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ABSTRACT 

 
Insurge and outsurge phenomena are transient states and could be analyzed by thermodynamics principles, the 

pressurizer behavior will vary in response to mass flow changes. These surges can occur in the presence of non-

condensable gases. On this paper, with the code RELAP5, the IRIS reactor pressurizer is described to analyze 

surges phenomena in their control volumes with non-condesable gases since they modify the pressure response. 

A set of three pipes components represents the pressurizer regions, connected with each other by single 

junctions components, the bottom volume control is connected to the primary circuit, represented by a time 

dependent volume component, through a time dependent junction component, which describes the mass flow 

behavior during surges through surge orifices. The hydrodynamic components representing the pressurizer are 

surrounded by heat structures, in addition there are heat structures inside the bottom volume control describing 

the behavior of electrical heaters, that operate in cases of outsurges. The analysis are intended to detail the 

behavior variables as pressure, temperature and volume of liquid inside the pressurizer during a water surge 

coming from the primary circuit or a water surge coming from the pressurizer to the primary circuit. 
 

1. INTRODUCTION 

 

The patterns of electricity production and consumption are solidified in fossil sources, which 

are responsible for pollutants emission, greenhouse gases and entail risks to the planet in long 

time. In this case is important to undertake investments to diversify energy matrix using other 

energy sources. 

 

One alternative to this diversification is nuclear source, it raises several issues related to 

safety of their use as a means of energy conversion. In spite of this current of thought, nuclear 

energy is one of the most viable energy alternatives by several factors: nuclear energy 

reserves are larger than the fossil fuels one, compared to fossil fuel plants nuclear power plant 

requires smaller areas, enable greater energy independence for the oil and gas importing 

countries, does not contribute to the greenhouse effect, do not depend climatic seasonality 

[1]. 
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The fission reaction of atoms occurs inside the nuclear reactor. Plants with PWR (Pressurized 

Water Reactor) reactors have the primary circuit in operation under high pressure and high 

temperature, with the coolant in the thermodynamic state of liquid subcooled [2]. The 

pressurizer, reactor component responsible for keeping the coolant in that condition, is a 

biphasic Chamber consisting of a liquid phase and a gaseous phase and all the time heat 

transfer occurs from one phase to another. 

 

The thermodynamic and thermohydraulics variables fit the state of operation of the system, 

i.e., the amount of energy extracted by the generators is equal to the amount of energy 

produced by the reactor at steady-state, in this case are nonexistent variations in temperature 

and the volume of coolant. 

 

When disturbances occur in the system, the necessary balance between the power generated 

at the core and the power demanded in the steam generator ceases to exist [3]. As a result of 

this, a transitional regime will develop where the pressure and the average temperature of the 

primary circuit will suffer significant variations. 

 

If there is a sudden increase in the average temperature of the coolant, volume expansion will 

occur, which causes surges of water into the interior of the pressurizer, causing an increase in 

volume and pressure inside the pressurizer. This phenomenon is insurge. 

 

If there is a decrease in the volume of coolant, and then the output of the pressurizer water 

surges, there is a drop in pressure that facilitates the instant vaporization of the water, 

flashing, contributing to limit the reduction of pressure, in this case, so that there was an 

outsurge, i.e. fluid output surge pressurizer. The pressure decrease is also reduced by the 

increasing power of heaters. The pressurizer IRIS (International Reactor Innovative and 

Secure), an integral PWR type reactor, medium power and modular, is located at the top of 

the pressure vessel, has an isolated structure and serves as a divider between the circulating 

cooling water flow of saturated pressurizer. 

 

It has simulated hypothetical cases of the phenomena of insurge and outsurge in the presence 

and absence of noncondensable gases in the pressurizer. This simulation has made with the 

program RELAP5 MOD. 3.4, transient analysis code for pressurized light water reactors, 

developed by the Idaho National Engineering Laboratory (PENINNAH) to the U.S. Nuclear 

Regulatory Commission (NRC) [4]. In this way, the overall objective of the present work is 

to simulate and analyze the effects of the presence of Non-Condensable gases inside the 

pressurizer of IRIS reactor during the phenomena of insurge and outsurge. 

 

 

2. PRESSURIZER IRIS REACTOR MODEL 

 

In an IRIS reactor, since pressurizer dimensions are defined and the vessel is connected to the 

primary cooling system, there are two variables, which will usually change during a transient 

outwardly: a surge flow rate and energy of electric heaters. 

 

Among these variables, only the surge flow can considered as a true externally forcing 

function, whereas in a first approximation it is not influenced by any pressurizer variable or 

control action. The surge flow is the result of variations in temperature in the primary cooling 

system. 
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The fluid used in the pressurizer exists in liquid and vapor phases. The liquid phase may be 

saturated, or the temperature may be below the saturation temperature corresponding the 

pressure, in this case the liquid is called subcooled water when the temperature is above the 

saturation temperature of the liquid is called superheated water. The same situation occurs for 

the gaseous state in the pressurizer, there is saturated steam, superheated and subcooled. 

 

Superheated water and steam are subcooled unstable conditions and are not acceptable states 

for this model.  

 

2.1.  Analysis of Two Regions Pressurizer Model 

 

To perform the analysis the thermodynamic process becomes more convenient to divide the 

pressurizer into two regions, with liquid in the lower region and the upper region only steam 

[5]. As for the IRIS reactor pressurizer there is no spray simplifies the equations. And here 

will be disregarded the effect of relief and safety valves. 

 

The pressurizer such as system to be studied, is defined as two volume control region 1 

comprises the bottom and the liquid 2 in the upper region filled with steam. Changes which 

may influence the pressure, which in turn leads to further effects on the volume control, such 

as condensation and evaporation are considered directly in the mass and energy balance 

equations. It is contemplated that droplets of condensed liquid and evaporated bubbles of 

vapor are added instantly to the regions of liquid and vapor respectively, resulting in no 

variations in energy and work. 

 

For this will be disregarded if heat loss on the walls of the pressurizer, i.e., it is disregarded 

laminar flow of condensate in the wall of the pressurizer steam region. 

 

Where liquid and vapor are in the saturated state, the properties of the quantities of liquid and 

vapor are directly related. Given an input surge or mass output of the pressurizer, the heating 

action or system, there will be a change in the thermodynamic equilibrium of the initial state 

to a final state, a new pressure and saturation with new conditions. The pressure in the circuit 

and pressurizer will be equal, considered approximately 15,513MPa or 155,13bar. A 

restrictive condition is the system volume constant all the time, always being composed of a 

liquid-vapor mixture. 

 

Given these considerations and the established geometry for IRIS pressurizer. Mass equations 

are given by equation (1) and (2) 

 

           . (1) 

              . (2) 
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2.2.  Noncondensable Gases 

 

Noncondensable gases studies have shown that a mixture of a small amount of gas vapor is 

able to drastically reduce the heat transfer coefficient for a cold wall, where condensation 

occurs. As the physical phenomenon of condensation on the wall of the pressurizer is of 

paramount importance in the process thermodynamics, you can expect the presence of a 

noncondensable gas will affect the system response [7]. 

 

In an IRIS reactor, the fact that the pressurizer be the highest component of the system, as 

well as the existence of the saturation conditions (with the balance of the primary coolant 

subcooled fluid) ensures that non-condensable gases are present in the primary coolant 

system will tend to accumulate in the pressurizer. 

 

Two specific gases of practical interest are hydrogen and nitrogen. The hydrogen gas is 

dissolved in PWRs supply tank continuously delivers coolant to the primary coolant circuit 

during normal operation [7]. The purpose of the hydrogen is added to maintain a sufficiently 

high concentration of primary coolant to remove, by recombination, the free oxygen formed 

from the hydrolysis reactor core. The oxygen is undesirable from the point of view of 

material, since it causes corrosion. 

 

For a given non-condensable gas concentration in a volume gas concentration at the interface 

rises until it reaches a balance, where the gas diffusion rate away from the interface is equal 

to the rate at which the gas is brought to the interface by diffusion the steam-gas mixture. 

 

The concentration can be replaced by partial pressure, the previous text, without loss of 

generality. Assuming that the temperatures of the fluid are sites corresponding saturation 

temperatures of the local partial pressure of steam, the effect of the presence of non-

condensable gas is readily apparent. 

 

2.3.  RELAP 

 

To perform the simulation of a model in RELAP 5, it is necessary, primarily, to determine the 

system model, is to conduct a geometric discretization of continuous system in question in 

order to be possible to apply physical and mathematical models by code. This should be done 

through the components available in the code, with the most accurate representation possible 

of the dynamic system behavior to be studied. 

 

Faced with the tools available in RELAP, a good approximation of the pressurizer to consider 

three cylindrical regions with equivalent volumes regions of the pressurizer, showed on figure 

1: Region 1 contains liquid water (cylinder), Region 2 contains saturated water (cylinder) and 

Region 3 with steam (semi-sphere). Thus the semi-spherical region, 3, will be approximated 

by a cylinder of the same volume as shown below. 
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Figure 1:  Control Volumes Model. 
 

The geometric point of view the components of the type pipes are used to simulate the three 

regions of the pressurizer, two of which have liquid water and a top, in the vapor state, which 

will be interconnected by simple joints. 

 

It is possible to represent the reactor vessel and therefore fixed volume SRR for a time 

dependent volume and the way by which the mass flow occurs during the transient surge in 

the holes, can be modeled by a temporal junction controlled by a signal the trip and with 

defined mass flow type according to the need to assess the problem, which connects the lower 

region of the pressurizer to the reactor vessel. The necessary components to RELAP code are 

listed on table 1, and the input parameters on table 2. 

 

Table 1:  Input Cards Components 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Componentes Numeração 

Time Dependent Volume 110XXXX 

Time Dependent Junction 120XXXX 

Pipe 1 (Região 1) 125XXXX 

Simple Junction 1 126XXXX 

Pipe 2 (Região 2) 127XXXX 

Simple Junction 2 128XXXX 

Pipe 3 (Região 3) 129XXXX 

Heat Structure 1 112501XX 

Heat Structure 2 1127XXXX 

Heat Structure 3 1129XXXX 

Heat Structure - Heater 11252XXX 

Heat Structure - Heater 11253XXX 

Heat Structure - Heater 11254XXX 

Power Value Table 202030XX 

Thermal Properties 201001XX 

Trip 501, 502, 503, 504, 505, 601, 602 
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Table 2:  Input Cards Values 
 

 Component Variable Value 

R
ea

ct
o

r 

V
es

se
l 

TMDPVOL 

110 

Area (m²) 52 

Length (m) 1.0 

Pressure (Pa) 15,513E+6 

Inicial Temperature 

(K) 
617,15 

S
u

rg
e 

O
ri

fi
ce

s 

TMDPJUN 

120 

Area (m²) 0,06283185307 

Flow (kg/s) 
De acordo com a 

situação problema 

Surge duration (s) 100.0 

P
re

ss
u

ei
ze

r 

R
eg

io
n

 1
 

PIPE 125 

Area (m²) 8,00231507271 

Length (m) 1,000 

Pressure (Pa) 15,513E+6 

Inicial Temperature 

(K) 
617,15 

Flow (kg/s) 0.0 

J
u

n
ct

io
n

 

SNGJUN 

126/128 
Flow (kg/s) 0.0 

P
re

ss
u

ei
ze

r 

R
eg

io
n

 2
 

PIPE 127 

Area (m²) 30,2881733131 

Length (m) 0,541 

Pressure (Pa) 15,513E+6 

Inicial Temperature 

(K) 
617,15 

Flow (kg/s) 0.0 

P
re

ss
u

ei
ze

r 

R
eg

io
n

 3
 

PIPE 129 

Area (m²) 30,2881733131 

Length (m) 1,719 

Pressure (Pa) 15,513E+6 

Inicial Temperature 

(K) 
617,15 

Flow (kg/s) 0.0 

 

2.3.1. Insurge 

 

In situations caused by transient heating of the primary circuit, the expansion of the fluid 

causes the entry of water inside the pressurizer raises the steam-water interface and 

compresses the vapor phase. By having a positive mass flux (Figure 2) for a given time 

interval, protested, the pressure (Figure 3) increase is expected up to a maximum value, this 

peak occurs at the instant the outbreak ends, when inserted in the mass volume control is 
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maximum. Same as pressure, the temperature comportment reach a peak, as showed on figure 

4. 

 

 
 

Figure 2:  Mass Flow x Time – Insurge. 

 

 
 

Figure 3:  Pressure x Time, absence of gases – Insurge. 

 

 
 

Figure 4:  Temperature x Time, absence of gases – Insurge. 
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By submitting the pressurizer to a positive mass outbreak of 100 kg / s during the same time 

frame previously considered, 100s, but considering the volume previously occupied by steam 

is now with hydrogen, we can see different behavior for system pressure that forms in the 

presence of a non-condensable gas, such as Hydrogen, the system response (figure 5) is slow, 

since the vapor phase will occupy a smaller space and therefore suffers a greater pressure 

than the situation in which gases are not present, in addition to changes in the heat transfer 

coefficient, which reduces the condensation in the system. 

 

 

 
 

Figure 5:  Pressure x Time, presence of Hydrogen – Insurge. 

 

Given the small change in pressure during insurge with hydrogen in small proportions the 

amount of vapor should be noted in particular near the instant when the peak pressure occurs 

a decrease in heat transfer band between the fluid and the wall, since the thermodynamic 

phenomena involving mixture of steam and non-condensable gases can be concluded that the 

presence of the gas affects adversely the condensation process in the wall of the pressurizer 

and its liquid-vapor interface. This can be seen in figure 6. 

 

 
 

Figure 6:  Pressure x Time, presence of Hydrogen – Insurge. 

 

2.3.2. Outsurge 

 

Pressurizer fluid output surges occurred from the temperature reduction in the fluid of the 

primary coolant circuit, it is a phenomenon responsible for the possible reduction in the 

pressurizer reactor system pressure. For the reduction of temperature and consequent 
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contraction of the coolant fluid of the primary circuit, the water inside the pressurizer surge 

tends to leave the orifices causing a decline in the vapor-liquid interface and thereby provides 

a greater volume to fill the steam. 

 

The time to return to normal depends on the modeling of the heaters, in this case we used one 

bank heaters generating 1000 kW in a linear curve increasingly dependent on the simulation 

time and pressure conditions, and two backup banks generating 300 kW each. With this 

configuration, the pressurizer take approximately 20 minutes to achieve a pressure of 15.50 

MPa. Figure 7 shows the simulated mass flow, and figure 8 and 9 de pressure and 

temperature response for these mass flows. 

 

 
 

Figure 7: Mass Flow x Time - Outsurge  

 

 
 

Figure 8: Pressure x Time, absence of gases - Outsurge 

  

 
 

Figure 9: Temperature x Time, absence of gases - Outsurge 
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Another system response is envisioned with an approximate heaters configuration suggested. 

In this case will considered the main heaters bank provides 460kW on a linear curve and 

backup heaters banks 1 and 2, 810kW and 1160kW, respectively, where the backup bank 2 is 

triggered in the case of lower pressures being hit. For this configuration, the graphics show 

also acceptable curve as well as the previous case, how can be seen in figure 10 and 11.  

 

 
 

Figure 10: Pressure x Time, absence of gases – Outsurge, heaters configuration 2 

 

 

 
 

Figure 11: Temperature x Time, absence of gases – Outsurge, heaters configuration 2 

 

 

 
 

Figure 12: Pressure x Time, presence of Hydrogen - Outsurge, heaters configuration 2 



INAC 2015, São Paulo, SP, Brazil. 

 

 

In the case of the presence of hydrogen is wispy noticeable changes in thermodynamic 

variables, figure 12, as the pressure is the fact that the pressure is slightly above the pressure 

value in their absence, in case the same negative outbreak. When evaluating the outsurge 

condition, the condensation phenomenon occurs less than an insurge, which is the main 

reason for the pressure response remains almost unchanged, since changes in the 

condensation phenomenon is the main consequence of a mixture with steam and non-

condensable gases. 

 

When considering the total power of the second configuration heaters, called it configuration 

3 acting before any change in pressure, i.e., acts where the pressure is less than 15.5 MPa, it 

can be seen that the pressure returns the desired conditions with a speed slightly higher than 

in the case where the power operates banks for backup, figure 13. This fact is expected 

because a higher power is configured to act indiscriminately to whatever pressure drop. 

However, the backup bank guarantee a more fine-tuned control with more extreme 

conditions. 

 

 
 

Figure 13: Comparison of the system response with full power acting. 

 

In general, better results are elucidated in the case of the variation of heating power directly 

with the pressure, however this teaching was adopted to ensure greater control of the process 

under the operational point of view, facilitating the variation of the characteristics of the 

curves and subsequent analysis. 

 

 

3. CONCLUSIONS  

 

The studies developed in this work made it possible to analyze the thermodynamic behavior 

of the pressurizer nuclear reactor IRIS. Through the mathematical model and application of 

scenario studied the RELAP5 code, which allowed through a geometric simulation model and 

desired results. 

 

Insurges and outsurges are important phenomena in physics of a pressurizer for working with 

the change of fundamental safety parameters of operation of the same. The variation in the 

conditions of a surge reflects the pressure response to minor changes. As well as the presence 

of radiators in the system, makes the answer change so relevant, once, the system seeks to 

return the initial conditions of operation. 
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The hydrogen gas by virtue of being dissolved in the supply tank, which supplies fluid to the 

coolant circuit PWR reactors primary, has the function to eliminate free oxygen formed by 

recombination due to hydrolysis in the reactor core. For this reason it is a gas that can be 

found inside the pressurizer and was chosen to be present during the transient insurge and 

thus assist in the validation of the theoretical approach that non-condensable gases influence 

significantly in the heat transfer coefficient and response of the system. 

 

Those choices made it possible to observe the ability of the pressurizer deal with transient 

fluid input and output, which results in pressure changes, but the graphics obtained show that 

the physics of the same works in order to resume the initial conditions. Moreover, it can be 

verified as fact isolated operation of heaters, that in the event of negative surges, outsurges, 

work to compensate for the loss of pressure. As expected according to the theoretical data. 

 

A wide range of events can be verified with the proposal described here, as the failure of 

heating operation, the insertion of non-condensable gases and minimum concentrations 

analysis to generate transients significantly changed. 

 

It is proposed in the future take into account the effect of pressure relief valves present in the 

reactor IRIS, with the goal of obtaining a result more faithful the problem situations 

presented. In addition to model one of the banks of heaters with other types of proportional 

control, integral and derivative, perform the analyses also vapor-liquid interface level at the 

end of the transients. 

 

Considered as addition to the production of this work the development of code in MATLAB 

mathematical formulation, aiming to perform graphic comparisons of the phenomena 

observed here under the aspect of theoretical formulation. 

 

The simulation that pressurizer can still consider the presence and effect of boron, to operate 

a nuclear reactor in a constant power level, the rate of production of neutrons through fission 

reactions and radioactive decays must be balanced by loss of neutrons via absorption and 

escape from the system. Changes in this condition results in a temporal dependence of the 

amount of neutrons and hence the change in reactor power level. The behavior of neutron 

flux and the reactivity of the nuclear system must be known to ensure the controlled and safe 

operation of the reactor. 

 

The pressurized water reactor has its critical analysis carried out by the use of control bars 

and boron dilution in the water of the fluid of the coolant circuit. The need to shut down the 

reactor, it is more appropriate to use the control bar system due to the rapid introduction of 

negative reactivity in the core. Otherwise, the boron dilution control is of paramount 

importance, as it does not affect the distribution of neutron flux significantly. 

 

Boron's thermal neutron absorber 10 and, in the form of boric acid diluted in PWR reactor 

coolant, has the function to control the excess of reactivity in the core of the reactor. From the 

point of view of safety in the operation of reactors, the homogenization of the boron is of 

paramount importance, because if a certain amount of water with boron concentration below 

the concentration of the SRR is pumped into the core, can cause an undesirable increase in 

reactor power. Otherwise, in the event that the pumped water to the core has a higher 

concentration of the SRR. 
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In this way, it was possible through the model proposed here for code RELAP, analyze the 

desired effects of the response of the pressurizer to the predetermined problems situations 

acceptably for the proposed conditions. The perception of both the presence of Non-

Condensable gases, as the conditions of operation of heaters, as determining the points 

system pressurization, is the object of research with eagerness for being further explored in 

future work. 

 

ACKNOWLEDGMENTS 

 

I am very grateful to my parents, teachers, friends and co-workers for their support and 

encouragement in times of difficulty, which directly and indirectly contributed to the 

consolidation of this work. 

 

REFERENCES 

 

1. CGEE. Programa Nuclear Brasileiro : Estudo identifica condições para produção nacional 

de energia nuclear. Disponível em:  

<http://cgee.org.br/noticias/viewBoletim.php?in_news=774&boletim=28>. Acesso em: 11 

de janeiro de 2013. 

2. LAMARSH, John R. Introduction to Nuclear Engeneering. 2.ed. United States of 

America : Addison-Wesley, 1983. 689p. 

3. TODREAS, Neil E.; KAZIMI, Mujid S. Nuclear Systems I: Thermal Hydraulic 

Fundamentals. 2.ed. United States of America : Taylor & Francis, 1993. 705p. 

4. IDAHO NATIONAL ENGINEERING LABORATORY, RELAP5/MOD3 Code Manual, 

US Nuclear Regulatory Commission Report NUREG/CR-5535, 1994. 

5. LEONARD, Mark T.. The Effects of a Non-Condensable Gas on Pressurizer Insurge 

Transients. Massachusetts, 1983. 72f.. Dissertação (Mestrado de Ciência em Engenharia 

Nuclear). Massachusetts Institute of Technology. 


