
4.1 .6 Grill Model 

The pressure loss characteristics of the grill were evaluated at air flow rates in the range of 
0.2Sm/s to 1.5m/s and then applied to a porous surface representing the grill. 

4.1.7 Normal conditions 

In normal conditions the model was given the maximum contents heat load, stood upright 
on a solid flat surface, with an emissivity of 0.90, in 38°C still air and subjected to the 
insolation specified in TS-R-1. 

4.1.8 Accident conditions 

In the thermal test the model, in each orientation, was enclosed in an 800°C environment with 
an emissivity of 0.9, i.e. as in a furnace, but with a forced updraft of 8 m/s producing peak gas 
flow rates not less than 10 m/s around the package. This complied with the IAEA 
recommendations, TS-G- I.I. After thirty minutes the environment was replaced by normal 
conditions, i.e. still air at 38°C with full insolation, until temperatures in all critical areas had 
stopped rising. 

4.2 B ENCHMARKING 

Once all external temperatures were in agreement with the test results the thermal contact 
resistance between the lead and stainless steel interfaces was adjusted until the mid-height 
cavity wall temperature was correct. The value obtained for the normal form model was 
400 W/m2.oC when the external flask emissivity was set to 0.45. This was changed to 
330 W/m2.oC when the Special Form study identified an emissivity of 0.55 as giving a better 
match with the measurements. The results are summarised as follows : 
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Figure 2: Prototype 
Thermal Model 

4.4 SENSITIVITY STUDY 

Figure 3: Modified Design 
Thermal Model 

The thermal analysis investigated the sensitivity of the design to various assumed values or 
attributes including those of its contents. The key design and modelling parameters are as 
follows: 

• The emissivity of flask external surfaces. 
• The emissivity of carbon steel surfaces. 
• The thermal conductivity ofthe flask, jacket and top shield insulation. 
• The number of capsules (total activity remaining constant) in the cavity. 
• The gas in the cavity. 
• The cavity gas pressure. 

The reference case contents consisted of sixteen R2089 sources in a neon filled cavity at 
I atm. The emissivity of the flask external surfaces was 0.4, the emissivity of the carbon steel 
surfaces was 0.9 and the conductivity of the insulation was the manufacturer's stated value. 
The contents heat load was the maximum pcrmitted and the environment was normal 
conditions in all cases except for the insulation conductivity which was also run in accident 
conditions. The results are summarised as follows: 
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Effect of Various Parameters on Nonnal Conditions Package Temperatures ["C] _ .-
Location Reference Emissivity of SIS Emissivity of CIS Ins cond 

Case 0_20 0.60 0.80 0.98 2*ki l1s 

Cavity wall (mid-height) 178 184 176 179 178 178 

Maximum lead temperature 168 175 166 169 169 168 

Closure fl ange (20mm below 136 142 133 137 137 136 
upper surface, 50mm from outer 
edge) 

Drain point (centre of cylinder, 138 144 135 139 138 137 
80mm from outer surface) 

Flask wall (mid-height, midway 139 146 137 141 140 139 
between fins) 

Flask foot (top surface, 30mm 62 62 64 64 62 63 
from outer edge) 

Top shield (top surface centre) 95 83 87 92 99 91 

Ambient 38 38 38 38 38 38 

'-' 

Effect of Variation in Insulation Conductivity on Accident Condition Package Temperatures ["C] 

Location Reference Case Conductivity Doubled 

Cavity wall (mid-height) 271 278 

Maximum lead temperature 268 271 

Closure flange (20mm below 253 258 
upper surface, 50mm from outer 
edge) 

Drain point (centre of cylinder, 224 231 
80mm from outer surface) 

Flask wall (mid-height, midway 254 264 
between fins) 

~.--- - -

- - _. -
Effect of Various Contents Parameters on Source Temperature [0C] 

--- - -
Reference Case Number of Capsules Cavity Gas Pressure [atm] 

-- -

I 

- -.. -
16/nconll atm 12 18 Helium Air 2 

--- - - --- - - -
334 348 325 265 360 332 

The sensitivity study demonstrated: 

• Flask temperatures are not particularly sensitive to the stainless steel emissivity in 
normal conditions of transport though a lower value does give slightly higher results. 

• Flask temperatures are not sensitive to the carbon steel emissivity or the insulation 
conductivity in normal conditions oftransport. 

• Flask temperatures are not particularly sensitive to the insulation conductivity in 
accident conditions though a higher value does give slightly higher results. 

• Contents temperature is sensitive to capsule activity (the higher the activity the higher 
the temperature) and cavity gas (air being worse than either neon or helium) but is not 
sensitive to the gas pressure. 
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