CHAPTER 6
Thermal-Hydraulic Design

Prepared by
Dr. Nikola K. Popov

Summary

This chapter covers the thermal-hydraulic design of nuclear power plants with a focus on the
primary and secondary sides of the nuclear steam supply system. This chapter covers the
following topics: evolution of the reactor thermal-hydraulic system; key design requirements for
the heat transport system; thermal-hydraulic design principles and margins; design details of
the primary and secondary heat transport systems; fundamentals of two-phase flow;
fundamentals of heat transfer and fluid flow in the reactor heat transport system; other related
topics.
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10 The Essential CANDU

1 Introduction

Section 1 provides an introduction to thermal-hydraulic design. It defines the expectations and
learning outcomes for this chapter and indicates the relationship of this chapter to other
chapters in this textbook.

The objective of this chapter is to describe the generic thermal-hydraulic design of nuclear
reactors under normal operating conditions, with a specific focus on design details of CANDU
reactors.

This chapter covers the thermal-hydraulic design of a CANDU nuclear power reactor, with
general comparisons to other reactor types and designs. Thermal-hydraulic design covers the
reactor primary and secondary heat transport systems. In fact, the primary heat transfer
design defines the maximum power levels (globally and locally) that can be safely generated in
the reactor core and thus defines the design characteristics of many systems and components,
such as the reactor core physics and the fuel design.

1.1 Overview

This section describes the objectives, principles, and methodologies of reactor thermal-
hydraulic design. The thermal-hydraulic design of the reactor process systems that are
required to transport heat energy away from the nuclear reactor source and transform this
heat energy into useful work (generally electrical energy) are the focus of nuclear engineering
and of this chapter.

Section 2 presents the principles of reactor design, with a focus on CANDU reactor design.
Designs of other reactor types are described in Appendix A, in which the focus is on providing a
historical perspective on reactor thermal-hydraulic and systems design and on pressurized
water reactors (PWRs) and boiling water reactors (BWRs).

Section 3 covers the design evolution of the CANDU reactor, including a general description of
the overall design of the CANDU heat transport system and the design and evolution of the
main components such as primary pumps, steam generators, and the reactor core.

Section 4 defines the thermal-hydraulic design requirements, including fuel cladding (fuel
sheath), coolant, fuel, moderator materials, and control materials. Reactor core component
materials are discussed and component requirements assessed. This section also discusses
various fuel-coolant-moderator arrangements, their optimization, and their performance
within the reactor design. Advantages and disadvantages of all the variations are discussed and
possible solutions suggested. Finally, the section provides general requirements for the
thermal-hydraulic design process.

Section 5 discusses reactor thermal-hydraulic design limits from the perspective of various
reactor designs. It explains the concepts of reactor thermal margins and their application to
reactor design assessment. Reactor thermal margins are an important parameter in reactor
thermal-hydraulic design because they provide assurance that the heat generated by the fuel is
removed from the reactor core under all possible operating conditions.

Section 6 covers thermal-hydraulic design fundamentals. The first part of this section presents
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the fundamentals of single- and two-phase flow and heat transfer. Two-phase flow and heat
transfer present a number of thermal-hydraulic design challenges, which are explained and
discussed in this section. In addition, this section covers the thermodynamics of the reactor
primary and secondary heat transport systems. The concepts of thermodynamic laws and their
application to reactor design are presented. The concept of reactor thermodynamic efficiency
is defined and its application to reactor performance assessment explained. Various secondary
system designs are discussed, and a description of the secondary side components, such as
steam turbines, steam condensers, feedwater systems and pre-heaters, and feedwater pumps,
is provided.

Section 7 is the key section in this chapter because it describes the design of reactor heat
transfer and fluid flow. This section outlines primary he