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1. Introduction 

 

Flow distributors such as spargers are generally 

observed in several nuclear power plants.  These 

devices are installed in the core make-up tank (CMT), 

in-containment refueling water storage tank (IRWST) 

and so on. CMT is full of borated water and provides 

makeup and boration to the reactor coolant system 

(RCS) for early stage of loss of coolant accident 

(LOCA) and non-LOCA. The top and bottom of CMT 

are connected to the RCS through the pressure balance 

line (PBL) and the safety injection line (SIL), 

respectively. Each PBL is normally open to maintain 

pressure of the CMT at RCS, and this arrangement 

enables the CMT to inject water to the RCS by gravity 

when the isolation valves of SIL are open. During CMT 

injection into the Reactor, the condensation and thermal 

stratification are observed in CMT and the rapid 

condensation disturbed the injection operation. To 

reduce condensation phenomena in the tank, CMT was 

equipped with the flow distributor.  

Cho et al. [1] experimentally investigated the 

performance of flow distributor with varying the multi 

hole pattern and pitch-to-hole diameter ratios (p/d). 

They reported that the effect of the hole pattern such as 

staggered and parallel type is relatively smaller than that 

of p/d, and the dominant frequency of pressure 

oscillation increases with p/d. Tuunanen et al. [2] 

experimentally studied on the performance of CMT of 

advanced light water reactors in small break LOCA 

conditions, and they demonstrated the importance of 

flow distributor in the CMT to limit rapid condensation.  

The optimal design of the flow distributor is very 

important to ensure structural integrity of the reactor 

system and their safe operation during some transient or 

accident conditions. In the present study, we 

numerically investigated the performance of flow 

distributor in tank with different shape factor such as the 

total number of the holes, the pitch-to-hole diameter 

ratios (p/d), the diameter of the hole and the area ratios. 

These data will contribute to the design the flow 

distributor.  

 

2. Computational method 

 

Simulations have been performed for the steady, 

incompressible, three dimensional Newtonian fluids. 

Reynolds Averaged Navier-Stokes (RANS) equations 

are used to model the flow distributor in Tank. The 

computations have been carried out using a segregated 

and double precision solver in Fluent 13.0. Pressure-

velocity coupling is achieved via semi-implicit methods 

for a pressure-linked equation (SIMPLE) algorithm. A 

second-order upwind method has been employed for the 

discretization of the momentum and turbulent transport 

equations. The standard wall function is adopted for the 

near-wall treatment.  

Figure 1 illustrates a schematic of the flow distributor 

which is installed in the upper part of the tank. The 

diameter of the inlet pipe (PBL) is D, and the diameter 

of holes in the flow distributor is d.  The pattern of the 

holes is staggered pattern as shown in Fig.1.  

 

 
Fig. 1. Schematic of the flow distributor  

 

 

  
 

Fig. 2. Schematic of the computational domain.  

 

Figure 2 shows a schematic of the computational 

domain, which consists of the pipe, flow distributor and 

upper part of the tank. The mass flow inlet boundary 

condition was used at the inlet of the pipe, and the 

outflow boundary condition was used at the outlet of the 

tank. No slip boundary condition was used at the wall of 
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the pipe, flow distributor and tank. Symmetry boundary 

condition was used at the sides of computational domain.  

 

3. Results and discussion 

 

We simulated the model of the flow distributor in 

tank with varying the number of the holes (N), the ratio 

between the diameter of the hole and diameter of the 

inlet pipe (d/D), the pitch-to-hole diameter ratios (p/d), 

and the area ratio. The area ratio is defined as the ratio 

between the area of the inlet pipe and the total area of 

the holes in the flow distributor. Table I shows the 

parameters of three different flow distributors. The total 

number of the holes in distributor is 40, 40 and 60 and, 

the number of holes per row x number of rows in 

distributor is 10 x 4, 10 x 4 and 10 x 6 for type A, B and 

C, respectively. The Type B of the distributor is shown 

in Fig. 1.  

 

Table I: Parameters of three types of flow distributors 

 

 number   

of holes 

d/D p/d area 

ratio 

type A 40 (10x4) 0.15 2.4 0.88 

type B 40 (10x4) 0.31 1.7 3.96 

type C 60 (10x6) 0.31 1.7 5.95 

 

Figure 3 shows the contours of fluid velocity around 

the distributor. The diameter of the holes for type B is 

two times larger than that for type A. In Fig. 3(a) and 

3(b), the velocity difference between upper hole and 

lower hole for type A is smaller than that for type B. In 

other words, as the diameter of the hole is decreased, 

the velocity difference between upper and lower holes 

also decreases.  

The inlet mass flow rate is same for all simulations. 

Because the area ratio for type A is smaller than that of 

type B and C as shown in Table I, the velocity of the 

holes for type A is faster than that for other types. 

Although the area ratio for type B is smaller than that 

for type C, the velocity of the holes for type B and C is 

similar in Fig. 3(b) and 3(c). For type C in Fig. 3(c), the 

velocities of two upper holes in six holes are very small 

and almost mass flow is ejected through four lower 

holes. In in Fig. 3 (b) and (c) (for d/D=0.31), it is 

observed that the velocity of the holes is not in inverse 

proportional to the area ratio, as the number of the row 

is increased from 4 to 6.   

Figure 4 demonstrates the contours of fluid velocity 

in xz plane of the computational domain. Because the 

velocity of the holes for type A is larger than type B and 

C, the velocity magnitude of the tank for type A is 

generally larger than other types.  

 

4. Conclusion 

 

In the present study, the model of the flow distributor 

in tank is simulated using the commercial CFD software, 

Fluent 13.0 with varying the different shape factor of 

the flow distributor such as the total number of the holes, 

the diameter of the holes and the area ratio. As the 

diameter of the hole is smaller, the velocity difference 

between holes, which is located at upper position and 

lower position of the flow distributor, also decreases. 

For larger area ratio, the velocity of the holes is slower. 

When the diameter of the hole is large enough for the 

velocity difference between holes to be large, however, 

the velocity of the holes is not in inverse proportional to 

the area ratio.  

 

 
Fig. 3. Fluid velocity contours around the distributor 

 

 
Fig. 4. Fluid velocity contours in computational domain. 
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