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“However, due to structural complexibility of steam generator, the flow rate effect on the steam generator thermal-

hydraulic characteristic is difficult to analyze.”
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1. Introduction

Steam generator cools primary water of nuclear
reactor core while generating steam using secondary
water. The steam generator tube of domestic OPR1000
nuclear plant is made of Alloy690TT and the primary
water flows inside the tube. The secondary water flows
into the steam generator through the downcomer
feedwater nozzle and economizer feedwater nozzle as
shown in Fig. 1.

The figure shows the water flow in OPR1000 steam
generator. The secondary water supplied through the
downcomer nozzle mixes with droplets from separator
and forms the downward flow path between the shell
and shroud. This secondary water flows into the bundle
of tubes at the lower stage cold-leg tube support plate
region. The secondary water supplied through the
economizer nozzle flows into the top of tubesheet at
cold-leg region and forms an upward flow. These two
flows mix in the evaporation region.

The feedwater flow rate of downcomer and
economizer feedwater nozzle under normal operating
condition is presented in the design report[1]. The
feedwater is mainly designed to be supplied through the
economizer feedwater nozzle.

The changes of the feedwater flow rate can affect the
thermal-hydraulic characteristics of the steam generator
and the output of nuclear reactor core. = However, due
to structural complexibility of steam generator, the flow
rate effect on the steam generator thermal-hydraulic
characteristic is difficult to analyze.

In this study, thermal-hydraulic characteristic analysis
of OPRI1000 steam generator is performed using
ATHOS3 code which is developed by Electric Power
Research Institute(EPRI)[2,3,4]. Case study is
conducted in case of different feedwater flow rate ratio.
The steam dome pressure, primary outlet temperature
and saturation temperature are calculated in each case.

2. Thermal-hydraulic analysis
2.1 Thermal-hydraulic analysis model

ATHOS3 1/2 symmetric model of OPR100 steam
generator model is determined from the design report

SteamOutlet

"Downcomer

Feedwater

Economizer
Feedwaler

i 4
IO

Fig. 1. Primary and secondary water flows in OPR1000 steam
generator

of domestic OPR1000 steam generator. The model
includes the tube bundle, shroud, tube support plate,
flow distribution plate and separator as a geometric
input data. The model is conducted using cylindrical
coordinates with 20 circumferential grids, 20 radial
grids and 45 axial grids

2.2 Boundary condition

Normal operating condition is considered in this
study. Thermal-hydraulic design data presented in the
design report and primary inlet temperature from
operating data are considered. The blowdown flow is
neglected in this analysis. Material properties of steam,
primary water, secondary water and tube under normal
operating condition are considered in the analysis.

The case study is conducted changing the feedwater
flow ratio of downcomer and economizer feedwater
nozzle flows while the total feedwater flow rate is
constant. The changes in the steam dome pressure,
primary outlet temperature and saturation temperature
are analyzed.
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[Isometric View] [Side View]

[Top View]

Fig. 2. ATHOS3 Thermal-hydraulics model of OPR1000
steam generator

3. Results
3.1 Thermal-hydraulics characteristics

Fig. 3 and 4 shows the Steam dome pressure and
temperature tendencies depend on downcomer flow rate
ratio from thermal-hydraulic analysis. As the
downcomer feedwater flow rate is increased, primary
outlet temperature, saturation temperature and steam
dome pressure are decreased. When the downcomer
feedwater flow rate is increased by 1.5 times, the steam
dome pressure is decreased by 0.022 MPa(0.3%), and
the primary outlet temperature is decreased by 0.005°C.
The saturation temperature is decreased by 0.2 °C.

4. Conclusions

Thermal-hydraulic characteristics of OPR1000 steam
generator depending on feedwater flow rate ratio is
studied. For analysis, ATHOS3 code is used. Under
normal operating condition, when the downcomer
feedwater flow rate is increased, both steam dome
pressure, primary outlet temperature and saturation
temperature is decreased.

Condition : Normal Operation

Steam Dome Pressure (MPa)

0.00 0.05 0.10 0.15 0.20 0.25

Downcomer Flow Rate Ratio

Fig. 3. Steam dome pressure tendency depend on downcomer
flow rate ratio

T T T T

Condition : Normal Operation

Saturation Temperature

Primary Outlet Temperature

Temperature ("C)

0.00 0.05 0.10 0.15 0.20 0.25

Downcomer Flow Rate Ratio

Fig. 4. Saturation and Primary Outlet Temperature tendency
depend on downcomer flow rate ratio
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