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Abstract. The nuclear power plant simulator displays the thermal-hydraulic con-
ditions of nuclear power plant in 2D. To enhance the 3D effect of the thermal-
hydraulic display of nuclear power plant, the real-time simulation of thermal-
hydraulic mechanism of nuclear power plant is studied based on 3D visualization.
Firstly, a 3D model is established that can express thermal-hydraulic characteris-
tics; secondly the real-time data is connected to the simulator through a program
interface; finally Unity3d is used to integrate the 3D model with the received data
in real time, and display it in a data-driven 3D model. At the same time, taking the
primary circuit equipment of a nuclear power plant as an example, a 3D visual test
is carried out on the thermal-hydraulic mechanism of temperature, pressure, and
flow rate. The results show that this method can well display the thermal-hydraulic
mechanism in 3D, providing a new idea about the training of nuclear power plant
personnel.
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1 Introduction

The operation of nuclear power facilities requires high human reliability, and the simu-
lation of accident conditions of nuclear power facilities is a necessary part of operator
training [1]. At present, the most important and direct method of this training is to use
the nuclear power plant simulator to complete it. The simulator can enable the nuclear
power plant operators to master the analysis and processing skills of various operating
conditions of the nuclear power plant. But, when the simulator simulates the operating
conditions of nuclear power plant, it is displayed through 2D pictures. It cannot visualize
the change process of thermal-hydraulic phenomena, and lacks intuitive and 3D visual
effects. Moreover, it is used by nuclear power plant operators and has strong profession-
alism, which makes it difficult to prove and analyze the thermal-hydraulic mechanism
to new employees and non-operators.

This paper adopts VR technology to view nuclear power equipment in a 3D environ-
ment, and displays the operation simulation of various phenomena such as temperature,
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pressure and flow rate of nuclear power equipment in a 3D dynamic virtual way. The
thermal-hydraulic model can be connected with the data onto the simulator in real time,
thus realizing the real-time dynamic simulation of nuclear power thermal-hydraulic in
3D visualization. The system can reproduce the operation of the system under various
conditions of the power plant, and it provides a 3D visualizationmethod for the simulator
training, so as to enhance the 3D perception of trainers and improve the training effect.

2 Virtual Reality Technology and Application

Great changes have taken place in today’s world industry, and the advanced science
has shown great power, especially VR is carrying out an unprecedented revolution to
industry [2]. VR is defined as a set of technologies and a technical system integrating
users and computing has been developed. Its goal is to give users a feeling of living in
a virtual world in real time through advanced interfaces. So VR can be regarded as an
experience of users and Computerized System in 3D.

Due to the characteristics of immersion, interactivity and conception of virtual reality
[3], this technology has been widely used in all aspects of industry by large enterprises in
the world. It has played an important role in improving development efficiency, strength-
ening data collection, analysis-processing capabilities, reducing decision-making mis-
takes and reducing enterprise risks. Similarly, it has played an important role in informa-
tion exchanges, generation, operation and management decisions in the nuclear power
industry. This foreign research and application started early. O.Fridtjov studied the appli-
cation of virtual reality of nuclear power plant accident management [4]. I. Yukihiro et al.
[5] developed a radiation dose assessment system based on virtual reality technology
in the decommissioning engineering support system of Fugen nuclear power plant in
Japan. G. Romero et al. [6] developed a substation virtual reality simulation system.
At present, a lot of domestic researches have been conducted in this field, and certain
results have been achieved. Zhao Pengcheng had realized the application of virtual main-
tenance training for nuclear power plant by VR [7]. Ma Jianming used VR technology
to research and apply nuclear power plant accident emergency response [8]. Chen Ming
conducted a preliminary 3D visualization study of nuclear power plant simulator based
on Unity3d [9]. The above cases show that using 3D digital virtual simulation tech-
nology to build digital factory applications for the nuclear energy industry, providing
multi-person online interactive training function, and implementing visual demonstra-
tion, guided operation and open and free operation management modes can effectively
solve the problems faced by nuclear energy enterprises.

3 System Implementation

3.1 Design Idea

The design idea of the whole system is mainly shown in Fig. 1. The whole design phase
includes 3Dmodeling, real-time data processing, data driving and 3D visual interaction.
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Fig. 1. System design module

3.2 Technical Framework

The system development process involves 3D model building and processing, simulator
data docking, database connection, Unity data real-time drive, Unity 3D visualization
development, cross-platform publishing and other technical contents. According to the
development process, the technical framework adopted by the system is shown in Fig. 2.

Fig. 2. System technical framework
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3.3 Thermal Hydraulic Modeling

Construction and Processing of Foundation Model. In this system, PDMS and Pro-
E are used to build the layout model of nuclear Power-Loop system and the mechanical
models of RPV, SG and other equipments. As we all know, Unity native supports import-
ing standard polygon formats such as Obj, FBX, 3ds, etc. [10], but it cannot directly
import industrial models created by PDMS and Pro-E. In the past workflow, it is nec-
essary to use 3DMAX and other tools to carry out manual optimization to adjust model
wiring and vertex topology. This paper studies the use of PiXYZ Plugin for Unity to
import the industrial digital model built by PDMS and Pro-E. It can automatically opti-
mize the model, and ensure that the model runs smoothly in the engine and restores
highly the real scene to improve application performance.

Construction of Thermal-Hydraulic Characteristic Shader. The shader with
thermal-hydraulic characteristics is constructed by using shader editor ShaderForge.
Liquid disturbance is mainly formed into shader texture superposition and UV offset,
and color to value change is controlled through node parameter adjustment, thus real-
izing temperature and pressure color change, bubble generation, flow and bursting, etc.
Finally, the quality of the coloring equipment is endowed with the model grid renderer
to complete the establishment and rendering of the thermal-hydraulic 3D model.

To sum up, the whole thermal-hydraulic modeling process of the system is shown in
Fig. 3.

Fig. 3. Schematic diagram of thermal hydraulic modeling process

3.4 Real-Time Analog Data Processing

The data of simulator is the data support of thermal-hydraulic 3D real-time dynamic
simulation system. The data interface system is a transit system that connects the visu-
alization system and the simulator. This part serves as the background data interface of
the entire system. It aims at sending real-time data generated by the simulator to the data
driving model module through the designated protocol. so as to ensure that the data of
simulator can drive the thermal-hydraulic 3D model on time.

The simulator can export the data such as pressure, temperature, flow rate in real
time through internal functions and stores them in Excel tables. Due to the large amount
of information such as multi-tables and multi-fields of exported data, the system needs
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to use programs to filter, simplify and fuse various data, and store the fused data in the
database for the 3D engine program to call. The final data structure is shown in Table 1.

Table 1. Real-time Visualization Data Structure of Thermal Hydraulic System

Name Temperature Pressure Velocity of flow

130101010 423.842 1.74065E + 07 5778.5

130101020 423.851 1.74165 E + 07 5778.79

130101030 423.860 1.74266E + 07 5778.77

130101040 423.869 1.74366E + 07 5778.77

130101050 423.877 1.74467 E + 07 5778.66

130101060 423.886 1.74566 E + 07 5781.26

The flow of real-time data processing of the simulator is shown in Fig. 4.

Fig. 4. Real-time data processing flow of simulator

Due to the variety of data types exported by the received simulator, the amount
of data is huge. This system screens for the data related to thermal-hydraulic through
the VSTO plugin program of Excel and stores them in the database, thereby greatly
reducing the data capacity, avoiding data blocking, and improving the data validity and
retrieval efficiency. The data stored in the database is regularly read into the data queue
ofWebService for the 3D engine program to call, thus improving the data independence.

3.5 Data Driven Model

The main function of this part is to receive the transmitted real-time data and drive
the real-time changes of the thermal-hydraulic 3D model. Its data access and driving
process is shown in Fig. 5. Its greatest feature is to convert the acquired real-time data
of the simulator into JSON format data for the 3D engine to call. JSON data has the
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characteristics of more efficient transmission and analysis [11, 12]. The correlation
between simulator data and 3Dmodel is realized through JSON lightweight data driven,
which can effectively to improve the refresh frequency of Unity read data, thus ensuring
smooth real-time picture of data drives model.

Fig. 5. Data Drive Module Design Flow Chart

The specific implementation steps of the module are as follows:
(1) Reading data onto the database through theWeb Service interface and converting

the data object to JSON format through the serialization interface.
(2) Parsing and restoring the converted JSON data through litJson library at the end

of Unity3d 3D engine.
(3) The analyzed data are bound to the node parameters on the thermal-hydraulic

3D model according to their respective attribute types, and the binding drives the node
parameters on the 3D model to change in real time, thus achieving the 3D real-time
dynamic change simulation of the thermal-hydraulic model.

Because it involves thermal-hydraulic real-time simulation ofmultiple physical char-
acteristics inside different equipment, it is necessary to classify the acquired real-time
data and match and associate the parameters of corresponding model shader nodes. In
thwill control the color change of different states through the values of node parameters.
The correlation matching between the data and the model only needs to convert the
acquired real-time data value into the value f (x) (0–1) through mathematical operation,
and the conversion formulas such as (1), min and max which are the minimum and max-
imum values set by temperature, pressure and flow rate respectively. Finally, according
to the conversion values in different intervals, corresponding parameter nodes can be
given, thus realizing a universal shader template to simultaneously represent different
thermal-hydraulic characteristics changes.

f(x) =
⎧
⎨

⎩

(value − min)
/
(max − min), value ≥ min &&value ≤ max

0, value < min
1, value > max

(1)

3.6 Dynamic Visualization Interaction

The system not only completes the main function of thermal hydraulic real-time simu-
lation, but also provides a convenient dynamic 2–3-D visual interactive operation mode.
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It can present the thermal hydraulic real-time 3D dynamic simulation functions as all
directions.

3D Models Interaction
This paper expands and develops a set of standard Unity 3D interaction toolkit based
on the conventional 3D interaction operation mode. Common operations such as flight
roaming, panning, dragging, positioning, centering, looking around and highlighting the
selected border can be easily realized by Keyboard mouse, as shown in Fig. 6.

Fig. 6. Interactive schematic of 3D model

2D Interface Interaction

Navigation and Positioning with Tree Structure. The interface provides a hierarchical
navigation tree that completely matches the model. Its function mainly establishes a 2D
hierarchical tree that completely matches the internal structure of the 3D model. The
structure tree and the 3D model can synchronously link navigation and positioning in
both positive and negative directions. At the same time, it can realize the functions of
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displaying and hiding parts, positioning, centering, searching, etc., the interface shown
in Fig. 7.

Fig. 7. Navigation tree interface

Dynamic Color Scheme. Since the system involves a variety of thermal-hydraulic char-
acteristics, and the numerical value of these characteristic varies widely. The system
uses UGUI to classify and differentiate the different characteristics. In order to make the
display more intuitive and effective, the system adds transparent channel calculation,
and it provides a dynamically configurable color scheme. Color matching values can
be modified according to actual needs and reflected on the 3D model in real time. Its
functional interface is shown in Fig. 8.

Fig. 8. Color scheme interface

Real-time Display of Data Status. When selecting the corresponding node ormodel, the
system updates the corresponding model code name, temperature, pressure, flow rate in
real time through the attribute interface. It makes intuitive matching comparison with
the color depth of the 3D model through the parameter data. The interface diagram is
shown in Fig. 9.
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Fig. 9. Real-time display interface of parameter data

4 Application Status

In order to verify the stability, reliability and smoothness of the system, it mainly sim-
ulates Reactor, Steam Generator and Pump, etc. It has many functions such as rotation,
perspective and hiding. Through color, bubble, flow, burst values temperature, liquid
level, flow velocity of the equipments. it can also values selected parameter. The specific
application effect is shown in Fig. 10.

Fig. 10. Schematic diagram of system operation effect

The system has gradually started to run online. After completing 3D modeling,
function development, data docking, installation, debugging and optimization, the sys-
tem runs stably. The system was driven by model data and measured with precise size of
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power plant equipment. It used advanced 3D technology to display the physical param-
eters and states of the core and a Loop system, thereby presenting real-time, dynamic,
high-definition and all-round 3D visualization effects of Nuclear Island system operation
under different working conditions. Finally, it realized the dynamic display and analysis
functions of the thermal-hydraulic mechanism.

5 Conclusion

The system combines the simulator and the 3D dynamic thermal-hydraulic working
condition display, and can demonstrate, analyze and train thermal-hydraulic phenom-
ena. The simulation effect is realistic and the picture is novel. Dynamic visual effects
are supported by background data onto various working conditions, covering complete
working conditions. From the comprehensive comparison of simulation accuracy, work-
ing condition types and visual effects, the system has reached the domestic leading level,
with advanced technology and good training value. The system can be used for personnel
training to deepen the understanding of thermal-hydraulic phenomena and principles,
and improve training effects.
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