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1. Introduction

KAERI has developed the conceptual design of a
pool-type Sodium-cooled Fast Reactor (SFR) with
600MWe capacity, and is currently establishing the
design concept for a prototype SFR with 150MWe.
From a fluid system design view point, the reactor hot
pool thermal-hydraulics is related to various design
issues such as decay heat removal operation, thermal
stratification, measurements and so on. In the pool type
reactor, all major components of Primary Heat
Transport System (PHTS) are located inside the reactor
vessel, and the flow characteristic in the hot pool region
is quite complex. Thus, knowledge on multi-
dimensional flow characteristics is essential for the
system and component designs.

In this paper, a numerical analysis was performed to
confirm the flow characteristics in the hot pool region
of a pool-type SFR with a 600MWe capacity for
various boundary conditions.

2. Methods and Results

2.1 Geometry and Condition
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Fig. 1. Flow Path inside Reactor Vessel

Fig. 2. Geometry of Hot Pool for CFD Analysis

The schematics and flow path inside the reactor
vessel are shown in Fig. 1. The red arrows show the
flow path of sodium. A hot pool consists of several
components such as IHX, DHX and UIS. The
calculation region for a CFD analysis is represented by
the red dashed line. The geometry and mesh of the hot
pool are shown in Fig. 2. Five cases are performed with
a variation in the inlet flow rate and cooling capacity of
a DHX. The boundary conditions in each case are
shown in Table 1.

Table 1. Boundary Condition

Case Inlet DHX Cooling

Temp. Flow Rate Capacity
Casel 1.18MW
Case2 4,183kg/s 5.0MW
Case3 510°C 9.0MW
Case4 5.0MW
Case5 420kg/s 9.0MW

2.2 Methodology

A numerical analysis was performed by STAR-
CCM+ V7.04.006[1]. A three-dimensional, 1/4
axisymmetric, steady-state flow are assumed. Conjugate
heat transfer is considered between the sodium and
SUS316, which is the material of the IHX and DHX.
Also, material properties such as density, viscosity,
conductivity and specific heat are functions of
temperature[2]. The continuity, momentum, energy
equation and SST k-w model are shown in Eq. (1) ~ (5).

IHX, DHX and UIS are treated as a porous media,
and are considered for a pressure drop between the start
and end point[3] as its inner flow patterns are not
important in these analyses.
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2.3 Result

The velocity and temperature distributions in a DHX
section are shown in Fig. 3 and 4. The mass flow rate of
upper the 3 cases (Casel, 2, 3) is 4,183kg/s and lower 2
cases (Case4, 5) is 420kg/s. In the case of 4,183kg/s, a
large vortex is created, and mixing effect of pool inside
is maximized according to a change in the cooling
capacity of DHX. For 420kg/s, a vertical downward
flow below DHX is created and mixing effect is
minimized. Nevertheless, the velocity around the DHX
of low mass flow rate cases is larger than other places
in the plane section because the cooling capacity of the
DHX affects around a flow pattern of the DHX.
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Fig. 3. Velocity Vector in DHX Section
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Fig. 4. Temperature Distribution in DHX Section

The mass flow rate of the DHX inlet in each case is
shown in Table 2. Although mass flow rate of core
outlet in cases 4 and 5 is much smaller than cases 1, 2
and 3, the mass flow rates of the DHX inlet in cases 4
and 5 are not small in comparison with case 1, 2 and 3.
According to the increase in cooling capacity of DHX,
the flow inside the DHX becomes active and affects the
flow around DHX.

The temperature difference between DHX inlet and
outlet in each case is shown in Table 3. As the cooling
capacity of the DHX is increased, the temperature
difference of the DHX inlet and outlet is increased.
Also the temperature differemces of cases 4 and 5 are
bigger than those of cases 1, 2 and 3. Since the flow of
cases 4 and 5 is not mixed well, the cooling ability of
the DHX is maximized. Therefore, the temperature
difference of the DHX inlet and outlet depends on the
cooling capacity of the DHX rather than the mass flow
rate of core outlet.

Table 2. Mass Flow Rate of DHX

Case Inlet Flow DHX Flow Rate Flow
Rate Cooling (No H.S)) Rate
Casel 1.1ISMW 38.67kg/s
Case2 | 4,183kg's 5.0MW 13.06kg/s | 63.51kg/s
Case3 9.0MW 78.46kg/s
Case4 5.0MW 35.99kg/s
Cases | 20Ke/s 9.0MW 7-34Kels 4 Tskals

Table 3. Temperature difference of DHX

. Temp.(°C)

Case DHX Cooling N OUT aT
Case | 1.18MW 507.0 486.7 20.3
Case 2 5.0MW 505.9 457.1 48.9
Case 3 9.0MW 505.2 4343 70.9
Case 4 5.0MW 508.8 4259 82.9
Case 5 9.0MW 508.4 385.2 123.2

3. Conclusions

A numerical analysis in the hot pool of a SFR was
performed using STAR-CCM-+. The internal major
components of a hot pool are modeled, and calculations
are performed with variations of the inlet flow rate and
cooling capacity of a DHX. The flow and temperature
distributions were shown to be influenced by the
cooling capacity of the DHX rather than the mass flow
rate of the core outlet. The obtained flow characteristics
and developed methodology will be utilized for an
assessment of PHTS internal arrangement of a
prototype SFR.
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