. Stirring was achieved by placing a Variac on the drill assembly and calibrating
the rotational speed with a tachometer. As previously noted, this allowed for firly accurate stirring
speed from 50 to 1200 rpm. A side view photograph of the actual assembly is show in Figure 7.

The test assembly was designed to acquire 17 probe measurements when the fiel basket was
empty, and 15 for measurements when the fhel basket was filled with material. The probe
measurement locations are displayed in Figure 8. Measurements were acquired at a bottom, middle
and top location in the vessel. The axial height of these measurements are indicated in Figure 9. The
bottom measurement was 1 cm from the bottom of the plexiglass vessel, the middle measurement
was at the fuel basket midpoint 7.5” (19.1 cm) from the bottom of the basket, and the top
measurement was 1” (2.54 cm) Iiom the top of the water level.

6. MEASUREMENT RESULTS

11
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Figure 7. Side View of the Engineering Scale Equipment

In general, the direction of flow was expected to be radially outward from the blade near the
bottom with a direction reversal close to the free surface. A typical flow pattern for a flat blade stirrer

“’=-””’”

Figure 8. Measurement locations
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Figure 9. Probe Mea~urements - Side View

is shown in Figure 10. The intensity of the flow should be larger near the bottom of the vessel and
then decrease near the surface. The fluid speed should decrease near solid bodies. Qualitatively,
these expectations were seen in the flow measurements

Figures 11, 12 and 13 are the vector results of the data acquired for the engineering scale
mockup for elevation planes A, B and C respectively. Elevation plane A was the lower level flow
vector diagram which was measured 3“ (7.62 cm) from the bottom of the vessel. Elevation plane
B was the middle level flow vector diagram which was measured at the fuel basket midline 7“ (17.8
cm) from the bottom of the vessel. Elevation C was the top level flow vector diagram which was
measured 13“ (33 cm) from the bottom of the vessel.

The measurements show that an overall clockwise rotation was characteristic at each of the
elevation planes in the vessel, which was consistent with impeller direction. Also, since there are
significant differences in the flow vector’s magnitude and direction at some of the fixed radial
location, the flow can not be in solid body rotation.

6.1 Observations for flow Around the Basket

At probe location 1, the overall split in direction seems to be qualitatively correct. At the

13
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Figure 10. Flat Blade Radial Flow Pattern

lower levels, near the stirrer, the flow direction is counterclockwise. Furthermore the flow change
direction also as expected. However, the change in magnitude is not what was expected. The
measurement indicates that the magnitude increases as the measurement gets close to the surface.
Visually, the surface in that region was very choppy and some surging also was seen, which would
explain the result. This is most likely cause by fluid re-circulated from the outer vessel boundary.

At probe location 2, it was expected that the flow velocity would be nearly zero since the
location is a stagnation point. Interestingly enough, the location is not a stagnation point, nor does
it react like an open region with a flat blade stirrer. All of the flow across the front face of the fhel
basket is away from the vessel boundary, and it’decreases as the measurement approaches the fluid
free surface. The flow across the front surface of the fuel basket qualitatively decreases axially
towards the free surface. This results in a non-uniform penetration into the fuel basket along the axial
direction. This implies that the chemical reduction in the fuel basket will be non-uniform in the axial
direction and that if all other factors remain equal, the fiel will reduce faster in the bottom of the
basket than in the top.

At probe location 3, the results are similar to a region experiencing flow separation behind
awake region of a solid body. This data was difficult to capture because of large statistical variations
in the measurement. The flow rate was expected to decreasing towards the free surface, however
thies results do not conllrm this. Unfortunately none of the observations provided any keys as to why
this region performs in this manner.

14



Elevstlon Plane - A

Figure 11. Flow Vector Diagram - A

Elevation PIaae. B

Figure 12. Flow Vector Diagram - B

At probe location 4, the region has an extremely complicated boundary condition. There is
no know analytical form to compare it with. Except near the top, the flow rate exceeds the calibration
measurement which indicates one of two possibilities is occurring at this location. The first
possibility is that the bulk of the fluid expelled by the stirrer follows the vessel wall in a clockwise
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Elevation Plsne - C

Figure 13. Flow Vector Diagram - C

direction. A second possibility is that a venturi affect from the contraction is created by the basket
and vessel wall. If the contraction is the cause for the large flow rate, then it would be difficult to
evaluate since the region in between the fuel baskets is an open channel. More refined measurements
are need to determine which mechanism is more likely to cause the flow pattern.

At probe location 5, the results indicate that a reversal occurs. This makes determining how
a gradient might exist between the plates rather difficult. However, near the bottom of the vessel,
the pressure gradient is definitely radially inward, where as near the free surface it changes to
radially outward. The skewed direction of the flow at level B is probably due to flow separation at
the front face of the fuel basket.

Probe locations 13 and 14 are inside the baskets. These two flow measurements are not equal
and so a pressure gradient decreases azimuthally. in the clockwise direction. At elevations A and B
the gradient across the basket assembly is the same.

Because of the unusual flow patterns seen in the previous results, it was decided to extend
the original examination and take a set of vertical flow measurements close to the fiel basket. These
results are shown in Figure 14. Measurements were taken at locations 2 and 3 as well as at point 4b,
which was in-between the fbel pouches and located in the center of the channel. The results clearly
demonstrate that the dual pouch assembly creates what is a counter current flow configuration. The
item which is most curious is the region between the fiel baskets about halfway between elevation
A and B, where the flow comes from two directions. This implies that the bulk of the flow must
enter the basket in this region, since continuity requires a sink at the wall in order for a mass balance
to occur. For the flow outside of the right most basket, the decrease in flow is expected since
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Figure 14. Vertical FlowVectorDiagram

somewhere just before the vessel flow there must be a stagnation point caused by the boundary.

6.2 Observations for Flow Around the Cathode

The flow near the cathode was extremely complicated and the results essentially do not
compare with any simple analytical models. From these results some qualitative comparisons are
possible. It should be noted that in order for the lithium to saturate the molten salt matrix, there are
three mechanisms which could infhience how fast the liquid metal diffises into the salt. The first
mechanism is due to pure concentration gradients; the second mechanism is due to advective
transport gradients; and the third mechanism is due to pressure gradients. The pressure gradients and
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the advective flow gradients are considerably larger forces on the
concentration gradient of lithium saturating into the lithium chloride.

lithium in the sponge than the
Both of these mechanisms will

decrease in the axial direction, so it is expected that the rate of lithium diffusion into the salt matrix
will be greater near the vessel floor than near the free surface. However, the mixing will tend to
homogenize the saturated lithium throughout the circulating volume.

7. CONCLUSIONS

An extensive review of the literature has show that scaling of molten salt systems in
pyrochemical processing has not been previously used for enhancing the fluid dynamic data crucial
in understanding the physiochemical transport of these systems. Neglect of such data seriously
impedes our fundamental ability to predict phenomena such as the chemical kinetics, to predict
interracial reactions such as nitride production (which seriously enhances corrosion), as well as to
predict vessel corrosion mechanisms which are extremely sensitive to fluid flow at high
temperatures.

The evaluation of fised lithium chloride systems demonstrated that water is an accurate
simulant of salt transport, and that it provides an accurate means for acquiring data than is not
currently possible to obtain any other way. Perhaps the most significant impact of this work is in
design investigation. By constructing a much cheaper device that can be tested against performance
requirements, this methodology has saved a lot of money and increased our basic understanding
transport phenomena.

A somewhat crude and simple flow measurement technique was developed and shown to be
accurate and usefil for investigating directional flow in small areas that other techniques were not
capable of doing. Extensive measurements were taken on a mockup which have provide a detailed
understanding of fluid flow in a fhsed salt device.

NOMENCLATURE

a

D

D cylinder

Dtube

g

E“

Ah
AL
P

Q

;
T*
v

Acceleration
Diameter
Magnification tube diameter
Oil line diameter
Gravitational force
Gravitational constant
Normalized water column height
Differential fluid height
Oil displacement
Pressure
Volumetric flow
Radial position from centerline
Local velocity
Reduced temperature
Kinematic viscosity
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a

P Fluid density
(1.) Angular velocity
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