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Abstract

Various pressure control systems (Pressurizer) are adopted in industrial applications to satisfy their
characteristics. In accordance with the purpose of using nuclear facilities, steam, gas-steam, and gas
PRZs have been used. On the other hand, the dynamic behavior of PRZs is different in the same
transients. This study has been evaluated for the University of Wisconsin High-Pressure Critical
Heat Flux (WHPCHF) facility as the base loop. The dynamic behavior of the three PRZs on the
base loop is evaluated during transients. The results showed that the use of the NC gas increases the
peak pressure due to the lack of NC gas condensation during transient conditions. the use of gas
PRZ makes it possible to change the pressure quickly. Also, the pure gas PRZ has the highest peak
pressure but has straightforward control logic. The gas PRZ is the best choice for small reactors and

high-pressure test facilities.
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Introduction

The pressure control system (pressurizer) plays a key
role in pressurized water processes. The purpose of the
PRZ is to keep the pressure constant within the
operational limit. All transients in the main loop affect
the PRZ, regulating the pressure and the level
Pressure control is essential during experiments in
Critical Heat Flux (CHF) test facilities, such as
WHPCHF. PRZs in the nuclear industry are classified
into three groups: gas, gas-steam, and steam PRZ.
Steam PRZ is the most common type of PRZs used in
most power reactors in the nuclear industry. On the
other hand, The study on the steam-gas PRZ has been
rarely done compared with the steam PRZ because only
a small number of the nuclear reactor uses steam-gas
PRZs [”]. The gas PRZ is very different from steam
PRZ and has been less widely researched than other
PRZs | 1]. Studies have been performed on the modeling
of PRZs. Zhong et al. (2019) used an improved
nonequilibrium multi-region model to accurately predict
pressure in the steam pressurizer of PWR under
transient conditions . Wu et al. (2013) studied
transient characteristics of the gas-steam typed
pressurizer using the RELAP5S code [4]. Mathematical
modeling of gas PRZ was first developed by Shoghi et
al. (2021)

In This study, the WHPCHF test facility was evaluated
as the base loop. Aspen HYSYS software was used to
simulate the base loop and PRZs.The main objectives of
this study are to assess the dynamic behavior of PRZs in
the same transients and to select the best PRZ for the
test facility. Also, the mathematical model of each PRZ
is presented.

Pressurizer system in industrial process

Steam PRZ is the most common type of PRZs in the
nuclear industry. PRZs in the nuclear industry are
classified into three groups. As shown in , the

Steam PRZ utilizes two main strategies to control the
primary loop pressure within the specified limits. The
first strategy is to condense the steam through the cold-
water spray to decrease the pressure, and the second
strategy is to heat the water with the PRZ electrical
heaters to increase the pressure. The steam-gas PRZ has
been composed based on the nonequilibrium two-
region. The steam-gas PRZ uses a single volume
consisting of two semi-independent regions, each with
special thermodynamic conditions. Another
presumption about steam-gas PRZ is that steam and
non-condensable gas are combined in the gas region,
and mass and energy are transferred between two
regions at the interface area. This type of PRZs is also
emphasized in a new generation of SMRs, such as the
SMART Korean design reactor.
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Figure 1. Types of PRZs, (a)steam, (b)gas-steam, (c)gas.

In the steam-gas PRZ, the non-condensable gases are
applied as controlling actuator mechanisms instead of
electrical heaters and sprays (compared with steam
PRZ), including the nitrogen and argon, in the steam-
gas mixture area. The gas PRZ is another type of PRZs
which is controlled by a non-condensable gas that does
not mix with the steam. The performance and operation
of gas PRZ are different, and less research has been
done than other types of PRZs. Therefore, the PRZ is



separated into two water and gas regions with different
phases and enthalpies of the liquid.

Mathematical modeling of PRZs

In steam PRZ, each control volume has uniform
thermodynamic properties and temperature. Water and
vapor regions have the same pressure. Mass continuity
equations for both control volumes are defined with the
following equation.
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In steam-gas PRZ, The volume is separated into three
distinct regions of a gaseous mixture and upper and

lower liquid regions, each establishing its
thermodynamic state.
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In gas PRZ, the mass exchange of the liquid region
inside PRZ is obtained according to the sum of all
control volumes in the main loop.
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Simulated model in HYSYS

The University of Wisconsin High-Pressure Critical
Heat Flux (WHPCHF) facility is specifically designed
to obtain CHF data under unique operating conditions.
All of the components are integrated with the Aspen
HYSYS environment, and the primary loop of
WHPCHF is divided into 11 control volumes, as shown
in . In each time interval, the total mass changes in
the interval are obtained by adding all of the mass
changes in control volumes, as shown in

Results and discussion

It should be noted that the design of the PRZ depends
on several factors, including the primary loop's
inventory and reactor power. In steam PRZ, the steam
volume is a critical design parameter that affects the
peak pressure. Also, using NC gas in the PRZ design
(Steam-gas PRZ and Gas PRZ) can be associated with
advantages and challenges. Usually, the use of the NC
gas increases the peak pressure due to the lack of NC
gas condensation during transient conditions. Thus, in
the small volume ratio of steam inside the PRZ, it seems
that adding gas is not appropriate. Because it increases
the peak pressure further, and the pressure rises rapidly
even during the small transients. Of course, from
another perspective, the work of the spray is reduced by
adding NC gas. Also, the pure gas PRZ has the highest
peak pressure but has straightforward control logic, as
shown in
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Figure 2. Simulated base loop and PRZ with HYSYS.
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Figure3. General schematic of the model's performance.
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Figure 4. The PRZs comparison is based on their peak
pressure and control-ability in transients.

Conclusions

The use of gas PRZ makes it possible to change the
pressure quickly due to the high peak pressure. The gas
PRZ is the best choice for small reactors and high-
pressure test facilities because of its control-ability.
Also, the gas PRZ can be used passively.
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