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Sandia Laboratories to provide information on pressure levels 
and conversion of thermal energy into mechanical work in LMPBR 
cores during hypothetical, superprompt-critical excursions. 

Pressures generated in these experiments are recorded by a 
pressure transducer located at the top and bottom of a sodium 
channel surrounding a single, fresh D0_ fuel pin. Work energy 
conversion is measured by a linear motion transducer connected to 
a piston at the top of the sodium column. Since the pressure 
transducers are located fairly far from the location of pin failure, 
it becomes necessary to determine the effect of channel geometry 
and piston motion on the -observed pressure data. A two-dimensional, 
hydrodynamic analysis of pressure pulse propagation in the fuel pin-
coolant channel geometry was therefore performed using the CSQII 

2 computer code. 

The initial scries of PBE experiments consists of single, 
fresh U0, pins surrounded by a sodium-filled or dry-coolant channel 

£ 3 contained in a closed test capsule. The capsule is subjected to 
a maximum pulse in the Annular Core Pulse Reactor (ACPR) resulting 
in an energy deposition of from 2350 to 2900 J/g (14 and 20 percent 
enriched pins). The pulse width at half maximum (PWHH) is about 
5 ms. A more complete description of the experiment hardware and 
data can be found in Ref, 3. 
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The PBE-5S experiment was selected for analysis, since the 
data are reasonably typical of the whole sodium-in series. 
Figures la and 2a show the recorded pressure data. The failure 
location was about 14 cm from the bottom of the fuel column. 

The computer simulations were started from tine of failure 
and extended 2 to 3 ras in real tirae. The basic model consisted 
of fuel material at a constant pressure (2 00 bar) connected to the 
sodium channel via a 1.B cm break. Clad and structure were repre
sented as fixed boundaries; initially no piston motion or heat 
transfer were included. Figures lb and 2b give the results of this 
case. The peak pressure at both transducer locations is 2.2 times 
pin pressure, and lh»t pulse width and periods roughly match the 
experiment. Decay of the pulse train is not as rapid. 

A second case, incorporating a free piston at the channel top 
in the model, is shown in Figures lc and 2c. The bottom/top pressur 
ratio (1.57) now matches the experiment (1.52) and three pulses are 
seen at the v.op. In PBE-5S, only two pulsus are seen at the top; 
this is probably because the driving pressure in the experiment has 
died away by the time of occurrence (about 33.6 ms) . A second 
possible effect, seen in a CSQII calculation with a lower pi:". 
pressure (60 bar), is that the piston will outrun the sodium column, 
again resulting in no third pulse. 

A third case, incorporating heat transfer between fuel and 
sodium, was computed but did not agree well with experimental data. 
High sodium pressures were generated due to the thermal equilibrium 
assumption of CSQII when dealing with mixed UO_/Na mesh cells. 
Pulse train damping was faster than in PBE-Es. 

The hydrodynaraic calculations were thus able to identify 
mechanisms responsible for some of the features in the recorded 
pressure data. The effect of the free piston in reducing the top 
transducer pressure was demonstrated and an upper limit on pressure 
multiplication obtained. Pulse widths and periods were also 
reproduced. 
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Figure 1. Comparison of Bottom Pressure Transducer to CSQXI. 



Figure 2. Comparison of Top Pressure Transducer to CS2H* 
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