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ABSTRACT

This INL plan describes the Software Verification and Validation Plan
(SVVP) and Requirements Traceability Matrix (RTM) on main physics and
numerical method of the RELAP-7 software. The plan also describes the testing-
based software verification and validation process—a set of specially designed
software models used to test RELAP-7.
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PREFACE
Document Version

This document is released as Revision 0.

It is the reader's responsibility to ensure he/she has the latest version of this document. Direct
Questions may be directed to the owner of the document and project manager:

Project Manager: Curtis L. Smith, RISMC Pathway Lead
Idaho National Laboratory

Phone: (208) 526-9804.

E-mail: Curtis.Smith@inl.gov .
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RELAP-7
Software Verification and Validation Plan

Requirements Traceability Matrix (RTM)
Part 1 — Physics and numerical methods

1. INTRODUCTION AND OVERVIEW

This plan describes the software RELAP-7 and presents the general, specific and technology
requirements informally documented for previous releases of the application. The plan also presents
information concerning the testing-based software verification and validation (SV&V) process—a set of
specially designed software models and scripts used to test RELAP-7 and subsequent versions. This
document is a “living” document in that it will be periodically updated as new or revised information
related to the RELAP-7 development is obtained.

This document is a continuous work of “RELAP-7 Software Verification and Validation Plan (INL-
EXT-14-33201).

The organization of the document is as follows:

Sections and

Appendices Subject Area

Description of the RELAP-7 product, support activities, features and development
status.
Reauirement Traceability Matrix and three different requirements types

1

List of test samples

Concluding remark

Detailed description of test samples
Classified test samples

AW > b L

Requirement Traceability Matrix

1.1 System Description

The RELAP-7 (Reactor Excursion and Leak Analysis Program) code is a nuclear reactor system
safety analysis code being developed at Idaho National Laboratory (INL). The code is based on the INL’s
modern scientific software development framework — MOOSE (Multi-Physics Object-Oriented
Simulation Environment). The overall design goal of RELAP-7 is to take advantage of the previous thirty
years of advancements in computer architecture, software design, numerical integration methods, and
physical models. The end result will be a reactor systems analysis capability that retains and improves
upon RELAPS5’s capability and extends the analysis capability for all reactor system simulation scenarios.

1.2 Plan Objectives

The objective of this plan is to document the software development process for RELAP-7.
Additional information provided in this plan includes the software requirements specification (SRS), and
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the interface requirements specification (IRS), and the software design specification (SDS), which have
been informally documented for previous releases of the application.

For the INL, Software Quality Assurance (SQA) requirements are contract driven and interpreted from
DOE Order 414.1C, “Quality Assurance”, 10 CFR 830 Subpart A, “Quality Assurance Requirements”,
and ASME NQA-1-2000, “Quality Assurance Requirements for Nuclear Facility Applications.” The INL
internal document, PDD-13610, "Software Quality Assurance Program," describes the SQA Program at
the INL. To implement the SQA Program, two supporting documents are used at the INL:

o LWP-13620, "Software Quality Assurance" is the entry-level document for the SQA work
processes. This procedure directs the SQA activities during the software life cycle which consists
of requirements, design, implementation, acceptance test, operations, maintenance, and
retirement. LWP-13620 is designed to standardize the lab’s SQA implementation by applying a
graded approach and utilizing trained personnel in the identification of the required SQA
activities. LWP-13620 provides direction in determining the rigor (level of effort) required when
(a) performing SQA activities and (b) creating documentation for each phase of the software life
cycle.

SQA must be applied to all INL software (including RELAP-7 development) activities that meet the
criteria in LWP-13620. Performing SQA is important because it (a) maintains compliance with DOE O
414.1C, "Quality Assurance" and 10 CFR 830 "Nuclear Safety Management", Subpart A "Quality
Assurance Requirements"; (b) assists in assuring you are following a stable, repeatable process that is cost
effective and consistently meets customer requirements; and (c) provides a foundation for ensuring the
quality of software developed, procured, and modified at the INL.

Per PDD-13610, the Software Owner is a representative of the organization responsible for the
application of the software. He/she is identified in the INL Enterprise Architecture and is responsible for:

o Identifying and documenting the appropriate safety software categorization to software per LWP-
13620.

e Approving software management plan, requirement, acceptance test, and retirement
documentation

e Approving results of evaluations of acquired and legacy software to determine adequacy to
support the operations, maintenance, and retirement phases

e Procuring software using LWP-4001, "Material Acquisitions" and LWP-4002, "Service
Acquisitions."

e Developing and implementing program-specific training for the operational use of safety software

e Considering whether user training is needed for the operational use of Quality Level 1 and
Quality Level 2 software.

"Software" as defined by the PDD-13610 procedure pertains to computer programs and associated
documentation and data pertaining to the operation of a computer system and includes:

1. Application Software - software designed to fulfill specific needs of a user; for example
navigation, payroll, or process control.

2. Support Software such as the following software tools (e.g., compilers, configuration and code
management software, editors) or system software (e.g., operating systems).

Note that within the INL SQA process, software that does not fall within the scope of the SQA Program
includes any software covered by a contractual agreement, such as Work for Others, that includes
references or requires a specific documented SQA process. Applicable documents that apply to RELAP-7
development include:

Idaho National Laboratory 2
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e Software Quality Assurance Plan for RELAP-7, PLN-4212, 5/31/2012.

e Software Project Management Plan for RELAP-7, PLN-4213, 6/28/2012.

e Software Configuration Management Plant for the RELAP-7 Project, PLN-4214, 6/30/2012.
e RELAP-7 Development Plan, INL/MIS-13-28183, 1/2013.

It is the responsibility of the Software Owner to make the determination as to whether a particular
software can be classified as "safety software." Safety Software includes the following type of software:

o Safety System Software. Software for a nuclear facility that performs a safety function as part
of a structure, system, or component and is cited in either (a) a DOE approved documented safety
analysis or (b) an approved hazard analysis per DOE P 450.4, Safety Management System Policy,
dated 10-15-96, and the DEAR clause.

o Safety Analysis and Design Software. Software that is used to classify, design, or analyze
nuclear facilities. This software is not part of a structure, system, or component (SSC) but helps
to ensure that the proper accident or hazards analysis of nuclear facilities or an SSC that performs
a safety function.

e Safety Management and Administrative Controls Software. Software that performs a hazard
control function in support of nuclear facility or radiological safety management programs or
technical safety requirements or other software that performs a control function necessary to
provide adequate protection from nuclear facility or radiological hazards. This software supports
eliminating, limiting or mitigating nuclear hazards to worker, the public, or the environment as
addressed in 10 CFR 830, 10 CFR 835, and the DEAR ISMS clause.

For all software that falls within the scope of the SQA Program, a quality level must be assigned by a
qualified Quality Level Analyst with review and concurrence by a Quality Level Reviewer (i.e., a second
Quality Level Analyst) per LWP-13014, "Determining Quality Levels." The Quality Level Analyst
should then communicate to the Software Owner the determined quality level.

A quality level is a designator that identifies the relative risk associated with the failure of items or
activities. This quality level determination must be performed regardless of the size or complexity of the
software. The Quality Levels are defined as follows:

Quality Level 1  software is software whose failure creates "high" risk. This software requires a
high degree of rigor during the software life cycle.

Quality Level 2  software is software whose failure creates "medium" risk. This software requires
a moderate degree of rigor during the software life cycle.

Quality Level 3  software is software whose failure creates "low" risk. This software requires a
low degree of rigor during the software life cycle.

The quality level of the software is a component when determining the level of rigor (graded-approach)
that the SQA Specialist must ensure is applied when performing software quality assurance activities or
creating documentation for each phase of the software life cycle. The higher the quality level of the
software, the more rigorous the quality assurance activities and documentation will need to be as defined
in Section 4.2 of LWP-13620.

Per the Requirements Phase Documentation table in LWP-13620:

Idaho National Laboratory 3
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1. For QL-1 and QL-2 Custom-Developed or Configurable software: include within the
software's documentation (e.g., Project Execution Plan (PEP), Software Quality Assurance
Plan (SQAP)):

a. The activities to be performed to support software quality assurance (e.g., design
reviews, acceptance testing, reviews and audits),

b. Identify SQA documentation to be generated,
c. Identify the roles and responsibilities for SQA activities, and
d. The methodology for tracing requirements throughout the software life cycle.

2. For QL-3 Custom Developed or Configurable software and all other software types (i.e.,
acquired, utility calculations, commercial D&A), the described information is optional or not
applicable within the software’s documentation.

All documentation that furnishes evidence of the software quality is considered a QA record and should
be handled as a quality record according to the organization, program, or project's Records Management
Plan as required by LWP-1202. QA records generated during the software development life cycle could
include project plans, requirement specifications, configuration management plans, software quality
assurance plans, security plans, and verification and validation documentation (e.g., test plans, test cases,
and design review documents).

It is the responsibility of the contractor to ensure that these quality criteria are adequately addressed
throughout the course of the research that is performed.

1.21 Software Quality Assurance

Software assurance is the planned and systematic set of activities that ensures that software processes
and products conform to requirements, standards, and procedures. These processes are followed in order
to enhance the robustness of the development process. Having formal documented development
procedures and requirements helps to streamline the development cycle and focus on customer-driven
needs.

In an attempt to improve the quality of the RELAP-7 tool set, effort has been made to establish
criteria to which the development and control processes adhere. The recording of coding standards and
the creation of the Requirements Traceability Matrix (RTM) will be added to improve code use and to
establish traceability.

The roles and responsibilities of each team member are described below:

e Project Manager — Executes, maintains, and updates this plan. Monitors SV&V activities for the
RELAP-7 Project. Coordinates formal user acceptance testing, when required. Performs as an
alternate for technical team members.

o Software Developer — Performs design reviews, test case identification, design, construction, and
functional unit testing during software development; reports anomalies and deviations to the
Project Manager.

e Quality Assurance — Supports SV&V activities including RELAP-7 reviews. Is independent of
the development and testing work

Idaho National Laboratory 4
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1.3 Supporting Activities

1.3.1 Development of MOOSE Application

RELAP-7 is a MOOSE (Multiphysics Object-Oriented Simulation Environment) based application
which uses open source software packages, such as PETSC (a nonlinear solver developed at Argonne
National Laboratory) and LibMesh (a Finite Element Analysis package developed at University of Texas).
MOOSE provides numerical integration methods and mesh management for parallel computation.
Therefore RELAP-7 code developers only need to focus upon the physics and user interface capability.
By using the MOOSE development environment, RELAP-7 code is developed by following the same
modern software design paradigms used for other MOOSE development efforts.

There are currently over 20 different MOOSE based applications ranging from 3-D transient
neutron transport, detailed 3-D transient fuel performance analysis, to long-term material aging. Multi-
physics and multiple dimensional analyses capabilities, such as radiation transport, can be obtained by
coupling RELAP-7 and other MOOSE-based applications through MOOSE. This allows restricting the
focus of RELAP-7 to systems analysis-type simulations.

The RISMC Toolkit is being built using the INL’s MOOSE framework. MOOSE has been
designed to solve multi-physics systems that involve multiple physical models or multiple simultaneous
physical phenomena. Inside MOOSE, the Jacobian-Free Newton Krylov (JENK) method is implemented
as a parallel nonlinear solver that naturally supports effective coupling between physics equation systems
(or Kernels). This capability allows for a tightly-coupled set of tools that work together, as shown in
Figure 1.

RISMC Toolkit

Domain Knowledge RAVEN 9
(failure models, (Controller and
operational data, etc.) Seenarios) |

.
RELAP-7 E%]r
(T-H)

B Bison (Fuel
Performance)

Grizzly B%
T (Aging Effects)
L MAMMOTH
Fuel Physics

Peacock 5 ‘ ¥ ,

(Graphical
T Interface)

| |
MOOSE i |
{Solver Framework]) ‘ .

Figure 1 MOOSE-based applications
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1.3.2 Technology Transfer

Development of RELAP-7 is to support US nuclear power industry and technical stewardship is
envisaged. To realize this long-term vision, several items are considered.

The RELAP-7 code is still undergoing development and the beta-version will be released by
December 2014 to get feedback and suggestions for improvement on usability and applicability from the
user community.

The RELAP-7 quality assurance (QA) process includes the specific activities of verification,
validation, assessment, and related documentation to facilitate reviews of these activities. To support
these QA activities, a various results from facility operation, integral effects test, separate effect tests, and
fundamental tests including experiments on individual components have been collected. The INL has
started the QA process by implementing modern software management processes (including the use of
tools such as source code version control) as a part of the RELAP-7 development, conducting NQA-1
audits, and creating a software verification and validation plan (SVVP).

To keep the intellectual property, RELAP-7 is copyrighted software that has been developed by the
INL from funding provided by the U.S. Department of Energy. The type of software license for RELAP-7
is still to be determined. RELAP-7 is subject to U.S. Export Control laws, including a complete embargo
against any person from a T5 country (currently: Cuba, Iran, North Korea, Syria and Sudan). The
software license for the supporting MOOSE framework is the open source license “Lesser GNU Public
License (LGPL) version 2.1.”

1.4 RELAP-7 Features

In general RELAP-7 provides computational simulation of thermal-hydraulic behavior in a nuclear
power plant and its components. Representative thermal hydraulic models are used to depict the major
physical components and describe major physical processes. RELAP-7 has five main types of
components/capabilities:

Three-dimensional (3D)

Two dimensional (2D)

One-dimensional (1D) components (e.g., pipe)

Zero-dimensional (0D) components for setting boundary conditions for the 1D components
(e.g., Pressure boundary condition of pump)

e 0D components for connecting 1D components

RELAP-7 could be coupled to 3D core modeling MOOSE-based codes to enable detailed resolution.

The RELAP-7 code development started in 2012 based upon development input from the Electric
Power Research Institute. During the first year of the code development, the software framework was
created to establish the basic reactor system simulation capability with a number of components
developed for single-phase thermal fluid flow. Later, two-phase flow modeling capability was
implemented in the RELAP-7 code. These capabilities have been demonstrated via application to a
boiling water reactor simulation with representative components under extended Station Black Out (SBO)
transient conditions.

The RELAP-7 a-0.1 was released in May 2012, and followed by a-0.2 version in August 2013 and
a-0.6 version in September 2014. Since 2015, the code developers are using GitLab project which is the

Idaho National Laboratory 6
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web base open community for code developers. Everytime the code has been updated the GitLab will
automatically provide code version.

The RELAP-7 application is the next generation nuclear reactor system safety analysis code. The
code is based upon the MOOSE (Multi-Physics Object-Oriented Simulation Environment). The goal of
RELAP-7 development is to leverage of advancements in software design, numerical integration methods,
and physical models.

Table 1 Component-related attributes for the RELAP-7 (as of 2015)

Dimensionality Hydrodynamic Model 3D Linkage
RELAP-7 .
Component 0D 1D 2D S WIDIREED | ROl Application
Phase HEM 7-Eq.

Pipe n/a ] | | |
PipeWithHeatStruc

n/a [ [ | [ n n
ture
CoreChannel n/a [ [ | [ [ [ BISON
HeatExchanger n/a | ] | | i
TimeDependentVol - wa w/a . - 5
ume
TimeDependentMa
ssFlowRate . n/a n/a . . .
Branch [ n/a n/a [ [ O
Valve [ n/a n/a (] ] ] n/a
CompressibleValve [ ] n/a n/a | o o n/a
CheckValve [ n/a n/a (] ] ] n/a
Pump | n/a n/a | i o n/a
PointKinetics [ n/a n/a n/a n/a n/a n/a
SeparatorDryer ] n/a n/a n/a | o n/a
Downcomer [ | n/a O n/a [ O n/a
WetWell [ | O n/a [ [ O n/a

Rattlesnake+

Reactor [ | n/a n/a n/a n/a n/a MAMMOTH
Turbine [ n/a n/a [ O O n/a
Pressurizer [ O n/a n/a [ O n/a

* m: Available, o: Planned, n/a: Not available
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In summary the RELAP-7 design is based upon:

e Modern Software Design:
o Object-oriented C++ construction provided by the MOOSE framework
o Designed to significantly reduce the expense and time of RELAP-7 development
o Designed to be easily extended and maintain
o Meets NQA-1 requirements
e Advanced Numerical Integration Methods:
o Multi-scale time integration, PCICE (operator split), JENK (implicit nonlinear
Newton method), and a point implicit method (long duration transients)
o New pipe network algorithm based upon Mortar FEM (Lagrange multipliers)
o Ability to couple to multi-dimensional reactor simulators
e State-of-the-Art Physical Models:
o All-speed, all-fluid (vapor-liquid, gas, liquid metal) flow
o Well-posed 7-equation two-phase flow model
o New reactor heat transfer model based upon fuels performance

Table 1 shows detailed features of RELAP-7.

1.4.1 Software Framework

The RELAP-7 (Reactor Excursion and Leak Analysis Program) code is based on INL developed
framework software MOOSE (Multi-Physics Object Oriented Simulation Environment) which may
model fully coupled nonlinear partial differential equations. The Graphical User Interface (GUI) of
RELAP-7 can be provided by another MOOSE based software named Risk Analysis Virtual control
ENvironment (RAVEN).

1.4.2 Governing Theory

Fundamentally, the RELAP-7 code is designed to simulate all-speed and all-fluid for both single
and two-phase flow. However, current status RELAP-7 development focuses on simulation of the light
water reactors (LWR), thus, two-phase flow model is described here.

The main governing theories of RELAP-7 are: 7-equation two-phase flow; reactor core heat
transfer; and reactor kinetics models.

The 7-equation two-phase flow model consists of mass, momentum and energy (or pressure)
equation for both liquid and vapor phases and a topological equation which explains the state of the two-
phase mixture. This model may solve compressible fluid at all-speed multiphase flow which allows
analyzing various transient phenomena and accident scenarios in LWR. In the RELAP-7, the 7-equation
model is implemented in the MOOSE finite element framework.

Both convective and conduction heat transfer is simulated for fuel, fluid, and structures. The
reactor core heat source is modeled by point kinetic method considering hydraulic reactivity feedback.
The three-dimensional reactor kinetics may simulate through coupling with RattleSNake which is a
reactor kinetics code with both diffusion and transport capabilities based on MOOSE framework.

1.4.3 Computational Approach

The RELAP-7 uses MOOSE-based applications with a multitude of mathematical and numerical
libraries: LibMesh for the second-order accurate spatial discretization by employing linear basis, one-
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dimensional finite elements; Message Passing Interface (MPI) for distributed parallel processing; Intel
Threading Building Blocks (Intel TBB) for parallel C++ programs to take full advantage of multi-core
architecture found in most large-scale machines; and PETSc, Trilinos and Hypre for the mathematical
libraries and nonlinear solver capabilities for Jacobian-Free Newton Krylov (JENK).

To cover various time scale range of reactor transient and accident scenarios, the RELAP-7 pursues
three-level time integration approaches: Pressure-Corrected Implicit Continuous-fluid Eulerian (PCICE)
computational fluid dynamics (CFD) scheme for highly compressible and/or contain significant energy
deposition, chemical reactions, or phase change problems; JENK method for multi-physics problems
during the transients; Point Implicit time Integration method for long duration and slow transient
scenarios.

Idaho National Laboratory 9
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2. REQUIREMENT TRACEABILITY MATRIX (RTM)

2.1 Introduction

The Requirements Traceability Matrix (RTM) is created to associate specific requirements with the
work products that satisfy them. Tests are also associated the requirements on which they are based so
documented proof exists that the product has met the requirement. The matrix provides unique identifiers
for each requirement and ensures completeness that lower level requirements come from higher level
requirements. This matrix provides a tangible item that can be examined by the customer and the provider
alike. Information that may not be clearly explained in descriptive text will be directly traceable forwards
and backwards from a requirement or from an associated test. Traceability is used to manage change and
provides a basis for test planning. It is a tool to ensure that the software process has been completed from
initial definition to completion of a product. Use of an RTM provides a software quality check point.

2.2 Requirements for RELAP-7 development

Based on the previous study (INL-EXT-14-33201), following requirements are identified for
physics and numerical methods of RELAP-7. The requirements are categorized into three types: General
Requirements (GR); Specific Requirements (SR); and Technology Requirements (TR). The Software and
Interface Requirements which deals with issues on software design, GUI, computational stabilities, etc
will be discussed in the future studies.

Each requirement is evaluated by using existing test sample files. The results are shown in
Appendix C.

221 General Requirements (GR)

The General Requirements are based on existing system thermal-hydraulic codes. These
requirements are categorized into capability of LOCA and/or non-LOCA based scenario and other related
phenomena.

e GR-1: Simulate various LWR designs including PWR and BWR

e GR-2: Simulate various PWR manufacturers’ designs such as Westinghouse, Combustion
Engineering and Babcock& Wilcox

e GR-3: Simulate various containment design such as high and low backpressure

o GR-4: Simulate non-water cooled reactors including Gen-IV reactor type

e GR-5: Simulate steady-state analysis

e GR-6: Simulate Large-break LOCA (LBLOCA) and Small break LOCA (SBLOCA)

e GR-7: Simulate Emergency Core Cooling System (ECCS) design (accumulators and pumped
injection system, pumped safety injection system, cold/hot-leg injection)

e GR-8: Simulate excessive heat transfer
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e  GR-9: Simulate loss of heat transfer and loss of flow

e GR-10:

e GR-11:

e GR-12:

e GR-13:

e GR-14:

e GR-15:

e GR-16:

e GR-17:

e GR-18:

e GR-19:

e GR-20:

e GR-21:

e (GR-22:

e GR-23

o (GR-24:

e (GR-25:

Simulate increase and decrease in inventory

Simulate departure from nucleate boiling (DNBR)

Simulate minimum critical power ratio (MCPR)

Simulate transient analysis during LOCA

Generate physics parameters for reactor kinetics model in system code
Simulate reactivity and core power distribution

Simulate 3-D core power boundary condition coupled with system code
Simulate fuel rod thermal modeling

Simulate mechanical and thermal behavior of fuel pellets, gap and cladding
Simulate fluid/mechanical interaction analysis

Simulate containment analysis

Simulate chemistry effects

Simulate radiological consequence analysis

: Simulate prediction of core power distribution

Capability of coupling of codes

Simulate multi-dimensional fluid flow at microscale level of detail

222 Specific Requirements (SR)

The Specific Requirements (SR) mainly focuses on unresolved legacy issues of the thermal-
hydraulic codes partially due to the complexity of the technology and partially due to the challenges in
research and development. The legacy issues are categorized into physical phenomena, numerical
discretization, code and modeling accuracy, computer science, validation, etc. The requirements for

RELAP-7 development are therefore suggested based on the current state of code specification and legacy
issues. The requirements are labeled as “Essential” and “Recommended”.

e SR-1: The code will use most advanced computer science technology to optimize accuracy and

speed (Essential)

e SR-2: The code will implement 3D modeling for obtaining high level of resolution includes

coupling to CFD code (Essential)
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e SR-3: The code will provide coordinate system to represent actual design (Recommended)

e SR-4: The code will develop standard modules for meshing to lessen the variability of the result
(Recommended)

e SR-5: The code will identify standard or recommended options to lessen the variability of the
result (Recommended)

e SR-6: The code will not subject to failure as a result of numerical methods (Essential)
e SR-7: The code will address legacy issues associated with two-phase flow (Recommended)

e SR-8: The code will model droplet for BWR core spray and containment spray of PWR/BWR
(Recommended)

e SR-9: The code will model sources and transport of particles in vapor, gas, droplet and liquid
(Essential)

e SR-10: The code will model transport of non-condensable gases including heat transfer effect
(Essential)

e SR-11: The code will provide multi-scale / multi-physics simulation of following scope by
embedded or coupling : fuel rod; fuel assembly reactor primary coolant system; secondary
coolant system and balance of plant: instrumentation and controls; containment; site radiological
consequences; offsite radiological consequences; and fluid/structure interaction for dynamic loads
(Essential)

e SR-12: The code will be user friendly steady-state initialization and restart capabilities
(Recommended)

e SR-13: The code will provide clear and easy diagnostics to assist with debugging and workaround
(Recommended)

e SR-14: The code will provide detailed documentation of theory, programming, user manual,
validation basis and user guidelines (Essential)

e SR-15: The code will provide comprehensive GUI for pre/post-processing and on-line monitoring
(Essential)

2.2.3 Technology Requirements (TR)

The Techonology Requirements (TR) is the list of physical models and numerical methods will be
handled by the RELAP-7 code. The TR is mainly developed from the aspects that RELAP-7 code
development goals and features could be covered by the code.

Aspects on numerical method

e TR-1: Verification of single phase flow
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e TR-2: Verification of heat conduction simulation

e TR-3: Grid convergence study by continuous FEM on fluid flow problems

e TR-4: Grid convergence study by continuous FEM on heat conduction problems
e TR-5: Grid convergence study on stabilization schemes using SUPG scheme

e TR-6: Grid convergence study on stabilization schemes using Lapidus scheme

e TR-7: Grid convergence study on stabilization schemes using Entropy based viscosity
scheme

e TR-8: Time step convergence study using manufactured solutions Backward Euler
o TR-9: Time step convergence study using manufactured solutions Crank-Nicolson
e TR-10: Time step convergence study using manufactured solutions BDF2

e TR-11: Conservation laws in 0-dimensional components Branches/Junctions

e TR-12: Conservation laws in 0-dimensional components PWR specific components (steam
generator and pressurizer as examples)

e TR-13: Conservation laws in 0-dimensional components BWR specific components (steam
separator and jet pump as examples)

e TR-14: Simulation of system level conservation laws
Aspects on software design

e TR-15: Code review process capability

e TR-16: Regression test and code coverage test on general coverage test design

e TR-17: Regression test and code coverage test on extreme conditions test design
Aspects on physical phenomena

e TR-18: Single phase shock problems

e TR-19: Single phase pipe and branch system

e TR-20: Single phase pipe network

e TR-21: Two-phase flow water faucet problem

e TR-22: Two-phase flow water over steam problem

e TR-23: Two-phase flow fill-drain problem
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TR-24:

TR-25:

TR-26:

TR-27:

TR-28:

TR-29:

TR-30:

Two-phase flow manometer problem

Two-phase flow gravity wave problem

Two-phase shock problems

Evaporation due to heat input or depressurization
Condensation due to heat removal or pressurization
Pressure drop at abrupt geometric changes

Pressure ware propagation

Aspects on separate effects

TR-27:

TR-28:

TR-29:

TR-30:

TR-31:

TR-32:

TR-33:

TR-34:

TR-35:

TR-36:

TR-37:

TR-38:

TR-39:

TR-40:

Single-phase flow wall friction
Single-phase heat transfer

Single-phase water hammer

Single-phase natural circulation

Two-phase flow wall friction

Two-phase flow interfacial friction (vertical/horizontal flow)
Two-phase flow boiling heat transfer
Two-phase flow critical flow and blowdown
Two-phase flow level tracking

Two-phase flow CHF and post-CHF
Two-phase flow reflooding

Two-phase flow counter-current flow

PWR specific component tests

BWR specific component tests

Aspects on integral effect

TR-41:

TR-42:

Single-phase natural circulation

Two-phase Full Integral Simulation Test (FIST) SBO test benchmark
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e TR-43: Two-phase flow LOFT tests

e TR-44: Two-phase flow semi-scale natural circulation tests
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3. TEST SAMPLES

The RELAP-7 code testing currently provides automated testing of a total of 157 example files
representing thermal-hydraulic models, equations of state, component, and loops. The list of test sample
files are shown in Appendix A and B. Table 2 categorizes test files into specifications and models. Over
time, as the number of plant models and “input decks” increase in RELAP-7, this list of tests will grow.

Table 2 Category of test files

Test specification

Tested models

Test file number

2 Eq. Model 1,54, 55, 57, 60, 75, 76, 77, 79, 80, 83, 84
_ _ 2-8,10-16, 32 33, 35, 36, 38-44, 46, 48-53, 56, 58, 59, 61-
Single-Phase fluid flow 3 Ea. Modsl 69,71, 72,78, 81, 82, 87-92, 95-97, 99, 101, 103, 107,
q- 109, 114-116, 118-126, 128, 130, 137-142, 144-146, 152,
155-157
HEM 18-21, 34, 45, 73, 85, 98, 102, 104-106, 108, 110
Two-Phase fluid flow
7 Eq. Model 23,26,28-31,37,47, 74, 86, 93,94, 100, 111-113, 117
Pive 1,3,4,6-8, 11, 13-20, 13, 26, 28-37, 38, 40, 43, 44, 48-69,
P 71-100, 104-118, 123-126, 128, 130, 152, 155, 157
Pipe with heat structure 119-122
Flow junction 49-53, 155
Simple junction 99, 100, 128, 130
Branch 54, 62, 66, 75-81, 88, 89, 152, 157

Volume branch

64, 68, 69, 82

Reactor

12, 38, 39, 40-47, 63, 66

Core channel

5,21, 39, 40-47, 66, 152, 157

Subchannel 63
Components Point kinetics 65-67
Downcomer 82
Turbine 61,118
Heat exchanger 2,38,101-103, 152, 157
Pump 54, 55, 57-61
Ideal pump 56, 64, 152, 155, 157
Separate dryer 104-106
Wet well 62, 64
Valve 123, 124
Compressible valve 125, 126
Restart 128, 130
Other Error checking 129, 131-149
Displaced components 153
Control logic 154
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4. CONCLUDING REMARK

Three different types of requirements are suggested: General Requirements, Specific Requirements
and Technology Requirements. A total of 157 sample files are tested and generated a Requirment
Traceability Matrix (RTM), as shown in Appendix C.

Most of test files in this report cover physical and numerical method of the RELAP-7.

The RTM will be updated during FY 16 including software and interface requirements such as GUI,
integral test, numerical stability, grid convergence study and system level test file development.
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APPENDIX A. LIST OF SAMPLE TESTS

Following sample inputs are tested for RTM development of physics and numerical method of
RELAP-7. The list of sample files is based on previous study (INL/EXT-14-33201). Some of files are
missing due to update of the code sample development.

Test-01, Simple pipe flow

This case tests simplest 1-D isothermal flow with barotropic 2 equations model of water pipe flow
at ambient pressure. No stabilization coefficient was used. The water property uses
BarotropicEquationOfState. Inlet and Oulet type of boundary condition was used. The
Pipe has one volume with zero junctions. The SMP with Newton type solver JFNK is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-02, Heat transfer in heat exchanger

This case tests heat transfer models in a HeatExchanger component with sodium fluid on both
sides. Primary fluid flows inside circular pipe and secondary side within parallel pipe bundle with square
pitch. 1-D non-isotheraml flow 3 equations model with SUPG stabilization type was used.
LinearEquationOfStateProps was used for both water and sodium. The component geometry
was designed using TDV. The SMP with Newton type solver FDP_PJFNK is used for preconditioning.
The calculation type is Transient and implicit-euler numerical scheme are used for 1000 times
of calculation step. The output generates Exodus type file.

Test-03, Heat transfer of nitrogen in the pipe

This case tests heat transfer models in Pipe component filled with nitrogen. 1-D non-isotheraml
flow 3 equations model with SUPG stabilization type. The pipe has two time dependent volumes linked
with one time dependent junction. The working fluid is nitrogen (using N2Properties). The
HT geometry code is 101 which stand for single phase fluid flow in pipe. The SMP with Newton
type solver PJFNK is used for preconditioning. The calculation type is Transient and implicit-
euler numerical scheme are used for 100 times of calculation step. The output generates Exodus type
file.

Test-04, Heat transfer of water in the pipe

This case tests heat transfer models in Pipe component filled with water. 1-D non-isotheraml flow
3 equations model with SUPG stabilization type. The pipe has two time dependent volumes linked with
one time dependent junction. The working fluid is water (using LinearEquationOfStateProps).
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The HT geometry code is 101 which stand for single phase fluid flow in pipe. The SMP with
Newton type solver PJFNK is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 50 times of calculation step. The output generates
Exodus type file.

Test-05, Heat transfer model in core channel

This case tests heat transfer models in a CoreChannel pipe component with typical PWR valve.
1-D non-isotheraml flow 3 equations model with SUPG stabilization type. The property of water uses
LinearEquationOfStateProps. Core fuel, gap and cladding materials are defined. Reactor and
CoreChannel components are used. The CoreChannel has two time dependent volumes linked with
one time dependent junction. The HT geometry code is 110 which stand for single phase fluid flow
within rod bundles. Cylindrical fuel was modeled. The SMP with Newton type solver PJFNK is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-006, Simple pipe flow with weakly imposed boundary condition

This case tests 1-D non-isothermal flow with 3 equations model using
StiffenedGasEquationOfState. No stabilization coefficient was used. Inlet and Oulet type
of weakly imposed boundary condition was used. The pipe has one volume with zero junctions. The SMP
with Newton type solver PJFNK is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 10 times of calculation step. The output generates
Exodus type file.

Test-07, Shock capturing

This case tests shock capturing model in Pipe component filled with water. 1-D non-isotheraml
flow 3 equations model with SUPG stabilization type. Two Pipes are linked with a FlowJunction
has two time dependent volumes linked with one time dependent junction. The working fluid is water
(using LinearEquationOfStateProps). The FDP with PJFNK slover is used for preconditioning.
The calculation type is Transient and implicit-euler numerical scheme are used for 30 times of
calculation step. The output generates Exodus type file.

Test-08, Simple pipe flow with 3 equation model.

This case tests simple water flow in Pipe component using 1-D non-isotheraml flow 3 equations
model. No stabilization option. Inlet and Oulet type of boundary condition was used. The Pipe has
one volume with zero junctions. Two Pipes are linked with a F1lowJunction which has two time
dependent volumes linked with one time dependent junction. The working fluid is water (using
LinearEquationOfStateProps). The FDP with PJFNK slover is used for preconditioning. The
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calculation type is Transient and implicit-euler numerical scheme are used for 10 times of
calculation step. The output generates Exodus type file.

Test-09, Energy hammer (file missing)

Currently this test is not invoked in the RTM.

Test-10, Different stabilization option in components

This case uses two different stabilization options. Pipel component uses SUPG and the Pipe2
has no stabilization option. The 1-D non-isotheraml flow 3 equations model is used for solving the
problem. No stabilization option was used. The Pipe has one volume with zero junctions. Two Pipes
are linked with a Branch. For boundary condition, the Inlet is linked with Pipel and Oulet is
linked with Pipe2. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-11, Water hammer

This case tests water hammer effect in Pipe component using 1-D non-isotheraml flow 3
equations model. No SUPG stabilization option is used. The property of gasr uses
StiffenedGasEquationOfState. The Pipe component has 200 elements. The inlet and outlet
boundary condition use SolidWall. The SMP with PJFNK slover is used for preconditioning. The
calculation type is Transient numerical scheme are used for 20 times of calculation step. The output
generates Exodus type file.

Test-12, Decay heat behavior in reactor

This case tests decay heat behavior in the Reactor component. 1-D non-isotheraml flow 3
equations model with SUPG stabilization type. The water property uses LinearEquationOfState.
The decay heat function uses PiecewiseLinear for the decay heat curve. The Reactor has two
CoreChannel and linked with two pipes with Branch for inlet and oulet of water flow. The inlet
Pipel is linked with TimeDependentJunction and outlet Pipe? is linked with
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.
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Test-13, Simple pipe flow of nitrogen gas

This case tests simple nitrogen gas flow in Pipe component using 1-D non-isotheraml flow 3
equations model with SUPG stabilization option. The property of nitrogen uses N2Properites. The
Pipe component has 10 elements. Inlet and Oulet type of boundary condition of
TimeDependentVolume was used. The SMP with PJENK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 20 times of
calculation step. The output generates Exodus type file.

Test-14, Simple pipe flow of non-isothermal gas

This case tests simple nitrogen gas flow in Pipe component using 1-D non-isotheraml flow 3
equations model with SUPG stabilization option. The property of gas uses LinearEquationOfState.
The Pipe component has 10 elements. Inlet and Oulet type of boundary condition of
TimeDependentVolume was used. The SMP with PJENK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 10 times of
calculation step. The output generates Exodus type file.

Test-15, Stiffened gas equation for liquid

This case tests stiffened gas equation for water in Pipe component using 1-D non-isotheraml flow
3 equations model with SUPG stabilization option. The property of water uses
StiffenedGasEquationOfStateLiquid. The Pipe component has 100 elements. Inlet and
Oulet type of boundary condition of TimeDependentVolume was used. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 20 times of calculation step. The output generates Exodus type file.

Test-16, Stiffened gas equation for vapor

This case tests stiffened gas equation for water in Pipe component using 1-D non-isotheraml flow
3 equations model with SUPG stabilization option. The property of water vapor uses
StiffenedGasEquationOfStateVapor. The Pipe component has 10 elements. Inlet and
Oulet type of boundary condition of TimeDependentVolume was used. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 20 times of calculation step. The output generates Exodus type file.

Test-17, Simple non-isothermal flow in pipe

This case tests 1-D non-isothermal flow of water pipe flow with SUPG stabilization option. The
water property uses BarotropicEquationOfState. The Pipe component has 10 elements.
Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The SMP with
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PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 20 times of calculation step. The output generates Exodus type file.

Test-18, Pipe flow test with two-phase homogeneous equilibrium model (HEM)

This case tests middle void flow without heating in Pipe component using HEM two-phase flow
model with SUPG stabilization option. The property of water uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 50 elements. Inlet
and Outlet boundary condition to Pipe uses TimeDependentVolume. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-19, Pipe flow test with transient boundary condition two-phase homogeneous equilibrium
model (HEM)

This case tests middle void flow without heating in Pipe component using HEM two-phase flow
model with SUPG stabilization option. The property of water uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 50 elements. Tnlet
and Outlet boundary condition to Pipe uses TimeDependentVolume. The both boundary
conditions use ParsedFunction for analytic function. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-20, Pipe transition flow test with two-phase homogeneous equilibrium model (HEM)

This case tests phase transition from single-phase water to two-phase in Pipe component using
HEM two-phase flow model. No stabilization option is used. The property of water uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 50 elements. Inlet
and Outlet boundary condition to Pipe uses TimeDependentVolume. The Inlet boundary
conditions use ParsedFunction for analytic heating function. The SMP with PJFNK slover is used
for preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 5 times of calculation step. The output generates Exodus type file.

Test-21, Core channel heat transfer test with two-phase homogeneous equilibrium model (HEM)

This case tests flow through the BWR core channel in CoreChannel component using HEM
two-phase flow with wall friction and heat transfer model. No stabilization option is used. The property of
water uses TwoPhaseStiffenedGasEquationOfState. The Reactor has one CoreChannel
of 50 elements and linked with inlet and oulet boundary conditions. Inlet and Outlet boundary
condition to Pipe uses TimeDependentVolume. The Inlet boundary conditions use
ParsedFunction for analytic heating function. The decay heat curve uses PiecewiselLinear
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function. The fuel, gap and cladding material uses SolidMaterialProperites. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 5 times of calculation step. The output generates Exodus type file.

Test-22, nozzle liquid only stagnationPTinlet staticPoutlet (file missing)

Currently this test is not invoked in the RTM.

Test-23, Two-phase flow with pressure and volume relaxation model in nozzle

This case tests two-phase flow in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, both pressure and volume relaxation models
are used. The property of water uses StiffenedGasEquationOfStatelLiquid for liquid phase
and StiffenedGasEquationOfStateVapor for vapor phase. The nozzle type uses
ParsedFunction. The Pipe component has 100 elements. Inlet and Oulet type of boundary
condition of TimeDependentVolume was used. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme using
SolutionTimeAdaptiveDT for timstepping. The output generates Exodus type file.

Test-24, nozzle 2phase_separated_stagnationPTinlet staticPoutlet (file missing)

Currently this test is not invoked in the RTM.

Test-25, nozzle vapor _only StrongPTinlet StrongPoutlet (file missing)

Currently this test is not invoked in the RTM.

Test-26, Two-phase flow with interfacial mass transfer model in nozzle

This case tests two-phase flow in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, both pressure and volume relaxation models
are used. The mass transfer at interface model was used. The property of water uses
StiffenedGasEquationOfStateLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The nozzle type uses
ParsedFunction. The Pipe component has 100 elements. Inlet and Oulet type of boundary
condition of TimeDependentVolume was used. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme using
SolutionTimeAdaptiveDT for timstepping. The output generates Exodus type file.
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Test-27, nozzle vapor only stagnationPTinlet staticPoutlet (file missing)

Currently this test is not invoked in the RTM.

Test-28, Two-phase flow in pipe

This case tests two-phase flow in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, the pressure and volume relaxation models and
the interfacial mass transfer model were used. The property of water uses
StiffenedGasEquationOfStateLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The Pipe component has 50 elements.
Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme used for 10 times of calculation step. The output generates Exodus type file.

Test-29, Water boling in the pipe

This case tests water boiling in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, the pressure and volume relaxation models and
the interfacial mass transfer model were used. The property of water uses
StiffenedGasEquationOfStateLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The Pipe component has 100 elements.
Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme used for 20 times of calculation step. The output generates Exodus type file.

Test-30, Water boling in the pipe using constant source term

This case tests water boiling in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, the pressure and volume relaxation models and
the interfacial mass transfer model were used. The element contstant source term was used for heat source.
The property of water uses StiffenedGasEquationOfStateLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The Pipe component has 100 elements.
Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme used for 20 times of calculation step. The output generates Exodus type file.

Test-31, Water boling in the pipe with large void fraction

This case tests water boiling in Pipe component using 1-D 2-phase flow 7 equations model with
LAPIDUS stabilization option. For 7 equation parameters, the pressure and volume relaxation models and
the interfacial mass transfer model were used. The void fraction was modeled with wall mass transfer
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model. The property of water uses StiffenedGasEquationOfStatelLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The Pipe component has 50 elements.

Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme used for 10 times of calculation step. The output generates Exodus type file.

Test-32, Lapidus stabilization

This case tests LAPTIDUS stabilization option in Pipe component using 1-D non-isotheraml flow 3
equations model. The property of gas uses StiffenedGasEquation. The Pipe component has 50
elements. Inlet and Oulet type of boundary condition of TimeDependentVolume was used. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 5 times of calculation step. The output generates
Exodus type file.

Test-33, Entropy viscosity stabilization

This case tests ENTROPY VISCOSITY stabilization option in Pipe component using 1-D non-
isotheraml flow 3 equations model. The property of gas uses StiffenedGasEquation. The Pipe
component has 100 elements. Inlet boundary condition uses TimeDependentMass and Oulet
boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and BDF2 numerical scheme are used for 10 times
of calculation step. The output generates Exodus type file.

Test-34, Entropy viscosity stabilization with homogeneous equilibrium model (HEM)

This case tests ENTROPY VISCOSITY stabilization option in Pipe component using HEM two-
phase flow model. The property of gas uses TwoPhaseStiffenedGasEquationOfState. The
Pipe component has 50 elements. Inlet and Outlet boundary condition uses
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and BDF2 numerical scheme are used for 10 times of calculation step. The output
generates Exodus type file.

Test-35, Pressure stabilization of air flow

This case tests PRESSURE stabilization option in Pipe component using 1-D non-isotheraml flow
3 equations model. The property of gas uses StiffenedGasEquationOfState. The Pipe
component has 50 elements. Inlet and Outlet type of boundary condition is used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient is used for 10 times of
calculation step. The output generates Exodus type file.

Idaho National Laboratory 25



RELAP-7 Software Verification and Validation Plan: RTM Part 1 — Physics and Numerical Methods

Test-36, Pressure stabilization of water flow

This case tests PRESSURE stabilization option in Pipe component using 1-D non-isotheraml flow
3 equations model. The property of water uses StiffenedGasEquationOfState. The Pipe
component has 50 elements. Inlet and Outlet type of boundary condition is used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient is used for 10 times of
calculation step. The output generates Exodus type file.

Test-37, Wall friction modeling in pipe

This case tests wall friction model of laminar, transitional, to turbulent flow in Pipe component
using 1-D 2-phase flow 7 equations model with SUPG stabilization option. The property of water uses
LinearEquationOfStateProps. The Pipe component has 10 elements. Inlet and Outlet
boundary condition to Pipe uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and BDF2 numerical scheme are used for 100 times
of calculation step. The output generates Exodus type file.

Test-38, Simple liquid metal reactor loop

This case tests liquid metal nuclear reactor one coolant loop with 1D non-isothermal flow 3
equations model. No stabilization option is used. The property of liquid is set with
LinearEquationOfState and property of material is set with SolidMaterialProperties.
The Reactor component is modeled with one CoreChannel. Pipe and Branch is used for
coolant loop. The IHX is modeled with HeatExchanger component. The inlet boundary condition uses
the TimeDependentJunction and the outlet boundary conditions are set with
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 5 times of calculation step.
The output generates Exodus type file.

Test-39, PWR core channel flow using 1-D non-isothermal 3 equation model

This case tests 1-D non-isothermal flow in PWR core channel flow using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
properties of fuel, gap and cladding use SolidMaterialProperties. The Reactor and
CoreChannel components are used for PWR core simulation. The Inlet and Outlet use
TimeDependentVolume boundary condition. The FDP with PJFNK slover is used for preconditioning.
The calculation type is Transient and implicit-euler numerical scheme are used for 20 times of
calculation step. The output generates Exodus type file.
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Test-40, PWR multiple core channel flow using 1-D non-isothermal 3 equation model

This case tests 1-D non-isothermal flow in PWR multiple core channel flow using 3 equations
model with SUPG stabilization option. The property of liquid uses IdealGasEquationOfState.
The material properties of fuel, gap and cladding use SolidMaterialProperties. The Reactor
and two CoreChannel components are used for PWR core simulation. Each CoreChannel is linked
with Pipe component with Branch. The Pipe is linked with TimeDependentVolume Inlet and
Outlet boundary condition. The FDP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.

Test-41, PWR core channel flow using 1-D non-isothermal 3 equation model with functional
material property

This case tests 1-D non-isothermal flow in PWR core channel flow using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
properties of fuel, gap and cladding use PiecewiseLinear functional
SolidMaterialProperties. The Reactor and CoreChannel components are used for PWR
core simulation. The Inlet and Outlet use TimeDependentVolume boundary condition. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 20 times of calculation step. The output generates
Exodus type file.

Test-42, Cylinder fuel core channel flow using 1-D non-isothermal 3 equation model

This case tests 1-D non-isothermal flow in cylinder fuel core channel flow using 3 equations model
with SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
properties of fuel and cladding use SolidMaterialProperties. The Reactor and
CoreChannel components are used for cylinder fuel core simulation. The Inlet and Outlet use
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 20 times of calculation step. The output generates Exodus type file.

Test-43, Multiple core channel flow using 1-D non-isothermal 3 equation model

This case tests 1-D non-isothermal flow in multiple core channel flow using 3 equations model
with SUPG stabilization option. The property of liquid uses IdealGasEquationOfState. The
material properties of fuel, gap and cladding use SolidMaterialProperties. The Reactor and
two CoreChannel components are used for multiple core simulation. Each CoreChannel is linked
with Pipe component with Branch. The Pipe is linked with boundary conditions. The Inlet uses
TimeDependentJunction boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
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Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-44, Plate fuel core channel flow using 1-D non-isothermal 3 equation model

This case tests 1-D non-isothermal flow in plate fuel core channel flow using 3 equations model
with SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
properties of fuel, gap and cladding use SolidMaterialProperties. The Reactor and
CoreChannel components are used for plate core simulation. The Pipe is linked with boundary
conditions. The Inlet uses TimeDependentJunction boundary condition and the Outlet uses
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient numerical scheme are used for 50 times of
calculation step. The output generates Exodus type file.

Test-45, BWR core channel flow using HEM two-phase model (OECD/NEA benchmark case)

This case tests two-phase flow in BWR core channel flow using HEM model with SUPG
stabilization option. The property of two-phases uses TwoPhaseStiffenedGasEquationOfState.
The material properties of fuel, gap and cladding use SolidMaterialProperties. The Reactor
and CoreChannel components are used for BWR core simulation. The Inlet and Outlet use
TimeDependentVolume boundary condition. The Inlet boundary condition uses ParsedFunction.
The SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for maximum 1000 times of calculation step. The output
generates Exodus type file.
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Test-46, User defined power shaped core channel flow using 1-D non-isothermal 3 equations
model

This case tests 1-D non-isothermal flow in cylinder fuel core channel flow using user defined
power shape and 3 equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. The material properties of fuel and cladding use
SolidMaterialProperties. The Reactor and CoreChannel components are used for cylinder
fuel core simulation. The core power is defined with PicewiseFunction. The Inlet uses
TimeDependentJunction boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 2 times of calculation step. The
output generates Exodus type file.

Test-47, Core channel flow using 1-D two-phase 7 equations model

This case tests 1-D two-phase flow in cylinder fuel core channel flow using 7 equations model with
SUPG stabilization option. The properties of liquid uses StiffenedGasEquationOfStateLiquid
and gas uses StiffenedGasEquationOfStateGas. The material properties of fuel use
SolidMaterialProperties. The Reactor and CoreChannel components are used for cylinder
fuel core simulation. The Inlet and Outlet use as boundary conditions. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.
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Test-48, Junction flow test (basic model without junction)

This case is basic model for junction flow with one Pipe component. The model uses 1-D non-
isothermal 3 equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. The Pipe component has 25 elements. The inlet boundary condition
uses TDM and outlet boundary condition uses Out let. The FDP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-49, Junction flow test with one junction and two pipes

This case tests junction flow linked with two identical Pipe components. The model uses 1-D
non-isothermal 3 equations model. No stabilization option is used. The property of liquid uses
LinearEquationOfState. Both Pipe components have 25 elements and linked with one
FlowJunction component. The inlet boundary condition uses TDM and outlet boundary condition uses
Outlet. The SMP with PJFNK slover is used for preconditioning. The calculation type is Transient
and implicit-euler numerical scheme are used for 30 times of calculation step. The output
generates Exodus type file.

Test-50, Junction flow test with one junction and two pipes of different size (flow from small to
large pipe)

This case tests junction flow linked with two different size Pipe components. The model uses 1-D
non-isothermal 3 equations model. No stabilization option is used. The property of liquid uses
LinearEquationOfState. Both Pipe components have 25 elements and linked with one
FlowJunction component. The flow area of pipe2 is twice larger than pipel component. The inlet
boundary condition uses TDM and outlet boundary condition uses Outlet. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit—-euler numerical
scheme are used for 30 times of calculation step. The output generates Exodus type file.

Test-51, Junction flow test with one junction and two pipes of different size (flow from large to
small pipe)

This case tests junction flow linked with two different size Pipe components. The model uses 1-D
non-isothermal 3 equations model. No stabilization option is used. The property of liquid uses
LinearEquationOfState. Both Pipe components have 25 elements and linked with one
FlowJunction component. The flow area of pipel is twice larger than pipe2 component. The inlet
boundary condition uses TDM and outlet boundary condition uses Out 1et. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit—-euler numerical
scheme are used for 30 times of calculation step. The output generates Exodus type file.
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Test-52, Junction flow test with one junction and three pipes

This case tests junction flow linked with three identical Pipe components. The model uses 1-D
non-isothermal 3 equations model. No stabilization option is used. The property of liquid uses
LinearEquationOfState. Both Pipe components have 25 elements and linked with one
FlowJunction component. The junction input is pipel and outputs are pipe2 and pipe3. The inlet
boundary condition uses TDM and outlet boundary conditions use Outlet. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit—-euler numerical
scheme are used for 30 times of calculation step. The output generates Exodus type file.

Test-53, Junction flow test with one junction and three pipes (flow from large to small pipe)

This case tests junction flow linked with one large Pipe component to two small identical Pipe
components. The model uses 1-D non-isothermal 3 equations model. No stabilization option is used. The
property of liquid uses LinearEquationOfState. Both Pipe components have 25 elements and
linked with one FlowJunction component. The junction input is large pipel and outputs are small
pipe2 and pipe3. The inlet boundary condition uses TDM and outlet boundary conditions use Outlet.
The FDP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 10 times of calculation step. The output generates
Exodus type file.

Test-54, Isothermal pump loop flow

This case tests isothermal pump loop flow using 2 equations model. No stabilization option is used.
The property of liquid uses BarotropicEquationOfState. An isothermal Pump component is
linked with two Pipe components. Other Pipe components are linked using Branch components. The
outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 20 time steps. The output generates Exodus type file.

Test-55, Isothermal pump flow

This case tests isothermal pump flow using 2 equations model. No stabilization option is used. The
property of liquid uses BarotropicEquationOfState. An isothermal Pump component is linked
between two Pipe components. The inlet and outlet boundary conditions of Pipe components use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 time steps. The output
generates Exodus type file.
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Test-56, Ideal pump flow

This case tests non-isothermal pump flow using 3 equations model. No stabilization option is used.
The property of liquid uses LinearEquationOfState. An IdealPump component is linked
between two Pipe components. The inlet and outlet boundary conditions of Pipe components use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 time steps. The output
generates Exodus type file.

Test-57, Isothermal pump reverse flow

This case tests isothermal pump reserve flow using 2 equations model using SUPG stabilization
option. The property of liquid uses BarotropicEquationOfState. An isothermal Pump
component is linked between two Pipe components. The inlet and outlet boundary conditions of Pipe
components use TimeDependentVolume. The pressure of outlet boundary condition is higher than
inlet boundary condition makes reverse pump flow. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 time steps. The output generates Exodus type file.

Test-58, Non-isothermal pump loop flow

This case tests non-isothermal pump loop flow using 3 equations model with SUPG stabilization
option. The property of liquid uses LinearEquationOfState. A Pump component is linked with
two Pipe components. Other Pipe components are linked using Branch components. The outlet
boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 20 time steps. The output generates Exodus type file.

Test-59, Non-isothermal pump flow

This case tests non-isothermal pump flow using 3 equations model with SUPG stabilization option.
The property of liquid uses LinearEquationOfState. A Pump component is linked between two
Pipe components. The inlet and outlet boundary conditions of Pipe components use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 time steps. The output
generates Exodus type file.
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Test-60, Isothermal pump start flow

This case tests isothermal pump start flow using 2 equations model. No stabilization option is used.
The property of liquid uses BarotropicEquationOfState. An isothermal Pump component is
linked between two Pipe components. The form loss coefficient of the pump is set with 1000 to model
the pump start. The inlet and outlet boundary conditions of Pipe components use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 time steps. The output
generates Exodus type file.

Test-61, Turbine driven pump flow

This case tests turbine driven non-isothermal pump flow using 3 equations model. The property of
water uses StiffenedGasEquationOfStateLiquid and the property of vapor uses
StiffenedGasEquationOfStateVapor. Two loops are designed: vapor loop with turbine; and
water loop with pump. The Turbine of vapor loop is linked between two Pipe components. The
LAPIDUS stabilization option is used for both pipe components. The Pump of water loop uses turbine as
driving component. The linked Pipe components use SUPG stabilization option. The inlet and outlet
boundary conditions of both loops use TimeDependentVolume. The inlet boundary condition of
vapor loop uses ParsedFunction. The SMP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 20 time steps.
The output generates Exodus type file.

Test-62, BWR wet well test with given boundary condition

This case tests BWR wet well non-isothermal 3 equations model with SUPG stabilization option.
The property of vapor uses StiffenedGasEquationOfStateVapor, liquid uses
StiffenedGasEquationOfStateLiquid and nitrogen property uses N2Properties. A vapor
loop is modeled for steam injection and water loop is modeled for water drawing back. A gas vent loop is
designed for venting to dry well. The valve is modeled with Branch component and wet well uses
WetWell component. Five Pipe components are used. The inlet and outlet boundary conditions use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 5 time steps. The output
generates Exodus type file.

Test-63, Sub-channel flow test

This case test sub-channel flow in the Reactor component using 1-D non-isotheraml flow 3
equations model. No stabilization option is used. The water property uses
LinearEquationOfStateProps. The fuel, gap and clad material properties are modeled with
SolidMaterialProperties. The Reactor has one Subchannel and linked with two Pipe
components with SubchannelBranch for inlet and oulet of water flow. The inlet boundary condition
uses TimeDependentMass and outlet boundary condition uses TimeDependentVolume. The SMP
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with PJFNK slover is used for preconditioning. The calculation type is Transient numerical scheme
are used for 5 times of calculation step. The output generates Exodus type file.

Test-64, BWR wet well test with zero flow rates into the volume

This case tests BWR wet well non-isothermal 3 equations model. No stabilization option is used.
The property of vapor uses StiffenedGasEquationOfStateVapor, liquid uses
StiffenedGasEquationOfStateLiquid and nitrogen property uses N2Properties. A vapor
loop is modeled for steam injection using VolumeBranch type valve. The water loop uses SUPG
stabilization option and TdealPump to simulate water drawing back. A gas vent loop also uses SUPG
stabilization option and SolidWall type valve for venting to dry well. The wet well uses WetWell
component. Five Pipe components are used. The inlet and outlet boundary conditions use
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 5 time steps. The output
generates Exodus type file.

Test-65, Point kinetics model with reactivity table

This case tests varying reactivity point kinetics model using 1-D non-isothermal flow 3 equations
model with SUPG stabilization option. The water property uses LinearEquationOfState. A
Reactor is with PointKinetics option of PicewiseLinear reactivity function. The Pipe
component has 20 elements. Inlet and Outlet boundary conditions are TimeDependentVolume.
The SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme is used for 10 times of calculation step. The output generates
Exodus type file.

Test-66, Coupled point kinetics model with reactivity table

This case test coupled point kinetics model using 1-D non-isothermal flow 3 equations model. No
stabilization option is used. The water property uses LinearEquationOfState. The fuel, gap and
clad material properties are modeled with SolidMaterialProperties. The Reactor has two
CoreChannel components and linked with two Pipe components with Branch for inlet and oulet of
water flow. The PointKinetics option uses PicewiseLinear reactivity function. The inlet and
outlet boundary conditions are TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit—-euler numerical scheme is used
for 10 times of calculation step. The output generates Exodus type file.

Test-67, Point kinetics model with constant reactivity test

This case tests constant reactivity point kinetics model using 1-D non-isothermal flow 3 equations
model with SUPG stabilization option. The water property uses LinearEquationOfState. A
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Reactor is with PointKinetics option of constant reactivity value. The Pipe component has 20
elements. Inlet and Outlet boundary conditions are TimeDependentVolume. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 10 times of calculation step. The output generates Exodus type file.

Test-68, Branch flow test with two pipes

This case tests branch flow linked with two identical Pipe components. The model uses 1-D non-
isothermal 3 equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. Both Pipe components have 10 elements and linked with one
VolumeBranch component. The inlet boundary condition uses TimeDependentJunction and
outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 20 times of calculation step. The output generates Exodus type file.

Test-69, Branch flow test with three pipes in and two pipes out

This case tests branch flow linked with five identical Pipe components. The model uses 1-D non-
isothermal 3 equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. All Pipe components have 10 elements. Three pipes are linked with
one VolumeBranch component as inlet and two pipes are linked as outlet. The inlet boundary condition
uses TimeDependentJunction and outlet boundary condition uses TimeDependentVolume. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 20 times of calculation step. The output generates
Exodus type file.

Test-70, components/pipe_to_pipe junction pipe_to _pipe 1 I (file missing)

Currently this test is not invoked in the RTM.

Test-71, Solid wall modeling with 3 equation model

This case tests solid wall boundary condition of Pipe component using 1-D non-isotheraml flow 3
equations model with PRESSURE stabilization model. The property of gas uses
IdealGasEquationOfState. The Pipe component has 100 elements. Inlet boundary condition
has constant temperature and pressure. The Out let boundary condition is uses SolidWall option.
The SMP with PJFNK slover is used for preconditioning. The calculation type is Transient is used for
10 times of calculation step. The output generates Exodus type file.
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Test-72, Non-isothermal pipe flow with strong time dependent volume boundary conditions

This case tests strong time dependent volume boundary conditions using 1-D non-isothermal flow
3 equations model with SUPG stabilization option. The water property uses
NonIsothermalEquationOfState. The Pipe component has 10 elements. Inlet and Outlet
boundary conditions are TimeDependentVolume and set as weak boundary condition. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 40 times of calculation step. The output generates Exodus type file.

Test-73, HEM two-phase pipe flow with strong time dependent volume boundary conditions

This case tests strong time dependent volume boundary conditions using HEM two-phase flow
model with SUPG stabilization option. The water property uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 10 elements. Inlet and
Outlet boundary conditions are TimeDependentVolume and set as weak boundary condition. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme is used for 40 times of calculation step. The output generates
Exodus type file.

Test-74, Solid wall modeling with 7 equation model

This case tests solid wall boundary condition of Pipe component using 1-D two-phase flow 7
equations model with PRESSURE stabilization model. The property of water uses
StiffenedGasEquationOfStateLiquid for liquid phase and
StiffenedGasEquationOfStateVapor for vapor phase. The Pipe component has 100
elements. Inlet boundary condition has constant properties. The Outlet boundary condition is uses
SolidwWall option. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient is used for 10 times of calculation step. The output generates Exodus type file.

Test-75, Isothermal pipe chain flow

This case tests three pipe chain flow linked with two junctions. The model uses isothermal 2
equations model. No stabilization option is used. The property of liquid uses
BarotropicEquationOfState. Each Pipe components are linked with a Branch component.
The inlet and outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-76, Isothermal pipe chain flow with two pipes in and three pipes out

This case tests isothermal two pipe in and three pipes out linked with one junction. The model uses
isothermal 2 equations model. No stabilization option is used. The property of liquid uses
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BarotropicEquationOfState. Two Pipe components are linked with three Pipe components
with one Branch component. The inlet and outlet boundary condition uses TimeDependentVolume.
The pressure of outlet boundary condition is lower than inlet boundary condition for natural flow. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used until 0.02 sec. The output generates Exodus type file.

Test-77, Isothermal pipe chain flow with two pipes in and three pipes out (no flow)

This case tests isothermal two pipe in and three pipes out linked with one junction. The model uses
isothermal 2 equations model. No stabilization option is used. The property of liquid uses
BarotropicEquationOfState. Two Pipe components are linked with three Pipe components
with one Branch component. The inlet and outlet boundary condition uses TimeDependentVolume.
The pressure of both inlet and outlet boundary conditions are same and no flow will be occurred. The
SMP with PJFNK slover is used for preconditioning. The calculation type is Transient and

implicit-euler numerical scheme are used for 100 time steps. The output generates Exodus type
file.

Test-78, Non-isothermal pipe chain flow with two pipes in and three pipes out

This case tests non-isothermal two pipe in and three pipes out linked with one junction. The model
uses non-isothermal 3 equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. Two Pipe components are linked with three Pipe components with
one Branch component. The inlet boundary condition uses TimeDependentJunction and outlet
boundary condition uses TimeDependentVolume. The pressure of outlet boundary condition is lower
than inlet boundary condition for natural flow. The SMP with PJFNK slover is used for preconditioning.
The calculation type is Transient and implicit-euler numerical scheme are used for 10 time
steps. The output generates Exodus type file.

Test-79, Isothermal pipe chain flow with two pipes in and three pipes out (no form loss)

This case tests isothermal two pipe in and three pipes out linked with one junction. The model uses
isothermal 2 equations model. No stabilization option is used. The property of liquid uses
BarotropicEquationOfState. Two Pipe components are linked with three Pipe components
with one Branch component. Form loss with friction is not modeled. The inlet and outlet boundary
condition uses TimeDependentVolume. The pressure of both inlet and outlet boundary conditions are
same and no flow will be occurred. The SMP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 100 time steps.
The output generates Exodus type file.
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Test-80, Isothermal pipe chain flow with stabilization option

This case tests three pipe chain flow linked with two junctions. The model uses isothermal 2
equations model with SUPG stabilization option. The property of liquid uses
BarotropicEquationOfState. Each Pipe components are linked with a Branch component.
The inlet and outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-81, Non-isothermal pipe chain flow

This case tests three pipe chain flow linked with two junctions. The model uses non-isothermal 3
equations model. No stabilization option is used. The property of liquid uses
LinearEquationOfState. Each Pipe components are linked with a Branch component. The
inlet and outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is
used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 20 times of calculation step. The output generates Exodus type file.

Test-82, BWR down comer test

This case tests BWR down comer using non-isothermal 3 equations model. No stabilization option
is used. The property of liquid uses StiffenedGasEquationOfStateLiquid. Four Pipe
components are used. The dome of BWR is modeled with VolumeBranch and down comer is modeled
with DownComer. The inlet and outlet boundary conditions use TimeDependentVolume. The SMP
with PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-
euler numerical scheme are used for 20 time steps. The output generates Exodus type file.

Test-83, Isothermal pipe flow with time dependent volume boundary conditions

This case tests 1-D isothermal flow with barotropic 2 equations model with SUPG stabilization
option. The water property uses BarotropicEquationOfState. The Pipe component has 10
elements. Inlet and Outlet boundary conditions are time dependent volume. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 20 times of calculation step. The output generates Exodus type file.

Test-84, Isothermal pipe flow with time dependent volume boundary conditions and functional
initial conditions

This case tests 1-D isothermal flow with barotropic 2 equations model with SUPG stabilization
option. The water property uses BarotropicEquationOfState. The initial pressure and velocity
distribution is set by PiecewiseLinear function. The Pipe component has 10 elements. Inlet and
Outlet boundary conditions are time dependent volume. The SMP with PJFNK slover is used for
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preconditioning. The calculation type is Transient and implicit-euler numerical scheme is used
for 20 times of calculation step. The output generates Exodus type file.

Test-85, Two-phase pipe flow with HEM model using time dependent volume boundary conditions
and functional initial conditions

This case tests two-phase flow with HEM model. No stabilization option was used. The property
uses TwoPhaseStiffenedGasEquationOfState. The initial pressure, velocity, temperature and
void fraction distribution is set by PiecewiseLinear function. The Pipe component has 100
elements. Inlet and Outlet boundary conditions are time dependent volume. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 20 times of calculation step. The output generates Exodus type file.

Test-86, Two-phase pipe flow with 7 equation model using time dependent volume boundary
conditions and functional initial conditions

This case tests two-phase flow with 1-D 7 equation model using LAPIDUS stabilization option.
The property of both liquid and vapor uses TwoPhaseStiffenedGasEquationOfState. The
initial pressure, velocity, temperature and void fraction distribution is set by PiecewiseLinear
function. The Pipe component has 50 elements. Inlet and Outlet boundary conditions have
constant pressure, temperature and volume franction. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme is used
for 10 times of calculation step. The output generates Exodus type file.

Test-87, Constant wall heat flux pipe water flow 1-D non-isothermal 3 equation model

This case tests 1D non-isothermal flow with 3 equation model using LAPIDUS stabilization option.
The property of liquid uses ITdealGasEquationOfState. The pipe wall is heated with constant heat
flux of 1000 and has 20 elements. Inlet boundary condition has constant heat transfer coefficient and
momentum. The Out let boundary condition has constant pressure. The SMP with PJFNK slover is used
for preconditioning. The calculation type is Transient numerical scheme is used for 20 times of
calculation step. The output generates Exodus type file.

Test-88, 1-D Non-isothermal flow through 3 pipes and 2 junctions

This case tests 1-D non-isothermal flow through 3 pipes and 2 junctions using 3 equations model
with SUPG stabilization option. The water property uses BarotropicEquationOfState. Three
Pipe components has same geometric configuration (20 elements). Branch type of junction is used to
link pipes. Inlet and Outlet boundary conditions are time dependent volume. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 10 times of calculation step. The output generates Exodus type file.
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Test-89, 1-D Non-isothermal flow through vertical chain pipes having gravity effect

This case tests 1-D non-isothermal flow through vertical chain pipes using 3 equations model with
SUPG stabilization option. The water property uses LinearEquationOfState. Five Pipe
components are linked as vertical position, and the liquid has gravity effect. Branch type of junction is
used to link pipes. Inlet and Outlet boundary conditions are time dependent volume. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme is used for 20 times of calculation step. The output generates Exodus type file.

Test-90, Heated wall pipe flow with time dependent junction and volume boundary conditions

This case tests heated wall Pipe component using 1-D non-isotheraml flow 3 equations model. No
stabilization option. The water property uses LinearEquationOfState. The Pipe has 20 elements,
and has constant wall temperature and heat transfer coefficient. The Inlet uses
TimeDependentJunction boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The FDP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-91, Friction analysis of heated wall pipe flow with time dependent junction and volume
boundary conditions

This case tests heated wall Pipe component using 1-D non-isotheraml flow 3 equations model. No
stabilization option. Element friction term will be analyzied. The water property uses
LinearEquationOfState. The Pipe has 20 elements, and has constant wall temperature and heat
transfer coefficient. The Inlet uses TimeDependentJunction boundary condition and the
Outlet uses TimeDependentVolume boundary condition. The FDP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-92, Pipe flow with time dependent mass and volume boundary conditions

This case tests time dependent mass boundary condition Pipe component using 1-D non-
isotheraml flow 3 equations model. No stabilization option. Element friction term will be analyzied. The
water property uses LinearEquationOfState. The Pipe has 10 elements. The Inlet uses
TimeDependentMass boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.
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Test-93, Pipe flow with time dependent mass boundary condition using 7 equations model

This case tests time dependent mass boundary condition of Pipe component using 1-D two-phase
flow 7 equations model with LAPTIDUS stabilization option. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe has 20 elements. The Inlet uses
TimeDependentMass boundary condition and the Out let has constant pressure. The FDP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-94, Pipe flow with fuinctional time dependent mass boundary condition using 7 equations
model

This case tests time dependent mass boundary condition of Pipe component using 1-D two-phase
flow 7 equations model with LAPTIDUS stabilization option. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe has 20 elements. The Inlet uses
TimeDependentMass boundary condition with PiecewiseLinear function. The Outlet has
constant pressure. The FDP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 20 times of calculation step. The
output generates Exodus type file.

Test-95, Pipe flow with time dependent junction and volume boundary conditions

This case tests Pipe component using 1-D non-isotheraml flow 3 equations model with SUPG
stabilization option. The water property uses LinearEquationOfState. The Pipe has 20 elements.
The Inlet uses TimeDependentJunction boundary condition and the Outlet uses
TimeDependentVolume boundary condition. The FDP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 100 times of calculation step. The output generates Exodus type file.

Test-96, Vertical pipe flow with time dependent junction and volume boundary conditions

This case tests vertical Pipe component using 1-D non-isotheraml flow 3 equations model with
SUPG stabilization option. The water property uses LinearEquationOfState. The vertical Pipe
has 50 elements. The Inlet uses TimeDependentJunction boundary condition and the Outlet
uses TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 100 times of calculation step. The output generates Exodus type file.
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Test-97, Pipe flow with time dependent volume boundary conditions

This case tests Pipe component using 1-D non-isotheraml flow 3 equations model with SUPG
stabilization option. The water property uses LinearEquationOfState. The Pipe has 20 elements.
The Inlet and Outlet use TimeDependentVolume boundary conditions. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 100 times of calculation step. The output generates Exodus type file.

Test-98, Pipe flow with functional time dependent junction and time dependent volume boundary
conditions using HEM two-phase flow model

This case tests Pipe component using HEM two-phase flow model with SUPG stabilization option.
The water property uses TwoPhaseStiffenedGasEquationOfState. The Pipe has 50 elements,
and has constant wall temperature and heat transfer coefficient. The Inlet uses
TimeDependentJunction boundary condition with ParsedFunction. The Outlet uses
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-99, Junction flow test with two junctions and three pipes using 3 equation model

This case tests junction flow linked with three Pipe components. The model uses 1-D non-
isothermal 3 equations model. No stabilization option is used. The property of liquid uses
StiffenedGasEquationOfStateLiquid. Three Pipe components are linked with
SimpleJunction component. The inlet boundary condition uses Inlet and outlet boundary
condition uses Outlet. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient numerical scheme are used for 20 times of calculation step. The output generates Exodus
type file.

Test-100, Junction flow test with two junctions and three pipes using 7 equation model

This case tests junction flow linked with three Pipe components. The model uses two-phase 7
equations model with LAPTIDUS stabilization option. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor property uses
StiffenedGasEquationOfStateVapor. Three Pipe components are linked with
SimpleJunction component. The inlet boundary condition uses Inlet and outlet boundary
condition uses Outlet. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient numerical scheme are used for 20 times of calculation step. The output generates Exodus
type file.
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Test-101, Heat exchanger flow using 1-D non-isothermal 3 equation model (1-D heat exchanger
wall)

This case tests 1-D non-isothermal flow through heat exchanger using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
property uses SolidMaterialProperties. The HeatExchanger component has 10 elements.
The heat exchanger wall is 1-D modeled. The primary and secondary inlets and outlets use
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-102, Heat exchanger flow using HEM two-phase model

This case tests two-phase flow through heat exchanger using HEM model with SUPG stabilization
option. The properties of two-phase liquid uses TwoPhaseStiffenedGasEquationOfState and
water uses StiffenedGasEquationOfStateliquid. The material property uses
SolidMaterialProperties. The HeatExchanger component has 30 elements. The primary
and secondary inlets and outlets use TimeDependentVolume boundary condition. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 5 times of calculation step. The output generates Exodus type file.

Test-103, Heat exchanger flow using 1-D non-isothermal 3 equation model (2-D heat exchanger
wall

This case tests 1-D non-isothermal flow through heat exchanger using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The material
property uses SolidMaterialProperties. The HeatExchanger component has 10 elements.
The heat exchanger wall is 2-D modeled. The primary and secondary inlets and outlets use
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-104, Separate dryer test with zero initial vapor volume fraction

This case test separate fryer with zero initial vapor volume fraction using the HEM two-phase flow.
No stabilization option is used. The property of two phase uses
TwoPhaseStiffenedGasEquationOfState, vapor uses
StiffenedGasEquationOfStateVapor and liquid uses
StiffenedGasEquationOfStateLiquid. The SeparateDryer is linked with steam out and
discharge Pipe components. The inlet and outlet boundary condition of Pipe uses
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.
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Test-105, Separate dryer test with medium initial vapor volume fraction

This case test separate fryer with medium initial vapor volume fraction using the HEM two-phase
flow. No stabilization option is used. The property of two phase uses
TwoPhaseStiffenedGasEquationOfState, vapor uses
StiffenedGasEquationOfStateVapor and liquid uses
StiffenedGasEquationOfStateLiquid. The SeparateDryer is linked with steam out and
discharge Pipe components. The inlet and outlet boundary condition of Pipe uses
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.

Test-106, Separate dryer test with large initial vapor volume fraction

This case test separate fryer with large initial vapor volume fraction using the HEM two-phase flow.
No stabilization option is used. The property of two phase uses
TwoPhaseStiffenedGasEquationOfState, vapor uses
StiffenedGasEquationOfStateVapor and liquid uses
StiffenedGasEquationOfStatelLiquid. The SeparateDryer is linked with steam out and
discharge Pipe components. The inlet and outlet boundary condition of Pipe uses
TimeDependentVolume. The SMP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.

Test-107, Constant inlet boundary condition with 3 equation model

This case tests constant boundary condition of Pipe component using 1-D non-isotheraml flow 3
equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. The Pipe component has 10 elements. Inlet boundary condition has
constant temperature and pressure. The Outlet boundary condition is uses TimeDependentVolume
option. The SMP with PJFNK slover is used for preconditioning. The calculation type is Transient
and implicit-euler numerical scheme is used for 20 times of calculation step. The output generates
Exodus type file.

Test-108, Constant inlet boundary condition with two-phase homogeneous equilibrium model
(HEM)

This case tests constant boundary condition of Pipe component using two-phase homogeneous
equilibrium model (HEM) with SUPG stabilization option. The property of vapor uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 20 elements. Inlet
boundary condition has constant temperature and pressure. The Outlet boundary condition is uses
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TimeDependentVolume option. The FDP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme is used for 20 times of
calculation step. The output generates Exodus type file.

Test-109, Constant inlet and outlet boundary condition with 3 equation model

This case tests constant boundary condition of Pipe component using 1-D non-isotheraml flow 3
equations model with SUPG stabilization option. The property of liquid uses
LinearEquationOfState. The Pipe component has 10 elements. Inlet boundary condition has
constant temperature and pressure. The Outlet boundary condition has constant pressure. The SMP
with PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-

euler numerical scheme is used for 100 times of calculation step. The output generates Exodus type
file.

Test-110, Constant inlet and outlet boundary condition with two-phase homogeneous equilibrium
model (HEM)

This case tests constant boundary condition of Pipe component using two-phase homogeneous
equilibrium model (HEM) with SUPG stabilization option. The property of vapor uses
TwoPhaseStiffenedGasEquationOfState. The Pipe component has 20 elements. Tnlet
boundary condition has constant temperature and pressure. The Out 1et boundary condition has constant
pressure. The FDP with PJFNK slover is used for preconditioning. The calculation type is Transient
and implicit-euler numerical scheme is used for 50 times of calculation step. The output generates
Exodus type file.

Test-111, Stagnation inlet and static outlet boundary conditions with 7 equation model

This case tests stagnation inlet and static outlet boundary condition of Pipe component using 1-D
two-phase flow 7 equations model with LAPTDUS stabilization option. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe component has 50 elements. The Inlet uses
stagnation boundary condition. The Outlet uses static boundary condition. The FDP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme is used for 10 times of calculation step. The output generates Exodus type file.

Test-112, Static boundary conditions with 7 equation model

This case tests static inlet and outlet boundary conditions of Pipe component using 1-D two-phase
flow 7 equations model with LAPIDUS stabilization option. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe component has 50 elements. The Inlet and
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Outlet use static boundary condition. The FDP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme is used for 10 times of
calculation step. The output generates Exodus type file.

Test-113, Mass transferring inlet boundary condition with 7 equation model

This case tests stagnation inlet and static outlet boundary condition of Pipe component using 1-D
two-phase flow 7 equations model with LAPTDUS stabilization option. The interface transfer
option is used for defining mass flow rate of inlet boundary condition. The property of liquid uses
StiffenedGasEquationOfStatelLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe component has 100 elements. The Inlet
boundary condition has constant mass flow rate and Outlet use static boundary condition. The SMP
with PJFNK slover is used for preconditioning. The calculation type is Transient is used for 10 times
of calculation step. The output generates Exodus type file.

Test-114, Enthalpy and momentum inlet boundary condition with 3 equation model

This case tests enthalpy and momentum defiened inlet boundary condition of Pipe component
using 1-D two-phase flow 3 equations model with PRESSURE stabilization option. The property of gas
uses TdealGasEquationOfState. The Pipe component has 100 elements. The ITnlet boundary
condition has constant enthalpy and momentum. The Outlet use static boundary condition. The SMP
with PJFNK slover is used for preconditioning. The calculation type is Transient is used for 10 times
of calculation step. The output generates Exodus type file.

Test-115, Stagnation temperature and pressure inlet boundary condition with steady flow 3
equation model

This case tests temperature and pressure defiened inlet boundary condition of Pipe component
using 1-D two-phase flow 3 equations model. No stabilization option was used. For steady flow
initial v was defined. The property of gas uses IdealGasEquationOfState. The Pipe
component has 100 elements. The Inlet boundary condition has constant temperature and pressure. The
Outlet use static boundary condition. The SMP with PJFNK slover is used for preconditioning. The
calculation type is Transient is used for 10 times of calculation step. The output generates Exodus
type file.

Test-116, Stagnation temperature and pressure inlet boundary condition with transient flow 3
equation model

This case tests temperature and pressure defiened inlet boundary condition of Pipe component
using 1-D two-phase flow 3 equations model. No stabilization option was used. For transient flow
initial v was defined as zero. The property of gas uses IdealGasEquationOfState. The
Pipe component has 100 elements. The Inlet boundary condition has constant temperature and
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pressure. The Outlet use static boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient is used for 10 times of calculation step. The output
generates Exodus type file.

Test-117, Stagnation temperature and pressure inlet boundary condition with transient flow 7
equation model

This case tests temperature and pressure defiened inlet boundary condition of Pipe component
using 1-D two-phase flow 7 equations model. No stabilization option was used. For transient flow
initial v was defined as zero. The property of liquid uses
StiffenedGasEquationOfStateLiquid and vapor uses
StiffenedGasEquationOfStateVapor. The Pipe component has 100 elements. The Inlet
boundary condition has constant temperature and pressure for both liquid and vapor. The Outlet use
static boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type
is Transient is used for 10 times of calculation step. The output generates Exodus type file.

Test-118, Non-isothermal turbine flow

This case tests non-isothermal turbine flow using 3 equations model. No stabilization option is used.
The property of vapor uses StiffenedGasEquationOfStateVapor. A Turbine component is
linked between two Pipe components. The inlet boundary condition uses ParsedFunction and
outlet boundary condition uses TimeDependentVolume. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 time steps. The output generates Exodus type file.

Test-119, Pipe with heat structute water of temperature boundary condition type flow using 1-D
non-isothermal 3 equations model

This case tests 1-D non-isothermal flow in pipe with heat structure using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The pipe uses
PipeWithHeatStructure component of 20 elements with SolidMaterialProperties heat
stracuture material property. The heat structure boundary condition uses Temperature. The Inlet
uses TimeDependentJunction boundary condition and the Outlet uses
TimeDependentVolume boundary condition. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-120, Pipe with heat structute of convective boundary condition type water flow using 1-D non-
isothermal 3 equations model

This case tests 1-D non-isothermal flow in pipe with heat structure using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The pipe uses
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PipeWithHeatStructure component of 20 elements with SolidMaterialProperties heat
stracuture material property. The heat structure boundary condition uses Convective. The Inlet uses
TimeDependentJunction boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-121, Pipe with heat structute of adiabatic boundary condition type water flow using 1-D non-
isothermal 3 equations model

This case tests 1-D non-isothermal flow in pipe with heat structure using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The pipe uses
PipeWithHeatStructure component of 20 elements with SolidMaterialProperties heat
stracuture material property. The heat structure boundary condition uses Adiabatic. The Inlet uses
TimeDependentJunction boundary condition and the Outlet uses TimeDependentVolume
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-122, Pipe with cylindrical heat structute of convective boundary condition type water flow
using 1-D non-isothermal 3 equations model

This case tests 1-D non-isothermal flow in pipe with heat structure using 3 equations model with
SUPG stabilization option. The property of liquid uses LinearEquationOfState. The pipe uses
cylindrical PipeWithHeatStructure component of 20 elements with
SolidMaterialProperties heat stracuture material property. The heat structure boundary
condition uses Convective. The Inlet uses TimeDependentJunction boundary condition and
the Outlet uses TimeDependentVolume boundary condition. The SMP with PJFNK slover is used
for preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-123, Valve opening

This case tests valve opening action using non-isothermal 3 equations model. No stabilization
option is used. The property of liquid uses LinearEquationOfState. A Valve component is
linked between two Pipe components. The initial status of the valve is closed and open at response time.
The inlet and outlet boundary condition use TimeDependentVolume. The SMP with PJFNK slover is
used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 2000 time steps. The output generates Exodus type file.
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Test-124, Valve closing

This case tests valve closing action using non-isothermal 3 equations model. No stabilization
option is used. The property of liquid uses LinearEquationOfState. A Valve component is
linked between two Pipe components. The initial status of the valve is opened and close at response
time. The inlet and outlet boundary condition use TimeDependentVolume. The SMP with PJFNK
slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 2000 time steps. The output generates Exodus type file.

Test-125, Compressible valve test

This case tests compressible valve using non-isothermal 3 equations model with LAPTIDUS
stabilization option. The property of vapor uses StiffenedGasEquationOfStateVapor. A
CompressibleValve component is linked between two Pipe components. The valve is remaining
closed during the simulation. The inlet and outlet boundary condition use TimeDependentVolume.
The inlet boundary condition uses ParsedFunction. The SMP with PJFNK slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 40 time steps. The output generates Exodus type file.

Test-126, Compressible valve with sub-sonic flow

This case tests compressible valve with sub-sonic flow using non-isothermal 3 equations model
with LAPIDUS stabilization option. The property of vapor uses
StiffenedGasEquationOfStateVapor. A CompressibleValve component is linked
between two Pipe components. The valve is remaining closed during the simulation. The inlet and
outlet boundary condition use TimeDependentVolume. The inlet boundary condition uses
ParsedFunction. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 40 time steps. The output
generates Exodus type file.

Test-127 Check _valve (file missing)

Currently this test is not invoked in the RTM.

Test-128, Restart test part 1 — create of check point file

This case tests restart option by creating check point file. Two Pipe components are linked with
SimpleJunction. The test uses 1-D non-isothermal 3 equations model. No stabilization option is used.
The property of liquid uses StiffenedGasEquationOfStateLiquid. The inlet boundary
condition uses Inlet and outlet boundary condition uses Outlet. The SMP with PJFNK slover is used
for preconditioning. The calculation type is Transient numerical scheme are used for 20 times of
calculation step. The output generates Exodus type file and one Checkpoint file is created.
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Test-129, Wrong pipe end error

This case shows error due to wrong pipe end. One Pipe component is modeled using 1-D
isothermal flow equation. No stabilization coefficient was used. The water property uses
BarotropicEquationOfState. Inlet and Oulet type of boundary condition was used. The inlet
boundary condition has pipe end error. The FDP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 10 times of
calculation step. The output generates Exodus type file.

Test-130, Restart test part 1 — restart from check point file

This case tests restart option by restarting from check point file. Two Pipe components are linked
with SimpleJunction. The test uses 1-D non-isothermal 3 equations model. No stabilization option is
used. The property of liquid uses StiffenedGasEquationOfStatelLiquid. The inlet boundary
condition uses Inlet and outlet boundary condition uses Outlet. The SMP with PJFNK slover is used
for preconditioning. The calculation type is Transient numerical scheme are used for 20 times of
calculation step. The output generates Exodus type file and one Checkpoint file is created.

Test-131, Multiple point kinetics components error

This case shows error due to multiple point kinetics components. Two PointKinetics
components will show error. The 1-D isothermal flow equation is used. No stabilization coefficient was
used. The water property uses BarotropicEquationOfState. The FDP with PJFNK slover is used
for preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-132, Multiple reactor components error

This case shows error due to multiple reactor components. Two Reactor components will show
error. The 1-D isothermal flow equation is used. No stabilization coefficient was used. The water property
uses BarotropicEquationOfState. The FDP with PJFNK slover is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 10 times of
calculation step. The output generates Exodus type file.

Test-133, Missing reactor component error

This case shows error due to missing Reactor component. The 1-D non-isothermal flow
CoreChannel component flow using 3 equations is modeled. No stabilization option is used. The
property of liquid uses LinearEquationOfState. The material properties of fuel, gap and cladding
use SolidMaterialProperties. The CoreChannel component is used but Reactor
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component is missed. The FDP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-134, No input and output boundary condition error

This case shows error due to missing boundary conditions. One Pipe component is modeled using
isothermal flow equation. No stabilization coefficient was used. The water property uses
BarotropicEquationOfState. No boundary conditions are defined. The FDP with PJFNK slover
is used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-135, No inlet junction error

This case shows error due to missing input of junction component. One FlowJunction
component is modeled using isothermal flow equation. No stabilization coefficient was used. The water
property uses BarotropicEquationOfState. No input of FlowJunction component is defined.
The FDP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 10 times of calculation step. The output generates
Exodus type file.

Test-136, No outlet junction error

This case shows error due to missing output of junction component. One FlowJunction
component is modeled using isothermal flow equation. No stabilization coefficient was used. The water
property uses BarotropicEquationOfState. No output of FlowJunction component is defined.
The FDP with PJFNK slover is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 10 times of calculation step. The output generates
Exodus type file.

Test-137, Heat exchanger inlet and outlet error

This case shows error due to missing inlet and outlet of the HeatExchanger component
modeling with the 1-D non-isotheraml flow 3 equations model. No stabilization type is used. The
property of liquid is set with LinearEquationOfState and property of material is set with
SolidMaterialProperties. No primary and secondary inlet and outlet are defined in the
HeatExchanger component. The FDP with PJFNK solver is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.
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Test-138, Heat exchanger structure type error

This case shows error due to miss define of heat structure type of the HeatExchanger
component modeling with the 1-D non-isotheraml flow 3 equations model. The SUPG stabilization type is
used. The property of liquid is set with LinearEquationOfState and property of material is set
with SolidMaterialProperties. The primary and secondary inlet and outlet are defined as
TimeDependentVolume. The SMP with Newton solver is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 10 times of calculation step.
The output generates Exodus type file.

Test-139, Core channel inlet and outlet error

This case shows error due to missing inlet and outlet of the CoreChannel component modeling
with the 1-D non-isotheraml flow 3 equations model. No stabilization type is used. The property of liquid
is set with LinearEquationOfState and property of material is set with
SolidMaterialProperties. One Reactor and CoreChannel component is modeled. No inlet
and outlet are defined in the CoreChannel component. The FDP with PJFNK solver is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-140, Core channel bad fuel type error

This case shows error due to bad fuel type in the CoreChannel component modeling with the 1-
D non-isotheraml flow 3 equations model. No stabilization type is used. The property of liquid is set with
LinearEquationOfState and property of material is set with SolidMaterialProperties.
One Reactor and CoreChannel component is modeled. Fuel type in the CoreChannel is badly
defined. The Inlet and Outlet type boundary conditions are used. The FDP with PJFNK solver is
used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-141, Junction input definition error

This case shows error due to input type of FlowJunction component modeling with the 1-D
non-isotheraml flow 3 equations model. No stabilization type is used. The property of liquid is set with
LinearEquationOfState and property of material is set with SolidMaterialProperties.
One Reactor and CoreChannel component is modeled. Input type in the FlowJunction is badly
defined. The Inlet and Outlet type boundary conditions are used. The FDP with PJFNK solver is
used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.
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Test-142, Junction output definition error

This case shows error due to output type of FlowJunction component modeling with the 1-D
non-isotheraml flow 3 equations model. No stabilization type is used. The property of liquid is set with
LinearEquationOfState and property of material is set with SolidMaterialProperties.
One Reactor and CoreChannel component is modeled. Output type in the FlowJunction is
badly defined. The Inlet and Outlet type boundary conditions are used. The FDP with PJFNK solver
is used for preconditioning. The calculation type is Transient and implicit—-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-143, Over-specified pipe boundary condition error

This case shows error due to over-specified pipe boundary condition. One Pipe component is
modeled using 1-D isothermal flow equation. No stabilization coefficient was used. The water property
uses BarotropicEquationOfState. Both Inlet and Oulet type of boundary conditions are set
two times and shows error. The FDP with PJFNK slover is used for preconditioning. The calculation type
is Transient and implicit-euler numerical scheme are used for 10 times of calculation step. The
output generates Exodus type file.

Test-144, Over-specified heat exchanger boundary conditions error

This case shows error due to over-specified inlet and outlet boundary conditions of the
HeatExchanger component modeling with the 1-D non-isotheraml flow 3 equations model. No
stabilization type is used. The property of liquid is set with LinearEquationOfState and property
of material is set with SolidMaterialProperties. Both primary and secondary inlet and outlet are
defined two times and shows error. The FDP with PJFNK solver is used for preconditioning. The
calculation type is Transient and implicit-euler numerical scheme are used for 10 times of
calculation step. The output generates Exodus type file.

Test-145, Over-specified core channel inlet and outlet boundary conditions error

This case shows error due to over-specified inlet and outlet boundary conditions of the
CoreChannel component modeling with the 1-D non-isotheraml flow 3 equations model. No
stabilization type is used. The property of liquid is set with LinearEquationOfState and property
of material is set with SolidMaterialProperties. One Reactor and CoreChannel
component is modeled. Both inlet and outlet boundary conditions are defiened twice and show error. The
FDP with PJFNK solver is used for preconditioning. The calculation type is Transient and
implicit-euler numerical scheme are used for 10 times of calculation step. The output generates
Exodus type file.

Idaho National Laboratory 53



RELAP-7 Software Verification and Validation Plan: RTM Part 1 — Physics and Numerical Methods

Test-146, Pipe with heat structure type error

This case shows error due to wrong definition of heat structure type of the
PipeWithHeatStructure component modeling with the 1-D non-isotheraml flow 3 equations
model. No stabilization type is used. The property of liquid is set with LinearEquationOfState.
The Inlet and Outlet boundary conditions are used. The SMP with Newton solver is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-147, Under-specified pipe boundary condition error (1-D isothermal)

This case shows error due to under-specified pipe boundary condition. One Pipe component is
modeled using 1-D isothermal flow equation. No stabilization coefficient was used. The water property
uses BarotropicEquationOfState. The Inlet type of boundary conditions is under-specified
and shows error. The calculation type is Transient and implicit-euler numerical scheme are
used for 10 times of calculation step. The output generates Exodus type file.

Test-148, Under-specified pipe boundary condition error (1-D non-isothermal)

This case shows error due to under-specified pipe boundary condition. One Pipe component is
modeled using 1-D non-isothermal flow equation. No stabilization coefficient was used. The water
property uses BarotropicEquationOfState. The Inlet type of boundary conditions is under-
specified and shows error. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-149, Over-specified pipe boundary condition error (1-D non-isothermal)

This case shows error due to over-specified pipe boundary condition. One Pipe component is
modeled using 1-D non-isothermal flow equation. No stabilization coefficient was used. The water
property uses BarotropicEquationOfState. The Inlet type of boundary conditions is over-
specified and shows error. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-150, Wrong type of equation of state error in pipe

This case shows error due to wrong equation of state type. One Pipe component is modeled using
1-D isothermal flow equation. No stabilization coefficient was used. The water property uses
NonIsothermalEquationOfState which does not exist and shows error. Inlet and Oulet type
of boundary condition was used. The FDP with PJFNK slover is used for preconditioning. The calculation
type is Transient and implicit-euler numerical scheme are used for 5 times of calculation step.
The output generates Exodus type file.
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Test-151, Wrong type of equation of state error in junction

This case shows error due to wrong equation of state type. Two Pipe and one FlowJunction
components are modeled using 1-D non-isothermal flow equation. The SUPG stabilization option was
used. The water property uses NonIsothermalEquationOfState which does not exist and shows
error. Inlet and SolidWall type of boundary condition was used. The FDP with PJFNK slover is
used for preconditioning. The calculation type is Transient and implicit-euler numerical
scheme are used for 10 times of calculation step. The output generates Exodus type file.

Test-152, TMI 2-loop simulation

This case tests TMI 2-loop nuclear power plant single-phase steady-state normal reactor operation
with 1D non-isothermal flow 3 equations model and SUPG stabilization option. The property of liquid is
set with LinearEquationOfState and property of material is set with
SolidMaterialProperties. The Reactor component is modeled with three CoreChannel
components; Pipe is used for bypass pipe; and Branch is used for lower and upper plenum of core.
Both coolant loops are designed with Pipe, Branch, Ideal Pump and HeatExchangexr components.
The inlet boundary condition of the both coolant loops are set with mass flow rate by
TimeDependentJunction. The outlet boundary conditions are set with TimeDependentVolume.
The first loop has pressurizer modeled with Pipe component and TimeDependentVolume outlet
boundary condition. The SMP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 5 times of calculation step. The
output generates Exodus type file.
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Loop B @ Loop A

TDV 1 | DV
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é ; Heat exchanger B ; Heat exchanger A

Pump B Pump A
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Idaho National Laboratory 55



RELAP-7 Software Verification and Validation Plan: RTM Part 1 — Physics and Numerical Methods

Test-153, Displaced pipe component

This case test displaced pipe components with 1-D non-isothermal flow equation and the SUPG
stabilization option. The water property uses LinearEquationOfState. Three Pipe components
are linked with a FlowJunction. SolidWall type of boundary condition was used. The SMP with
PJFNK slover is used for preconditioning. The calculation type is Transient and implicit-euler
numerical scheme are used for 1 times of calculation step. The output generates Exodus type file.

Test-154, Pump control logic test

This case test pump control logic with 1-D non-isothermal flow equation and the SUPG
stabilization option. The water property uses LinearEquationOfState. Two Pipe components are
linked with a Pump. TimeDependentVolume type of both inlet and outlet boundary conditions are
used. The SMP with PJFNK slover is used for preconditioning. The calculation type is
ControlLogicExecutioner with control logic file ‘pump_control.py’. The implicit-euler
numerical scheme is used for 10 times of calculation step. The output generates Exodus type file. Both
of Controlled and Monitored options are used to identify input files to be controlled and to monitor values
during simulation.

Test-155, Component/simple pipe loop/IdealPump _test.i

This case tests pipe loop with ideal pump using 1-D non-isotheraml flow 3 equations model. No
stabilization option is used. The water property uses LinearEquationOfState. The one Pipel is
linked with Pipe2 and Pipe3 components using FlowJunction. The IdealPump component is located
between output of Pipe2 and input of Pipel. The Inlet and Outlet use TimeDependentVolume
boundary conditions. The FDP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 100 times of calculation step. The
output generates Exodus type file.

Test-156, Pipe flow with time dependent junction and volume boundary conditions (SMP Newton)

This case tests Pipe component using 1-D non-isotheraml flow 3 equations model with SUPG
stabilization option. The water property uses LinearEquationOfState. The Pipe has 20 elements.
The Inlet uses TimeDependentJunction boundary condition and the Outlet uses
TimeDependentVolume boundary condition. The SMP with Newton slover is used for
preconditioning. The calculation type is Transient and implicit-euler numerical scheme are
used for 500 times of calculation step. The output generates Exodus type file.

Test-157, Typical PWR loop

This case is typical PWR loop test with 1D non-isothermal flow 3 equations model. No
stabilization option is used. The property of liquid is set with LinearEquationOfState. Three
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CoreChannel components are linked with coolant loops are designed with Pipe, Branch,
IdealPump and HeatExchanger components. The inlet boundary condition is set with
TimeDependentJunction. The outlet boundary conditions are set with TimeDependentVolume.
The first loop has pressurizer modeled with Pipe component and TimeDependentVolume outlet
boundary condition. The FDP with PJFNK slover is used for preconditioning. The calculation type is
Transient and implicit-euler numerical scheme are used for 20 times of calculation step. The
time step range is set with FunctionDT. The output generates Exodus type file.
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APPENDIX B. TEST SAMPLE CLASSIFICATION

Table. B. 1 List of Test Samples (classified by test ID)

Test s Physical EOS/ q Components/Boundary Condition w 7 E Ay 0 q
D # Description Source phencmens Global Parameters Material Properties Functions (BC) Pr Output | Time integragion | Status Remark
Simple pipe flow - testing the 14 - .
Test-1  [simplest 1-D isothermal water [NL/EXT-14-33201 Slngle phase 2 cd mo,d,el . Barotropic EOS Pipe (1 volume, no junction) SMP_JFNK [Tranisent Exodus Ok
. X (Ch. 2 & Ch. 3) lisothermal flow o stabilization (water) =
pipe flow at ambient pressure.
Heat transfer in HX - Testing
the heat trnasfer models in a heat
lexchanger component with .
. . . . 3 eq model (1-D, non-  |Linear EOS
Test-2 sodium fluid on both sides. INL/EXT-14-33201 [Single-phase heat lisothermal) (both water and TDV SMP_PJFNK Tranisent Exodus Ok
Primary fluid flows inside (Ch. 2 & Ch. 3) transfer S .
. . . SUPG stabilization sodium)
circular pipe while secondary
fluid flows within parallel pipe
bundle with square pitch.
[Heat transfer of N2 in the pipe . .
- Testing heat transfer models in |[INL/EXT-14-33201 |Single-phase heat 3 cq model (1-D, non- pipe having 2 TDV & ! TD.‘] .
Test-3 . N lisothermal) 2 property IHT _geometry code: 101 (single phase |SMP_PJFNK [Tranisent [Exodus Ok
Pipe component filled with (Ch. 2 & Ch. 3) transfer S : e
. SUPG stabilization ifluid flow in pipe)
nitrogen.
Heat transfer of water in the . .
pipe - Testing heat transfer INL/EXT-14-33201 [Single-phase heat 3 eq model (1-D, non- Lincar EOS pipe having 2 TDV & 1 TD.J .
Test-4 A lisothermal) IHT _geometry_code: 101 (single phase |SMP_PJFNK [Tranisent [Exodus Ok
models in Pipe component filled |(Ch. 2 & Ch. 3) transfer A (water) . LU=
. SUPG stabilization ifluid flow in pipe)
with water
g:?;l:lg:l_ﬂfl_l::ﬁl:; ?::L:Tr;ﬁgger 3 eq model (1-D, non- (Core channel with 2 TDV & 1TDJ
Test-5  |models in a CoreChannel pipe INL/EXT-14-33201 [Single-phase heat lisothermal) Lincar EOS (modeling cyllndrlc?l fuel) SMP_PJFNK Tranisent Exodus Ok
. . (Ch. 2 & Ch. 3) transfer A (water) IHT geometry code: 101 (single phase
component with typical PWR SUPG stabilization : e
ifluid flow in pipe)
valve
Simple pipe flow with weakly 14 — _ P eq model (1-D, non- Pipe (1 volume, no junction)
Test-6  [imposed boundary condition - INL/EXT-14-33201 _Smgle phase non lisothermal) Stiffened gas EOS Inlet and Oulet type of weakly imposed[SMP_PJFNK [Tranisent [Exodus Ok
. X (Ch. 2 & Ch. 3) isothermal flow N
testing 1-D non-isothermal flow o stabilization IBC was used.
Shock capturing - testing shock Single-phase non-  [3 eq model (1-D, non- . . . . -
Test-7  [capturing model in Pipe ?é]]: /l;);Taf-;)} 201 isothermal flow lisothermal) x;i:)EOS T\;:’ioc}}; 1}5):: tawrz 1_;11[1)(\3/113\:;1}; t_ll%\z]uclmnsFDpinNK [Tranisent [Exodus Ok
component filled with water } ) (Shock) SUPG stabilization .
IPipe (1 volume, no junction)
Simple pipe flow with 3 14 — _ P eq model (1-D, non- . [Two pipes are linked with a flow
Test-8  |equation model - testing simple INL/EXT-14-33201 _Smgle phase non lisothermal) [Lincar EOS junction which has two TDV and 1 IFDP_PJFNK [Tranisent [Exodus Ok
(Ch. 2 & Ch. 3) isothermal flow (water)

water flow in Pipe component

o stabilization

[TDJ.
lInlet and Oulet type of BC was used.
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Test-9  [Removed
3 eq model (1-D, non- . . .
Lo e Lo - ’ Pipe (1 volume, no junctions)
[Different S}ablll‘Zatlﬂn OpFll?n MINL/EXT-14-33201 15f)thermal) [Two Pipes are linked with a Branch .
Test-10 )t - using two different] 3 IPipel component uses o R . [SMP_PJFNK [Tranisent [Exodus Ok
A N (Ch. 2 & Ch. 3) . (Inlet is linked with Pipel and Outlet is
stabilization options SUPG and the Pipe2 has 5 U
T : linked with Pipe2).
Ino stabilization option
|Water hammer - testing water [INL/EXT-14-33201 (Single-phase non- B eq model (1-D, non- [The Pipe component has 200 elements
Test-11 Lo X lisothermal) Stiffened gas EOS K "ISMP_PJFNK [Tranisent [Exodus Ok
hammer effect in Pipe component(Ch. 2 & Ch. 3) isothermal flow S Inlet and outlet BCs use SolidWall.
o SUPG stabilization
[The Reactor has two CoreChannel and
Deca.y heat behavior in reactor INL/EXT-14-33201 [Single-phase non- 3 eq model (1-D, non- Lincar EOS [Piecewiselinear !mked with two pipes with Branch for )
Test-12 |- testing decay heat behavior in (Ch.2 & Ch. 3) ksothermal flow isothermal) (water) Decay heat inlet and oulet of water flow. SMP_PJFNK [Tranisent Exodus Ok
the Reactor component ) ) SUPG stabilization lcurve) Inlet pipel is linked with TDJ and
loutlet pipe2 is linked with TDV.
Simple pipe flow of nitrogen 14 . P eq model (1-D, non- The Pipe component has 10 elements.
Test-13  |gas - testing simple nitrogen gas [NL/EXT-14-33201 Smgle phase non lisothermal) 2 property ITDV is used for inlet and outlet BCs to |SMP_PJFNK [Tranisent [Exodus Ok
- (Ch. 2 & Ch. 3) lisothermal flow S .
flow in Pipe component SUPG stabilization Pipes.
ISimple pipe flow of non- 5 .
A tacting o 4 s . eq model (1-D, non- . [The Pipe component has 10 elements.
Test-14 [Sothermal gas - testing simple INL/EXT-14-33201  Single-phase non- ko ap) [Lincar EOS TDV is used for inlet and outlet BCs to [SMP_PJFNK Tranisent Exodus Ok
itrogen gas flow in Pipe (Ch. 2 & Ch. 3) lisothermal flow S (nitrogen) . -
SUPG stabilization IPipes.
icomponent
Stiffened gas equation for .
- . e . 3 eq model (1-D, non- . [The Pipe component has 100 elements.
Test-15 llqmq - lesting sllﬁenef‘l 835 INL/EXT- 14-33201 $1ngle-phase non- isothermal) Stiffened gas EOS ITDV is used for inlet and outlet BCs to |SMP_PJFNK [Tranisent Exodus Ok
lequation for water in Pipe (Ch. 2 & Ch. 3) lisothermal flow S (water) . -
SUPG stabilization IPipes.
icomponent
Stiffened gas equation for .
= . ) . 3 eq model (1-D, non- . [The Pipe component has 10 elements.
Test-16 [ 2PO"~ te‘stmg stlffeneq sas [NL/EXT-14-33201 $1ngle-phase non- isothermal) Stiffencd gas EOS ITDV is used for inlet and outlet BCs to |SMP_PJFNK [Tranisent Exodus Ok
lequation for water in Pipe (Ch. 2 & Ch. 3) lisothermal flow S (water vapor) . -
SUPG stabilization IPipes.
component
Simple non-isothermal flow in . [The Pipe component has 10 elements.
Test-17  |pipe - testing 1-D non-isothermal| N/ EX 1-14-33201 Single-phase non- g\ 55 (1o itization Barotropic EOS ITDV is used for inlet and outlet BCs to [SMP_PJFNK Tranisent Exodus 0k
. (Ch. 2 & Ch. 3) isothermal flow .
flow of water pipe flow IPipes.
Pipe flow test with two-phase
homogencous equilibrium [The Pipe component has 50 elements
model (HEM) - testing middle [INL/EXT-14-33201 [Two-phase IHEM model [Two-phase stiffened . . . .
Test-18 void flow without heating in Pipe|(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization lgas EOS };IDZS is used for inlet and outlet BCs to SMP_PJFNK [Tranisent Exodus Ok
component using HEM two- pes.
hase flow model
Pipe flow test with transient
boundary condition two-phase .
- equilibrium [The Pipe component has 50 elements.
. . INL/EXT-14-33201 [Two-phase IHEM model [Two-phase stiffened . . ITDV is used for inlet and outlet BCs to .
Test-19  model (HEM) - testing middle |0 "¢ oy 3y fsothermal flow  [SUPG stabilization  |zas EOS [Parsed function o Both BCs use ParsedFunction [ o0~V ENK [Tranisent [Exodus Ok
void flow without heating in Pipe . N
. ifor analytic function).
component using HEM two-
Iphase flow model
Pipe transition flow test with
z‘;ﬁ;ﬁt:::sng;n(ﬁ%l;b R [The Pipe component has 50 elements.
Test-20 iesting phase transition from INL/EXT-14-33201 [Two-phase non- HEM model [Two-phase stiffened [TDV is used for inlet and outlet BCs to SMP_PJFNK Mranisent Exodus ok

single-phase water to two-phase
in Pipe component using HEM

(Ch. 2 & Ch. 3)

two-phase flow model

lisothermal flow

o stabilization

lgas EOS

IPipes (Both BCs use ParsedFunction
ifor analytic function).
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(Core channel heat transfer test
ith two-phase homogeneous
equilibrium model (HEM) -

[Two-phase stiffened
lgas EOS
(The fuel, gap and

Piecewisclinear

[The Reactor has one CoreChannel of
50 elements and linked with inlet and

testing flow through the BWR  [INL/EXT-14-33201 [Two-phase non- IHEM model . . oulet BCs. .
Test-21 core channel in CoreChannel (Ch. 2 & Ch. 3) lisothermal flow o stabilization ilsae(:dmg material CE:\?:)Y heat ITDV is used for inlet and outlet BCs to SMP_PJFNK [Tranisent [Exodus Ok
component using HEM two- X . . Pipes (ParsedFunction is used for inlet
[SolidMaterialProperti
phase flow with wall friction and ) IBC for analytic heating function).
eat transfer model s
INL/EXT-14-33201
Test-22  |[Removed (Ch.2 & Ch. 3)
Stiffened Gas EOS
'Two-phase flow with pressure ILiquid (for liquid [For 7 eq parameters, both
and volume relaxation model in[INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) Iphase) Parsed function [The Pipe component has 100 elements. . [pressure and volume
Test-23 nozzle - testing two-phase flow |(Ch. 2 & Ch. 3) lisothermal flow ILAPIDUS stabilization [Stiffened Gas EOS  [(nozzel type) [TDV is used for inlet and outlet BCs. SMP_PJFNK [Tranisent Exodus Ok frelaxation models were
in Pipe component [Vapor (for vapor sed.
Iphase)
Test-24  |[Removed
Test-25 [Removed
Stiffened Gas EOS
Two-phase flow with interfaciall Liquid (for liquid For 7 eq parameters, both
mass transfer model in nozzle - INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) phase) IParsed function |[The Pipe component has 100 elements. . pressure and volume
Test-26 testing two-phase flow in Pipe  |(Ch. 2 & Ch. 3) lisothermal flow ILAPIDUS stabilization |[Stiffened Gas EOS  ((nozzel type) ITDV is used for inlet and outlet BCs. SMP_PJFNK [Tranisent Exodus Ok frelaxation models were
component Vapor (for vapor sed.
phase)
Test-27
Stiffened Gas EOS
Two-phase flow in pipe - testin Liquid (for liquid [The pressure and volume
Test-28  ltwo- l;lase flow in Pip;) & [INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) phase) [The Pipe component has 50 elements. SMP PIFNK Mranisent Exodus ok frelaxation models and the
a componcm P (Ch. 2 & Ch. 3) lisothermal flow ILAPIDUS stabilization |[Stiffened Gas EOS ITDV is used for inlet and outlet BCs. - linterfacial mass transfer
P [Vapor (for vapor imodel were used.
Iphase)
Sl.lfte.ned Gals EO S IFor 7 eq parameters, both
|Water boling in the pipe - / 43320 h del (1-D) L}l]quu;l (for liquid h has 100 ¢l Ipressure and volume
. e INL/EXT-14- 1 {Two-phase non- 7 eq model (1-D Iphase [The Pipe component has clements. . AT .
Test-29  ftesting water boiling in Pipe |\ ">"¢ oy 3) isothermal flow  |[LAPIDUS stabilization _[Stiffened Gas EOS ITDV is used for inlet and outlet BCs. [PV—PIFNK [Tranisent Exodus jimplicit-culer Ok frelaxation models and
component interfacial mass transfer
|Vapor (for vapor
imodel were used.
Iphase)
SI»lIfe»ned Ga_s EO S [For 7 eq parameters, both
IWater boling in the pipe usin; Liquid (for liquid ressure and volume
Test-30 [constant sougrce ternll)-ptcstin # INLEXT-1433201 [[wo-phase non- 7 0 model (1-D) phasc) (Constant heat [The Pipe component has 100 elements. SMP_PJFNK [Tranisent Exodus implicit-culer k 1r’c:laxation models and
s (Ch. 2 & Ch. 3) lisothermal flow ILAPIDUS stabilization [Stiffened Gas EOS  [source ITDV is used for inlet and outlet BCs. - P

ater boiling in Pipe component

[Vapor (for vapor
Iphase)

linterfacial mass transfer
imodel were used.
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IFor 7 eq parameters, both
Stiffened Gas EOS [pressure and volume
\Water boling in the pipe with ILiquid (for liquid [relaxation models and
Test-31 [llarge void fl‘%i(‘,ﬁ(]ll —ll)els)lin INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) Iphase) [The Pipe component has 50 elements. SMP PJENK Mranisent Exodus kmolicit-euler ok interfacial mass transfer
est- 8¢ voIc tractiof S (Ch.2&Ch.3) lisothermal flow ILAPIDUS stabilization [Stiffened Gas EOS TDV is used for inlet and outlet BCs. - xoduw phicit-cu Imodel were used.
ater boiling in Pipe component e
|Vapor (for vapor [The void fraction is
Iphase) imodeled with wall mass
transfer model.
ILapidus stabilization - testing 4 . P eq model (1-D, non- .
Test-32  |[LAPIDUS stabilization option in [NL/EXT-14-33201 $1ngle phase non lisothermal) Stiffened gas EOS [The P}pe compor}ent has 50 clements. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
. (Ch. 2 & Ch. 3) lisothermal flow T ITDV is used for inlet and outlet BCs.
Pipe component LAPIDUS stabilization
Entropy viscosity stabilization - .
o . [The Pipe component has 100 elements.
Test-33 ;T;Ll:;lg ig\:)iiongi:lsfgsnY ?g]];/g)éj(-jl]j-;; 201 iﬁ%t;gﬁ?:on_ ?Sth?r;)f;l)(l>D’ R Itiffened gas EOS Time dependent mass is used for inlet |SMP_PJFNK [Tranisent Exodus BDF2 k
“ P P - : W BC while TDV is used for outlet BC.
component
[Entropy viscosity stabilization
ith homogeneous equilibrium
model (HEM) - testing . .
INL/EXT-14-33201 [Two-phase stiffened [The Pipe component has 50 elements. .
Test-34 ENTROP-Yivls.CO.SlT_Y (Ch. 2 & Ch. 3) HEM model loas EOS TDV is used for inlet and outlot BC. SMP_PJFNK [Tranisent Exodus BDF2 k
stabilization option in Pipe
component using HEM two-
Iphase flow model
Pressure stabilization of air
flow - testing PRESSURE INL/EXT-14-33201 |[Single-phase non- (3 eq model (1-D, non- . [The Pipe component has 50 elements. .
Test-35 stabilization option in Pipe (Ch. 2 & Ch. 3) lisothermal flow lisothermal) Stiffencd gas EOS [TDV is used for inlet and outlet BCs. SMP_PJFNK [Tranisent Exodus i k
icomponent
Pressure stabilization of water
flow - testing PRESSURE INL/EXT-14-33201 |[Single-phase non- (3 eq model (1-D, non- . . .
Test-36 stabilization option in Pipe (Ch.2 & Ch. 3) sothermal flow isothermal) Stiffened gas EOS [The Pipe component has 50 elements. |SMP_PJFNK [Tranisent Exodus 3 k
icomponent
IWall friction modeling in pipe - .
. _ [The Pipe component has 10 elements.
testing wall friction model of INL/EXT-14-33201 7 eq model (1-D) . . . .
Test-37 laminar, transitional, to turbulent [(Ch. 2 & Ch. 3) SUPG stabilization ILinear EOS (water) ll)"Iszs is used for inlet and outlet BCs to [SMP_PJFNK [Tranisent [Exodus IBDF2 Ok
flow in Pipe component pes.
[The Reactor component is modeled
ith one CoreChannel.
Simple liquid metal reactor / ingle-ph 3 eq model (1-D, non-  [Linear EOS (liquid) Pipe and Branch is used for coolant
Test-38  [loop - testing liquid metal [INL/EXT-14-33201 Slng ¢-phase non- isothermal) ISolidMaterialProperti loop. . . SMP_PJFNK [Tranisent Exodus limplicit-euler k
(Ch. 2 & Ch. 3) lisothermal flow I N [The THX is modeled with -
uclear reactor one coolant loop o stabilization les (material)
HeatExchanger component.
[The inlet BC uses the TDJ and the
outlet BC are set with TDV.
IPWR core channel flow using [Lincar EO.S (liquid)
1-D non-isothermal 3 equation 3 oq model (1-D, non- [The material [The Reactor and CoreChannel
Test-39  |model - testing 1-D non- IN]];/EXT_ 11:1_33201 $1n%le-ph:lis;: non- lisothermal) pmperﬁesl 0; fuel, cgm;{oqents are used for PWR core IFDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
isothermal flow in PWR core (Ch.2 & Ch. 3) fsothermal flow SUPG stabilization [gap and cla ding use. prmu é.lll()n. .
ISolidMaterialProperti [TDV is used for inlet and outlet BCs.
channel flow s
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l[deal gas EOS [The Reactor and CoreChannel
PWR multiple core channel (liquid) lcomponents are used for PWR core
flow using 1-D non-isothermal 4 . B eqmodel (1-D, non-  [The material simulation.
Test-40 |3 equation model - testing 1-D ?(\:I]%/I;);LTCI; ;))3201 issﬁifng}:lisgol;m isothermal) Iproperties of fuel, Each CoreChannel is linked with Pipe |[FDP_PJFNK [Tranisent Exodus implicit-culer Ok
on-isothermal flow in PWR . ) SUPG stabilization lgap and cladding use lcomponent with Branch.
multiple core channel flow ISolidMaterialProperti The Pipe is linked with TDV Inlet and
les. [TDV Outlet boundary condition.
ILinear EOS (liquid)
IPWR core channel flow using [The material
1-D non-isothermal 3 equation 3 ¢q model (1-D, non- properties of fuel, [The Reactor and CoreChannel
model with functional material [[INL/EXT-14-33201 |Single-phase non- | q > lgap and cladding use lcomponents are used for PWR core . L
Test-41 - - isothermal) . PN . . SMP_PJFNK [Tranisent Exodus implicit-culer k
[property - testing 1-D non- (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization PiecewiseLinear simulation.
isothermal flow in PWR core Stabtiz ffunctional [TDV is used for inlet and outlet BCs.
channel flow ISolidMaterialProperti
les.
(Cylinder fuel core channel flow #;‘near EO.Sl(hqu'd) The R d CoreCh !
using 1-D non-isothermal 3 INL/EXT-14-33201 [Single-ph 3 eq model (1-D, non- N ma'tcnaff | and ¢ Reactor an O‘;Cf an?_cd fuel
Test-42  |equation model - testing 1-D o PIngic-phase non- lisothermal) pmpe{ri 1es ot fuctan compqnems are used for cylinder fue SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
. . . (Ch. 2 & Ch. 3) lisothermal flow S cladding use lcore simulation.
on-isothermal flow in cylinder SUPG stabilization . N . . .
ISolidMaterialProperti [TDV is used for inlet and outlet BCs.
fuel core channel flow s
[deal gas EOS [The Reactor and two CoreChannel
Multiple core channel flow (liquid) lcomponents are used for multiple core
using 1-D non-isothermal 3 14 — P eqmodel (1-D, non-  [The material simulation.
Test-43  |equation model - testing 1-D INL/EXT-14-33201 Smglc phasc non lisothermal) Iproperties of fuel, [Each CoreChannel is linked with Pipe |SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
. . 5 (Ch. 2 & Ch. 3) lisothermal flow A . X
non-isothermal flow in multiple SUPG stabilization igap and cladding use component with Branch.
icore channel flow ISolidMaterialProperti ITDJ is used for inlet BC while TDV is
les. used for outlet BC.
Lincar EOS (liquid) [The Reactor and CoreChannel
Plate fuel core channel flow . lcomponents are used for plate core
using 1-D non-isothermal 3 . 3 eq model (1-D, non- [The ma}enal simulation.
Test-44  |equation model - testing 1-D [NL/EXT-14-33201 Slngle-phase non- isothermal) lproperties offuel, [The Pipe is linked with boundary SMP_PJFNK [Tranisent Exodus 3 k
. . (Ch. 2 & Ch. 3) lisothermal flow S lgap and cladding use o
on-isothermal flow in plate fuel SUPG stabilization SolidMaterialProperti conditions.
core channel flow 0 atenaltrope ITDJ is used for inlet BC while TDV is
les.
used for outlet BC.
[Two-phase stiffened
ﬁ‘;ijR :&';e_:::::::‘g‘rlw using %‘?nsci(n)afcrial [The Reactor and CoreChannel
Test-45 |(OECD/NEA benchmark case) [~/ EX 1-14-33201 Single-phase non- JHEM model = bropertics of fucl, | 2rsedFunction - components are used for BWR core g\ in pypng Tranisent Exodus limplicit-culer ok
N . (Ch. 2 & Ch. 3) isothermal flow SUPG stabilization . [for inlet BC simulation.
- testing two-phase flow in BWR lgap and cladding use
. . . [The Inlet and Outlet use TDV for BC.
icore channel flow ISolidMaterialProperti
les.
User defined power shaped . P
core channel flow using 1-D Lincar EO.S (liquid) [The Reactor and CoreChannel
isothermal 3 equati 3 oq model (1-D, non- [ material mponents are used for cylinder fuel
non-isothermal 3 equations INL/EXT-14-33201 (Single-phase non- |- ©q mode? (1-L, non- Iproperties of fuel and [PieceWiseFuncti components are used for cylinder fue . L
Test-46  |model - testing 1-D non- X lisothermal) . core simulation. SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)
. . X . (Ch. 2 & Ch. 3) lisothermal flow e cladding use n (core power)
isothermal flow in cylinder fuel SUPG stabilization . . . [The Inlet uses TDJ and Outlet uses
; SolidMaterialProperti
icore channel flow using user ITDV for BC.
les.
defined power shape
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Stiffened Gas EOS
ILiquid (for liquid
Iphase)
(Core channel flow.using 1-D 17 ¢q model (1-D, two- Stiffened Gas EOS The Reactor and CoreChann‘el
Test-47 twq—phase 7 equations modEel - [INL/EXT-14-33201 Two-phase non- Iphase) |Vapor (for vapor comp(?nenls are used for cylinder fuel SMP_PIENK Hranisent Exodus mplicit-culer "
testing 1-D two-phase flow in ~ |(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization Iphase) core simulation.
cylinder fuel core channel flow i [The material [The Inlet and Outlet are used as BC
properties of fuel use
ISolidMaterialProperti
les.
Jlfnction. ﬂow.test (bas?c model . 3 eq model (1-D, non- [The Pipe component has 25 elements.
Test-48 ithout junction) - basic model INL/EXT-14-33201 |Single-phase non- lisothermal) Linear EOS (liquid) lInlet BC uses TDV and outlet BC uses [FDP_PJFNK Tranisent Exodus limplicit-euler Ok
for junction flow with one Pipe |(Ch. 2 & Ch. 3) lisothermal flow S
component SUPG stabilization Outlet.
Junction flow test with one [Both Pipe com_ponents_have 2
junction and two pipes - testing [[INL/EXT-14-33201 |Single-phase non- 3 cq model (1-D, non- . - clements a_nd linked with one . L
Test-49 . . B 5 X lisothermal) ILinear EOS (liquid) [FlowJunction component. SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
unction flow linked with two (Ch. 2 & Ch. 3) isothermal flow L
dentical Pipe components o stabilization lInlet BC uses TDM and outlet BC uses
Outlet.
Junction flow test with one Both Pipe com_poncms_havc 25
junction and two pipes of ) lelements apd linked with one
different size (flow from small |[[NL/EXT-14-33201 Single-phase non-  [3 eq model (1-D, non- [FlowJunction component.
Test-50 lto large pipe) - testing junction |[(Ch. 2 & Ch. 3) lisothermal flow isothem?e‘ll) ) ILinear EOS (liquid) The ﬂqw area of pipe2 is twice larger [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
flow linked with two different ) ) ((abrupt area change) [No stabilization than pipel component.
size Pipe components lInlet BC uses TDM and outlet BC uses
Outlet.
Junction flow test with one [Both Pipe com.ponemsAhave 25
junction and two pipes of Single-nh 5 del (1-D ;llemejnls ;tmd linked wllht one
" . ingle-phase non- eq model (1-D, non- owlJunction component.
Test-51 ::fsf;:‘:ll;tpsil;ce)(—ﬂ;\:;ii:go;?l;;rkg)Ke] Egﬁ/};);Tg];l-}S)}ZOl isothermal flow isothermal) Lincar EOS (liquid) [The flow area of pipel is twice larger [SMP_PJFNK [Tranisent Exodus implicit-culer k
flow linked with two different ) ) ((abrupt area change) |No stabilization than pipe2 component.
size Pipe components lInlet BC uses TDM and outlet BC uses
I ] Outlet.
Both Pipe components have 25
Junction flow test with one . clements a_nd linked with one
junction and three pipes - [INL/EXT-14-33201 [oinéle-phase non- 8 eq model (1-D, non- | . fflowJunction component. . -
Test-52 ftesting junction flow linked with |[(Ch. 2 & Ch. 3) lisothermal flow 1sothem}zi\l) ) ILinear EOS (liquid) The Jynctlon mPut is pipel and outputs SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)
three identical Pipe components } ) ((abrupt area change) [No stabilization lare pipe2 and pipe3.
- lInlet BC uses TDM and outlet BC uses
Outlet.
Junction flow test with one [Both Pipe com_ponents_have 2
junction and three pipes (flow . c]cmcnts‘a.nd linked with one
from large to small pipe) - INL/EXT-14-33201 [ingle-phasenon- 3 eq model (I-D, non- . - [FlowJunction component. . N
Test-53 ltesting junction flow linked with |[(Ch. 2 & Ch. 3) lisothermal flow 1solhernjnall) ) ILinear EOS (liquid) [The junction input is large plpel and [FDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
one large Pipe component o two ) ) ((abrupt area change) [No stabilization outputs are small pipe2 and pipe3.
small identical Pipe components Inlet BC uses TDM and outlet BC uses
Outlet.
|An isothermal Pump component is
Isothermal pump loop flow - . . llinked with two Pipe components.
Test-54  [testing isothermal pump loop INL/EXT-14-33201 Single-phase 2 eq model Barotropic EOS Other Pipe components are linked SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk

flow using 2 equations model

(Ch. 2 & Ch. 3)

isothermal flow

INo stabilization

(liquid)

using Branch components.
[The outlet BC uses TDV.
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Isothermal pump flow - testing

|An isothermal Pump component is

. . INL/EXT-14-33201 [Single-phase 2 eq model Barotropic EOS llinked between two Pipe components. . L
Test-55 1soth§n:a1“§)u;n}l) flow using 2 (Ch. 2 & Ch. 3) lisothermal flow o stabilization (liquid) The inlet and outlet BCs of Pipe SMP_PJFNK [Tranisent Exodus fmplicit-euler Ok
cquations mode icomponents use TDV.
. |An IdealPump component is linked
Ideal pump flow - testing non- . 3 eq model (non- .
5 s INL/EXT-14-33201 [Single-phase non- | . - etween two Pipe components. . AT
Test-56 1soth§rmal pump flow using 3 (Ch. 2 & Ch. 3) lisothermal flow 1sotherr{1§}) ) ILinear EOS (liquid) IThe inlet and outlet BCs of Pipe SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)
lequations model o stabilization
icomponents use TDV.
|An isothermal Pump component is
llinked between two Pipe components.
. . [The inlet and outlet BCs of Pipe
Test-57  |Isothermal pump reverse flow INL/EXT-14-33201  Single-phase 2eqmodel [Barotropic EOS components use TDV. SMP_PJENK Tranisent Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) isothermal flow SUPG stabilization (liquid) -
[The pressure of outlet BC is higher
than inlet BC makes reverse pump
iflow.
IA Pump component is linked with two
. 4 . B eq model (non- IPipe components. Other Pipe
Test-58 Non-isothermal pump loop INL/EXT-14-33201 $1ngle phase non lisothermal) ILinear EOS (liquid) components are linked using Branch ~ [SMP_PJFNK Tranisent Exodus limplicit-euler Ok
[flow (Ch. 2 & Ch. 3) lisothermal flow S
SUPG stabilization components.
[The outlet BC uses TDV.
5 cq model (non IA Pump component is linked between
. INL/EXT-14-33201 [Single-phase non- | B . - two Pipe components. . A
Test-59  [Non-isothermal pump flow (Ch. 2 & Ch. 3) lisothermal flow 1sothermal)‘ o ILinear EOS (liquid) IThe inlet and outlet BCs of Pipe SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)
SUPG stabilization
components use TDV.
|An isothermal Pump component is
llinked between two Pipe components.
. . [The form loss coefficient of the pump
INL/EXT-14-33201 (Single-phase 2 eq model Barotropic EOS 5 . . L
Test-60  |Isothermal pump start flow (Ch.2 & Ch. 3) sothermal flow No stabilization (liquid) 1Sslas;1 with 1000 to model the pump SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
[The inlet and outlet BCs of Pipe
lcomponents use TDV.
[Two loops are designed: vapor loop
3 eq model (non- Stiffened Gas EOS ;:: turbine; and water loop with
Turbine driven pump flow - isothermal) Liquid (for liquid }'i'he E;'.urbine of vapor loop is linked
Test-61 [testing turbine driven non- INL/EXT-14-33201 |Single-phase non- - [LAPIDUS stabilization - phase) etween two Pipe componeﬁls SMP_PJFNK Tranisent Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) lisothermal flow (vapor loop) Stiffened Gas EOS . -

isothermal pump flow

SUPG stabilization
(water loop)

|Vapor (for vapor
Iphase)

[The Pump of water loop uses turbine as
driving component.

[The inlet and outlet BCs of both loops
use TDV.
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Stiffened Gas EOS A vapor loop is modclcd_for steam
P - linjection and water loop is modeled for
Liquid (for liquid . N
water drawing back. A gas vent loop is
. 3 eq model (non- phfis;:) designed for venting to dry well. The
BWR wet well test with given |[[INL/EXT-14-33201 [Single-phase non- |, Stiffened Gas EOS . S . . N
Test-62 L X isothermal) - valve is modeled with Branch SMP_PJFNK [Tranisent Exodus implicit-culer k
boundary condition (Ch. 2 & Ch. 3) lisothermal flow S [Vapor (for vapor -
SUPG stabilization hase) icomponent and wet well uses WetWell
P . icomponent. Five Pipe components are
2Properties lused
(nigrogen) IThe inlet and outlet BCs use TDV.
Linear EOS (water) [The Reactor has one Subchannel and
. The material linked with two Pipe components with
Sub-channel ﬂ"w. fest - testing INL/EXT-14-33201 [Single-phase non- 3 eq model (1-D, non- Iproperties of fuel, SubchannelBranch for inlet and oulet .
Test-63  [sub-channel flow in the Reactor X lisothermal) . SMP_PJFNK [Tranisent [Exodus - IOk
component (Ch. 2 & Ch. 3) isothermal flow No stabilization lgap and cladding use lof water flow.
P ISolidMaterialProperti [The inlet BC uses TDM and outlet BC
les. luses TDV.
A vapor loop is modeled for steam
Stiffened Gas EOS linjection using VolumeBranch type
S s valve. The water loop uses SUPG
Liquid (for liquid P .
. Istabilization option and IdealPump to
BWR wet well test with zero 3 eq model (non- phase) simulate water drawing back. A gas
Test-64 [N0W rates into the volume - INL/EXT-14-33201 Single-phase non- lisothermal) Stiffened Gas EOS vent loop also uses SUPG stabilization [SMP_PJFNK Tranisent Exodus limplicit-euler Ok
testing BWR wet well non- (Ch. 2 & Ch. 3) lisothermal flow N [Vapor (for vapor . N
. X o stabilization loption and SolidWall type valve for
isothermal 3 equations model phase) .
. venting to dry well. The wet well uses
2Properties . .
(nigrogen) WetWell component. Five Pipe
2rog components are used.
The inlet and outlet BCs use TDV.
A Reactor is with
Point kinetics model with 3 eq model (1-D, non- [PointKinetics
Test-65 |reactivity table - testing varying INL/EXT- 14-33201 IReactor physics lisothermal) ILinear EOS (water) puonnot . [The Pipe component has 20 elements. SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
. s (Ch. 2 & Ch. 3) AN IPicewiseLinear [Inlet and Outlet BCs are TDV.
eactivity point kinetics model SUPG stabilization reactivity
function.
Linear EOS (water) [The
. o [The material IPointKinetics [The Reactor has two CoreChannel
(Coupled point kinetics model INL/EXT-14-33201 3 eq model (1-D, non- roperties of fuel tion uses icomponents and linked with two Pipe
Test-66 ith reactivity table - testing Reactor physics isothermal) prop . ption uses P . . P ISMP_PIFNK [Tranisent Exodus implicit-culer k
T (Ch. 2 & Ch. 3) N lgap and cladding use [PicewiseLinear [components with Branch for inlet and =
coupled point kinetics model o stabilization . X . A
SolidMaterial Propertifreactivity loulet of water flow.
les. function.
L . A Reactor is with
::llllsl:al:tn :«t:laccstiiifli‘:detlc;lf':estin INL/EXT-14-33201 3 ¢q model (1-D, non- [PointKinetics [The Pipe component has 20 elements
Test-67 Hivity test - Lesting IReactor physics lisothermal) ILinear EOS (water) [option of P P * [SMP_PJFNK Tranisent [Exodus limplicit-euler IOk
iconstant reactivity point kinetics [(Ch. 2 & Ch. 3) SUPG stabilization lconstant [Inlet and Outlet BCs are TDV.
odel reactivity value.
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IBoth Pipe components have 10
Branch flow test with two pipes 14 . P eq model (1-D, non- lelements and linked with one
Test-68 |- testing branch flow linked with ?g]]; /E)QTCT ;))3 201 isslonl%leeni}:lis;o[:/m lisothermal) ILinear EOS (liquid) IVolumeBranch component. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
two identical Pipe components : : SUPG stabilization [The inlet BC uses TDJ and outlet BC
uses TDV.
IAll Pipe components have 10 elements.
Branch flow test with three 5 cq model (1-D, non- [Three pipes are linked with one
Test-69 [PiPes in and two pipes out - |INL/EXT-14-33201  Single-phase non- k_ 0ap) Linear EOS (liquid) |VolumeBranch component as nlet and oy rp prpng Tranisent Exodus limplicit-euler ok
testing branch flow linked with  |(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization ltwo pipes are linked as outlet.
five identical Pipe components [The inlet BC uses TDJ and outlet BC
uses TDV.
Test-70  [Removed
Solid wall modeling with 3 3 cq model (1-D, non- [The Pipe component has 100 elements.
Test-71 lequation model - te.s?mg 5911‘d INL/EXT-14-33201 $1ngle-phase non- sothermal) deal gas EOS Inlet BC has constant temperature and SMP_PJFNK Mranisent Exodus Ok
wall boundary condition of Pipe [(Ch. 2 & Ch. 3) lisothermal flow S Ipressure. The Outlet BC uses
IPRESSURE stabilization X .
component SolidWall option.
Non-isothermal pipe flow with
strong time dependent volume 4 . P eq model (1-D, non- ™, [The Pipe component has 10 elements.
Test-72  [boundary conditions - testing ?g]];/g)(gcl]j ;))3201 isslonl%leeni}:lisgonon isothermal) ( oielrs)othermal EOS [Inlet and Outlet BCs are TDV and set  [SMP_PJFNK [Tranisent Exodus limplicit-culer k
strong time dependent volume . ) W SUPG stabilization W las weak BC.
lboundary conditions
IHEM two-phase pipe flow with
strong time dependent volume . [The Pipe component has 10 elements.
Test-73  [boundary conditions - testing INL/EXT-14-33201 | [HEM mode_l_ . [Two-phase stiffencd Inlet and Outlet BCs are TDV and set |SMP_PJFNK Tranisent [Exodus limplicit-euler IOk
. (Ch. 2 & Ch. 3) SUPG stabilization igas EOS (water)
strong time dependent volume las weak BC.
[boundary conditions
Stiffened Gas EOS
Solid wall modeling with 7 ILiquid (for liquid .
. . . [The Pipe component has 100 elements.
equation model - testing solid  [INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) Iphase) . .
Test-74 | a1l boundary condition of Pipe [(Ch.2 & Ch.3) [isothermal flow  [PRESSURE stabilization [Stiffencd Gas EOS [inlet BC has constant properties. The - SMP_PIFNK [Tranisent Exodus Ok
Outlet BC uses SolidWall option.
component |Vapor (for vapor
Iphase)
Isothermal pipe chain flow - . . . [Each Pipe components are linked with
Test-75  [testing three pipe chain flow ?g]]: /g);Té:‘_;’)} 201 iSméle;[;:] hzlls; IZ\]eq F&?‘ezl (t;szthermal) giaroit;?plc EOS la Branch component. SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)
linked with two junctions } ) sothermat How 0 stabiiizatio qu [The inlet and outlet BC uses TDV.
Isothermal pipe chain flow with [Two Pipe components are linked with
ltwo pipes in and three pipes ouf three Pipe components with one
L P INL/EXT-14-33201 [Single-phase 2 eq model (isothermal) [Barotropic EOS [Branch component. . T
Test-76 ;‘t]c(:ist;‘rﬁelsoith;r::tl ltimge[()ilgf n’;; (Ch. 2 & Ch. 3) lisothermal flow o stabilization (liquid) The inlet and outlet BC uses TDV. SMP_PJFNK [Tranisent Exodus fimplicit-culer k
one i ncligr{) i [The pressure of outlet BC is lower than
Ju linlet BC for natural flow.
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Isothermal pipe chain flow with
two pipes in and three pipes out]

INL/EXT-14-33201

Single-phase

2 eq model (isothermal)

Barotropic EOS

[Two Pipe components are linked with
three Pipe components with one
IBranch component.

Test-77  |(no flow) - testing isothermal twol - PR P [The inlet and outlet BC uses TDV. SMP_PJFNK [Tranisent Exodus limplicit-culer k
pipe in and three pipes out linked (Ch.2 & Ch. 3) fisothermal flow o stabilization (liquid) [The pressure of both inlet and outlet
with one junction oundary conditions are same and no
iflow will be occurred.
Non-isothermal pipe chain flow Two Plpe components are linked with
. L three Pipe components with one
with two pipes in and three
pipes out - testing non- INL/EXT-14-33201 |Single-phase non- 3 eq model (non- [Branch component.
Test-78 | = X isothermal) Linear EOS (liquid) [The inlet BC uses TDJ and outlet BC  |SMP_PJFNK [Tranisent Exodus limplicit-euler k
isothermal two pipe in and three [(Ch. 2 & Ch. 3) lisothermal flow S -
ines out linked with one SUPG stabilization uses TDV. . )
Pugction [The pressure of outlet BC is lower than
linlet BC for natural flow.
[Two Pipe components are linked with
Isothermal pipe chain flow with| three Pipe components with one
two pipes in and three pipes out| IBranch component.
~ (no form loss) - testing INL/EXT-14-33201 (Single-phase 2 eq model (isothermal) [Barotropic EOS [Form loss with friction is not modeled. . AT
Test-79 isothermal two pipe in and three |(Ch. 2 & Ch. 3) lisothermal flow o stabilization (liquid) [The inlet and outlet BCs use TDV. SMP_PJFNK [Tranisent [Exodus fmplicit-culer Ok
pipes out linked with one [The pressure of both inlet and outlet
junction IBCs are same and no flow will be
loccurred.
Isothermal pipe chain flow with| . s .
P . ™ . . . [Each Pipe component is linked with a
Test-80 stahllulatmn gptlon § Febtmg . [NL/EXT-14-33201 $1ngle phase 2d model‘(‘lsot‘hemlal) Bf'im.troplc EOS [Branch component. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
three pipe chain flow linked with [(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization (liquid) .
! g [The inlet and outlet BC uses TDV.
[two junctions
INon-isothermal pipe chain flow . 3 eq model (non- IEach Pipe component is linked with a
Test-81 |- testing three pipe chain flow ?g]]: /g);Té:‘_;’)} 201 lsslonil:;ri ];ngor;?n_ lisothermal) Linear EOS (liquid) [Branch component. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
linked with two junctions } ) o stabilization [The inlet and outlet BC uses TDV.
[Four Pipe components are used. The
BWR downcomer test - testing . 3 eq model (non- . dome of BWR is modeled with
Test-82 [BWR down comer using non- INL/EXT-14-33201  Single-phase non- lisothermal) Stiffencd Gas EOS VolumeBranch and downcomer is SMP_PJENK Tranisent Exodus limplicit-euler Ok
N . (Ch. 2 & Ch. 3) isothermal flow N Liquid (liquid) .
lisothermal 3 equations model o stabilization imodeled with DownComer.
[The inlet and outlet BCs use TDV.
Isothermal pipe flow with time
dependent volume boundary . 2 eq model (1-D, . .
Test-83 |conditions - testing 1-D INL/EXT-14-33201 Single-phase lisothermal) Barotropic EOS [The Pipe component has 10 elements. SMP_PJFNK Tranisent Exodus limplicit-euler Ok

isothermal flow with barotropic 2
lequations model

(Ch.2 & Ch. 3)

isothermal flow

SUPG stabilization

(water)

[Inlet and Outlet BCs are TDV.
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Isothermal pipe flow with time IPiecewiseLinear
dependent volume boundary 2 eq model (1-D. function (initial
Test-84 ditions and functional INL/EXT-14-33201 (Single-phase isothermal) ’ Barotropic EOS ressure and [The Pipe component has 10 elements. SMP PJFNK Mranisent Exodus imlicit-culer lok
initial conditions - testing 1-D  |(Ch. 2 & Ch. 3) lisothermal flow A (water) ppress Inlet and Outlet BCs are TDV. - s s P
N . 5 SUPG stabilization velocity
isothermal flow with barotropic 2 S T
. (distribution)
lequations model
. . IPiecewiseLinear
Two-phase pipe flow with function (initial
IHEM model using time Ipressure
dependent volume boundary [INL/EXT-14-33201 [Two-phase non- IHEM model [Two-phase stiffened L [The Pipe component has 100 elements. . T
Test-85 ditions and functional (Ch. 2 & Ch. 3) lisothermal flow o stabilization igas EOS tecx]r?c;z{ure and Inlet and Outlet BCs are TDV. SMP_PJFNK [Tranisent Exodus implicit-culer k
initial conditions - testing two- voi(i)t'raclion
Iphase flow with HEM model ldistribution)
IPiecewiseLinear
Two-phase pipe flow with 7 function (initial IThe Pipe component has 50 clements
lequation model using time [Two-phase stiffened [pressure, N >
INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D) - . Inlet and Outlet BCs have constant . L
Test-86 depi{l(.ient volume b{)undary (Ch.2 & Ch. 3) lsothermal flow L APIDUS stabilization €% EOS (liquid, clocity, ressure, temperature and volume SMP_PJFNK [Tranisent Exodus implicit-culer k
and functional vapor) temperature and lfranction
initial conditions oid fraction .
(distribution)
[The pipe wall is heated with constant
(Constant wall heat flux pipe 14 . P eq model (1-D, non- heat flux of 1000 and has 20 elements.
Test-87 |water flow 1-D non-isothermal ?(\:I]]; /I;);LTCT ;))3 201 isslonlileerx?l}:llsgol;m lisothermal) iﬂeili g;i s EOS Inlet BC has constant heat transfer SMP_PJFNK [Tranisent [Exodus Ok
3 equation model ) ) LAPIDUS stabilization q coefficient and momentum. The Outlet
IBC has constant pressure.
[Three Pipe components has same
. . 3 eq model (1-D, non- . lgeometric configuration (20 elements).
Test.gg |lD Non-isothermal flow INL/EXT- 14-33201 |Single-phase non- lisothermal) Barotropic EOS Branch type of junction is used to link [SMP_PJFNK Tranisent Exodus limplicit-euler Ok
through 3 pipes and 2 junctions|(Ch. 2 & Ch. 3) lisothermal flow A (water) .
SUPG stabilization Ipipes.
lInlet and Outlet BCs are TDV.
[Five Pipe components are linked as
1-D Non-isothermal flow . 3 eq model (1-D, non- vertical position, and the liquid has
Test-89  [through vertical chain pipes INL/EXT- 14-33201 Slngle phase non isothermal) Linear EOS (water) gravity effect. Branch type of junction |SMP_PJFNK [Tranisent Exodus implicit-culer k
. . (Ch. 2 & Ch. 3) lisothermal flow AN < N .
having gravity effect SUPG stabilization lis used to link pipes.
lInlet and Outlet BCs are TDV.
. N [The Pipe has 20 elements, and has
f‘e“‘e‘j w?“ plpf, ﬂo;vn\gnh‘tlme INL/EXT-14-33201 [Single-phase non- 3 eq model (1-D, non- constant wall temperature and heat
Test-90 - A . Pingiep lisothermal) Linear EOS (water) transfer coefficient. IFDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
boundary conditions - testing  |(Ch. 2 & Ch. 3) lisothermal flow I
. o stabilization [The Inlet uses TDJ BC and the Outlet
cated wall Pipe component lises TDV BC
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[Friction analysis of heated wall
Ipipe flow with time dependent

INL/EXT-14-33201

Single-phase non-

3 eq model (1-D, non-

[The Pipe has 20 elements, and has
constant wall temperature and heat

Test-91 |junction and volume boundary (Ch. 2 & Ch. 3) sothermal flow lisothermal) ILinear EOS (water) transfer coefficient. IFDP_PJFNK Tranisent [Exodus limplicit-euler Ok
ditions - testing heated wall : : INo stabilization [The Inlet uses TDJ BC and the Outlet
Pipe component uses TDB BC.
Pipe flow with time dependent
mass and volume boundary 4. . P eq model (1-D, non- [The Pipe has 10 elements. The Inlet -
Test-92 ditions - testing time [NL/EXT-14-33201 $1ngle phase non lisothermal) ILinear EOS (water) luses TDM BC and the Outlet uses SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk El.ement frm»“.m term
(Ch. 2 & Ch. 3) lisothermal flow P will be analyzied.
dependent mass boundary INo stabilization ITDV BC.
condition Pipe component
Pipe flow with time dependent ililfltleige(go(:zlais Egs
mass boundary condition using 7 eq model (1-D, two- q 4 [The Pipe has 20 elements.
. .. ZIINL/EXT-14-33201 [Two-phase non- phase) . AT
Test-93 |7 equations model - testing time X hase) . [The Inlet uses TDM BC and the Outlet [FDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) lisothermal flow E—— Stiffened Gas EOS
dependent mass boundary LAPIDUS stabilization Vapor (for vapor has constant pressure.
condition of Pipe component ph;)sc) P
Pipe flow with fuinctional time Stiffened Gas EOS
dependent mass boundary 17 ¢q model (1-D, two- ILiquid (for liquid [The Pipe has 20 elements.
Test-94 dition using 7 equations INL/EXT-14-33201 [Two-phase non- haqse) ’ phase) IPiecewiseLinear [The Inlet uses TDM BC with FDP PJFNK Mranisent Exodus mplicit-culer ok
model - testing time dependent  |(Ch. 2 & Ch. 3) lisothermal flow EAPIDUS stabilization Stiffened Gas EOS  |(inlet BC) IPiecewiseLinear function. The Outlet - ; ; P
imass boundary condition of Pipe Vapor (for vapor has constant pressure.
component phase)
Pipe flow with time dependent . 3 eq model (1-D, non- [The Pipe has 20 elements.
Test-95  [junction and volume boundary Egﬁ?{ggf?; 201 iﬁi{;ﬂg?z&?m lisothermal) ILinear EOS (water) [The Inlet uses TDJ BC and the Outlet |[FDP_PJFNK [Tranisent [Exodus implicit-euler Ok
diti . . SUPG stabilization uses TDB BC.
Vertical pipe flow with time . 3 eq model (1-D, non- [The vertical Pipe has 50 elements.
Test-96 |dependent junction and vol ég}]:/g);—rél}:‘-i)s 201 i]:tilgr_g ];Tsffl:ozsn- lisothermal) Linear EOS (water) The Inlet uses TDJ BC and the Outlet [SMP_PJFNK Tranisent Exodus limplicit-euler Ok
boundary conditions ) ) s SUPG stabilization uses TDV BC.
Test-97 Pipe flow with time dependent |[INL/EXT-14-33201 |Single-phase non- ?Ssg:enﬁl)(kl)’ non= Lincar EOS (water) [The Pipe has 20 elements. SMP PJFNK Hranisent Exodus implicit-culer ok
i 1 boundary diti (Ch. 2 & Ch. 3) lisothermal flow S [The Inlet and Outlet use TDV BC. - P
SUPG stabilization
. . . . [The Pipe has 50 elements, and has
dP;pr?g::ltw'l::cftLil:st:::ia:i:;Te constant wall temperature and heat
Test-98  |d P! o ‘] I N INL/EXT-14-33201 | IHEM model [Two-phase stiffened [ParsedFunction [transfer coefficient. SMP PJFNK Mranisent Exodus imlicit-culer lok
€S . Vls)i:m:lEM p 0_“/ (Ch. 2 & Ch. 3) SUPG stabilization igas EOS (water) inlet BC) [The Inlet uses TDJ BC with - : : P
using W IParsedFunction. The Outlet uses TDV
phase flow model BC
Junction flow test with two . 3 eq model (1-D, non-  [Stiffened Gas EOS T_hree Pipe components are linked with
Test-99 [junctions and three pipes using [ L |- 14-33201 Single-phase non- lisothermal) Liquid (for liquid SimpleJunction component. SMP_PJFNK Tranisent Exodus limplicit-euler Ok
" pip 2|(Ch. 2 & Ch. 3) lisothermal flow nal) q 4 The inlet BC uses Inlet and outlet BC - P
3 equation model INo stabilization Iphase) luses Outlet
Stiffened Gas EOS
Junction flow test with two ) . 17 ¢q model (1-D, two- L;lquld (for liquid Threel Pipe Cf)mponents are linked with
Test-100 |junctions and three pipes using [INL/EXT-14-33201 Two-p ase non- phase) P .a‘se) Slml? clunction component. SMP_PJFNK [Tranisent [Exodus Ok
(Ch. 2 & Ch. 3) lisothermal flow Stiffened Gas EOS [The inlet BC uses Inlet and outlet BC -

7 equation model

ILAPIDUS stabilization

Vapor (for vapor
phase)

uses Outlet.
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[Heat exchanger flow using 1-D
non-isothermal 3 equation

INL/EXT-14-33201

Single-phase non-

3 eq model (1-D, non-

ILinear EOS (liquid)
[The material property]

[The HeatExchanger component has 10
clements. The heat exchanger wall is 1-

Test-101 X lisothermal) uses ID modeled. SMP_PJFNK [Tranisent [Exodus limplicit-euler Ok
model (1-D heat exchanger (Ch.2 & Ch. 3) fsothermal flow SUPG stabilization ISolidMaterialProperti [The primary and secondary inlets and
all)
les. loutlets use TDV BC.
[Two-phase stiffened
lgas EOS (two-phase
. liquid)
[Heat exchanger flow using o
HEM two-phase model - testing [INL/EXT-14-33201 [Two-phase non-  [HEM model Stiffencd gas EOS [The HeatEixchanger component has 30 : -
Test-102 . O liquid (water) elements. The primary and secondary [SMP_PJFNK [Tranisent Exodus implicit-culer k
two-phase flow through heat (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization . N
. [The material propertyy linlets and outlets use TDV BC.
lexchanger using HEM model luses
ISolidMaterialProperti
les.
Heat exchanger flow using 1-D ILinear EO‘S (liquid) [The HeatExchanger component has‘ 10
. ) . 3 eq model (1-D, non-  [The material propertyj| lelements. The heat exchanger wall is 2-
non-isothermal 3 equation INL/EXT-14-33201 [Single-phase non- | . L
Test-103 model (2-D heat exchanger (Ch. 2 & Ch. 3) sothermal flow lisothermal) ses ID modeled. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
all 8 . . > SUPG stabilization SolidMaterialProperti [The primary and secondary inlets and
) les. outlets use TDV BC.
[Two-phase stiffened
igas EOS (two-phase) [The SeparateDryer is linked with steam
Separate dryer test with zero [INL/EXT-14-33201 [Two-phase non- IHEM model Stiffened gas EOS out and discharge Pipe components. . L
Test-104 initial vapor volume fraction [(Ch. 2 & Ch. 3) lisothermal flow o stabilization liquid (liquid) The inlet and outlet BC of Pipe uses SMP_PJFNK [Tranisent Exodus fmplicit-euler Ok
Stiffened gas EOS TDV.
apor (vapor)
[Two-phase stiffened
Separate dryer test with lgas EOS (two-phase) [The SeparateDryer is linked with steam
Test-105 mel:iium init)ilal vapor volume INL/EXT-14-33201 [Two-phase non- IHEM model Stiffened gas EOS lout and discharge Pipe components. SMP PJFNK Mranisent Exodus mplicit-culer "
. P (Ch. 2 & Ch. 3) lisothermal flow o stabilization liquid (liquid) The inlet and outlet BC of Pipe uses - P
fraction o
Stiffened gas EOS TDV.

apor (vapor)
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[Two-phase stiffened
igas EOS (two-phase)

[The SeparateDryer is linked with steam

Separate dryer test with large [[NL/EXT-14-33201 [Two-phase non- IHEM model Stiffened gas EOS out and discharge Pipe components. . L
Test-106 initial vapor volume fraction |(Ch. 2 & Ch. 3) lisothermal flow o stabilization liquid (liquid) The inlet and outlet BC of Pipe uses SMP_PJFNK [Tranisent Exodus implicit-culer k
Stiffened gas EOS TDV.
vapor (vapor)
Constant inlet boundary .
L . .Y [The Pipe component has 10 elements.
dition with 3 equation . 3 eq model (1-D, non-
Test-107 |model - testing constant ?g]]: /}23);1-8]14-;)3 201 lsslonil:;ri ];ngor;?n_ lisothermal) Linear EOS (liquid) It:lces‘sfrf l};}?:g‘:f&i?ggﬁ};za}ru[;;and SMP_PJFNK Tranisent Exodus limplicit-euler Ok
[boundary condition of Pipe } ) SUPG stabilization g tion .
component P .
IConstant inlet boundary
dition with two-ph [Two-phase stiffened [The Pipe component has 20 elements.
homogeneous equilibrium INL/EXT-14-33201 IHEM model lgas EOS (vapor) Inlet BC has constant temperature and . N
Test-108 imodel (HEM) - testing constant [(Ch. 2 & Ch. 3) SUPG stabilization ressure. The Outlet BC uses TDV FDP_PJFNK [Tranisent Exodus implicit-culer Ok
[boundary condition of Pipe loption.
component
boundary condiion with 3 5 cq model (12D, non- The Pipe componen has 10 clemens.
Test-109 |equation model - testing ?g]]: /}23);1-8]14-;)3 201 lsslonil:;ri ];ngor;?n_ lisothermal) Linear EOS (liquid) Ir:lceslsfrf l};}?ccoo?xstlliltnl;g?;:r:;r;:;d SMP_PJFNK Tranisent Exodus limplicit-euler Ok
constant boundary condition of } ) SUPG stabilization presqure.
Pipe component pressure.
(Constant inlet and outlet
boundary condition with two- [Two-phase stiffened [The Pipe component has 20 elements.
phase homogeneous INL/EXT-14-33201 i HEM model lgas EOS (vapor) Inlet BC has constant temperature and . X .y
Test-110 |, yilibrium model (HEM) - |(Ch. 2 & Ch. 3) SUPG stabilization bressure. The Outlet BC has constant | D — 77 VK [Tranisent Exodus jimplicit-euler Ok
testing constant boundary [pressure.
condition of Pipe component
Stagnation inlet and static
outlet boundary conditions Stiffened gas EOS .
. N . 7 eq model (1-D, two- LS [The Pipe component has 50 elements.
Test-111 ["ith 7 equation model - testing INL/EXT-14-33201 [Two-phase non- Iphase) liquid (liquid) The Inlet uses stagnation BC. The IFDP_PJENK Tranisent Exodus limplicit-euler Ok
stagnation inlet and static outlet |(Ch. 2 & Ch. 3) lisothermal flow P Stiffened gas EOS .
L N ILAPIDUS stabilization Outlet uses static BC.
[boundary condition of Pipe vapor (vapor)
component
Static boundary conditions 7 oq model (1-D, two- Stiffened gas EOS
with 7 equation model - testing |[INL/EXT-14-33201 [Two-phase non- ’ liquid (liquid) [The Pipe component has 50 elements. . L
Test-112 static inlet and outlet boundary  |(Ch. 2 & Ch. 3) lisothermal flow hase) T Stiffened gas EOS [The Inlet and Outlet use static BC. [FDP_PJFNK [Tranisent Exodus fimplicit-culer Ok
. . LAPIDUS stabilization
conditions of Pipe component apor (vapor)
Mass transferring inlet . -
L . . The interface_transfer option is used
poundary condition V,Vlth 7 7 eq model (1-D, two- S,tlff;ene(.i gas FOS [for defining mass flow rgtc of inlet BC
Test-113 > model - testing INL/EXT-14-33201 [Two-phase non- hase) ' liquid (liquid) [The Pipe component has 100 elementei SMP_PJFNK [Tranisent [Exodus Ok
stagnation inlet and static outlet [(Ch. 2 & Ch. 3) lisothermal flow P Stiffened gas EOS P P N o - s s

[boundary condition of Pipe
component

ILAPIDUS stabilization

apor (vapor)

[The Inlet BC has constant mass flow
rate and Outlet uses static BC.
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[Enthalpy and momentum inlet
boundary condition with 3 .
. " . [The Pipe component has 100 elements.
Test-114 equation model - testing [NL/EXT-14-33201 $1ngle-phase non- 13 eq model (I_D). .. [ldeal gas EOS (gas) [The Inlet BC has constant enthalpy and |SMP_PJFNK Tranisent [Exodus Ok
enthalpy and momentum (Ch. 2 & Ch. 3) lisothermal flow IPRESSURE stabilization :
. . imomentum. The Outlet uses static BC.
defiened inlet boundary condition|
of Pipe component
Stagnation temperature and
presjsvlf.r € mwl;thbs‘::::;;lyow 3 [The Pipe component has 100 elements.
. ot INL/EXT-14-33201 (Single-phase non-  [3 eq model (1-D) . [The Inlet BC has constant temperature . [For steady flow initial_v
Test-115 _equation model - testing (Ch. 2 & Ch. 3) lisothermal flow o stabilization deal gas EOS (gas) land pressure. The Outlet uses static SMP_PJFNK [Tranisent [Exodus Ok as defined.
temperature and pressure BC
defiened inlet boundary condition| .
of Pipe component
Stagnation temperature and
P rcsjs.u.r N mwllctthbt‘:::g;z flow 3 [The Pipe component has 100 elements. IFor transient flow
. INL/EXT-14-33201 [Single-phase non- {3 eq model (1-D) [The Inlet BC has constant temperature . L
Test-116 model - testing (Ch. 2 & Ch. 3) sothermal flow o stabilization Ideal gas EOS (gas) land pressure. The Outlet uses static SMP_PJFNK [Tranisent [Exodus Ok linitial_v was defined as
temperature and pressure BC [zero.
defiened inlet boundary condition) .
of Pipe component
Stagnation temperature and
pressure inlet boundary . .
dition with transient flow 7 7 eq model (1-D, two- S.llft.ene(.i £as EOS [The Pipe component has 100 elements. [For transient flow
. . INL/EXT-14-33201 [Two-phase non- liquid (liquid) [The Inlet BC has constant temperature . L
Test-117 [equation model - testing X Iphase) . S SMP_PJFNK [Tranisent [Exodus Ok linitial_v was defined as
(Ch.2 & Ch. 3) isothermal flow L Stiffened gas EOS land pressure for both liquid and vapor.
temperature and pressure o stabilization vapor (vapor) The Outlet uses static BC [zero.
defiened inlet boundary condition| P P N .
of Pipe component
5 cq model (1-D, non- |A Turbine component is linked
Test-118 |[Non-isothermal turbine flow INL/EXT-14-33201  Single-phase non- lisothermal) Stiffencd gas EOS  [ParsedFunction - between two Pipe components. SMP_PJENK Tranisent Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) isothermal flow N apor (vapor) inlet BC) [The inlet BC uses ParsedFunction and
o stabilization
outlet BC uses TDV.
Pipe with heat structure water
of tejlf:!)erature boundflry Lincar EOS (liquid) The pipe uses PipeWithHeatStructure
type flow using 1-D ey pvr 1433201 [Single-phase non- | 4 model (-Dymon- g iy erialProperti component of 20 elements.
Test-119 [non-isothermal 3 equations Pingie-p lisothermal) P! The heat structure BC uses SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
. (Ch. 2 & Ch. 3) lisothermal flow AN les for heat stracuture
imodel - testing 1-D non- SUPG stabilization material propert [Temperature. The Inlet uses TDJ BC
isothermal flow in pipe with heat property. land the Outlet uses TDV BC.
structure
IPipe with heat structute of . . .
convective boundary condition Linear EOS (liquid) [The pipe uses PipeWithHeatStructure
type water flow using 1-D non- [[INL/EXT-14-33201 |Single-phase non- 3 eq model (1-D, non- ISolidMaterialProperti component of 20 clements. . . L
Test-120 [P . X lisothermal) [The heat structure boundary condition [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
isothermal 3 equations model - [(Ch. 2 & Ch. 3) isothermal flow bilizati les for heat stracuture X he Inl
ltesting 1-D non-isothermal flow SUPG stabilization Imaterial property luses Convective. The Inlet uses TDJ
L . . BC and the Outlet uses TDV BC.
in pipe with heat structure
Pipe with heat structute of . . . .
adiabatic boundary condition 5 eqmodel (1-D, non. _[-inar EOS Giquid) z:;g;‘r’fe;‘fzsfIz’g’:g:?g:atsmc‘“m
Test-121 prc water flow using 1-D non- INL/EXT-14-33201 $1ngle-phase non- lisothermal) SolidMaterial Propert [The heat structure boundary condition [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
isothermal 3 equations model - |(Ch. 2 & Ch. 3) lisothermal flow S les for heat stracuture S
. . SUPG stabilization . uses Adiabatic. The Inlet uses TDJ BC
ltesting 1-D non-isothermal flow material property.
L . land the Outlet uses TDV BC.
in pipe with heat structure
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Test-122

[Pipe with cylindrical heat
structute of convective
boundary condition type water
flow using 1-D non-isothermal

INL/EXT-14-33201

Single-phase non-

3 eq model (1-D, non-
lisothermal)

ILinear EOS (liquid)
SolidMaterialProperti

The pipe uses cylindrical
IPipeWithHeatStructure component of
20 eclements.

SMP_PJFNK

Tranisent

[Exodus

limplicit-euler

IOk

B equations model - testing 1-D (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization les for‘heat stracuture [The heat stru§ture boundary condition
. L . material property. uses Convective. The Inlet uses TDJ
on-isothermal flow in pipe with IBC and the Outlet uses TDV BC
eat structure :
|A Valve component is linked between
Valve opening - testing valve  [INL/EXT-14-33201 [Single-phase non- .20 Model (non- o Pipe components. The nitial status
Test-123 € opening - testing >ingle-phas isothermal) Lincar EOS (liquid) lof the valve is closed and open at SMP_PJFNK [Tranisent Exodus limplicit-culer k
opening action (Ch. 2 & Ch. 3) lisothermal flow N . . -
o stabilization response time. The inlet and outlet BC
luse TDV.
IA Valve component is linked between
. . . 3 eq model (non- two Pipe components. The initial status
Test-124 |" Ve closing - testing valve - INL/EXT-14-33201 |Single-phase non- K 0oy Linear EOS (liquid) lof the valve is opened and close at  [SMP_PJFNK Tranisent Exodus limplicit-culer ok
closing action (Ch. 2 & Ch. 3) isothermal flow I . N
o stabilization response time. The inlet and outlet BC
use TDV.
IA CompressibleValve component is
(Compressible valve test - testin 3 eq model (non- linked between two Pipe components.
pres . SINL/EXT-14-33201 Single-phase non-  |: q Stiffened gas EOS  [ParsedFunction [The valve is remaining closed during . L
Test-125 [compressible valve using non- X lisothermal) . . . SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
isothermal 3 cquations model (Ch. 2 & Ch. 3) lisothermal flow L APIDUS stabilization |V2P°" (vapor) inlet BC) the simulation.
The inlet and outlet BC use TDV. The
linlet BC uses ParsedFunction.
|A CompressibleValve component is
5 oq model (non- llinked between two Pipe components.
Test-126 Cm.npressmle valve with sub- [INL/EXT-14-33201 Slnglc-phasc non- isothermal) Stiffened gas EOS P_arschunctlon The Yalvc is remaining closed during SMP_PJENK Mranisent Exodus implicit-culer lok
sonic flow (Ch. 2 & Ch. 3) lisothermal flow L APIDUS stabilizati vapor (vapor) inlet BC) the simulation.
stabtiization The inlet and outlet BC use TDV. The
linlet BC uses ParsedFunction.
Test-127 |[Removed
Restart test part 1 — creat of 3 ¢q model (1-D, non- [Two Pipe components are linked with
Test-128 check point file: testing restart  [INL/EXT-14-33201 | iso?hermal) ’ Stiffened gas EOS SimpleJunction. SMP PIFNK MTranisent [Exodus ok
a option by creating check point  |(Ch. 2 & Ch. 3) No stabilization liquid (liquid) [The inlet BC uses Inlet and outlet BC - ICheckpoint
file uses Outlet.
IWrong pipe end error - 4 Dic . lInlet and Oulet type of BC was used.
Test-129 [showing error due to wrong pipe ?(\:I]];/E);LTCI; ;))3 2001 ! ODSE(;E?;ZEZ;HOW € ?j;feti)oplc EOS The inlet boundary condition has pipe [FDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
end ) ) lend error.
Restart test part 1 — restart 3 oq model (1-D, non- [Two Pipe components are linked with
Test-130 ifrom check point file: testing  [INL/EXT-14-33201 | iso?hermal) ’ Stiffened gas EOS SimpleJunction. SMP PIFNK Mranisent Exodus ok
a estart option by restarting from |(Ch. 2 & Ch. 3) liquid (liquid) The inlet BC uses Inlet and outlet BC - ICheckpoint

icheck point file

INo stabilization

uses Outlet.
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Multiple point kinetics

ts error - showing

INL/EXT-14-33201

1-D isothermal flow eq

Barotropic EOS

[Two PointKinetics components will

Test-131 error due to multiple point (Ch. 2 & Ch. 3) o stabilization (water) show error. [FDP_PJFNK [Tranisent Exodus fimplicit-culer Ok
inetics components
Multiple reactor b t INL/EXT-14-33201 1-D isothermal flow eq  [Barotropic EOS [Two Reactor components will show
Test-132  |error - showing error due to O 4 P P FDP_PJFNK Tranisent Exodus implicit-culer Ok
. (Ch. 2 & Ch. 3) o stabilization (water) lerror. -
multiple reactor components
Linear EOS (liquid)
. [The material
Missing reactor component 1-D non-isothermal flow . .
Test-133  [error - showing error due to INL/EXT- 14-33201 Beq properties of f.uCI’ [The CoreChannel component is used IFDP_PJFNK Tranisent [Exodus limplicit-euler Ok
s (Ch. 2 & Ch. 3) E—— lgap and cladding use but Reactor component is missed.
imissing Reactor component INo stabilization . . !
ISolidMaterialProperti
les.
INo input and output boundary . . .
N . . (One Pipe component is modeled using
Test-134 nerror - showing error INL/EXT-14-33201 ISOthCl'n-"li-ll ﬂgw € Barotropic EOS lisothermal flow equation. No boundary [FDP_PJFNK Tranisent Exodus limplicit-euler Ok
due to missing boundary (Ch. 2 & Ch. 3) o stabilization (water) o -
i conditions are defined.
conditions
No inlet junction error - (One FlowJunction component is
Test-135 [showing error due to missing INL/EXT- 14-33201 Isolhenpz?l t]pw ¢ [Barotropic EOS mode}ed using isothermal flow . IFDP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
N s . (Ch. 2 & Ch. 3) o stabilization (water) lequation. No input of FlowJunction
input of junction component .
component is defined.
No outlet junction error - (One FlowJunction component is
Test-136 [showing error due to missing INL/EXT- 14-33201 ISOthCl'n-"li-ll ﬂgw € Barotropic EOS modc_lcd using isothermal flow . IFDP_PJFNK Tranisent [Exodus limplicit-euler IOk
. . (Ch. 2 & Ch. 3) o stabilization (water) lequation. No output of FlowJunction
output of junction component N
component is defined.
[Heat exchanger inlet and outlet ILinear EOS (liquid)
error - showing error due to INL/EXT-14-33201 3 eq model (1-D, non-  [Property of material o primary and secondary inlet and
Test-137 |missing inlet and outlet of the lisothermal) iis set with loutlet are defined in the HeatExchanger[FDP_PJFNK Tranisent [Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) PV - . |
HeatExchanger component INo stabilization ISolidMaterialProperti lcomponent.
odeling les.
Heat exchanger structure type Linear EOS (liquid)
error - showing error due to miss INL/EXT-14-33201 3 eq model (1-D, non- !’roperty of material [The primary and secondary inlet and SMP with Newton ] -
Test-138 [(define of heat structure type of (Ch.2 & Ch. 3) isothermal) is set with outlet are defined as solver [Tranisent Exodus implicit-culer Ok
the HeatExchanger component ) ) SUPG stabilization ISolidMaterialProperti [TimeDependentVolume.
odeling les.
Core channe_l inlet and outlet Linear EOS (llqul_d) One Reactor and CoreChannel
error - showing error due to INL/EXT-14-33201 3 eq model (1-D, non-  [Property of material lcomponent is modeled. No inlet and
Test-139  missing inlet and outlet of the lisothermal) lis set with P S IFDP_PJFNK Tranisent [Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) I X . . outlet are defined in the CoreChannel
(CoreChannel component o stabilization ISolidMaterialProperti
. component.
modeling les.
(Core channel bad fuel type 3 cq model (1-D, non- 15;2;352?[;1;?::2)1 (One Reactor and CoreChannel
Test-140 [€7TOF - showing error due to bad [INL/EXT-14-33201 sothermal) s set with icomponent is modeled. Fuel type in the FDP_PJFNK Mranisent Exodus mplicit-culer Ok

fuel type in the CoreChannel
component modeling

(Ch. 2 & Ch. 3)

o stabilization

ISolidMaterialProperti
les.

ICoreChannel is badly defined. The
Inlet and Outlet type BCs are used.
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Junction input definition error
- showing error due to input type

INL/EXT-14-33201

3 eq model (1-D, non-

ILinear EOS (liquid)
Iproperty of material

(One Reactor and CoreChannel
lcomponent is modeled. Input type in

Test-141 of FlowJunction component (Ch. 2 & Ch. 3) ﬁz&slteartr)?]?lz)ation lSSoslieél\‘;[/:tltl:riaIPro - the FlowJunction is badly defined. The [FDP_PJFNK [Tranisent Exodus fimplicit-culer Ok
modeling ~ P Inlet and Outlet type BCs are used.
Junction output definition 5 cq model (1-D, non- I;::;i;gg?fs;?ﬁi? (One Reactor and CoreChannel
Test-142 [FTOF - showingerror dueto INL/EXT-14-33201 lisothermal) is set with component is modeled. Output type in | prey Mranisent Exodus  |implicit-culer |0k
output type of FlowJunction (Ch. 2 & Ch. 3) N X . . the FlowJunction is badly defined. The
X o stabilization SolidMaterialPropertif
component modeling s Inlet and Outlet type BCs are used.
Over-specified pipe boundary (One Pipe component is modeled using
dition error - showing error [INL/EXT-14-33201 [sothermal flow eq (1-D) [Barotropic EOS 1-D isothermal flow equation. . L
Test-143 due to over-specified pipe (Ch. 2 & Ch. 3) o stabilization (water) IBoth Inlet and Oulet type of BCs are [FDP_PJFNK [Tranisent Exodus fimplicit-culer Ok
lboundary condition Iset two times and shows error.
(Over-specified heat exchanger
boundary conditions error - Linear EOS (liquid)
showing error due to over- INL/EXT-14-33201 3 eq model (1-D, non-  [Property of material IBoth primary and secondary inlet and
Test-144  |specified inlet and outlet (Ch.2 & Ch. 3) isothermal) is set with loutlet are defined two times and shows [FDP_PJFNK Tranisent Exodus implicit-culer Ok
boundary conditions of the ) ) o stabilization ISolidMaterialProperti lerror.
HeatExchanger component les.
modeling
Over-specified core channel
mlet‘ f‘f'd ‘)I;;l::rb_o :}:l(:i\::rfg error 3 eq model (1-D, non- Il;:ggiitﬁcs?g;?::g)l (One Reactor and CoreChannel
Test-145 [due to over-specified inlet and INL/EXT- 14-33201 isothermal) is set with component is modeled. Bo.lh inlet and FDP_PJFNK [Tranisent Exodus implicit-culer Ok
.. (Ch. 2 & Ch. 3) I X . . loutlet BCs are defiened twice and show -
outlet boundary conditions of the o stabilization ISolidMaterialProperti Tor
(CoreChannel component les. ferror-
modeling
Pipe with heat structure type
lerror - showing error due to 3 cq model (1-D, non-
Test-146 |08 definition of heat structure INL/EXT-14-33201 lisothermal) ILinear EOS (liquid) [The Inlet and Outlet BCs are used. SMP with Newton [Tranisent [Exodus implicit-euler Ok
ltype of the (Ch. 2 & Ch. 3) o stabilization solver
PipeWithHeatStructure
component modeling
Under-specified pipe boundary
condition error (1-D . . e _
Test-147  |isothermal) - showing error due INL/EXT-14-33201 Isotherrpzil ﬂgw eq (1-D) [Barotropic EOS The .lnlet type of BCs is under Tranisent Exodus implicit-culer Ok
. . (Ch. 2 & Ch. 3) o stabilization (water) specified and shows error.
lto under-specified pipe boundary
condition
[Under-specified pipe boundary
dition error (1-D non- INon-isothermal flow eq . (One Pipe component is modeled.
Test-148 [isothermal) - showing error due Egﬁ/g);Tél]f-;SZOI (1-D) :3;:;;;)1310 EOS [The Inlet type of BCs is under- [Tranisent [Exodus implicit-euler Ok
to under-specified pipe boundary . . o stabilization specified and shows error.
condition
(Over-specified pipe boundary
dition error (1-D non- INon-isothermal flow eq . (One Pipe component is modeled.
Test-149 [isothermal) - showing error due ig]]:/g);TéLA‘_;)}ZOI (1-D) 2;1;2:)0})10 EOS [The Inlet type of BCs is over-specified [Tranisent [Exodus implicit-euler Ok
to over-specified pipe boundary } ) o stabilization land shows error.
condition
(One Pipe component is modeled.
IWrong type of equation of state 14 R r [The water property uses
Test-150 |error in pipe - showing error duc;INL/EXT 14-33201 lsothermal flow eq (1-D) Non-isothermal EOS INonIsothermalEquationOfState which [FDP_PJFNK Tranisent Exodus implicit-culer Ok

lto wrong equation of state type

(Ch. 2 & Ch. 3)

o stabilization

(water)

does not exist and shows error.

lInlet and Oulet type of BC was used.
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'Wrong type of equation of state
error in junction - showing

INL/EXT-14-33201

on-isothermal flow eq

on-isothermal EOS

[Two Pipe and one FlowJunction
components are modeled.
[The water property uses

Test-151 crror duc to wrong cquation of [(Ch. 2 & Ch. 3) - (1-D) o (water) onlsolhe@alEquallonOf‘Slale which [FDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
state type SUPG stabilization does not exist and shows error.
I P Inlet and SolidWall type of BC was
used.
[The Reactor component is modeled
with three CoreChannel components;
IPipe is used for bypass pipe; and
Lincar EOS (liquid) Branch is used for lower and upper
'TMI 2-loop simulation - testing qui plenum of core. Both coolant loops are
ITMI 2-loop nuclear power plant [INL/EXT-14-33201 |Single-phase non- B cq model (1-D, non- |Property of material designed with Pipe, Branch, IdealPumy
Test-152 | . P powerp Pingle-p lisothermal) is set with g pe, > PiISMP_PJFNK Tranisent Exodus limplicit-euler ok
single-phase steady-state normal |(Ch. 2 & Ch. 3) lisothermal flow A X . . land HeatExchanger components.
. SUPG stabilization ISolidMaterialProperti .
reactor operation s [The inlet BC of the both coolant loops
) lare set with mass flow rate by TDJ.
The outlet BCs are set with TDV. The
Ifirst loop has pressurizer modeled with
Pipe component and TDV outlet BC.
IDisplaced pipe component - INL/EXT-14-33201 on-isothermal flow eq [Three Pipe components are linked with
Test-153  [testing displaced pipe (Ch.2 & Ch. 3) - (1-D) Linear EOS (water) la FlowJunction. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
components } ) SUPG stabilization SolidWall type of BC was used.
[The calculation type is
IControlLogicExecutioner
with control logic file
) . X X ‘ trol.py’.
. . on-isothermal flow eq [Two Pipe components are linked with a| pump_con
Test-154 Pump control logic test - testing INL/EXT-14-33201 | (1-D) ILinear EOS (water) IPump. TDV type of both inlet and SMP_PJFNK Tranisent [Exodus limplicit-euler IOk Both.of Comrqllcd and
pump control logic (Ch. 2 & Ch. 3) R IMonitored options are
SUPG stabilization outlet BCs are used. . P
used to identify input
Ifiles to be controlled and
to monitor values during
simulation.
[The one Pipel is linked with Pipe2 and
Pipe3 components using FlowJunction.
. 3 eq model (1-D, non- S,
Test-155 [testing pipe loop with ideal pump [NL/EXT-14-33201 $1ngle-phase non- lisothermal) ILinear EOS (water) [[he IdcalPump comp onent ls.located IFDP_PJFNK [Tranisent [Exodus limplicit-euler Ok
(Ch. 2 & Ch. 3) lisothermal flow P etween output of Pipe2 and input of
INo stabilization Pipel
[The Inlet and Outlet use TDV BCs.
[Pipe flow with time dependent . 3 eq model (1-D, non- [The Pipe has 20 elements. The Inlet .
Test-156 |junction and volume boundary ég}l:/g);Tél}:t-ﬁZOl issl:t%llecr-rltal]:lisffl:own- lisothermal) Linear EOS (water) uses TDJ BC and the Outlet uses TDV gsgfl\/[;r““th Newton [Tranisent [Exodus limplicit-euler Ok
conditions . . > SUPG stabilization IBC. "
[Three CoreChannel components are
llinked with coolant loops are designed
ith Pipe, Branch, IdealPump and
. 3 eq model (1-D, non- HeatExchanger components. The inlet
Test-157 [Typical PWR loop INL/EXT-14-33201 [Single-phase non- ooy Lincar EOS (water) IBC is set with TDJ. The outlet BCs are [FDP_PJFNK ITranisent Exodus implicit-culer Ok

(Ch. 2 & Ch. 3)

lisothermal flow

o stabilization

set with TDV.

The first loop has pressurizer modeled
ith Pipe component and TDV outlet

IBC.
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Model Type
(Governing Eq.)

Test ID #

Problem description

Source

Table. B. 2 List of Test Samples (classified by model type)

Physical
phenomena

Global Parameters

Equation of State/
Material Properties

Functions

Components/Boundary
Condition (BC)

Preconditioning

Executioner

Output

Time integragion

Status

Remark

Single-Phase Problems

2 equation model

Test-1

ISimple pipe flow - testing the
simplest 1-D isothermal water
Ipipe flow at ambient pressure.

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
isothermal flow

2 eq model
INo stabilization

IBarotropic EOS
water)

IPipe (1 volume, no
junction)

SMP_JFNK

[Tranisent

IExodus

Ok

Test-54

Isothermal pump loop flow -
testing isothermal pump loop
flow using 2 equations model

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
isothermal flow

2 eq model
INo stabilization

IBarotropic EOS
liquid)

|An isothermal Pump
lcomponent is linked with
two Pipe components.
(Other Pipe components
lare linked using Branch
Icomponents.

[The outlet BC uses TDV.

ISMP_PJFNK

[Tranisent

[Exodus

implicit-euler

Ok

Test-55

Isothermal pump flow -
testing isothermal pump flow
using 2 equations model

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
isothermal flow

2 eq model
INo stabilization

IBarotropic EOS
liquid)

|An isothermal Pump
lcomponent is linked
between two Pipe
components.

[The inlet and outlet BCs
lof Pipe components use
TDV.

ISMP_PJFNK

[Tranisent

[Exodus

implicit-euler

Ok

Test-57

Isothermal pump reverse
flow

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

12 eq model
ISUPG stabilization

IBarotropic EOS
liquid)

|An isothermal Pump
lcomponent is linked
between two Pipe
components.

[The inlet and outlet BCs
lof Pipe components use
TDV.

[The pressure of outlet BC
is higher than inlet BC

Imakes reverse pump flow.

ISMP_PJFNK

[Tranisent

Exodus

implicit-culer

Test-60

Isothermal pump start flow

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

12 eq model
o stabilization

IBarotropic EOS
liquid)

|An isothermal Pump
component is linked
between two Pipe
components.

[The form loss coefficient
lof the pump is set with
1000 to model the pump
Istart.

[The inlet and outlet BCs
lof Pipe components use

[TDV.

ISMP_PJFNK

[Tranisent

Exodus

implicit-culer
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Each Pipe components are

testing 1-D isothermal flow
ith barotropic 2 equations
imodel

(Ch. 2 & Ch. 3)

lisothermal flow

ISUPG stabilization

water)

elocity
distribution)

Inlet and Outlet BCs are
TDV.

Isothermal pipe chain flow - . 12 eq model . linked with a Branch
Test-75 [testing three pipe chain flow :2:}“ /s);LTélhA‘—;’; 201 i]:tilgr}[:l ]:lisffl:ow (isothermal) Bl?;;);;())plc EOS lcomponent. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
llinked with two junctions . . s o stabilization [The inlet and outlet BC
ses TDV.
[Two Pipe components are
llinked with three Pipe
Isothermal pipe chain flow lcomponents with one
(with two pipes in and three . 2 eq model . [Branch component.
Test-76 |pipes outIj ll;sling isothermal [INL/EXT-14-33201 _Smgle-p hase (isothermal) Bgro}roplc EOS [The inlet and outlet BC ~ [SMP_PJFNK [Tranisent [Exodus implicit-euler IOk
P . (Ch. 2 & Ch. 3) isothermal flow Ll liquid)
ltwo pipe in and three pipes out] o stabilization ses TDV.
llinked with one junction [The pressure of outlet BC
lis lower than inlet BC for
atural flow.
[Two Pipe components are
llinked with three Pipe
Isothermal pipe chain flow lcomponents with one
w.ith two pipes in and thrcc ) b eq model ) Bran.ch component.
Test.77 [PiPeS out (no ﬂow) - testing [INL/EXT-14-33201 Slngle-phase (isothermal) Bgro}roplc EOS [The inlet and outlet BC SMP_PJENK Mranisent Exodus mplicit-culer lok
lisothermal two pipe inand ~ (Ch. 2 & Ch. 3) lisothermal flow o stabilization liquid) ses TDV.
three pipes out linked with [The pressure of both inlet
lone junction land outlet boundary
conditions are same and
ino flow will be occurred.
[Two Pipe components are
linked with three Pipe
lcomponents with one
Isothermal pipe chain flow [Branch component.
w.ith two pipes in and three ) b eq model ) Form loss with friction is
Test.79 [P'PeS ou t (no form loss) . [INL/EXT-14-33201 $1ngle-phase (isothermal) Bjam?roplc EOS ot modeled. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
testing isothermal two pipe in |(Ch. 2 & Ch. 3) lisothermal flow L liquid) [The inlet and outlet BCs
. . INo stabilization
land three pipes out linked se TDV.
ith one junction [The pressure of both inlet
land outlet BCs are same
land no flow will be
loccurred.
Is.o therm:.ll. pip.e chair} flow . 2 eq model . ﬁﬁi}el; isﬁ]:gn];l:g;:l{l“ °
Test-80 w“h stablllzaltlon oqtlon - [INL/EXT-14-33201 $1ngle-phase (isothermal) Bjam?roplc EOS lcomponent. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
ltesting three pipe chain flow ((Ch. 2 & Ch. 3) lisothermal flow N liquid) i
linked with two junctions ISUPG stabilization [The inlet and outlet BC
luses TDV.
| om0,
Test-83 [boundary conditions - testing| [NL/EXT-14-33201 |Single-phase lisothermal) [Barotropic EOS 10 elements. SMP_PJFNK Tranisent [Exodus implicit-euler Ok
. . (Ch. 2 & Ch. 3) lisothermal flow S water) lInlet and Outlet BCs are
1-D isothermal flow with ISUPG stabilization DV
barotropic 2 equations model :
Isothermal pipe flow with
:)ime (;ependelzit volume . L 4el (1D ?iccc_wis&(:_Li_n_cz;r IThe Pipe component has
oundary conditions an . eq model (1-D, . unction (initia
Test-84 functior:Zl initial conditions -| INL/EXT-14-33201 Single-phase lisothermal) Barotropic EOS [pressure and 10 elements. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
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IHeat transfer in HX -
[Testing the heat trnasfer
imodels in a heat exchanger
component with sodium fluid . 3 eq model (1-D, .
Test-2  fon both sides. Primary fluid INL/EXT-14-33201 Single-phase heat non-isothermal) Lincar EOS . TDV SMP_PJFNK Tranisent [Exodus Ok
L. . . (Ch.2 & Ch. 3) transfer R both water and sodium)
iflows inside circular pipe ISUPG stabilization
(while secondary fluid flows
(within parallel pipe bundle
ith square pitch.
Heat transfer of N2 in the 5 cq model (1-D. I,T_lgj having 27TDV & 1
Test-3 l[:ggc—l:i?g?gctfj;lrzziﬂir Pg}% /E)ELT(_:I}?—; )3 201 tsrlanngslfi-f hase heat on-isothermal) IN2 property HT geometry code: 101 [SMP_PJFNK Tranisent [Exodus Ok
Iflled with nirt)mgenp . . ISUPG stabilization \(single phase fluid flow in
i ipe)
IHeat transfer of water in the 3 eq model (1-D. _P}l][)“j having 2 TDV & 1
Test-4 &I(l:ge-l:iftll’[i‘geh:::nﬁz?;ﬁr :2:}“ /s);LTélhA‘—;’; 201 tsr]ay;ilfce -rp hase heat on-isothermal) I;LZ?:;)EOS HT geometry code: 101 [SMP_PJFNK Tranisent [Exodus Ok
filled \;vilh wfuer P . . ISUPG stabilization (single phase fluid flow in
ipe)
IHeat transfer model in core gO;eTc];)?lz:écmti: 2DV
channel - Testing heat INL/EXT-14-33201 [Single-phase heat [ 4 M9 (-D- i eqr g evlindrical fucl)
Test-5  [transfer models in a eic-p) on-isothermal) th . ISMP_PJFNK [Tranisent [Exodus Ok
. (Ch. 2 & Ch. 3) transfer L water) HT geometry_code: 101
(CoreChannel pipe component ISUPG stabilization . X .
ith typical PWR valve (slngle phase fluid flow in
ipe)
Simple Pipc flow with . 3 eq model (1-D ?uls:ti(gn\;omme’ "
3 Test-6 z:f::l'tym‘:l’t":s‘:ﬂlb‘;“g";‘)’g FSKE/ g’ggh“'g’)”m iﬁi{:ﬂi&ﬁxn on-isothermal)  [Stiffencd gas EOS linlet and Oulet type of  [SMP_PJENK Tranisent Exodus ok
= sothermal flow 2 . . o stabilization weakly imposed BC was
§ sed.
IShock capturing - testing Single-phase non- [3 eq model (1-D, . [Two pipes are linked with
§ Test-7 [shock capturing model in Pipe :2:}“ /s);LTélhA‘—;’; 201 lisothermal flow  non-isothermal) I;LZ?:;)EOS flow juctions which has  [FDP_PJFNK [Tranisent [Exodus Ok
= lcomponent filled with water . . ((Shock) ISUPG stabilization ftwo TDV and 1 TDJ.
I
§4 IPipe (1 volume, no
S [Simple pipe flow with 3 5 eq model (1-D ?vtgtﬁ;)es are linked with
g Test-8 :g:altcl‘::;::?]zl“_/ l:lsgflgc Pg}% /E)ELT(_:I}?—; )3 201 lsslonil:;ri ];ngor;?n_ on-isothermal) L\::::)EOS la flow junction which has [FDP_PJFNK Tranisent [Exodus Ok
con’f’ onent P ’ . o stabilization two TDV and 1 TDJ.
P Inlet and Oulet type of BC
was used.
3 eq model (1-D, IPipe (1 volume, no
cen e . non-isothermal) junctions)
IDifferent stabilization option| X . . .
A N INL/EXT-14-33201 Pipel component [Two Pipes are linked with .
Test-10 :;?é“““’t“'t‘el')‘.tl? e ‘:V." (Ch.2&Ch.3) [ luses SUPG and the la Branch (Inlet is linked [PV DV FNK [Tranisent [Exodus Ok
ticrent stabrlization options IPipe2 has no iwith Pipel and Outlet is
stabilization option linked with Pipe2).
[Water hammer - testing  i\; /pxT.14.33201 [Single-phase non- 131:1?::;%;(“1;11[)) R - ggg Ll:]g):‘é:l?gponent e .
Test-11 Coa;fr;*x:crﬁner effect in Pipe (Ch. 2 & Ch. 3) sothermal flow o SUPG Stiffened gas EOS linlet and outlet BCs use SMP_PJFNK Tranisent [Exodus Ok
P stabilization SolidWall.
[The Reactor has two
ICoreChannel and linked
IDecay heat behavior in 5 cq model (1-D. Piccewiselinear with two pipes with
Tz FaRroing oy b NI 201 Sl ot LSUEOS o™ o o it o ox
: ) ISUPG stabilization lcurve) . B .
lcomponent Inlet pipel is linked with
ITDJ and outlet pipe2 is
linked with TDV.
. . . [The Pipe component has
ISimple pipe flow of nitrogen 14 . . _ P eq model (1-D,
Test-13 |gas - testing simple nitrogen INL/EXT-14-33201 Smglc phasc non on-isothermal) IN2 property 10 clc_mcms. . ISMP_PJFNK [Tranisent [Exodus Ok
P (Ch. 2 & Ch. 3) lisothermal flow e ITDV is used for inlet and
lgas flow in Pipe component ISUPG stabilization .
loutlet BCs to Pipes.
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ISimple pipe flow of non-

3 eq model (1-D,

[The Pipe component has

Test-14 fisothermal gas - testing INL/EXT-14-33201 Smglc-phasc non- on-isothermal) Lincar EOS 10 clc_mcms. ) SMP_PJFNK Tranisent Exodus ok
lsimple nitrogen gas flow in ~ ((Ch. 2 & Ch. 3) lisothermal flow T nitrogen) ITDV is used for inlet and
. ISUPG stabilization .
IPipe component loutlet BCs to Pipes.
Stiffened gas equation for 3 ¢q model (1-D. [The Pipe component has
Test-15 llqulc_l - testing stlf_fene_d gas [INL/EXT-14-33201 _Smgle-phase non- on-isothermal) Stiffened gas EOS 100 el_ements. ) SMP_PJFNK Tranisent Exodus ok
lequation for water in Pipe (Ch. 2 & Ch. 3) isothermal flow TR water) ITDV is used for inlet and
ISUPG stabilization .
lcomponent outlet BCs to Pipes.
Stiffened gas equation for 5 cq model (1-D. [The Pipe component has
Test-16 |VAPOT - testing stlf_fene_d gas [INL/EXT-14-33201 _Smgle-phase non- on-isothermal) Stiffened gas EOS 10 ele_mems. ) SMP_PJENK Mranisent Exodus ok
lequation for water in Pipe (Ch. 2 & Ch. 3) isothermal flow TR water vapor) ITDV is used for inlet and
ISUPG stabilization .
lcomponent outlet BCs to Pipes.
Lapidus stabilization - iy /pxT: 1433201 [Single-phase non- SS?SSiZln;lall)) ' o ctomente T
Test-32 test.mg LAI?IDUS stabilization (Ch.2 & Ch. 3) isothermal flow  [LAPIDUS Stiffened gas EOS TDV is used for inlet and ISMP_PJFNK [Tranisent [Exodus implicit-euler (0)
loption in Pipe component L
istabilization outlet BCs.
[Entropy viscosity [The Pipe component has
PN . 100 elements.
stabilization - testing IINL/EXT-14-33201 [Single-phase non- [3 eq model (1-D. [Time dependent mass is
Test-33 [ENTROPY VISCOSITY Pngie-p q! > [Stiffened gas EOS P SIS ISMP_PJFNK Tranisent Exodus  [BDF2 ok
PR PN (Ch. 2 & Ch. 3) isothermal flow  [non-isothermal) sed for inlet BC while
Istabilization option in Pipe .
lcomponent [TDV is used for outlet
P BC.
IPressure stabilization of air [The Pipe component has
flow - testing PRESSURE INL/EXT-14-33201 |Single-phase non- 3 eq model (1-D, oo 50 elements. .
Test-35 | abilization option in Pipe  [(Ch. 2 & Ch.3)  [isothermal flow  non-isothermal)y [0 1ened gas EOS TDV is used for inlet and [P VP-PIFNK [ranisent [Exodus I Ok
lcomponent loutlet BCs.
IPressure stabilization of
water flow - testing INL/EXT-14-33201 |Single-phase non- 3 eq model (1-D, . [The Pipe component has .
Test-36 |hRESSURE stabilization  |[(Ch. 2 & Ch.3)  [isothermal flow  non-isothermal)  [>tened gas EOS 150 elements. SMP_PJFNK [ranisent [Exodus I Ok
loption in Pipe component
[The Reactor component is
[modeled with one
ICoreChannel.
ISimple liquid metal reactor [Pipe and Branch is used
" toeting Lo 14 . B eqmodel (1-D,  [Linear EOS (liquid) for coolant loop.
Test-38 foop - testing liquid metal [INL/EXT-14-33201 $1ngle phase non on-isothermal) SolidMaterialProperties [The IHX is modeled with [SMP_PJFNK Tranisent [Exodus implicit-euler Ok
nuclear reactor one coolant  (Ch. 2 & Ch. 3) lisothermal flow e .
lloop INo stabilization material) HeatExchanger
component.
[The inlet BC uses the TDJ
land the outlet BC are set
ith TDV.
IPWR core channel flow Linear EOS (liquid) [The Reactor and
lusing 1-D non-isothermal 3 3 eq model (1-D [The material properties (CoreChannel components
Test-39 [equation model - testing 1-D [NL/EXT-14-33201 |Single-phase non- on-isothermal) f fuel, gap and cladding pre used for PWR core [FDP_PJENK Tranisent [Exodus implicit-euler Ok
. B (Ch. 2 & Ch. 3) isothermal flow TR lsimulation.
fnon-isothermal flow in PWR ISUPG stabilization [use . .
. . . ITDV is used for inlet and
core channel flow SolidMaterialProperties.
loutlet BCs.
[The Reactor and
(CoreChannel components
IPWR n}ultlplc core channel lldeal gas EOS (liquid) jare use(.i for PWR core
flow using 1-D non- 3 eq model (1-D [The material properties pimulation.
Test-40 [Sothermal 3 equation model INL/EXT-14-33201 |Single-phase non- on-isothermal) lof fuel, gap and cladding] [Each CoreChannel is [FDP_PJENK Tranisent [Exodus implicit-euler Ok
|- testing 1-D non-isothermal |(Ch. 2 & Ch. 3) isothermal flow TR llinked with Pipe
. . ISUPG stabilization [use B
flow in PWR multiple core SolidMaterialP i lcomponent with Branch.
channel flow odMateriaffroperties. [The Pipe is linked with
[TDV Inlet and TDV
Outlet boundary condition
IPWR core channel flow ILinear EOS (liquid) [The Reactor and
lusing 1-D non-isothermal 3 14 — _[Beqmodel (1-D,  [The material properties (CoreChannel components
Test-41 |equation model with INL/EXT-14-33201 Smglc phasc non on-isothermal) f fuel, gap and cladding| lare used for PWR core ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
. . (Ch. 2 & Ch. 3) lisothermal flow R . A . N
functional material property ISUPG stabilization [use PiecewiseLinear lsimulation.
|- testing 1-D non-isothermal functional [TDV is used for inlet and
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[flow in PWR core channel
iflow

SolidMaterialProperties.

loutlet BCs.

(Cylinder fuel core channel
flow using 1-D non-
lisothermal 3 equation model

INL/EXT-14-33201

Single-phase non-

3 eq model (1-D,

ILinear EOS (liquid)
[The material properties

[The Reactor and
(CoreChannel components
lare used for cylinder fuel

llarge to small pipe) - testing
junction flow linked with two
different size Pipe components|

(Ch. 2 & Ch. 3)

((abrupt area
Ichange)

o stabilization

twice larger than pipe2
component.

lInlet BC uses TDM and
outlet BC uses Outlet.

Test-42 | testing 1-D non-isothermal |(Ch. 2 & Ch. 3) lisothermal flow S?Jlll;l(gosl::ii?ﬂzzla)tion lof fuel and cladding use lcore simulation. SMP_PJFNK [Tranisent [Exodus implicit-culer Ok
flow in cylinder fuel core SolidMaterialProperties. ITDV is used for inlet and
channel flow outlet BCs.
[The Reactor and two
ICoreChannel components
IMultiple core channel flow lldeal gas EOS (liquid) :ir;:ls:t?otr?r multiple core
lusing 1-D non-isothermal 3 INL/EXT-14-33201 [Single-phase non- 3 eq model (1-D,  [The material properties Each Corcthanncl s
Test-43  lequation model - testing 1-D (Ch. 2 & Ch. 3) i%ot%lerrltalal flow on-isothermal) f fuel, gap and cladding| linked with Pine ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
non-isothermal flow in ’ ’ > ISUPG stabilization [use 'P
imultiple core channel flow SolidMaterialProperties component with Branch.
P P o [TDJ is used for inlet BC
hile TDV is used for
outlet BC.
[The Reactor and
(CoreChannel components
IPlate fuel core channel flow Linear EOS (liquid) lare used for plate core
lusing 1-D non-isothermal 3 14 . g _ P eq model (1-D, [The material properties lsimulation.
Test-44 |equation model - testing 1-D Pg}% /E);TCI}? 33)3 201 iSmt%len;:l hzlls; non on-isothermal) f fuel, gap and cladding| [The Pipe is linked with ~ [SMP_PJFNK [Tranisent [Exodus 3 IOk
[non-isothermal flow in plate . . sothermal oW I§17pG stabilization fuse [boundary conditions.
ifuel core channel flow SolidMaterialProperties. [TDJ is used for inlet BC
iwhile TDV is used for
outlet BC.
|User defined power s.haped The Reactor and
icore channel flow using 1-D . liquid 1
inon-isothermal 3 equations . 3 eq model (1-D, [Lincar EO,S (liquid) . . . . (CoreChanne cqmponenls
Test-46 [model - testing 1-D non- Pg}% /E)ELTS}?—;; 201 lsslonil:;ri ];ngor;?n_ on-isothermal) I?fe’uﬁaatigﬂ]g;?i}::mue:c S;e(cce:lﬁsefng)l ! ecl:’er:zieiigﬁcgnlmder fuel SMP_PJFNK Tranisent [Exodus implicit-euler Ok
lisothermal flow in cylinder ’ . ISUPG stabilization . . S\ P "
X SolidMaterialProperties. [The Inlet uses TDJ and
ifuel core channel flow using
Outlet uses TDV for BC.
user defined power shape
Junction flow test (basic 5 cq model (1-D. [The Pipe component has
g |model without junction) -  |INL/EXT-14-33201 [Single-phase non- . ’ . - 25 elements. . . AT
Test-48 [basic model for junction flow |(Ch. 2 & Ch. 3) lisothermal flow S(I)?Pgostl};?llil:;)lion [Lincar EOS (liquid) Inlet BC uses TDV and [FDP_PJFNK [Tranisent [Exodus implicit-culer Ok
ith one Pipe component outlet BC uses Outlet.
Hunction flow test with one 5:52 g ;p:l:&‘:[i?;?f
junction and two pipes - 14 s _ P eq model (1-D, . X
Test-49 [testing junction flow linked Pg}% /E);TCI}? 33 )3 201 isslont%l:rri ];ngor;?n on-isothermal) ILinear EOS (liquid) g?;(:/(}u‘zlctt}ilo?!n;)m onent. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
ith two identical Pipe . . o stabilization P .
monent lInlet BC uses TDM and
components outlet BC uses Outlet.
[Both Pipe components
unction flow test with one 1;‘1/(2;?»«?:1312[?2[5 and
junction and two pipes of Single-phase non- 3 cq model (1-D [FlowJunction component
Test-50 g;{t;elﬁ:tl::.zee(fl'm:)f_r?g'n :2:}“ /g)(gélh“—;’; 201 g&')]trllczrr;le:low on-isothermal) ILinear EOS (liquid) [The flow area of pipe2 is [SMP_PJFNK [Tranisent [Exodus implicit-euler (0)3
X . 8€ pip testing : : P INo stabilization twice larger than pipel
unction flow linked with two change) )
different size Pipe components| component.
lInlet BC uses TDM and
outlet BC uses Outlet.
[Both Pipe components
Hunction flow test with one 1ii¥<ce§?~§:§lzﬁzls and
junction and two pipes of Single-phase non- 3 cq model (1-D [FlowJunction component
Test-51 different size (flow from [INL/EXT-14-33201 Jisothermal flow non-isothermal) Linear EOS (liquid) [The flow area of pipel is |[SMP_PJFNK [Tranisent Exodus implicit-culer k
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Junction flow test with one
junction and three pipes -

INL/EXT-14-33201

Single-phase non-
isothermal flow

3 eq model (1-D,

[Both Pipe components
ave 25 elements and

linked with one

[FlowJunction component.

IReactor component

(Ch. 2 & Ch. 3)

lisothermal flow

o stabilization

use
SolidMaterialProperties.

ifor inlet and oulet of water|
flow.

[The inlet BC uses TDM

Test-52 festing junction ‘ﬂow !mked (Ch. 2 & Ch. 3) (abrupt arca on-lsot_h_em'fal) ILinear EOS (liquid) [The junction input is pipel|[SMP_PJFNK [Tranisent [Exodus implicit-euler IOk
ith three identical Pipe INo stabilization land outputs are pipe2 and
Ichange) .
lcomponents pipe3.
lInlet BC uses TDM and
outlet BC uses Outlet.
[Both Pipe components
Hunction flow test with one ave 25 elements and
junction and three pipes Sinele-phase non- linked with one
(flow from large to small INL/EXT-14-33201 isot%lerrlt)lal flow 3 eq model (1-D, [FlowJunction component.
Test-53  [pipe) - testing junction flow on-isothermal) ILinear EOS (liquid) [The junction input is large [FDP_PJFNK Tranisent [Exodus implicit-euler Ok
. 5 . (Ch. 2 & Ch. 3) ((abrupt area e .
llinked with one large Pipe INo stabilization [pipel and outputs are
Ichange) . .
lcomponent to two small lsmall pipe2 and pipe3.
lidentical Pipe components Inlet BC uses TDM and
outlet BC uses Outlet.
|An IdealPump component
. lis linked between two Pipe|
Ideal pump flow - testing . 3 eq model (non-
. IINL/EXT-14-33201 |Single-phase non- |- . - lcomponents. . AT
Test-56 jnon 150thermfal pump flow (Ch. 2 & Ch. 3) sothermal flow 1sothem.ufl) ) ILinear EOS (liquid) The inlet and outlet BCs ISMP_PJFNK [Tranisent [Exodus implicit-euler (0)
using 3 equations model o stabilization .
lof Pipe components use
[TDV.
|A Pump component is
3 oq model (non- llinked with two Pipe
Test-sg [Non-isothermal pump loop INL/EXT-14-33201 |Single-phase non- lisothermal) ILinear EOS (liquid) components. Other Pipe SMP_PJFNK [Tranisent [Exodus implicit-euler Ok
flow (Ch. 2 & Ch. 3) lisothermal flow . lcomponents are linked
ISUPG stabilization .
using Branch components.
[The outlet BC uses TDV.
|A Pump component is
3 cq model (non linked between two Pipe
. IINL/EXT-14-33201 |Single-phase non- [ : . Lo lcomponents. . L
Test-59 |[Non-isothermal pump flow (Ch. 2 & Ch. 3) sothermal flow lsothcn’nal)_ o Linear EOS (liquid) The inlet and outlet BCs ISMP_PJFNK [Tranisent Exodus implicit-euler k
ISUPG stabilization .
lof Pipe components use
[TDV.
[Two loops are designed:
vapor loop with turbine;
3 eq model (non- land water loop with pump.|
isothermal) . [The Turbine of vapor loop
Turbine driven pump flow - . LAPIDUS Stiffened Gas EOS s linked between two Pipe]
. . : INL/EXT-14-33201 |Single-phase non- L Liquid (for liquid phase) . AT
Test-61 |[testing turbine driven non- X istabilization (vapor |, . lcomponents. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
X (Ch. 2 & Ch. 3) lisothermal flow Stiffened Gas EOS
lisothermal pump flow lloop) Vapor (for vapor phase) [The Pump of water loop
ISUPG stabilization P porp ses turbine as driving
(water loop) lcomponent.
[The inlet and outlet BCs
lof both loops use TDV.
IA vapor loop is modeled
ifor steam injection and
ater loop is modeled for
ater drawing back. A gas|
Stiffened Gas EOS ent loop is designed for
. . 3 eq model (non-  [Liquid (for liquid phase) venting to dry well. The
Test-62 Bl:"(]:l:l:\; el:l::;il: te:;:gittl;o“ :2:}“ /s)grgh“—g; 201 iss]:t%::r-rlt)l ];Tsffl:ozsn- lisothermal) Stiffened Gas EOS valve is modeled with SMP_PJFNK [Tranisent [Exodus implicit-euler Ok
g Y . . ISUPG stabilization [Vapor (for vapor phase) [Branch component and
IN2Properties (nigrogen) et well uses WetWell
lcomponent. Five Pipe
Icomponents are used.
[The inlet and outlet BCs
se TDV.
[The Reactor has one
ILinear EOS (water) Subchannel and linked
ISub-channel flow test - . 3 eq model (1-D,  [The material properties ith two Pipe components
Test-63 [testing sub-channel flow in the| NL/EXT-14-33201 [Single-phase non- Inon-isothermal) lof fuel, gap and cladding ith SubchannelBranch ~ [SMP_PJFNK [Tranisent Exodus - k
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land outlet BC uses TDV.

IBWR wet well test with zero
flow rates into the volume -

IINL/EXT-14-33201

Single-phase non-

3 eq model (non-

Stiffened Gas EOS

ILiquid (for liquid phase)

|A vapor loop is modeled
ifor steam injection using
VolumeBranch type valve.
[The water loop uses
ISUPG stabilization option
land IdealPump to simulate|
ater drawing back. A gas|
vent loop also uses SUPG

|- testing strong time
[dependent volume boundary
conditions

(Ch. 2 & Ch. 3)

isothermal flow

ISUPG stabilization

water)

Inlet and Outlet BCs are
[TDV and set as weak BC.

Test-64 lesting BWR wet well non-  [(Ch. 2 & Ch. 3) lisothermal flow lsothcm_lz?l) ) Stiffened Gas EOS stabilization option and SMP_PJFNK [Tranisent Exodus implicit-culer k
X . o stabilization \Vapor (for vapor phase) . .
lisothermal 3 equations model IN2Propertics (nigrogen) SolidWall type valve for
P &rog enting to dry well. The
wet well uses WetWell
lcomponent. Five Pipe
Icomponents are used.
[The inlet and outlet BCs
luse TDV.
|A Reactor is
ith .
Point kinetics model with [ [The Pipe component has
. . 3 eq model (1-D, PointKinetics
Test-65 r(:cit:lvntr};:;li)‘l/?t- te;:::g Pg}% /E);Télh‘t—; )3 201 [Reactor physics on-isothermal) ILinear EOS (water) loption of frﬂg?:jrgitlct BCs are ISMP_PJFNK [Tranisent [Exodus implicit-euler (0)
arying yp . . ISUPG stabilization IPicewiseLinear
[kinetics model .. TDV.
[reactivity
[function.
. [The [The Reactor has two
ICoupled point kinetics 3 q model (1-D #;:::e:afcoriil(;gt;g‘lics IPointKinetics ~ [CoreChannel components
Test-66 mn@el with reactl_vnty _tab_lc - [INL/EXT-14-33201 [Reactor physics on-isothermal) lof fuel, gap and cladding| optlon_ uses pnd linked w1tl_1 two Pipe ISMP_PJFNK [Tranisent [Exodus implicit-euler Ok
[testing coupled point kinetics |(Ch. 2 & Ch. 3) o stabilization e PicewiseLinear [components with Branch
imodel . . . [reactivity ifor inlet and oulet of water
SolidMaterialProperties. functi
unction. flow.
|A Reactor is
IPoint kinetics model with 3 cq model (1-D ith [The Pipe component has
Test-67 [C°1° tant reactivity t? s‘t ) [INL/EXT-14-33201 [Reactor physics on-isothermal) ILinear EOS (water) POl.me? tics (20 clements. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
testing constant reactivity (Ch. 2 & Ch. 3) SUPG stabilization loption of [[nlet and Outlet BCs are
[point kinetics model constant TDV.
reactivity value.
Both Pipe components
IBranch flow test with two del ?a‘fio glﬁments and
pipes - testing branch flow IINL/EXT-14-33201 [Single-phase non- B eq mode (1-D, . - inked with one . X ..
Test-68 linked with two identical Pipe (Ch. 2 & Ch. 3) sothermal flow on-isothermal) ILinear EOS (liquid) [VolumeBranch ISMP_PJFNK [Tranisent [Exodus implicit-euler Ok
components P . . ISUPG stabilization lcomponent.
P The inlet BC uses TDJ and
outlet BC uses TDV.
|All Pipe components have
IBranch flow test with three ;Ee(iliflrl:l::‘\:v&i;{lh(:izp 1pes
Ipipes in and two pipes out - 14 s _ 3 eq model (1-D,
Test-69 |testing branch flow linked | IN/EXT-14-33201 ISingle-phase non- | ' o oo™ ILinear EOS (liquid) |VolumeBranch componentiqy , pyp\y Tranisent Exodus implicit-euler Ok
A . . (Ch. 2 & Ch. 3) lisothermal flow L las inlet and two pipes are
ith five identical Pipe ISUPG stabilization .
lcomponents llinked as outlet.
[The inlet BC uses TDJ and|
outlet BC uses TDV.
[The Pipe component has
ISolid wall modeling with 3 3 eq model (1-D, 100 elements.
lequation model - testing solid[INL/EXT-14-33201 [Single-phase non- [non-isothermal) Inlet BC has constant .
Test-71 all boundary condition of ~ (Ch. 2 & Ch. 3) lisothermal flow  |PRESSURE [[deal gas EOS temperature and pressure. SMP_PJFNK [Tranisent [Exodus Ok
IPipe component istabilization [The Outlet BC uses
SolidWall option.
INon-isothermal pipe flow
[with strong time dependent 5 cq model (1-D. [The Pipe component has
Test-72 Ivolume boundary conditions [[NL/EXT-14-33201 |Single-phase non- on-isothermal) INon-isothermal EOS 10 elements. SMP_PJENK ranisent Exodus implicit-culer lok
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Non-isothermal pipe chain
flow with two pipes in and
three pipes out - testing non-

INL/EXT-14-33201

Single-phase non-

3 eq model (non-

[Two Pipe components are
llinked with three Pipe
lcomponents with one
[Branch component.

Icomponent

Test-78 isothermal two pipe inand  |(Ch. 2 & Ch. 3) sothermal flow 1sotherma1)_ o ILinear EOS (liquid) [The inlet BC uses TDJ and[SMP_PJFNK [Tranisent [Exodus implicit-euler IOk
. L . ISUPG stabilization outlet BC uses TDV.
three pipes out linked with
‘uncti [The pressure of outlet BC
jone Junction lis lower than inlet BC for
[natural flow.
[Each Pipe component is
INon-isothermal pipe chain . 3 eq model (non- llinked with a Branch
Test-81 [flow - testing three pipe chain Pg}% /E);Télh‘t—;; 201 lsslontil:;ri ];ngor;?n_ lisothermal) ILinear EOS (liquid) component. SMP_PJFENK Tranisent [Exodus implicit-euler Ok
flow linked with two junctions| . o stabilization [The inlet and outlet BC
ses TDV.
Four Pipe components are
lused. The dome of BWR
IBWR downcomer test - 3 oq model (non- lis modeled with
Test-82 festing BWR down comer IINL/EXT-14-33201 _Smgle-phase non- isothermal) St_lfigned_ Ggs EOS VolumeBran_ch and SMP_PJFNK Tranisent Exodus mplicit-culer lok
sing non-isothermal 3 (Ch. 2 & Ch. 3) isothermal flow L Liquid (liquid) [downcomer is modeled
. o stabilization .
lequations model (with DownComer.
[The inlet and outlet BCs
se TDV.
[The pipe wall is heated
3 cq model (1-D (with constant heat flux of
(Constant wall heat flux pipe . . o 1000 and has 20 elements.
Test-87 |water flow 1-D non- INL/EXT- 1433201 Single-phase non- jnon-isothermal) lldeal gas EOS (liquid) lInlet BC has constant heat SMP_PJFNK Tranisent [Exodus Ok
A . (Ch. 2 & Ch. 3) lisothermal flow  |[LAPIDUS .
lisothermal 3 equation model L transfer coefficient and
stabilization
imomentum. The Outlet
IBC has constant pressure.
[Three Pipe components
as same geometric
. configuration (20
1-D Non-isothermal flow . 3 eq model (1-D, . ©
Test-88  [through 3 pipes and 2 INL/EXT- 1433201 Slngle-phase non- non-isothermal) [Barotropic EOS glemgms.) Branch type of SMP_PJFNK [Tranisent Exodus implicit-culer k
. . (Ch. 2 & Ch. 3) lisothermal flow P water) unction is used to link
junctions ISUPG stabilization Ipipes
lInlet and Outlet BCs are
[TDV.
IFive Pipe components are
llinked as vertical position,
. d the liquid has gravity
1-D Non-isothermal flow . 3 eq model (1-D, on
Test-89 |through vertical chain pipes [INL/EXT-14-33201 $1ngle-phase non- non-isothermal) Linear EOS (water) fﬁ,ffec?. Br‘anch type f)f ISMP_PJFNK [Tranisent Exodus implicit-culer k
. . (Ch. 2 & Ch. 3) lisothermal flow L unction is used to link
lhaving gravity effect ISUPG stabilization Ipipes
Inlet and Outlet BCs are
[TDV.
[The Pipe has 20 elements,
IHeated wall pipe flow with land has constant wall
time dependent junction and . 3 eq model (1-D, temperature and heat
Test-90 |[volume boundary conditions Pg}% /E);Télh‘t—;; 201 lsslontil:;ri ];ngor;?n_ on-isothermal) ILinear EOS (water) transfer coefficient. IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
|- testing heated wall Pipe . . o stabilization [The Inlet uses TDJ BC
lcomponent land the Outlet uses TDV
BC.
[Friction analysis of heated [The Pipe has 20 clements,
+ a1 s land has constant wall
[vall pipe flow with time 3 eq model (1-D temperature and heat
Test-91 H ¢ junction and. . [INL/EXT-14-33201 $1ngle-phase non- non-isothermal) Linear EOS (water) transfer coefficient. FDP_PJFNK [Tranisent Exodus implicit-euler Ok
Ivolume boundary conditions [(Ch. 2 & Ch. 3) lisothermal flow L 3
testing heated wall P o stabilization [The Inlet uses TDJ BC
;Oii 1:50[:3 cd wall Fipe land the Outlet uses TDB
P BC.
IPipe flow with time
idependent mass and volume 3 cq model (1-D. [The Pipe has 10 elements. [Element
lboundary conditions - testing[[NL/EXT-14-33201 |Single-phase non- X o . (The Inlet uses TDM BC . L friction term
Test-92 ime dependent mass (Ch. 2 & Ch. 3) lisothermal flow non-lsot_h_crm_a]) Linear EOS (water) land the Outlet uses TDV ISMP_PJFNK [Tranisent Exodus implicit-euler k ill be
L . o stabilization .
[poundary condition Pipe BC. lanalyzied.
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temperature and pressure
[defiened inlet boundary

condition of Pipe component

(Ch. 2 & Ch. 3)

isothermal flow

INo stabilization

temperature and pressure.
[The Outlet uses static BC.

IPipe flow with time 3 eq model (1-D [The Pipe has 20 clements.
Test-95 |[dependent junction and INL/EXT: 14-33201 [Single-phasc non- on-isothermal) ILinear EOS (water) [The Inlet uses TDJ BC [FDP_PJFNK Tranisent [Exodus implicit-euler Ok
L. (Ch. 2 & Ch. 3) lisothermal flow TR land the Outlet uses TDB
Ivolume boundary conditions ISUPG stabilization BC
[The vertical Pipe has 50
[Vertical pipe flow with time 14 s _ 3 eq model (1-D, lelements.
Test-96 |dependent junction and gé‘/g)grclhz‘ ;3201 iﬁi{:ﬂz&?g;&?ﬂ non-isothermal) Linear EOS (water) [The Inlet uses TDJ BC ~ [SMP_PJFNK [Tranisent Exodus implicit-euler k
volume boundary conditions ) ) ISUPG stabilization land the Outlet uses TDV/
IBC.
Pipe flow with time . 3 eq model (1-D, [The Pipe has 20 elements.
Test-97 |dependent volume boundary :2:}“ /s)grgh“—gf 201 i]:tilgr_g ];Tsffl:ozsn- on-isothermal) ILinear EOS (water) [The Inlet and Outlet use  [SMP_PJFNK Tranisent [Exodus implicit-euler Ok
conditions ’ ’ > ISUPG stabilization TDV BC.
[Three Pipe components
linked with
unction flow test with two . 3 eq model (1-D, . are .
Test-99 |junctions and three pipes [INL/EXT-14-33201 $1ngle-phase non- on-isothermal) St.lff?ned GaAS E.O S SimpleJunction ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
. . (Ch. 2 & Ch. 3) lisothermal flow S ILiquid (for liquid phase) lcomponent.
lusing 3 equation model INo stabilization g
[The inlet BC uses Inlet
land outlet BC uses Outlet.
[The HeatExchanger
icomponent has 10
Heat exchanger flow using 3 eq model (1-D. ILinear EOS (liquid) lelements. The heat
Test-101 1-D m')n-lsothermal 3 IINL/EXT-14-33201 _Smgle-phase non- on-isothermal) [The material property lexchanger wall is 1-D SMP_PJFNK ranisent Exodus mplicit-culer lok
lequation model (1-D heat  |(Ch. 2 & Ch. 3) isothermal flow SUPG stabilization "S5 modeled.
lexchanger wall) SolidMaterialProperties. [The primary and
secondary inlets and
outlets use TDV BC.
[The HeatExchanger
lcomponent has 10
Heat exchanger flow using 3 q model (1-D. ILinear EOS (liquid) lelements. The heat
Test-103 1-D m')n-lsothermal 3 IINL/EXT-14-33201 _Smgle-phase non- on-isothermal) [The material property lexchanger wall is 2-D SMP_PJFNK ranisent Exodus mplicit-culer lok
lequation model (2-D heat  |(Ch. 2 & Ch. 3) isothermal flow SUPG stabilization "S5 modeled.
lexchanger wall) SolidMaterialProperties. [The primary and
secondary inlets and
loutlets use TDV BC.
(Constant inlet boundary [The Pipe component has
condition with 3 equation 3 eq model (1-D 10 clements.
Test-107 |model - testing constant [INL/EXT-14-33201 Slngle-phase non- non-isothermal) Linear EOS (liquid) [inlet BC has constant ISMP_PJFNK [Tranisent Exodus implicit-culer k
lboundary condition of Pine (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization temperature and pressure.
Y P The Outlet BC uses TDV
Icomponent .
loption.
(Constant inlet and outlet Tg eell; Llizr;(;mponem has
lboundary condition with 3 . 3 eq model (1-D, N
Test-109 fequation model - testing INL/EXT-14-33201 (Single-phase non- on-isothermal) ILinear EOS (liquid) nlet BC has constant SMP_PJFNK Tranisent [Exodus implicit-euler Ok
o, (Ch. 2 & Ch. 3) lisothermal flow e temperature and pressure.
constant boundary condition ISUPG stabilization
" [The Outlet BC has
lof Pipe component
constant pressure.
IEnthalpy and momentum
linlet boundary condition [The Pipe component has
iwith 3 equation model - . 3 eq model (1-D) 100 elements.
Test-114 [testing enthalpy and :2:}“ /s)grgh“—gf 201 i]:tilgr_g ];Tsffl:ozsn- IPRESSURE l[deal gas EOS (gas) [The Inlet BC has constant [SMP_PJFNK Tranisent [Exodus Ok
[momentum defiened inlet ’ ’ > stabilization lenthalpy and momentum.
[poundary condition of Pipe [The Outlet uses static BC.
lcomponent
[Stagnation temperature and
pressure inlet boundary [The Pipe component has
lcondition with steady flow 3 . 100 elements. For steady
Test-115 [equation model - testing [NL/EXT-14-33201 |Single-phase non- 3 eq model (1-D) 4 ) gas EOS (gas) [The Inlet BC has constant [SMP_PJFNK Tranisent [Exodus Ok flow initial v

was defined.
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Test-116

[Stagnation temperature and
[pressure inlet boundary
icondition with transient flow
13 equation model - testing

IINL/EXT-14-33201

Single-phase non-

3 eq model (1-D)

l[deal gas EOS (gas)

[The Pipe component has
100 elements.
[The Inlet BC has constant

ISMP_PJFNK

[Tranisent

[Exodus

Ok

[For transient
flow initial_v

[remaining closed during

(Ch. 2 & Ch. 3) isothermal flow  [No stabilization as defined as
temperature and pressure temperature and pressure.
defiened inlet boundary [The Outlet uses static BC. frere-
lcondition of Pipe component
|A Turbine component is
linked between two Pipe
. . IINL/EXT-14-33201 [Single-phase non- B e model (-, Stiffened gas EOS vapor[ParsedFunction |components. " . L
Test-118 |Non-isothermal turbine flow N on-isothermal) . i ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
(Ch. 2 & Ch. 3) isothermal flow o stabilization vapor) (inlet BC) [The inlet BC uses
IParsedFunction and outlet
IBC uses TDV.
IPipe with heat structure [The pipe uses
[water of temperature PipeWithHeatStructure
lboundary condition type ) 5 cq model (1-D. Lingar EOS (liquid) ) lcomponent of 20
Test-119 flow using 1-D non- IINL/EXT-14-33201 [Single-phase non- on-isothermal) ’ SolidMaterialProperties lelements. SMP PJENK Mranisent Exodus implicit-culer lok
N lisothermal 3 equations (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization for heat stracuture [The heat structure BC uses| = N
model - testing 1-D non- material property. [Temperature. The Inlet
lisothermal flow in pipe with luses TDJ BC and the
lheat structure Outlet uses TDV BC.
[The pipe uses
IPipe with heat structute of PipeWithHeatStructure
iconvective boundary . P lcomponent of 20
condition type water flow ey 1433201 [Single-phase non- [ <4 model (1D, é;??;l:ﬂitoc:;]lll’qrg;?nics elements.
Test-120 |using 1-D non-isothermal 3 (Ch. 2 & Ch. 3) sothermal flow on-isothermal) For heat stracuture [The heat structure ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
lequations model - testing 1-D* ™ ’ > ISUPG stabilization materialAproperty [poundary condition uses
non-isothermal flow in pipe . IConvective. The Inlet uses
with heat structure ITDJ BC and the Outlet
ses TDV BC.
[The pipe uses
IPipe with heat structute of IPipeWithHeatStructure
ladiabatic boundary . P lcomponent of 20
condition type water flow \\y /ey 1433901 [Single-phase non- [P ¢4 model (1-D, ;nhc;&igrsufllgg;?meq elements.
Test-121 |using 1-D non-isothermal 3 (Ch. 2 & Ch. 3) isolhermal}]ow non-isothermal) for heat stracuture N [The heat structure ISMP_PJFNK [Tranisent Exodus implicit-euler k
lequations model - testing 1-D . . ISUPG stabilization . [poundary condition uses
on-isothermal flow in pipe material property. |[Adiabatic. The Inlet uses
ith heat structure ITDJ BC and the Outlet
ses TDV BC.
Pipe with cylindrical heat g;‘;e{’;,fﬁl‘l‘{se";grlh‘lﬂ;za'
structute of convective lcomponent of 20
lboundary cnn.dition type ) 3 cq model (1-D, Lingar EOS (liquid) ) lolements.
Test-122 ::zttlell;:]n‘l):i ;semﬁalt-il:n';on- ngll‘ /l;)gfélf-;; 201 iﬁi{:&zg?s;oﬁm_ non-isothermal) ?‘?:fel\:ta;te:alzﬂz‘:semes [The heat structure ISMP_PJFNK [Tranisent Exodus implicit-euler k
> €q ! ) ISUPG stabilization . [boundary condition uses
model - testing 1-D non- material property. ?
isothermal flow in pipe with IConvective. The Inlet uses
Iheat structure ITDJ BC and the Outlet
ses TDV BC.
IA Valve component is
llinked between two Pipe
. . . 3 eq model (non- components. The initial
Test-123 :/I;l:;;l;ecl:;:f - testing valve gg?g&??;zm iﬁi{:&zg?s;oﬁm_ isothermal) Linear EOS (liquid) istatus of the valve is SMP_PJFNK [Tranisent Exodus implicit-culer k
: ) o stabilization closed and open at
fresponse time. The inlet
land outlet BC use TDV.
|A Valve component is
linked between two Pipe
. . . 3 eq model (non- components. The initial
Test-124 :/lzls‘i,:gc::;;:g - testing valve :2:}“ /g)(gélh“—;’; 201 i]:tilgr_g ];Tsffl:ozsn- lisothermal) [Linear EOS (liquid) Istatus of the valve is SMP_PJFNK Tranisent [Exodus implicit-euler Ok
. . s INo stabilization lopened and close at
fresponse time. The inlet
land outlet BC use TDV.
ICompressible va;\l/e teTt - oo 3 e(}] modeil (non- foned . gﬁ;?fsztssi;bllii\ﬁzzve
ltesting compressible valve IINL/EXT-14-33201 [Single-phase non- [isothermal) Stiffened gas EOS vapor[ParsedFunction . . L
Test-125 sing non-isothermal 3 (Ch. 2 & Ch. 3) lisothermal flow  [LAPIDUS vapor) (inlet BC) gz:‘ve:[?em; %f: alve i SMP_PJFNK [Tranisent [Exodus implicit-culer Ok
lequations model istabilization P ) vaweis
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ithe simulation.

[The inlet and outlet BC
luse TDV. The inlet BC
uses ParsedFunction.

3 eq model (non-

IA CompressibleValve
lcomponent is linked
between two Pipe
lcomponents. The valve is

conditions of the
[HeatExchanger component

modeling

o stabilization

SolidMaterialProperties.

shows error.

ICompressible valve with INL/EXT-14-33201 (Single-phase non- [isothermal) Stiffened gas EOS vapor[ParsedFunction L . . A
Test-126 lsub-sonic flow (Ch. 2 & Ch. 3) bsothermal flow  [LAPIDUS vapor) (inet BC) Iﬁ;ﬂ:&rﬁ&gﬁg&sed during [SMP_PJFNK [Tranisent [Exodus implicit-euler (@)
stabilization [The inlet and outlet BC
luse TDV. The inlet BC
uses ParsedFunction.
[Two Pipe components are
Restart test part 1 - ereat of 5 eqmodel (1D, | o linked with
Test-12¢ [check point file: testing - INL/EXT-14-33201 | on-isothermal)  [uiitened gas EOS liquid SimpleJunction. SMP_PJFNK Mranisent [Exodus Ok
restart option by creating (Ch. 2 & Ch. 3) e liquid) . (Checkpoint
lcheck point file o stabilization [The inlet BC uses Inlet
land outlet BC uses Outlet.
Restart test part 1 - restart 5 eq model (1D Emg'\g S pomponents are
Test-130 from chcgk point file: testing INL/EXT-14-33201 | on-isothermal) S{lfféned gas EOS liquid| SimpleJunction. SMP_PJFNK ranisent [Exodus ) ok
restart option by restarting (Ch. 2 & Ch. 3) O liquid) L (Checkpoint
lfrom check point file o stabilization [The inlet BC uses Inlet
land outlet BC uses Outlet.
IHeat exchanger inlet and . P .
outlet error - showing error 3 eq model (1-D, [Lincar EOS (hqul_d) . O primary and secondary
i s INL/EXT-14-33201 . Property of material is inlet and outlet are defined . AT
Test-137 |due to missing inlet and outlet 3 on-isothermal) . X IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
(Ch. 2 & Ch. 3) e set with lin the HeatExchanger
lof the HeatExchanger INo stabilization . . .
. SolidMaterialProperties. lcomponent.
lcomponent modeling
IHeat exchanger structure
type error - showing error 3 oq model (1-D. ILinear EOS (liquid) [The primary and
due to miss define of heat IINL/EXT-14-33201 q! > [Property of material is secondary inlet and outlet [SMP with Newton . A
Test-138 3 on-isothermal) . [Tranisent [Exodus implicit-euler Ok
Istructure type of the (Ch. 2 & Ch. 3) SUPG stabilization set with lare defined as solver
IHeatExchanger component SolidMaterialProperties. [TimeDependentVolume.
jmodeling
(Core channel inlet and . - (One Reactor and
loutlet error - showing error INL/EXT-14-33201 3 eq model (1-D, ;:geZ;E(g?ﬁ;?:;g)l is ICoreChannel component
Test-139 |due to missing inlet and outlet (Ch. 2 & Ch. 3) - on-isothermal) " P 'thy lis modeled. No inlet and [FDP_PJFNK [Tranisent [Exodus implicit-euler Ok
lof the CoreChannel . . o stabilization pet i . . loutlet are defined in the
N SolidMaterialProperties.
lcomponent modeling ICoreChannel component.
(One Reactor and
(Core channell bad fuel type ILinear EOS (liquid) ICoreChannel component
ferror - showing error due to y\y /pyr 14,3320 peamodel (1-D, g oo f material is lis modeled. Fuel type in
Test-140 |bad fuel type in the non-isothermal) perty : P FDP_PJFNK [Tranisent Exodus implicit-culer Ok
ICoreChannel component (Ch. 2 & Ch. 3) o stabilization set with the CoreChannel is badly -
Imodelin: i SolidMaterialProperties. defined. The Inlet and
2 Outlet type BCs are used.
(One Reactor and
unction input definition 3 q model (1-D. ILinear EOS (liquid) ICoreChannel component
lerror - showing error due to  [INL/EXT-14-33201 q! > |property of material is lis modeled. Input type in . A
Test-141 |. . 3 on-isothermal) . H IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
input type of FlowJunction ~ |(Ch. 2 & Ch. 3) o stabilization set with the FlowJunction is badly
lcomponent modeling SolidMaterialProperties. [defined. The Inlet and
Outlet type BCs are used.
(One Reactor and
Hunction output definition 3 cq model (1-D Linear EOS (liquid) ICoreChannel component
Test-142 [eYTOr - showlflg error du<? to [INL/EXT-14-33201 | hon-isothermal) prope‘ny of material is lis modeled. O.utpu‘t type in FDP PJFNK ranisent Exodus mplicit-culer Ok
loutput type of FlowJunction |(Ch. 2 & Ch. 3) o stabilization set with the FlowJunction is badly -
lcomponent modeling N SolidMaterialProperties. defined. The Inlet and
Outlet type BCs are used.
lOver-specified heat
lexchanger boundary
lconditions error - showing 3 oq model (1-D ILinear EOS (liquid) IBoth primary and
lerror due to over-specified INL/EXT-14-33201 . > |Property of material is secondary inlet and outlet . AT
Test-144 inlet and outlet boundary (Ch. 2 & Ch. 3) on-isothermal) et with lare defined two times and IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
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Test-145

lOver-specified core channel
linlet and outlet boundary
iconditions error - showing
lerror due to over-specified

IINL/EXT-14-33201

3 eq model (1-D,
on-isothermal)

ILinear EOS (liquid)
IProperty of material is

(One Reactor and
ICoreChannel component
lis modeled. Both inlet and

IFDP_PJFNK

[Tranisent

[Exodus

implicit-euler

Ok

(Ch. 2 & Ch. 3)

isothermal flow

o stabilization

lis set with TDJ. The outlet
IBCs are set with TDV.
[The first loop has
[pressurizer modeled with
IPipe component and TDV
outlet BC.

linlet and outlet boundary (Ch.2 & Ch.3) o stabilization sscglgi\‘/l;aterialPro ertics outlet BCs are defiened
conditions of the CoreChannel P o twice and show error.
lcomponent modeling
IPipe with heat structure
type error - showing error 3 oq model (1-D.
[due to wrong definition of IINL/EXT-14-33201 q! ? . - [The Inlet and Outlet BCs [SMP with Newton . AR
Test-146 3 on-isothermal) ILinear EOS (liquid) [Tranisent [Exodus implicit-euler Ok
eat structure type of the (Ch. 2 & Ch. 3) o stabilization lare used. solver
IPipeWithHeatStructure
lcomponent modeling
[The Reactor component is
modeled with three
ICoreChannel components;
IPipe is used for bypass
Ipipe; and Branch is used
[for lower and upper
plenum of core. Both
. . coolant loops are designed
[MI 2-loop simulation - [Linear EOS (liquid) ith Pipe, Branch,
testing TMI 2-loop nuclear . 3 eq model (1-D, L
. INL/EXT-14-33201 |Single-phase non- . Property of material is IdealPump and . AT
Test-152 [power plant single-phase X on-isothermal) . ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
(Ch. 2 & Ch. 3) lisothermal flow R set with IHeatExchanger
steady-state normal reactor ISUPG stabilization . . .
loeration SolidMaterialProperties. lcomponents.
P The inlet BC of the both
coolant loops are set with
imass flow rate by TDJ.
[The outlet BCs are set
ith TDV. The first loop
as pressurizer modeled
with Pipe component and
[TDV outlet BC.
[The one Pipel is linked
ith Pipe2 and Pipe3
lcomponents using
. . L. . 3 eq model (1-D, [FlowJunction. The
Test-155 festing pipe loop with ideal  INL/EXT-14-33201 $1ngle-phase non- on-isothermal) ILinear EOS (water) l[dealPump component is [FDP_PJFNK [Tranisent [Exodus implicit-euler Ok
[pump (Ch. 2 & Ch. 3) lisothermal flow e
INo stabilization llocated between output of
IPipe2 and input of Pipel.
[The Inlet and Outlet use
[TDV BCs.
. N [The Pipe has 20 elements.
Pipe flow with time INL/EXT-14-33201 [Single-phase non- [ <4 medel (1-D. -} - The Inlet uses TDJ BC  [SMP with Newton ) —
Test-156 |dependent junction and X on-isothermal) ILinear EOS (water) [Tranisent [Exodus implicit-euler Ok
... |(Ch.2 & Ch. 3) lisothermal flow e land the Outlet uses TDV  [solver
[volume boundary conditions ISUPG stabilization BC
[Three CoreChannel
Icomponents are linked
iwith coolant loops are
designed with Pipe,
[Branch, IdealPump and
. 3 eq model (1-D, HeatExchanger
Test-157 [Typical PWR loop [INL/EXT-14-33201 |Single-phase non- on-isothermal) ILinear EOS (water) components. The inlet BC [FDP_PJFNK Tranisent [Exodus implicit-euler Ok
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Two-Phase Problems

IPipe flow test with two-
Iphase homogeneous
lequilibrium model (HEM) -

IINL/EXT-14-33201

[Two-phase

IHEM model

[Two-phase stiffened gas

[The Pipe component has
50 elements.

Homogeneous equilibrium model (HEM)

- testing strong time
[dependent volume boundary
conditions

(Ch. 2 & Ch. 3)

ISUPG stabilization

IEOS (water)

lInlet and Outlet BCs are
[TDV and set as weak BC.

Test-18 [lesting mldd!c V(.)ld ﬂow (Ch. 2 & Ch. 3) lisothermal flow  [SUPG stabilization |[EOS [TDV is used for inlet and SMP_PJFNK [Tranisent Exodus Ok
without heating in Pipe .
: loutlet BCs to Pipes.
lcomponent using HEM two-
Iphase flow model
IPipe flow test with transient
lboundary condition two- [The Pipe component has
Iphase homogeneous 50 elements.
. lequilibrium model (HEM) - [INL/EXT-14-33201 [Two-phase IHEM model [Two-phase stiffened gas . ITDV is used for inlet and .
Test-19 testing middle void flow (Ch. 2 & Ch. 3) lisothermal flow  |SUPG stabilization [EOS [Parsed function outlet BCs to Pipes (Both SMP_PJFNK [Tranisent [Exodus Ok
ithout heating in Pipe BCs use ParsedFunction
lcomponent using HEM two- ifor analytic function).
hase flow model
IPipe transition flow test with
two-phase homogeneous [The Pipe component has
lequilibrium model (HEM) - 50 elements.
" testing phase transition from |[INL/EXT-14-33201 [Two-phase non- [HEM model [Two-phase stiffened gas ITDV is used for inlet and .
Test-20 single-phase water to two- (Ch. 2 & Ch. 3) lisothermal flow o stabilization IEOS loutlet BCs to Pipes (Both SMP_PJFNK [Tranisent [Exodus Ok
[phase in Pipe component BCs use ParsedFunction
lusing HEM two-phase flow ifor analytic function).
[model
(Core channel heat transfer [The Reactor has one
test with two-phase (CoreChannel of 50
lhomogeneous equilibrium [Two-phase stiffened gas elements and linked with
imodel (HEM) - testing flow IEOS IPiecewiselinear |inlet and oulet BCs.
Test-21 [through the BWR core [NL/EXT-14-33201 |Two-phase non-  [HEM model The fuel, gap and (Decay heat [TDV is used for inlet and [SMP_PJFNK Tranisent [Exodus Ok
. (Ch. 2 & Ch. 3) isothermal flow  [No stabilization . X .
ichannel in CoreChannel cladding material uses [curve) loutlet BCs to Pipes
component using HEM two- SolidMaterialProperties) (ParsedFunction is used
phase flow with wall friction ifor inlet BC for analytic
land heat transfer model heating function).
Entropy viscosity
stabilization with
lh 2 equilibrium [The Pipe component has
imodel (HEM) - testing IINL/EXT-14-33201 [Two-phase stiffened gas 50 elements. .
Test-34 |ENTROPY VISCOSITY — |(Ch.2&Ch.3) [ HEM model IEOS TDV is used for inlet and [P VP-PIFNK [Tranisent [Fxodus  |BDF2 Ok
Istabilization option in Pipe outlet BCs.
component using HEM two-
phase flow model
IBWR core channel flow [Two-phase stiffened gas [The Reactor and
lusing HEM two-phase IEOS (CoreChannel components
imodel (OECD/NEA IINL/EXT-14-33201 [Single-phase non- [HEM model [The material properties |[ParsedFunction fare used for BWR core . A
Test-45 benchmark case) - testing  |(Ch. 2 & Ch. 3) isothermal flow  [SUPG stabilization |of fuel, gap and claddingffor inlet BC simulation. SMP_PJFNK [Tranisent [Exodus implicit-culer Ok
two-phase flow in BWR core use [The Inlet and Outlet use
channel flow SolidMaterialProperties. ITDV for BC.
IHEM two-phase pipe flow
[with strong time dependent [The Pipe component has
Test-73 [volume boundary conditions|INL/EXT-14-33201 | IHEM model [Two-phase stiffened gas 10 elements. SMP_PJFNK Hranisent Exodus implicit-culer ok
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lequilibrium model (HEM) -
testing constant boundary

condition of Pipe component

(Ch. 2 & Ch. 3)

ISUPG stabilization

temperature and pressure.
[The Outlet BC has
lconstant pressure.

[Two-phase pipe flow with IPiecewiseLinear
IHEM model using time ifunction (initial IThe Pipe component has
dependent volume b dary 14 . ~ ~ . [pressure,
Test-85 |conditions and functional Pg}% /E);TCI}:‘ 33)3 201 ;1;:[(})15_12: ;::::] gggaﬁ?iiiion Egg phase stiffencd gas velocity, :ﬂgf;i‘:gﬁict BCs are ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
linitial conditions - testing . . temperature and DV
two-phase flow with HEM oid fraction .
model distribution)
[The Pipe has 50 elements,
IPipe flow with functional land has constant wall
time dependent junction and . . [temperature and heat
Test-98 [time dependent volume INL/EXT-14-33201 | HEM mod;]_ . [Two-phase stiffencd gas P_arschunctlon transfer coefficient. ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
h 3 Yo . (Ch. 2 & Ch. 3) ISUPG stabilization [EOS (water) (inlet BC)
y using [The Inlet uses TDJ BC
IHEM two-phase flow model with ParsedFunction. The
Outlet uses TDV BC.
[Two-phase stiffened gas
IHeat exchanger flow using IEOS (two-phase liquid) [The HeatExchanger
HEM two-phase model - Stiffened gas EOS liquid lcomponent has 30
Test-102 [testing two-phase flow [NL/EXT-14-33201 [Two-phase non-  |HEM model = water) lelements. The primary  [SMP_PJFNK Tranisent [Exodus implicit-euler Ok
. |(Ch.2 & Ch. 3) lisothermal flow  [SUPG stabilization . :
through heat exchanger using [The material property land secondary inlets and
I[HEM model ses loutlets use TDV BC.
SolidMaterialProperties.
[Two-phase stiffened gas [The SeparateDryer is
. [EOS (two-phase) llinked with steam out and
ISeparate dryer test with X . - . .
Test-104 [zero initial vapor volume ?&% /E);Tghé‘-;; 201 3;:)\1(1)1;’1}:1?:16 ;gfv_ H(];:I;/tlaxl:i(l)iizllion Slt,i]fi?; d gas EOS liquid S;i:l;z;g:nilpe ISMP_PJFNK [Tranisent Exodus implicit-culer k
ffraction Stiffened gas EOS vapor [The inlet and outlet BC of
vapor) Pipe uses TDV.
[Two-phase stiffened gas [The SeparateDryer is
. IEOS (two-phase) linked with steam out and
ISeparate dryer test with X - . .
Test-105 [medium initial vapor INL/EXT-14-33201 Two-phase non-  HEM model Stiffened gas FOS liquid discharge Pipe SMP_PJFNK Tranisent [Exodus implicit-euler Ok
lvolume fraction (Ch. 2 & Ch. 3) lisothermal flow o stabilization llguld) components.
Stiffened gas EOS vapor [The inlet and outlet BC of
vapor) IPipe uses TDV.
[Two-phase stiffened gas [The SeparateDryer is
Separate dryer test with IEOS (two-phase) llinked with steam out and
Test-106 [large initial vapor volume [NL/EXT-14-33201 |Two-phase non-  [HEM model Stiffencd gas EOS liquid discharge Pipe SMP_PJFNK [Tranisent [Exodus implicit-euler Ok
lfraction (Ch. 2 & Ch. 3) isothermal flow  [No stabilization liquid) lcomponents.
Stiffened gas EOS vapor [The inlet and outlet BC of
vapor) IPipe uses TDV.
(Constant inlet boundary [The Pipe component has
icondition with two-phase [Two-phase stiffened gas 20 elements.
~ lhomogeneous equilibrium  [INL/EXT-14-33201 [HEM model EOS (vapor) lInlet BC has constant - . A
Test-108 model (HEM) - testing (Ch. 2 & Ch. 3) ISUPG stabilization temperature and pressure. [FDP_PJFNK [Tranisent [Exodus implicit-euler Ok
lconstant boundary condition [The Outlet BC uses TDV
lof Pipe component loption.
IConstant inlet and outlet [The Pipe component has
lboundary condition with [Two-phase stiffened gas 20 elements.
Test-110 two-phase homogeneous INL/EXT-14-33201 | HEM model [EOS (vapor) Inlet BC has constant FDP_PJFNK ranisent Exodus mplicit-culer o
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7 equation model

to turbulent flow in Pipe

Icomponent

(Ch. 2 & Ch. 3)

ISUPG stabilization

[TDV is used for inlet and
loutlet BCs to Pipes.

[For 7 eq
oo (1 i G 08
Test-23 |relaxation model in nozzle - [INL/EXT-14-33201 Two-phase mon i APIDUS ngmd (for liquid phase) Parsed function |100 el.ements.‘ . ISMP_PJFNK [Tranisent Exodus Ok land volume
5 - 5. |(Ch.2 & Ch. 3) lisothermal flow Lo Stiffened Gas EOS (nozzel type)  [TDV is used for inlet and - .
testing two-phase flow in Pipe istabilization elaxation
\Vapor (for vapor phase) outlet BCs.
Icomponent imodels were
sed.
[For 7 eq
[Two-phase flow with 7 q model (1-D) Stiffened Gas EOS [The Pipe component has ;z:zr;(r::;ztre
linterfacial mass transfer INL/EXT-14-33201 [Two-phase non- Liquid (for liquid phase) |Parsed function |100 elements. . N
Test-26 1nrodel in nozzle - testing two-{(Ch. 2 & Ch. 3) fisothermal flow  |-ATIDUS Stiffencd Gas EOS  |(nozzel type)  [TDV is used for inlet and [V L LNk [Tranisent [Exodus Ok fnd volume
R stabilization relaxation
Iphase flow in Pipe component \Vapor (for vapor phase) outlet BCs.
models were
used.
[The pressure
land volume
Two-phase flow in pipe 7 eq model (1-D) Stiffened Gas EOS [The Pipe component has elaxation
g - g . [INL/EXT-14-33201 {Two-phase non- B ILiquid (for liquid phase) 50 elements. . imodels and the
Test-28 testing two-phase flow in Pipe (Ch. 2 & Ch. 3) lisothermal flow LAPIPU.S Stiffened Gas EOS ITDV is used for inlet and SMP_PJFNK [Tranisent [Exodus Ok interfacial
lcomponent istabilization
'Vapor (for vapor phase) outlet BCs. mass transfer
odel were
used.
[For 7 eq
[parameters,
both pressure
R . Stiffened Gas EOS [The Pipe component has land volume
[Water boling in the pipe - 7 eq model (1-D) P - .
g N PR IINL/EXT-14-33201 [Two-phase non- ILiquid (for liquid phase) 100 elements. . AT relaxation
Test-29 |[testing water boiling in Pipe (Ch. 2 & Ch. 3) sothermal flow LABIDUS Stiffencd Gas EOS DV is used for inlet and ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk models and
lcomponent istabilization X :
\Vapor (for vapor phase) outlet BCs. interfacial
Imass transfer
Imodel were
sed.
IFor 7 eq
[parameters,
both pressure
[Water boling in the pipe 7 q model (1-D) Stiffened Gas EOS [The Pipe component has land volume
using constant source term - INL/EXT-14-33201 [Two-phase non- ILiquid (for liquid phase)|Constant heat  |100 elements. . T elaxation
Test-30 ltesting water boiling in Pipe [(Ch. 2 & Ch. 3) lisothermal flow LAP.I.DU.S Stiffened Gas EOS lsource [TDV is used for inlet and SMP_PJFNK [Tranisent [Exodus implicit-euler Ok imodels and
istabilization ' :
lcomponent \Vapor (for vapor phase) outlet BCs. interfacial
mass transfer
odel were
used.
[For 7 eq
[parameters,
both pressure
land volume
relaxation
IWater boling in the pipe 7 ¢q model (1-D) Stiffened Gas EOS [The Pipe component has Ezﬁ;;‘;d
(with large void fraction - IINL/EXT-14-33201 [Two-phase non- ILiquid (for liquid phase) 50 elements. . L .
Test-31 | cting water boiling in Pipe  [(Ch. 2 & Ch.3) [isothermal flow  [-APIDUS Stiffened Gas EOS TDV is uscd for inlet and > VI—P/FNK [Tranisent [Exodus limplicit-euler Ok mass transfer
stabilization Imodel were
lcomponent \Vapor (for vapor phase) outlet BCs. sed
[The void
fraction is
imodeled with
all mass
transfer model.
B ricon oo i
Test-37 [model of laminar, transitional, INL/EXT-14-33201 7 eq model (1-D) ILinear EOS (water) 10 clements. ISMP_PJFNK [Tranisent IExodus IBDF2 (0)'3
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defiened inlet boundary

lcondition of Pipe component

[The Outlet uses static BC.

Stiffened Gas EOS The Reactor and
(Core channel flow using 1-D Liquid (for liquid phase)
ICoreChannel components
two-phase 7 equations model 7 eq model (1-D, Stiffened Gas EOS 5
: IINL/EXT-14-33201 [Two-phase non- lare used for cylinder fuel . L
Test-47 | testing 1-D two-phase flow X two-phase) \Vapor (for vapor phase) ; . ISMP_PJFNK [Tranisent [Exodus implicit-euler IOk
X . (Ch. 2 & Ch. 3) isothermal flow S . N core simulation.
lin cylinder fuel core channel ISUPG stabilization [The material properties The Inlet and Outlet are
iflow lof fuel use used as BC
SolidMaterialProperties.
ISolid wall modeling with 7 7 q model (1-D) Stiffened Gas EOS "11'(1)13 :lle}');lec];):ponent has
Test-74 [tquation model - testing solid INL/EXT-14-33201 [Two-phase non- |, pycripp [Liquid (for liquid phasc) Inlet BC has constant ~ [SMP_PJENK Tranisent Exodus ok
wall boundary condition of ~ (Ch. 2 & Ch. 3) lisothermal flow I Stiffened Gas EOS N
Pine component stabilization Vapor (for vapor phase) [properties. The Outlet BC
P P P porp luses SolidWall option.
IPiecewiseLinear .
[Two-phase pipe flow with 7 ifunction (initial ;Fg;l:}z:;gmponent has
lequation model using time 14 g _ |7 eq model (1-D) g . [pressure, y
Test-86  |dependent volume boundary| -/ EX 1-14-33201 [Two-phase non- b 1515 [Two-phase stiffened gas [/ | o, " [inlet and Outlet BCs have |y 1 pypng Mranisent Exodus  [implicit-euler [0k
g . (Ch. 2 & Ch. 3) isothermal flow P EOS (liquid, vapor) constant pressure,
iconditions and functional stabilization temperature and kemperature and volume
linitial conditions oid fraction franlzlion
distribution) )
IPipe flow with time
dep mass b d 7 eq model (1-D,  [Stiffened Gas EOS [The Pipe has 20 elements.
. condition using 7 equations (INL/EXT-14-33201 [Two-phase non- |two-phase) ILiquid (for liquid phase) (The Inlet uses TDM BC . . L
Test-93 | odel - testing time (Ch.2&Ch.3) |isothermal flow  |[LAPIDUS Stiffencd Gas EOS land the Outlet has [FDP_PJFNK [Tranisent [Fxodus limplicit-culer Ok
[dependent mass boundary istabilization \Vapor (for vapor phase) lconstant pressure.
lcondition of Pipe component
IPipe flow with fuinctional
time dependent.lflass . 7 eqmodel (1-D,  [Stiffened Gas EOS [The Pipe has 20 elements.
lboundary condition using 7 P - . P [The Inlet uses TDM BC
Test-94 [equations model - testin; INL/EXT-14-33201 |Two-phase non- _ftwo-phase) [Liquid (for liquid phase) PiecewiseLinear | ;. piceewiseLincar [FDP_PJENK Tranisent [Exodus implicit-euler Ok
a 2 (Ch.2&Ch.3) [isothermal flow |LAPIDUS Stiffened Gas EOS (inlet BC) . - P
time dependent mass Lo function. The Outlet has
- . istabilization \Vapor (for vapor phase)
[poundary condition of Pipe constant pressure.
lcomponent
[Three Pipe components
Function flow test with two 7 eq model (1-D, Stiffened Gas EOS lare linked with
N . . IINL/EXT-14-33201 [Two-phase non- [two-phase) ILiquid (for liquid phase) SimpleJunction .
Test-100 junctions and three PIPes ey 5 g ch.3)  fsothermal flow  [LAPIDUS Stiffencd Gas EOS component. SMP_PJFNK [Tranisent [Exodus Ok
8 7eq stabilization \Vapor (for vapor phase) [The inlet BC uses Inlet
land outlet BC uses Outlet.
[Stagnation inlet and static The Pine component has
loutlet boundary conditions 7 eq model (1-D,  [Stiffened gas EOS liquid 50 elenliems P
iwith 7 equation model - IINL/EXT-14-33201 [Two-phase non- [two-phase) liquid) . . . T
Test-111 testing stagnation inletand ~ |(Ch. 2 & Ch. 3) lisothermal flow  [LAPIDUS Stiffened gas EOS vapor gléc ?;?83:;?:?::3220 FDP_PJFNK [Tranisent Exodus implicit-culer Ok
Istatic outlet boundary istabilization vapor) BC- :
condition of Pipe component .
[Static boundary conditions . -
[vith 7 equation model - =\ ey 1433901 (Two-phase non- val "?,Zfi)' (- Slt‘lffnfg)c ¢ s BOS fiquid [The Pipe component has
Test-112 [testing static inlet and outlet X phas phas q 50 elements. The Inlet and [FDP_PJFNK [Tranisent Exodus implicit-culer Ok
i . (Ch. 2 & Ch. 3) lisothermal flow  [LAPIDUS Stiffened gas EOS vapor . -
[poundary conditions of Pipe stabilization vapor) Outlet use static BC.
Icomponent P
[The interface_transfer
[Mass transferring inlet loption is used for defining
lboundary condition with 7 7 eq model (1-D, Stiffened gas EOS liquid imass flow rate of inlet BC||
~ lequation model - testing IINL/EXT-14-33201 [Two-phase non- [two-phase) liquid) [The Pipe component has .
Test-113 stagnation inlet and static (Ch. 2 & Ch. 3) lisothermal flow  [LAPIDUS Stiffened gas EOS vapor 100 elements. The Inlet SMP_PJFNK [Tranisent [Exodus Ok
loutlet boundary condition of istabilization vapor) BC has constant mass
IPipe component flow rate and Outlet uses
jstatic BC.
IStagnation temperature and IThe Pipe component has
s;le:is,l:.r: nmlat]]bx:::lzz flo 7 eq model (1-D. Stiffened gas EOS liquid| 100 elements. IFor transient
ition wi len WIINL/EXT-14-33201 [Two-phase non- q ’ liquid) [The Inlet BC has constant . flow initial v
Test-117 {7 equation model - testing X two-phase) e SMP_PJFNK [Tranisent Exodus Ok
(Ch. 2 & Ch. 3) lisothermal flow RO Stiffened gas EOS vapor temperature and pressure - as defined as
temperature and pressure o stabilization L
vapor) [for both liquid and vapor. [zero.
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Table. B. 3 List of Test Samples (classified by major components used)

Reactor

Test Gy 5 Equation of State/ q C ts/Bound G q
P P E
ID # Problem description Source Physical phenomena| Global Parameters Material Properties Functions Condition (BC) Pr Output  [Time integragion| Status
[The Reactor has two
Lo ICoreChannel and linked with
Decay heat behavior in 3 eq model (1-D, non- ltwo pipes with Branch for inlet
eactor - testing decay IINL/EXT-14-33201 [Single-phase non- > ¢ ? ILinear EOS IPiecewiselinear PP .
Test-12 cat behavior in the (Ch. 2 & Ch. 3) sothermal flow isothermal) |water) (Decay heat curve) land oulet of water flow. SMP_PJFNK [Tranisent Exodus Ok
. . SUPG stabilization Yy lInlet pipel is linked with TDJ
Reactor component S :
land outlet pipe2 is linked with
[TDV.
[The Reactor component is
modeled with one CoreChannel.
ISimple liquid met.al ) 3 cq model (1-D, non-|Lincar EOS (liquid) IPipe and Branch is used for
Test-38 cactor loop - testing [NL/EXT-14-33201  [Single-phase non- isothermal) SolidMaterialProperties fcoolant loop. SMP_PJFNK [Tranisent Exodus implicit-culer k
liquid metal nuclear (Ch. 2 & Ch. 3) lisothermal flow N . P [The IHX is modeled with - P
o stabilization (material)
reactor one coolant loop HeatExchanger component.
[The inlet BC uses the TDJ and
the outlet BC are set with TDV.
IPWR core channel flow . - [The Reactor and CoreChannel
sing 1-D non-isothermal . 3 eq model (1-D, non- LLincar EO.S (liquid) . lcomponents are used for PWR
. .~ [INL/EXT-14-33201 [Single-phase non- N ’ [The material properties of X Ny . L
Test-39 3 equation model - testing s lisothermal) . lcore simulation. IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
. (Ch.2 & Ch. 3) isothermal flow O ifuel, gap and cladding use . L
1-D non-isothermal flow SUPG stabilization . - < ITDV is used for inlet and outlet
5 SolidMaterialProperties.
lin PWR core channel flow| IBCs.
[The Reactor and CoreChannel
IPWR multiple core lcomponents are used for PWR
channel flow using 1-D - lcore simulation.
non-isothermal 3 equation . 3 eq model (1-D, non- Ideal gas EOS (llquu:i) Each CoreChannel is linked
. IINL/EXT-14-33201 (Single-phase non- N [The material properties of . . . L
Test-40 odel - testing 1-D non- N lisothermal) . ith Pipe component with IFDP_PJFNK [Tranisent [Exodus implicit-euler Ok
N . (Ch. 2 & Ch. 3) isothermal flow S ifuel, gap and cladding use
lisothermal flow in PWR SUPG stabilization SolidMaterialPropertics [Branch.
multiple core channel P . [The Pipe is linked with TDV
iflow Inlet and TDV Outlet boundary
lcondition.
PWR core channel flow . -
using 1-D non-isothermal [Lincar EO,S (liquid) . [The Reactor and CoreChannel
3 equation model with 3 eq model (1-D, non- [The material properties of lcomponents are used for PWR
qu ! INL/EXT-14-33201 |Single-phase non- | °4 > DOl el gap and cladding use ponents . —
Test-41  [functional material 5 lisothermal) N R lcore simulation. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
. (Ch. 2 & Ch. 3) lisothermal flow S IPiecewiseLinear . .
[property - testing 1-D SUPG stabilization lfunctional ITDV is used for inlet and outlet
on-isothermal flow in SolidMaterialProperti IBCs.
IPWR core channel flow o ateniaffropertics.
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(Cylinder fuel core channell
gzn;:;;:]a% ;-quL[I‘:l?(;n 3 eq model (1-D, non- Lincar EOS (liquid) 21;5:‘?::1?; :rnedu(s:g;efgf annel
Test-42  |model - testing 1-D non- ?&% /E);Tghé‘-;)} 201 isslonlil:;[il;?s;o[isn_ lisothermal) };h; Zﬁiﬂfﬁ(ﬁ?pigées of lcylinder fuel core simulation.  [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
isothermal flow in . . SUPG stabilization SolidMaterialPrs erties ITDV is used for inlet and outlet
cylinder fuel core channel P : IBCs.
iflow
[The Reactor and two
Multiple core channel (CoreChannel components are
flow using 1-D non- ldeal gas EOS (liquid) §cd fox_’ multiple core
psothermal 3 equation iy per 1433001 [Single-phase non- 2 64 04l (1-D nOB=lpy e ial properties of simulation.
Test-43 odel - testing 1-D non- PInsicp lisothermal) proper . [Each CoreChannel is linked SMP_PJFNK [Tranisent [Exodus limplicit-euler Ok
. . (Ch.2 & Ch. 3) lisothermal flow S ifuel, gap and cladding use P .
lisothermal flow in SUPG stabilization SolidMaterialPropertics ith Pipe component with
multiple core channel P ’ Branch.
flow [TDJ is used for inlet BC while
ITDV is used for outlet BC.
IPlate fuel core channel [The Reactor and CoreChannel
. . - lcomponents are used for plate
flow using 1-D non- 5 oq model (1-D, non- ILinear EOS (liquid) lcore simulation
Test-44 isothermal 3 equation INL/EXT-14-33201 |Single-phase non- isothermal) ’ [The material properties of The l;ipe is link-ed with SMP PJENK Mranisent Exodus ok
odel - testing 1-D non- |(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilizati ifuel, gap and cladding use bound. diti -
lisothermal flow in plate stabrlization SolidMaterialProperties. oundary conditions. .
fuel core channel flow [TDJ is used for inlet BC while
ITDV is used for outlet BC.
Bs\i}tJlR }C{(E&cngmﬁizw [Two-phase stiffened gas [The Reactor and CoreChannel
2 P . IEOS . lcomponents are used for BWR
model (OECD/NEA INL/EXT-14-33201 [Single-phase non- HEM model . . ParsedFunction for . . . L
Test-45 . 5 . [The material properties of | lcore simulation. SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
benchmark case) - testing [(Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization fucl, gap and cladding use linlet BC The Inlet and Outlet use TDV
wo-phase flow in BWR SolidMaterialProperties. ifor BC.
icore channel flow
User defined power
shaped core channel flow
using 1-D non-isothermal ILincar EOS (liquid) [The Reactor and CoreChannel
3 equations model - INL/EXT-14-33201 [Single-phase non- B eq model (1-D, non-tpy " orial properties of [PieceWiseFunction components are used for . R
Test-46  ftesting 1-D non- (Ch.2 & Ch. 3) lisothermal flow isothermal) lfuel and cladding use (core power) cylinder fuel core simulation.  [SMP_PJFNK [Tranisent Exodus limplicit-culer k
lisothermal flow in ) ) SUPG stabilization SolidMatcrialPrf ertics p [The Inlet uses TDJ and Outlet
cylinder fuel core channel P . uses TDV for BC.
flow using user defined
[power shape
Core channel flow usin Stiffened Gas EOS Liquid
1D two-phase 7 2 (for liquid phase) [The Reactor and CoreChannel
N ualionspmédel _testing [INL/EXT-14-33201 [Two-phase non- 7 eq model (1-D, two-|Stiffened Gas EOS Vapor lcomponents are used for
Test-47 1(-]D two-phase flow in s (Ch.2 & Ch. 3) isotheprmal flow phase) \(for vapor phase) cylinder fuel core simulation.  [SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
5 P . . SUPG stabilization  |The material properties of [The Inlet and Outlet are used as
cylinder fuel core channel lfuel use BC
flow SolidMaterialProperties.
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CoreChannel

Test-5

Heat transfer model in
icore channel - Testing

cat transfer models in a
ICoreChannel pipe
component with typical
IPWR valve

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase heat
transfer

3 eq model (1-D, non-
lisothermal)
SUPG stabilization

Linear EOS
(water)

(Core channel with 2 TDV & 1
[TDJ (modeling cylindrical fuel)
IHT geometry code: 101 (single
Iphase fluid flow in pipe)

SMP_PJFNK

Tranisent

[Exodus

Ok

Test-21

(Core channel heat transfer
test with two-phase
homogeneous equilibrium
imodel (HEM) - testing
flow through the BWR
icore channel in
ICoreChannel component
sing HEM two-phase
flow with wall friction
land heat transfer model

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

[Two-phase non-
lisothermal flow

IHEM model
o stabilization

[Two-phase stiffened gas
IEOS

(The fuel, gap and
cladding material uses
SolidMaterialProperties)

IPiecewiselinear
(Decay heat curve)

[The Reactor has one
ICoreChannel of 50 elements and
linked with inlet and oulet BCs.
ITDV is used for inlet and outlet
IBCs to Pipes (ParsedFunction is
used for inlet BC for analytic
lheating function).

SMP_PJFNK

[Tranisent

Exodus

Ok

Test-39

IPWR core channel flow
sing 1-D non-isothermal
3 equation model - testing
1-D non-isothermal flow
lin PWR core channel flow|

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
lisothermal)
SUPG stabilization

Linear EOS (liquid)

[The material properties of
ifuel, gap and cladding use
SolidMaterialProperties.

[The Reactor and CoreChannel
lcomponents are used for PWR
lcore simulation.

ITDV is used for inlet and outlet
IBCs.

IFDP_PJFNK

[Tranisent

[Exodus

implicit-euler

Ok

Test-40

IPWR multiple core
channel flow using 1-D
non-isothermal 3 equation

odel - testing 1-D non-
lisothermal flow in PWR
multiple core channel
flow

IINL/EXT-14-33201
(Ch.2 & Ch. 3)

Single-phase non-
isothermal flow

3 eq model (1-D, non-
lisothermal)
SUPG stabilization

l[deal gas EOS (liquid)
[The material properties of
ifuel, gap and cladding use
SolidMaterialProperties.

[The Reactor and CoreChannel
lcomponents are used for PWR
lcore simulation.
Each CoreChannel is linked

ith Pipe component with
[Branch.
[The Pipe is linked with TDV
Inlet and TDV Outlet boundary
condition.

IFDP_PJFNK

[Tranisent

[Exodus

implicit-euler

Ok

Test-41

IPWR core channel flow
using 1-D non-isothermal
3 equation model with
ffunctional material
property - testing 1-D
on-isothermal flow in
IPWR core channel flow

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
isothermal)
SUPG stabilization

ILinear EOS (liquid)

[The material properties of
ifuel, gap and cladding use
IPiecewiseLinear
functional
SolidMaterialProperties.

[The Reactor and CoreChannel
lcomponents are used for PWR
lcore simulation.

ITDV is used for inlet and outlet
IBCs.

SMP_PJFNK

[Tranisent

Exodus

implicit-culer

Test-42

(Cylinder fuel core channell
flow using 1-D non-
lisothermal 3 equation
model - testing 1-D non-
isothermal flow in
cylinder fuel core channel

iflow

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
lisothermal)
SUPG stabilization

Linear EOS (liquid)

The material properties of
ifuel and cladding use
SolidMaterialProperties.

[The Reactor and CoreChannel
lcomponents are used for
lcylinder fuel core simulation.
ITDV is used for inlet and outlet
IBCs.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk
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[The Reactor and two
Multiple core channel ICoreChannel components are
ﬂow using 1-D non- ldeal gas EOS (liquid) uged fot multiple core
isothermal 3 equation IINL/EXT-14-33201 [Single-phase non- B eq model (1-D, non- [The material properties of simulation.
Test-43  |model - testing 1-D non- Ingie-p isothermal) proper Each CoreChannel is linked SMP_PJFNK [Tranisent Exodus implicit-culer k
. . (Ch. 2 & Ch. 3) lisothermal flow S ifuel, gap and cladding use D . -
lisothermal flow in SUPG stabilization . . < ith Pipe component with
. SolidMaterialProperties.
multiple core channel IBranch.
flow ITDJ is used for inlet BC while
ITDV is used for outlet BC.
[The Reactor and CoreChannel
Plate fuel core channel lcomponents are used for plate
flow using 1-D non- 3 eq model (1-D, non- [Lincar EOS (liquid) corcpsimulation ?
Test44 [Sothermal 3 equation —|INL/EXT-14-33201 [Single-phase non- ooy [The material properties of [The Pipe is linked with SMP_PJFNK [Tranisent Exodus L ok
model - testing 1-D non- ((Ch. 2 & Ch. 3) lisothermal flow S ifuel, gap and cladding use o
N . SUPG stabilization . . < boundary conditions.
isothermal flow in plate SolidMaterialProperties. . . B
lfucl core channel flo [TDJ is used for inlet BC while
u w [TDV is used for outlet BC.
BWR core channel flow [Two-phase stiffened gas [The Reactor and CoreChannel
using HEM two-phase EOS lcomponents are used for BWR
model (OECD/NEA IINL/EXT-14-33201 Single-phase non- IHEM model . . IParsedFunction for PO y . L
Test-45 . s . [The material properties of |. lcore simulation. SMP_PJFNK [Tranisent [Exodus limplicit-euler Ok
benchmark case) - testing |(Ch. 2 & Ch. 3) isothermal flow SUPG stabilization |, . inlet BC
! ifuel, gap and cladding use [The Inlet and Outlet use TDV
two-phase flow in BWR . . 5
SolidMaterialProperties. for BC.
core channel flow
[User defined power
shaped core channel flow
i | Dron et O e Rscirand Corehane
Test-46  |testing 1-D non- [NL/EXT-14-33201  Single-phase non- lisothermal) [The material properties of [PieceWiseFunction lcylinder fuel core simulation.  [SMP_PJFNK Tranisent [Exodus limplicit-euler ~ [Ok
. . (Ch. 2 & Ch. 3) isothermal flow S ifuel and cladding use (core power)
lisothermal flow in SUPG stabilization SolidMaterialPropertics [The Inlet uses TDJ and Outlet
cylinder fuel core channel P . ses TDV for BC.
flow using user defined
power shape
Core channel flow usin Stiffened Gas EOS Liquid
2 (for liquid phase) [The Reactor and CoreChannel
1-D two-phase 7 5
. . 7 eq model (1-D, two-|Stiffened Gas EOS Vapor lcomponents are used for
lequations model - testing [INL/EXT-14-33201 [Two-phase non- . B . . L
Test-47 . N Iphase) (for vapor phase) cylinder fuel core simulation.  [SMP_PJFNK [Tranisent Exodus implicit-culer k
1-D two-phase flow in ~ |(Ch. 2 & Ch. 3) lisothermal flow L h .
5 SUPG stabilization  [The material properties of [The Inlet and Outlet are used as
cylinder fuel core channel .
fow ifuel use IBC
SolidMaterialProperties.
(Coupled point kinetics ILinear EOS (water) [The PointKinetics [The Rcz?ctor has two )
imodel with reactivity INL/EXT-14-33201 . 3 eq model (1-D, non- [The material properties of joption uses CloreChd.nnel Components and . L
Test-66 . IReactor physics lisothermal) . SR linked with two Pipe SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
table - testing coupled (Ch. 2 & Ch. 3) I ifuel, gap and cladding use [PicewiseLinear N .
P o stabilization . . < .. . lcomponents with Branch for
point kinetics model SolidMaterialProperties. |reactivity function. |
inlet and oulet of water flow.
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[The Reactor component is
modeled with three
ICoreChannel components; Pipe
is used for bypass pipe; and
Branch is used for lower and
TM‘l 2-loop sx_mulauon - ] [Lincar EOS (liquid) upper plenum of core. Both )
testing TMI 2-loop INL/EXT-14-33201 |Sinele-phase non- 3 eq model (1-D, non Property of material is sct lcoolant loops are designed with
Test-152  nuclear power plant (Ch. 2 & Ch. 3) isot%lerrrl)a al flow lisothermal) witer) Y IPipe, Branch, IdealPump and ~ [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
single-phase steady-state . . SUPG stabilization SolidMaterialPropertics HeatExchanger components.
ormal reactor operation . [The inlet BC of the both coolant
loops are set with mass flow rate|
by TDJ. The outlet BCs are set
ith TDV. The first loop has
pressurizer modeled with Pipe
lcomponent and TDV outlet BC.
[Three CoreChannel components
re linked with coolant loops are
designed with Pipe, Branch,
) 3 oq model (1-D, non- l[dealPump and He‘atExchar_lger
Test-157 [Typical PWR loop ;gtl; /g);:-élh“-g; 201 i‘:t%tr_g I;Tsé:o?sn_ lisothermal) Linear EOS (water) Colmp.?gﬁm_ls.h:-}:;:l“el: ;BES;;:;FDPiPJFNK Tranisent [Exodus limplicit-euler [0k
. . INo stabilization with TD\} N s
[The first loop has pressurizer
modeled with Pipe component
nd TDV outlet BC.
Heat transfer in HX -
Testing the heat trnasfer
imodels in a heat
ex.changér component . 3 eq model (1-D, non-| .
Test-2 v\(llh sod}um ﬂuldnon both [INL/EXT-14-33201 [Single-phase heat isothermal) ILinear EOS ) DV SMP_PJENK Mranisent Exodus ok
sides. Primary fluid flows|(Ch. 2 & Ch. 3) transfer SUPG stabilization (both water and sodium)
inside circular pipe while
S secondary fluid flows
g‘) within parallel pipe
= [bundle with square pitch.
]
=
5]
»
= [The Reactor component is
E imodeled with one CoreChannel.
-5} Simple liquid metal 3 ¢q model (1-D, non-|Linear EOS (liquid) Pipe and Branch is used for
m Test-38 eactor loop - testing IINL/EXT-14-33201 |[Single-phase non- isothermal) ’ SolidMaterialProperti coolant loop. SMP PIFNK Tranisent Exod mplicit-cul lok
liquid metal nuclear (Ch. 2 & Ch. 3) lisothermal flow P . perties [The IHX is modeled with - ranisen xodus mplicit-euler
INo stabilization (material)
[reactor one coolant loop [HeatExchanger component.
[The inlet BC uses the TDJ and
the outlet BC are set with TDV.
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Heat exchanger flow [The HeatExchanger component
using 1-D non-isothermal |INL/EXT-14-33201 [Single-phase non- B eq model (1-D, non-|Lincar EOS (liquid) as 10 clements. The heat . N
Test-101 . N lisothermal) [The material property uses lexchanger wall is 1-D modeled. [SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
3 equation model (1-D  |(Ch. 2 & Ch. 3) lisothermal flow bilizati lid al 4 he pri d d
¢ exchanger wall) SUPG stabilization  [SolidMaterialProperties. T e primary and secondary
ca inlets and outlets use TDV BC.
[Heat exchanger flow [Two-phase stiffened gas
sing HEM two-phase EOS (two-phase liquid) [The HeatExchanger component
odel - testing two-phase [INL/EXT-14-33201 [Two-phase non- IHEM model Stiffened gas EOS liquid as 30 elements. The primary . T
Test-102 flow through heat (Ch. 2 & Ch. 3) lisothermal flow SUPG stabilization  |(water) land secondary inlets and outlets SMP_PJFNK [Tranisent Exodus implicit-culer k
lexchanger using HEM [The material property uses| se TDV BC.
model SolidMaterialProperties.
Heat exchanger flow [The HeatExchanger component
3 ser . 3 eq model (1-D, non-|Linear EOS (liquid) as 10 elements. The heat
sing 1-D non-isothermal INL/EXT-14-33201 [Single-phase non- N . : . L
Test-103 . 5 lisothermal) [The material property uses| lexchanger wall is 2-D modeled. [SMP_PJFNK [Tranisent [Exodus limplicit-euler IOk
3 equation model (2-D  |(Ch. 2 & Ch. 3) lisothermal flow A . . 4 !
cat exchanger wall) SUPG stabilization  [SolidMaterialProperties. [The primary and secondary
inlets and outlets use TDV BC.
[The Reactor component is
imodeled with three
ICoreChannel components; Pipe
is used for bypass pipe; and
IBranch is used for lower and
TM.I 2-loop simulation - ILincar EOS (liquid) upper plenum of core. Both )
testing TMI 2-loop . 3 eq model (1-D, non- S lcoolant loops are designed with
IINL/EXT-14-33201 (Single-phase non- N IProperty of material is set X . L
Test-152  |nuclear power plant N isothermal) B Pipe, Branch, IdealPump and ~ [SMP_PJFNK [Tranisent Exodus implicit-culer k
. (Ch. 2 & Ch. 3) lisothermal flow A ith -
single-phase steady-state SUPG stabilization SolidMaterialPropertics IHeatExchanger components.
ormal reactor operation P . [The inlet BC of the both coolant
loops are set with mass flow rate|
by TDJ. The outlet BCs are set
ith TDV. The first loop has
pressurizer modeled with Pipe
lcomponent and TDV outlet BC.
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Test-157

[Typical PWR loop

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
isothermal)
o stabilization

Lincar EOS (water)

[Three CoreChannel components
lare linked with coolant loops are
designed with Pipe, Branch,
[dealPump and HeatExchanger
icomponents. The inlet BC is set
with TDJ. The outlet BCs are set|
ith TDV.
[The first loop has pressurizer
modeled with Pipe component
land TDV outlet BC.

FDP_PJFNK

[Tranisent

Exodus

implicit-culer

Pump

Test-54

[sothermal pump loop
iflow - testing isothermal
[pump loop flow using 2
lequations model

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

2 eq model
o stabilization

IBarotropic EOS
(liquid)

|An isothermal Pump component
is linked with two Pipe
icomponents. Other Pipe
lcomponents are linked using
[Branch components.

[The outlet BC uses TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

Test-55

Isothermal pump flow -

[testing isothermal pump

iflow using 2 equations
odel

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

2 eq model
o stabilization

Barotropic EOS
(liquid)

|An isothermal Pump component
is linked between two Pipe
lcomponents.

[The inlet and outlet BCs of Pipe
lcomponents use TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

Test-57

[sothermal pump reverse
iflow

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

2 eq model
SUPG stabilization

IBarotropic EOS
(liquid)

|An isothermal Pump component

is linked between two Pipe

components.

[The inlet and outlet BCs of Pipe

lcomponents use TDV.

[The pressure of outlet BC is
igher than inlet BC makes

reverse pump flow.

SMP_PJFNK

[Tranisent

Exodus

implicit-culer

Test-58

INon-isothermal pump
lloop flow

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (non-
lisothermal)
SUPG stabilization

ILinear EOS (liquid)

IA Pump component is linked
ith two Pipe components.
ther Pipe components are

linked using Branch

lcomponents.

[The outlet BC uses TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

Test-59

INon-isothermal pump
flow

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (non-
lisothermal)
SUPG stabilization

ILinear EOS (liquid)

IA Pump component is linked
between two Pipe components.
[The inlet and outlet BCs of Pipe
lcomponents use TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk
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Test-60

[sothermal pump start

INL/EXT-14-33201

flow (Ch. 2 & Ch. 3)

Single-phase
lisothermal flow

2 eq model
o stabilization

Barotropic EOS
(liquid)

|An isothermal Pump component
is linked between two Pipe
lcomponents.

[The form loss coefficient of the
[pump is set with 1000 to model
the pump start.

[The inlet and outlet BCs of Pipe
lcomponents use TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

Test-61

[Turbine driven pump flow
- testing turbine driven
non-isothermal pump flow|

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (non-
lisothermal)
ILAPIDUS
istabilization (vapor
lloop)

SUPG stabilization
(water loop)

Stiffened Gas EOS Liquid
(for liquid phase)
Stiffened Gas EOS Vapor
(for vapor phase)

[Two loops are designed: vapor
loop with turbine; and water
loop with pump.

[The Turbine of vapor loop is
linked between two Pipe
lcomponents.

[The Pump of water loop uses
turbine as driving component.
[The inlet and outlet BCs of both
loops use TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

IdealPump

Test-56

[deal pump flow - testing
non-isothermal pump flow|
using 3 equations model

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (non-
lisothermal)
INo stabilization

ILinear EOS (liquid)

|An IdealPump component is
linked between two Pipe
lcomponents.

[The inlet and outlet BCs of Pipe
lcomponents use TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

IOk

Test-64

IBWR wet well test with
izero flow rates into the
olume - testing BWR
et well non-isothermal 3
lequations model

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (non-
isothermal)
o stabilization

Stiffened Gas EOS Liquid
(for liquid phase)
Stiffened Gas EOS Vapor
\(for vapor phase)
2Properties (nigrogen)

A vapor loop is modeled for
steam injection using
IVolumeBranch type valve. The

ater loop uses SUPG
stabilization option and
l[dealPump to simulate water
rawing back. A gas vent loop
Iso uses SUPG stabilization
loption and SolidWall type valve
for venting to dry well. The wet
well uses WetWell component.
IFive Pipe components are used.
[The inlet and outlet BCs use
[TDV.

SMP_PJFNK

[Tranisent

Exodus

implicit-culer
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Test-152

[TMI 2-loop simulation -
testing TMI 2-loop
nuclear power plant
single-phase steady-state
normal reactor operation

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
isothermal)
SUPG stabilization

ILinear EOS (liquid)

ith
SolidMaterialProperties.

IProperty of material is set

[The Reactor component is
modeled with three
ICoreChannel components; Pipe
is used for bypass pipe; and
IBranch is used for lower and
upper plenum of core. Both
lcoolant loops are designed with
Pipe, Branch, IdealPump and
IHeatExchanger components.
[The inlet BC of the both coolant
loops are set with mass flow rate|
by TDJ. The outlet BCs are set
with TDV. The first loop has
pressurizer modeled with Pipe
lcomponent and TDV outlet BC.

SMP_PJFNK

[Tranisent

Exodus

implicit-culer

Test-155

testing pipe loop with
lideal pump

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
isothermal)
o stabilization

Lincar EOS (water)

[The one Pipel is linked with
IPipe2 and Pipe3 components
sing FlowJunction. The
lldealPump component is located
between output of Pipe2 and
input of Pipel.

[The Inlet and Outlet use TDV
IBCs.

FDP_PJFNK

[Tranisent

Exodus

implicit-culer

Ok

Test-157

Typical PWR loop

IINL/EXT-14-33201
(Ch. 2 & Ch. 3)

Single-phase non-
lisothermal flow

3 eq model (1-D, non-
lisothermal)
INo stabilization

ILinear EOS (water)

[Three CoreChannel components
lare linked with coolant loops are
designed with Pipe, Branch,
[dealPump and HeatExchanger
icomponents. The inlet BC is set
with TDJ. The outlet BCs are set|
ith TDV.
[The first loop has pressurizer
modeled with Pipe component
land TDV outlet BC.

IFDP_PJFNK

Tranisent

[Exodus

limplicit-euler

IOk

SeparatorDryer

Test-104

Separate dryer test with
lzero initial vapor volume
fraction

INL/EXT-14-33201
(Ch. 2 & Ch. 3)

[Two-phase non-
lisothermal flow

IHEM model
o stabilization

[Two-phase stiffened gas
IEOS (two-phase)
Stiffened gas EOS liquid
(liquid)

Stiffened gas EOS vapor
(vapor)

[The SeparateDryer is linked
ith steam out and discharge
IPipe components.

[The inlet and outlet BC of Pipe
ses TDV.

SMP_PJFNK

[Tranisent

[Exodus

limplicit-euler

Ok

Idaho National Laboratory
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Evovcsy-g}::sf:psht:;fec)ncd gas [The SeparateDryer is linked
Separate dryer est with iy /evr 1433001 (Two-phase non-  [HEM model Stiffened gas EOS liquid ith stcam out and discharge ) -
Test-105 |medium initial vapor N PP P Pipe components. SMP_PJFNK [Tranisent Exodus implicit-culer k
. (Ch. 2 & Ch. 3) lisothermal flow o stabilization (liquid) R .
volume fraction Stiffencd eas EOS vapor [The inlet and outlet BC of Pipe
(vapor) 8 P uses TDV.
Egg-g}::sf:psht;fec)ncd gas [The SeparateDryer is linked
Separate dryer test With gy /pyr 1433001 [Two-phasenon-  [HEM model Stiffened gas EOS liquid ith stcam out and discharge
Test-106 [large initial vapor volume N S P IPipe components. SMP_PJFNK [Tranisent [Exodus limplicit-euler (0)3
fracti (Ch. 2 & Ch. 3) lisothermal flow o stabilization (liquid) . -
raction Stiffencd gas EOS vapor [The inlet and outlet BC of Pipe
(vapor) ses TDV.
IA vapor loop is modeled for
steam injection and water loop
is modeled for water drawing
Stiffened Gas EOS Liquid back. A gas vent loop is
. 14 N . 3 eq model (non- (for liquid phase) designed for venting to dry well.
Test-62 B]Y]Jel; g:)e :nvé:“ t:zzltiviltlil:m ?gkll‘ /;:);TCIS ;3 201 i$i§£ZTS§OK$n isothermal) Stiffened Gas EOS Vapor [The valve is modeled with SMP_PJFNK [Tranisent Exodus implicit-culer k
¢ Y : ) SUPG stabilization  |(for vapor phase) IBranch component and wet well
2Properties (nigrogen) uses WetWell component. Five
IPipe components are used.
[The inlet and outlet BCs use
[TDV.
]
=]
g
N
2
g IA vapor loop is modeled for
steam injection using
'VolumeBranch type valve. The
ater loop uses SUPG
BWR wet well test with Stiffened Gas EOS Liquid stabilization option and
pero flow rates into the yy /pyr 1433901 [Single-phase non- 94 Mmodel (non- - Kfor liquid phas) ﬁfﬁi’iﬂmﬁi T“ﬁ?‘i?ﬁ? :Zro
Test-64  [volume - testing BWR (Ch. 2 & Ch. 3) isot%lerrll)aal flow lisothermal) Stiffened Gas EOS Vapor Iso uqegs SUI;G G%abilization P SMP_PJFNK Tranisent [Exodus limplicit-euler Ok
et well non-isothermal 3 : : INo stabilization \(for vapor phase) o d l'd‘ i I
lequations model 2Properties (nigrogen) ption an SolidWall type valve
for venting to dry well. The wet
ell uses WetWell component.
[Five Pipe components are used.
[The inlet and outlet BCs use
TDV.
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Turbine

3 eq model (non-

[Two loops are designed: vapor
loop with turbine; and water
loop with pump.

flow

(Ch. 2 & Ch. 3)

lisothermal flow

INo stabilization

(vapor)

(inlet BC)

ParsedFunction and outlet BC
uses TDV.

isothermal) . P B .
Turbine driven pump flow ) L APIDUS Sllffe_nec_l Gas EOS Liquid "1_'he Turbine nfvapor_loop is
Test-61 | testing turbine driven INL/EXT-14-33201 |Single-phase non- | ooy (vapor (for liquid phase) finked between two Pipe SMP_PJFNK Tranisent [Exodus limplicit-euler [0k
ng (Ch. 2 & Ch. 3) lisothermal flow P Stiffened Gas EOS Vapor lcomponents. - P
non-isothermal pump flow| lloop)
L (for vapor phase) [The Pump of water loop uses
SUPG stabilization . .
(water loop) turbine as driving component.
[The inlet and outlet BCs of both
loops use TDV.
IA Turbine component is linked
. . . 3 eq model (1-D, non-|, . . between two Pipe components.
Test-118 INon-isothermal turbine  [INL/EXT-14-33201 |Single-phase non- isothermal) Stiffened gas EOS vapor [ParsedFunction The inlet BC uses SMP_PJFNK Tranisent Exodus implicit-culer lok
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APPENDIX C. REQUIREMENT TRACEABILITY MATRIX (RTM)

Table. C. 1 General Requirements (GR)

Design
Req # Category Requirement Specification Source(s) Specification Status
(SVVP Section #)
Simulate various LWR designs Test-45 for BWR (HEM model)
GR-1 including PWR and BWR INL/EXT-14-33201 Ch.2 & Ch.3 Test-152 for PWR (TMI loop)
(‘Siég;uitzgjglgsg)zi rrgr;l;iacturers PWR cores are tested but not
GR-2 , £ns S ¥ CSUNENOUSE, INL/EXT-14-33201 Ch.2 compared for different
Reactor Design, Combustion Engineering and manufactures
Reactor Type BabCOCk&WllCOX
GR-3 Simulate various containment design | 1\ /pyer. 1433201 Ch. 2 Not tested
such as high and low backpressure
GR-4 Simulate reactor designs with non-water Newly added Not tested
coolants
GR-5 Simulate steady-state analysis INL/EXT-14-33201 Ch.1 & Ch.2 Test-152
Simulate Large-break LOCA
GR-6 (LBLOCA) and Small break LOCA INL/EXT-14-33201 Ch.2 Not tested
(SBLOCA)
Simulate Emergency Core Cooling
Thermal-hydraulic | System (ECCS) design
GR-7 Analysis (accumulators, pumped safety injection INL/EXT-14-33201 Ch.2 Not tested
(Steady- system - DVI, cold-leg/hot-leg injection)
GR-8 state/transient), Simulate excessive heat transfer INL/EXT-14-33201 Ch.2 Not tested
- Reactor Safety '
GR-9 Feature fSllori)lvulate loss of heat transfer and loss of INL/EXT-14-33201 Ch. 2 Not tested
GR-10 Simulate increase and decrease in INL/EXT-14-33201 Ch. 2 Not tested
mventory
GR-11 Simulate departure from nucleate boiling INL/EXT-14-33201 Ch. 2 Not tested
(DNBR)
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Simulate minimum critical power ratio

GR-12 (MCPR) INL/EXT-14-33201 Ch. 2 Not tested
GR-13 Simulate transient analysis during INL/EXT-14-33201 Ch.2 Not tested
LOCA
GR-14 Generate physics parameters for reactor | 1\ pxT14.33201 | Ch.2 & Ch. 3 Test 65-67
kinetics model in system code
GR-15 Simulate reactivity and core power INL/EXT-14-33201 | Ch.2 & Ch. 3 Test 65-67
distribution
GR-16 Simulate 3-D core power boundary INL/EXT-14-33201 Ch. 2 Not tested
condition coupled with system code
GR-17 Simulate fuel rod thermal modeling INL/EXT-14-33201 Ch. 2 Test-5
. p Simulate mechanical and thermal
Multi-physics ; Test-5, 21, 39, 40, 41, 43, 44,
GR-18 (Reactor kinetics, bfhaylor of fuel pellets, gap and INL/EXT-14-33201 Ch. 2 45,63, 66, 133
fuel components cladding
GR-19 behav19r, chemical Slmula}te fluid/mechanical interaction INL/EXT-14-33201 Ch. 2 Not tested
reactions, etc.) analysis
GR-20 Simulate containment analysis INL/EXT-14-33201 Ch.2 Not tested
GR-21 Simulate chemistry effects INL/EXT-14-33201 Ch. 2 Not tested
GR-22 Simulate radiological consequence INL/EXT-14-33201 | Ch.1& Ch.2 Not tested
analysis
GR-23 Simulate prediction of core power INL/EXT-14-33201 Ch.2 Test-46
distribution
GR-24 Capability of coupling of codes INL/EXT-14-33201 Ch.1 & Ch.2 Not tested
GR-25 Multi-scale Simulate multi-dimensional fluid flow at | 1\ pxr 14.33201 | Ch. 1 & Ch. 2 Not tested
microscale level of detail
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Table. C. 2 Specific Requirements (SR)

Design Specification

Req # Requirement Specification Verification/Action Item Source(s) (SVVP Section #) Status
Written with C++. Capable of
Multi-scale time integration, PCICE
. 1. Descritizaton scheme (op e?ator split), JENK (implicit
The code will use most L . nonlinear Newton method), and a
. 2. Time integration method s .
SR-1 advanced computer science 3. Matirix solver INL/EXT-14- Ch.2 point implicit method (long duration
technology to optimize ’ . 33201 ) transients). New pipe network
. 4. Parallel computation .
accuracy and speed (Essential) capabilit algorithm based upon Mortar FEM
P Y (Lagrange multipliers). Ability to
couple to multi-dimensional reactor
simulators
The code will implement 3D 1. Mesh manaeement Can be coupled with MOOSE based
modeling for obtaining high T nag BISON code for 3D neutron
. 2. Verification test for INL/EXT-14-
SR-2 level of resolution includes coupling with other MOOSE- 33201 Ch.2 transport model.
coupling to CFD code baseI:)d ag lications However, RELAP-7 does not have
(Essential) PP 3D mesh generation model.
The cgde will provide INL/EXT-14- Provides x, y, z coordination system
SR-3 coordinate system to represent - 33201 Ch. 2 for components. functions. etc
actual design (Recommended) p ’ ’
The code will develop standard
SR-4 modules for meshing to lessen ) INL/EXT-14- Ch. 2 RELAP-7 supports standard
the variability of the result 33201 ’ component models
(Recommended)
The code will identify standard
SR-5 | OF recommended options to ) INL/EXT-14- Ch. 2 RELAP-7 supports standard
: lessen the variability of the 33201 ’ component models
result (Recommended)
The code will not subject to
SR-6 | failure as a result of numerical | Numerical stability test INL;];;(OT{M— Ch. 2 Not tested
methods (Essential)
The code will address legacy INL/EXT-14- Both HEM and 7 equation two-
SR-7 | issues associated with two- - Ch. 2 .
33201 phase model can be simulated
phase flow (Recommended)
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SR-8

The code will model droplet for
BWR core spray and
containment spray of
PWR/BWR (Recommended)

INL/EXT-14-
33201

Ch.2

Not tested

SR-9

The code will model sources
and transport of particles in
vapor, gas, droplet and liquid
(Essential)

Model V&V in RELAP 7
framework and/or code-to-
code comparison

INL/EXT-14-
33201

Ch.2

Not tested

SR-10

The code will model transport
of non-condensable gases
including heat transfer effect
(Essential)

Model V&V in RELAP 7
framework and/or code-to-
code comparison

INL/EXT-14-
33201

Ch.2

The compressible valve component
can handle non-condensible gas
model

SR-11

The code will provide multi-
scale / multi-physics simulation
of following scope by
embedded or coupling : fuel
rod; fuel assembly reactor
primary coolant system,;
secondary coolant system and
balance of plant:
instrumentation and controls;
containment; site radiological
consequences; offsite
radiological consequences; and
fluid/structure interaction for
dynamic loads (Essential)

Coupling test with other
MOOSE-based applications

INL/EXT-14-
33201

Ch.2

RELAP-7 can be coupled with
MOOSE framework application to
simulate multi-scale / multi-physics
problems

SR-12

The code will be user friendly
steady-state initialization and
restart capabilities
(Recommended)

INL/EXT-14-
33201

Ch.2

Both steady-state and transient cases
can be simulated by restart option

SR-13

The code will provide clear and
easy diagnostics to assist with
debugging and workaround
(Recommended)

INL/EXT-14-
33201

Ch.2

Code will show highlighted error
signal.

For example, if wrong model type
was give then shows in red:
Unknown model type
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The code will provide detailed
documentation of theory, INL/EXT-14- RELAP-7 provides revised theory
SR-14 | programming, user manual, - 33201 Ch.2 manual.

validation basis and user Other documents are in progress
guidelines (Essential)

The code will provide
) comprehensive GUI for ) INL/EXT-14- .
SR-15 pre/post-processing and on-line 33201 Ch.2 1N progress

monitoring (Essential)
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Req # Test Feature

Table. C. 3 Technical Requirements (TR)

Requirement Specification

Source(s)

Design Specification
(SVVP Section #)

Sample Test ID #

TR-1

TR-2

TR-3

TR-4

TR-5

Numerical Test
(Code Verification)

TR-6

TR-7

TR-8

TR-9

Verification of single phase
flow

INL/EXT-14-33201

Ch. 2 & Ch. 3 & Ch.
5

1,54, 55, 57, 60, 75,76, 77, 79, 80,
83,84

Verification of heat
conduction simulation

INL/EXT-14-33201

Ch.2&Ch. 5

Not tested

Grid convergence study by
continuous FEM on fluid flow
problems

INL/EXT-14-33201

Ch.5

Not tested

Grid convergence study by
continuous FEM on heat
conduction problems

INL/EXT-14-33201

Ch.5

Not tested

Grid convergence study on
stabilization schemes using
SUPG scheme

INL/EXT-14-33201

Ch.5

Not tested

Grid convergence study on
stabilization schemes using
Lapidus scheme

INL/EXT-14-33201

Ch.5

Not tested

Grid convergence study on
stabilization schemes using
Entropy based viscosity
scheme

INL/EXT-14-33201

Ch.5

Not tested

Time step convergence study
using manufactured solutions
Backward Euler

INL/EXT-14-33201

Ch.5

Not tested

Time step convergence study
using manufactured solutions
Crank-Nicolson

INL/EXT-14-33201

Ch. 5

Not tested
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Time step convergence study

TR-10 using manufactured solutions | INL/EXT-14-33201 Ch. 5 Not tested
BDF2
Conservation laws in 0-
TR-11 dimensional components INL/EXT-14-33201 Ch. 5 Not tested
Branches/Junctions
Conservation laws in 0-
dimensional components PWR
TR-12 specific components (steam INL/EXT-14-33201 Ch. 5 Not tested
generator and pressurizer as
examples)
TR-13 Simulation of system level | 1y /pyer 1433001 Ch. 5 Not tested
conservation laws
TR-14 Code review process INL/EXT-14-33201 Ch.1&Ch. 5 Not tested
capability
) Regression test and code
TR-15 | Software Design Test coverage test on general INL/EXT-14-33201 Ch. 5 & Ch. 6 Not tested
(Code Verification) coverage test design
Regression test and code
TR-16 coverage test on extreme INL/EXT-14-33201 Ch.5 & Ch. 6 Not tested
conditions test design
TR-17 Single phase shock problems | INL/EXT-14-33201 Ch.5 7
. . 1,3,4,6-8, 11, 13-20, 13, 26, 28-
TR-18 Single phasse Is’tlg;a“d branch |y /ExT 1433201 | M2 & C;L 3&Ch- | 3538, 40,43, 44, 48-69, 71-100,
Y 104-126, 128, 130, 152, 155, 157
TR-19 | Basic Performance Test Single phase pipe network INL/EXT-14-33201 Ch.2 & Ch. 5 75-79
(Code Validation,
TR-20 | Phenomenalogical Test) | Two-phase flow water faucet | 1\ /ey 143300 Ch.5 Not tested
problem ’
Two-phase flow water over
TR-21 INL/EXT-14-33201 Ch. 5 Not tested
steam problem
TR-22 Two-phase flow fill-drain | 1y /pyer 14.33001 Ch. 5 Not tested

problem
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Two-phase flow manometer

TR-23 INL/EXT-14-33201 Ch.5 Not tested
problem
TR-24 Two-phase flow gravity wave | 1y /gyt 1433201 Ch.5 Not tested
problem
TR-25 Two-phase shock problems INL/EXT-14-33201 Ch. 5 Not tested
TR-26 Evaporation due to hc?at mput Newly added Not tested
or depressurization
TR-27 Condensation due to h.e at Newly added Not tested
removal or pressurization
TR-28 Pressure d?"p at abrupt Newly added Not tested
geometric changes
TR-29 Pressure wave propagation Newly added Not tested
TR-30 Single-phase flow wall friction | INL/EXT-14-33201 Ch.2 & Ch. 5 91,92
2-8, 10-16, 32 33, 35, 36, 38-44, 46,
48-53, 56, 58, 59, 61-69, 71, 72, 78,
. Ch. 2 & Ch. 3 & Ch. 81, 82, 87-92, 95-97, 99, 101, 103,
TR-31 Single-phase heat transfer INL/EXT-14-33201 5 107, 109, 114-116, 118-126, 128,
130, 137-142, 144-146, 152, 155-
157
TR-32 Single-phase water hammer INL/EXT-14-33201 Ch. 5 11
Separate Effect Test Sinele-phase natural
TR-33 | (Code Validation, SET) gie-phase INL/EXT-14-33201 Ch.5 76, 78
circulation
TR-34 Two-phase flow wall friction | INL/EXT-14-33201 Ch.5 21 (HEM), 37 (7 eq. model)
TR-35 Two-phase interfacial friction |y /pyr.14.33201 Ch. 5 Not tested
(vertical/horizontal flow)
TR-36 Two-phase flow boiling heat | iy by 1433901 Ch.5 21 (HEM)
transfer
TR-37 Two-phase flow critical flow |y pyer 14.33201 Ch. 5 Not tested

and blowdown
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TR-38 Two-phase flow level tracking | INL/EXT-14-33201 Ch. 5 Not tested

TR-39 Two-phase flow CHF and | 1\ /ey 1433201 Ch. s Not tested
post-CHF

TR-40 Two-phase flow reflooding INL/EXT-14-33201 Ch. 5 Not tested

TR-41 Two-phase flow counter- INL/EXT-14-33201 Ch.5 Not tested

current flow

Reactor: 12, 39-41
CoreChannel: 5, 39, 40, 41, 152,
TR-42 PWR specific component tests | INL/EXT-14-33201 Ch.5 157
HeatExchanger: 152
IdealPump: 152, 157

Reactor: 45
WetWell: 62, 64
TR-43 BWR specific component tests | INL/EXT-14-33201 Ch. 5 SeparatorDryer: 104-106
CoreChannel: 21, 45

IdealPump: 64

Single-phase natural

TR-44 . . INL/EXT-14-33201 Ch. 5 Not tested
circulation
Two-phase Full Integral
TR-45 Simulation Test (FIST) SBO | INL/EXT-14-33201 Ch.5 Not tested
Integral Effect Test test benchmark
——— (Code Validation, IET)
TR-46 Two-phase flow LOFT tests INL/EXT-14-33201 Ch.5 Not tested
Two-phase flow semi-scale
TR-47 INL/EXT-14-33201 Ch.5 Not tested

natural circulation tests

Idaho National Laboratory 112





