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Abstract

This book is a monograph on turbine aerodynamics. It gives a brief introduction to the
concepts related to turbine aerodynamics, systematically expounds the mechanisms of flows in
axial turbines, inter-turbine ducts, and turbine rear frame ducts, analyzes the numerical
evaluation methods in different dimensions, introduces the latest research achievements in the
field of gas turbine aerodynamic design and flow control, and explores multidisciplinary conjugate
problems involved with turbines.

This book should be helpful for scientific and technical staffs, college teachers, graduate
students, and senior college students, who are engaged in design and research of gas turbines.
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Preface

With the progress of aviation technology, turbine aerodynamic, as one of the
major support subjects for the development of aero-gas turbine, has experienced a rapid
development in the recent 20 years, resulting in new physical phenomena being
discovered and understood constantly, as well as new design methods emerging
continuously. Thanks to these achievements, aerodynamic design capability for aero-
gas turbines has increased rapidly, and the design level has reached a new stage. It is
exactly the application of the latest fine aerodynamics design technologies in aero-gas
turbines greatly improves the aerodynamic load and efficiency of turbines in modern
aero-engines. In order to timely introduce the latest achievements and provide some
reference for fundamental research on turbine aerodynamics and for the development
of engineering design methods, the authors carried out a thorough sorting of research
progresses on turbine aerodynamics in the recent 20 years, and based on that, wrote
this book. This book systematically introduces the research achievements on
mechanisms of complex flows in turbines and aerodynamic design methods, and is
expected to be able to make some contributions to the theoretical research on aero-gas
turbine aerodynamics and development of turbine aerodynamic design technology.

This book has eight chapters. Chapter 1 introduces the basic turbine
aerodynamics concepts involved in this book, particularly highlighting some new
concepts, supplements and extensions to original concepts, which were proposed
recently, such as the Zweifel coefficient used to represent the blade loading and
efficiency definitions of cooled turbines. Chapter 2 expounds the mechanisms of
complex flows in high-pressure turbines, including aerodynamic and geometrical
features of high-pressure turbines, complex wave systems with its flow structures
and organizations, secondary flows and the relevant influencing factors, as well
as mixing between cooling flow and the main flow. Chapter 3 presents the
complex flows in inter-turbine ducts and its influencing factors, and discuss the
relevant aerodynamic design methods. Chapter 4 expounds the geometrical and



2 Axial Turbine Aerodynamics for Aero-engines; Flow Analysis and Aerodynamics Design

aerothermodynamic features of low-pressure turbines, as well as the development
trends, thus gives a systematical introduction to the research achievements
concerning the current hot issues, such as spatial-temporal evolution of blade
boundary layer, interaction between complex flows in shrouds and the main
flow, secondary flows in the endwall regions of high-loading low-pressure
turbines, as well as flows in low pressure turbines at low Reynolds number.
Chapter 5 shows the complex flows in turbine rear frame ducts with its
influencing factors and its aerodynamic design methods. Chapter 6 presents the
achievements about the aerodynamic design methods for turbines, including loss
models, turbine parameters selection in low dimensional design numerical
evaluation methods, blade profiling and 3 — D stacking technology, and refined
turbine design technology, all of which are research hotspots in recent years.
Chapter 7 introduces the application of flow control technologies in turbines,
including control of turbine boundary layers, secondary flows and tip leakage
flows, and turbine working state adjusting technology, which are also research
hotspots in recent years. Chapter 8 gives a brief introduction to multidisciplinary
conjugate problems involved with turbines, including conjugate heat transfer,
flow-structure interaction, aero-acoustic conjugate, and multidisciplinary design
optimization, which are still hot topics in turbine research.

The authors of this book come from Beihang University and Harbin Institute of
Technology . Chapter 1 was written by Prof. Zhengping Zou and Dr. Weihao Zhang;
Chapter 2 was written by Prof. Songtao Wang; Chapter 3 was written by Prof.
Huoxing Liu; Chapter 4 was written by Prof. Zhengping Zou and Dr. Weihao Zhang;
Chapter 5 was written by Prof. Huoxing Liu; Sections 6.4.1 and 6. 4.2 of Chap. 6
were written by Prof. Songtao Wang, and the rest of this chapter was written by Prof.
Zhengping Zou; Chapter 7 was written by Prof. Huoxing Liu; Chapter 8 was written
by Dr. Weihao Zhang and Prof. Zhengping Zou.

This book can be used as a reference book for teachers engaged in gas
turbine teaching, researchers engaged in fundamental and applied research of
aerodynamics of aviation, ground, and ship gas turbines, technicians engaged in
engineering design of turbines, as well as graduate students and senior
undergraduate students in relevant majors.

Zhengping Zou
Beijing, China
April 2017
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