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1. INTRODUCTION  

A CFD (Computational Fluid Dynamics) benchmark 
calculation for the steady state phase of a post-blowdown 
experiment (CS28-1) in a single high fuel channel [1] was 
performed to assist the development of the an accident 
analysis program for a CANDU-6. This CFD analysis 
was designed to support the verification work of the 
CATHENA code for the post-blowdown event, because 
the post-blowdown phenomenon was dependent on the 
complicated geometry of the fuel, especially for a 
combined radiation and convective heat transfer between 
the heat structures and the steam/CO2 flow. And also the 
amount of thermal radiation absorption by steam and CO2 
may affect the temperature distribution of the fuel channel. 
The CFX5.7 using the coupled solver algorithm was used 
for the present calculation.  

 
2. POST-BLOWDOWN TEST (CS28-1) [1] 

The experimental facility consisted of a test section of 
a 28-element fuel bundle (Fig.1) including the calandria 
tube, a cooling water tank and a boiler to produce a 
superheated steam. A 10 kW power was supplied to the 
heater simulating the FES. The test section annulus had a 
gap between the PT (Pressure Tube) and the CT 
(Calandria Tube), through which CO2 gas at 6 l/min 
flowed to maintain the oxide layer on the outside of the 
PT. The test was started by providing superheated steam 
of about 700 ℃ at 1 bar into the test section with 10 g/s. 
As for the results of the test, about 7.8±1.3 kW of the heat 
generation was transferred from the FES to the moderator 
tank by a radiation heat transfer.  

 
3. CFD ANALYSIS [2] 

 
3.1 Grid Model and Boundary Conditions 

A full grid model of the FES to the CT simulating the 
test section (Fig. 1) was generated, because a non-
uniform steam temperature of about a 100 ℃ difference 
at the inlet region may have a large effect on the heat 
transfer phenomenon. The cooling water tank with its 
bulk temperature of about 40 oC, was treated as a 
boundary condition on the outside surface of the CT. The 
number of meshes in the grid model was 4,324,340 cells 
including 180 cells along the axial direction. As for the 
boundary condition, a heat source condition simulating 
the electric heater power of 10 kW was given according 
to the power ratio [1]. The assumed steam temperature 
distribution at the inlet region was as shown in Figure 2. 

The pressure outlet boundary condition was set at the 
outlet region for the steam and the CO2 in the test section. 
The temperature dependent properties of the heat 
structures of zirconium, alumina and graphite in the test 
section were used for the CFD input [2]. The emissivity 
value on the FES surface, the inside and the outside 
surface of the pressure tube, and the inside surface of the 
CT were 0.8, which was quoted from the input of 
CATHENA [1]. And also, the emissivity value of the 
space plate was assumed as 0.8 because the material of 
the space plate was the same as that of the FES. Plank-
mean absorption coefficient [3] was used for a radiative 
heat transfer of steam and CO2 in the fuel channel. 

 
 

Figure 1.  Grid Model in the CFD Calculation 

 
Figure 2.  Assumed Steam Inlet Temp. Distribution 

 
3.2 Flow Field Models and Heat Transfer Models 

The fluid flow and the heat transfer phenomena in the 
high temperature fuel channel were treated as a 
compressible flow, a highly turbulent flow, a conduction, 
a convection and a radiation heat transfer. The governing 
equations used in this calculation were the Navier-Stokes 
and the total energy equation with a coupled solver 
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algorithm. The discrete transfer method [3] was used for 
the radiation heat transfer calculation. 

 
3.3 Discussion on the CFX Results 

The result of the heat balance calculations and the 
temperature of the steam and CO2 including the 
temperature measurement locations in the CFD 
calculation were shown in Table 1 and Fig. 3. Most of the 
heat source given by the user input, about 81.9 %, was 
transferred into the cooling tank from the FES by a 
radiation heat transfer. The steam temperature (Fig. 3) at 
some locations in the CFD results (TC63~TC67) 
compared with those of the test showed higher 
temperature of about 3% at the center region (TC67) and 
a lower temperature of about 2% at the upper region and 
almost the same temperature at the bottom regions. The 
higher temperature at TC67 in the CFD results may be 
caused by the steam absorbed thermal photons and a non-
mixing with the other steam of a lower temperature when 
flowing into the center hole of the space plate. However, 
this difference was small when considering the 
uncertainty of the test. The comparisons result of the 
pressure tube showed that the temperature difference of 
about 30~50 ℃ at the outlet region was large when 
compared with the steam and FES temperature [2]. It may 
be caused by the fact that the CO2 enthalpy increase due 
to the absorbing thermal photons was overestimated. 

 
Table 1. Heat Balance Calculation at Steady State 

Heat Source 
(FES) 

Convection H. T
(Steam / CO2) 

Radiation H. T 
(CT outer surface) 

9,841 W 1,660 / 57.8 W 8,061 W 
Thermal Energy Increase (Absorption – Emission) 

Steam 145.2 W (5633.2 - 5488.0) W 
CO2 2081.5 W (10648.2 - 8566.7) W 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Comparison of Test Data and CFD Results  

The emission (κIb) and absorption (κI) of thermal photons 
by CO2 during a radiation heat transfer was calculated by 
Eq. (1) [3] where I and Ib represented the local and 
blackbody intensity, and κ meant the absorption 
coefficient, respectively.  

( )b
dI I I
ds

κ= −     (1) 

In the CFD calculation, the estimated difference between 
the absorption and emission was 2081.5W. It may be 
relatively large, when considering the very narrow length 
of the annulus gap. And also, Plank-mean absorption 
coefficient used in the CFD calculation may have some 
errors [4].  Therefore, the amount of radiation heat 
transfer through CO2 should be recalculated after 
selecting the proper absorption coefficient.  
 

4. CONCLUSION AND FURTHER STUDY 
 

 The CFD benchmark calculation for the post-
blowdown test in a CANDU fuel channel was performed 
to develop the CFD analysis methodology which can be 
used in the safety analysis of a CANDU. The CFD results 
showed a good agreement for the trend of the test results 
as a whole. However, the CFD results overestimated the 
temperature of the inner/middle/outer FES at the entrance 
region [2] and the pressure tube temperature at the outlet 
region. To resolve these problems, the proper gas 
absorption coefficient of CO2 should be found and 
sensitivity CFD calculation is necessary. 
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