Proposal

CRP on Small Reactors Without Onsite Refueling – Rev. 1  1/20/2006
Group 3:  

Liquid Metal and Molten Salt-Cooled Designs 

Task 1 for 2006:  
Create a Handbook of Core Design Data

I. Background 

Each design team relies on a core design methodology comprised of:


A suite of computer codes



for neutronics



for thermohydraulics



for structural mechanics

       and


databases of properties of fuels, coolants and structures regarding



neutronic properties



thermophysical properties



thermochemical properties



thermostructural/fluence properties


It was agreed that as Task 1 for 2006, each design team will contribute to the creation of a Handbook of Core Design Data.  Year 2006 activity will consist of information collection for neutronics and thermohydraulics – with no attempt to harmonize the separate design team databases.  (Comparison of data will likely prove valuable, however, when assessing causes for discrepancies in Task 2 benchmarking calculations).  Thermostructural methods and data will be deferred to 2007.  

II. Proposed Overall Structure for the Handbook


The proposed overall structure is:



Neutronic Design Methodologies




Design Team 1
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Thermohydraulics Design Methodologies
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Thermostructural Design Methodologies
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[image: image3.wmf]M





Design Team n

III. Proposed General References


Several general reference documents are available – containing extensive background information, data, and discussions of comparative features of alternative coolants:

a. Peter A. Fomitchenko, “Physics of Lead-Cooled Reactors: published lectures prepared for the 1998 Frédéric Joliot Summer School of Reactor Physics, CEA, Cadarache, France, August 17-16, 1998.

b. IAEA TECDOC 1289 “Comparative Assessment of Thermophysical and Thermohydraulic Characteristics of Lead, Lead-Bismuth and Sodium Coolants for Fast Reactors (June 2002).

c. Others (?)

IV. Proposed Entries for Neutronics Methodology

a. Basic Nuclear Data Set and Processing Methods
b. Description of Energy and Spatial Homogenization Procedure (if applicable, i.e., if Continuous Energy Monte Carlo is not used)

i. Description of procedure

ii. Broad group energy group boundaries

iii. Fission emission spectrum

iv. Reference citations for codes

c. Description of Whole Core Flux Calculation

i. Type of solution (finite diff., nodal; diffusion theory, transport) 


or Monte Carlo (typical 1σ uncertainty on keff)

ii. Reference citation for codes

d. Description of Depletion Calculation (microscopic or macroscopic)

i. Burnup chain

ii. Flux recalculation interval; modeling of control rod motion

iii. Fission product treatment

iv. Reference citation for codes

v. Description of Reactivity Coefficient Generation Methodology; 1st order vs exact

e. i
f. .
Number of groups 
i. Spatial treatment (core integrated or space dependent)

ii. Basic data used for delayed neutrons

iii. Reference citations for codes (description of methods)
g. Heating calculation procedure
i. Pin power

ii. Gamma Heating
h. Other (?)

V. Proposed Entries for Thermophysical Properties of Coolants


Group 3 has four (or more) coolants:




Na




Pb




Pb-Bi Eutectic




Molten Salt (multiple options)


Each design team will decide to which coolant(s) they wish to contribute data.


Temperatures invariant thermophysical properties as shown in Table 1 (from TECDOC 1289) should be reported.


Requested temperature-dependent data (up to 1000°C for all but Na) include:




Density




Thermal expansion coefficient




Dynamic viscosity




Thermal conductivity




Specific heat




Compressibility




Surface tension




Speed of sound




Others (?)

Temperature-dependent thermophysical properties can be reported either in table form as shown in table 2 (from TECDOC 1289) or preferably as a fit vs relevant state variables (such as temperature).


In all cases graphical display of measured data with superimposed fit and with associated literature citations is preferred.  (The range of applicability of the fit should be stated.)


Additional thermophysical data of special relevance to shipping with frozen coolant pertain to volume changes upon freezing and thawing – both during liquid/solid phase change and during any solid state phase changes.

VI. Proposed Entries for Thermohydraulic Correlations for Coolants


Group 3 has four (or more) coolants:




Na




Pb




Pb-Bi Eutectic




Molten Salt (multiple options)


Each design team will decide to which coolant(s) they wish to contribute data.


Whenever possible pressure drop and heat transfer correlations should be presented in a format that includes:

· A plot of the experimental database

· A fit of the experimental data and its display superimposed on the data

· A range of applicability for the fit

· Literature citations for the datapoints and the fit

Geometries of interest include:

· Pipe flow

· Flat plate

· Pin cluster with wire wrap

· Pin cluster with grid spacers


Special correlations of relevance to heavy liquid metals include:

· Erosion rates versus flow velocity and geometry

· Oxide layer effects on film coefficient of heat transfer


Heat transfer and pressure drop correlations relevant to buoyancy driven flows are of special interest.
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TABLE 1. THERMOPHYSICAL PROPERTIES OF SODIUM, LEAD, BISMUTH AND
LEAD-BISMUTH EUTECTIC ALLOY (44.5% PB; 55.5% BI)

Properties Na Pb Bi PbBi

Atomic number 11 82 83 -
Atomic mass 22.99 207.2 | 208.98 -
Melting temperature, °C 98 3274 271.4 125
Boiling temperature, °C 383 1745 | 1552 | 1670
Heat of melting, kJ/kg 114.8 24,7 54.7 38.8
kJ/mole 2.6 5.1 11.4 8.07
Heat of vaporisation, kJ/kg 3871 856.8 852 852
kJ/mole 89.04 178 178 178
Density, kg/m? at 20°C (solid) 966 11340 9780 10474
at 450°C (liquid) 845 10520 9854 10150
Heat capacity, kl/kg K

at 20°C (solid) 1.230 0.127 0.129 0.128
at 450°C (liquid) 1.269 147.3 150 146
Thermal conductivity, W/m K i

at 20°C (solid) 130 35 84 12.6
at 450°C (liquid) 68.8 17.1 14.2 14.2
Kinematic viscosity, m%/s at 450°C 3107 19107 | 13107 | 1.4-.107
Prandtl number at 450°C 0.0048 | 0.0174 | 0.0135 | 0.0147
Surface tension, mN/m at 450°C 163 480 370 392
Volume change with melting,% +2.65 +3.6 —3.3 ~+0.5

TABLE 2. THERMOPHYSICAL PROPERTIES OF LEAD

t, | p 10| C, A |a&10%,[ v, x10™), | Pr, | o, (x107), [ pe, (x10%),
°C | kgm® | ek | wmK | m¥s m¥s | x10%) | Nm Ohm:m
330 | 10.67 | 14730 | 15.83 | 10.07 | 23.90 237 | 44581 93.77
400 | 10.58 | 14730 | 16.58 | 10.64 20.99 1.97 | 441.33 97.02
500 | 10.46 | 147.30 | 17.66 | 11.46 17.63 1.54 | 43493 | 101.67
600 | 10.34 | 14730 | 18.74 | 12.31 15.19 123 | 42853 | 106.32
700 | 1021 [ 14730 | 19.82 | 13.18 13.69 1.04 | 42213 | 11097
800 | 10.09 | 147.30 | 20.90 | 14.07 13.13 0.93 41573 | 115.62
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