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1. Introduction 

 
For the moderator analysis of the CANDU reactors in 

Korea, predicting local moderator subcooling in the 

Calandria vessels is one of the main concerns for the 

estimation of heat sink capability of moderator under 

LOCA transients. The moderator circulation pattern is 

determined by the combined forces of the inlet jet 

momentum and the buoyancy flow. Even though the 
inlet boundary condition plays an important role in 

determining the moderator circulations, no measured 

data of detailed inlet velocity profiles is available. The 

purpose of this study is to produce the velocity profiles 

at the inlet nozzles by a CFD simulation. 

To produce the velocity vector fields at the inlet 

nozzle surfaces, the internal flows in the nozzle 

assembly were simulated by using a commercial CFD 

code, CFX-5.7[1]. In the reference [2], the analytical 

capability of CFX-5.7 had been estimated by a 

validation of the CFD code against available 

experimental data for separate flow phenomena. 

Various turbulence models and grid spacing had been 

also tested. In the following section, the interface 

treatment between the computational domains would be 

explained. In section 3, the inlet nozzle flow through the 

CANDU moderator nozzle assembly was predicted by 

using the obtained technology of the CFD simulation. 

 

2. Interfaces between Domains 

 

In this section some of the techniques used to treat the 

interface between the computational domains are 

described. 

 

2.1 Interfacial treatment 

 

Because the interested flow was once-through and a 

long complex channel flow, the downstream effects on 

the upstream were relatively small and limited to a short 

range. In this study, separate computations on the 

consecutive divided domains were performed to save 

computing costs and to apply different turbulent models 

for each part. The flow information at the outlet of the 

previous domain such as velocity components, turbulent 

intensity and turbulent dissipation were transferred to 

the inlet boundary condition of the next flow domain. 

Depending on the cases, additional extension of 

upstream or downstream geometry was attached to the 

computational domain, to account for the possible 

downstream effect on the upstream and to avoid wiggles 

at the exit in the simulation results. 

 

2.2 Long Channel Flow 

 

To confirm that the consecutive computations on 

three separated domains give the same results as the 

computational on a single combined domain, a 2-

dimensional straight channel flow was simulated. The 

Re number based on the channel height D was 10
5
 and 

the inlet velocity was uniformly 0.1 m/s with the 

turbulent intensity of 5%. Figure 1 shows the centerline 

velocity along the channel. Figure 2 plots the velocity 

profiles at several locations. Due to the uniform inlet 

velocity, the velocity profile develops as parabolic first 

and then stabilizes to be that of a turbulent channel flow.  

Figure 3 shows the comparison of the centerline 

velocities between one long channel(60D) and three 

short consecutive channels with different turbulence 

models. To avoid the exit wiggles, the short channels 

were extended to the length of 25D and the outlet 

conditions were extracted at 20D. Both calculations 

gave the same centerline velocity at 60D from the 

entrance. 

 

3. CANDU Moderator Inlet Nozzle 

 

Moderator passes though a 2m-long pipe from the 

header, goes into a 90
o
 bend and then flows into the 

inlet nozzles. The Re number at the circular pipe is 

about 1.25x10
6
. For this high-speed flow, a large 

number of nodes are required for an accurate 

computation. Because the memory capacity is limited 

and different turbulent models are suitable for each flow 

region, a simulation for each section is performed 

separately.  
The hydro-static pressure change was not accounted 

for and the pressure was assumed to be 1.5 atm, which 

is the static pressure at the nozzles. This flow was 

steady and isothermal. The working fluid was heavy 

water(D2O) at 45
o
C. 

 

3.1 Pipe Flow 

 

For the Re number of ~10
6
, the turbulent entrance 

length is estimated to be 45.7 by Eq. (1).[3] The straight 

pipe is about 26D, so that the straight pipe flow is not 

fully-developed. However, the flow was assumed to be 

fully-developed at the downstream end of the straight 

pipe for simplicity. The BSL(Baseline) k-ω turbulence 

model was adapted. 
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Figure 1. Centerline Velocity of the 2D Channel 

 

     
Figure 2. Velocity Profiles at the Selected Locations 

 

 
Figure 3. Comparison of the Centerline Velocities between 

One Long Channel and Three Short Consecutive Channels 

 

3.2 Curved Pipe Flow 

 

According to Azzola et al.[4], the existence of a 90
o
 

curved pipe affects up to X/D=-2 in the upstream 

tangent. That is, the measured velocity field at X/D=-2 

was in a good agreement with experimental data of the 

fully-developed pipe flow. For the simulation of the 

curved pipe flow in this study, the outlet condition of 

the straight pipe flow was applied to the inlet boundary 

condition at X/D=-2 in the upstream tangent. Structured 

meshes with 208,229 nodes were generated on the 

computational domain of the 90
o
 curved pipe section 

including the upstream straight pipe of 2 × D. The 

purpose of the computation in this section was to obtain 

the flow condition at the exit of the curved pipe. 

However, unstructured meshes with 8,923 nodes for the 

nozzle were attached to the outlet of the curved pipe to 

account for the effect of a downstream pressure 

distribution. The SSG Reynolds stress model was 

selected and the y
+
 values of the near-wall cells were 

10.0~15.0. 

 

3.2 Curved Pipe Flow 

 

From the studies of Zwart et al.[5], it had been 

concluded that the SST(Shear Stress transport) model 

was appropriate for the prediction of the impinging jets, 

and that finer cells were required around the jet 

boundaries due to the high turbulent dissipation rate. An 

unstructured mesh with 615,379 nodes was generated, 

including 10 prism layers. The velocity vectors at the 

nozzle surfaces are shown in Fig. 4. The nozzle has 4 

divided compartments, and the figures show only 2 

compartments due to the 1/2 computational domain.  

 

4. Conclusion 

 

For predicting the inlet velocity profile at the 

CANDU-6 moderator nozzles, a CFD analysis was 

performed. To apply proper turbulence models for each 

flow characteristic, the fluid flow was divided into three 

computational domains and simulated separately. The 

simulated data was transferred at the interface between 

the domains as inlet and outlet boundary conditions. 

Some reversed flows with a very small velocity 

magnitude were found at the nozzle outlets and the 

flows at the outer compartment were swirling. As a 

result of the investigation, detailed velocity profiles and 

turbulent parameters at the nozzle outlets were obtained, 

which can be applied to the simulation of the CANDU 

moderator circulation. 
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Figure 4. Velocity Vector at the Nozzle Outlets 
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