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Numerical Prediction of Flow, Heat Transfer, Turbulence and Combustion: Selected Works of Professor D. Brian Spalding focuses
on the many contributions of Professor Spalding on thermodynamics. This compilation of his works is done to honor the professor
on the occasion of his 60th birthday. Relatively, the works contained in this book are selected to highlight the genius of Professor
Spalding in this field of interest. The book presents various research on combustion, heat transfer, turbulence, and flows. His
thinking on separated flows paved the way for the multi-dimensional modeling of turbulence. Arguments on the universality of the
models of turbulence and the problems that are associated with combustion engineering are clarified. The text notes the
importance of combustion science as well as the problems associated with it. Mathematical computations are also presented in
determining turbulent flows in different environments, including on curved pipes, curved ducts, and rotating ducts. These
calculations are presented to further strengthen the claims of Professor Spalding in this discipline. The book is a great find for
those who are interested in studying thermodynamics.
This book provides engineers with the tools to solve real-world heat transfer problems. It includes advanced topics not covered in
other books on the subject. The examples are complex and timely problems that are inherently interesting. It integrates Maple,
MATLAB, FEHT, and Engineering Equation Solver (EES) directly with the heat transfer material.
Here is an introduction to numerical methods for partial differential equations with particular reference to those that are of
importance in fluid dynamics. The author gives a thorough and rigorous treatment of the techniques, beginning with the classical
methods and leading to a discussion of modern developments. For easier reading and use, many of the purely technical results
and theorems are given separately from the main body of the text. The presentation is intended for graduate students in applied
mathematics, engineering and physical sciences who have a basic knowledge of partial differential equations.
A completely updated edition of the acclaimed single-volume reference for heat transfer and the thermal sciences This Second
Edition of Handbook of Numerical Heat Transfer covers the basic equations for numerical method calculations regarding heat
transfer problems and applies these to problems encountered in aerospace, nuclear power, chemical processes, electronic
packaging, and other related areas of mechanical engineering. As with the first edition, this complete revision presents
comprehensive but accessible coverage of the necessary formulations, numerical schemes, and innovative solution techniques for
solving problems of heat and mass transfer and related fluid flows. Featuring contributions from some of the most prominent
authorities in the field, articles are grouped by major sets of methods and functions, with the text describing new and improved, as
well as standard, procedures. Handbook of Numerical Heat Transfer, Second Edition includes: * Updated coverage of parabolic
systems, hyperbolic systems, integral-and integro-differential systems, Monte Carlo and perturbation methods, and inverse
problems * Usable computer programs that allow quick applications to aerospace, chemical, nuclear, and electronic packaging
industries * User-friendly nomenclature listings include all the symbols used in each chapter so that chapter-specific symbols are
readily available
????:Numerical heat transfer and fluid flow
This book focuses on heat and mass transfer, fluid flow, chemical reaction, and other related processes that occur in engineering
equipment, the natural environment, and living organisms. Using simple algebra and elementary calculus, the author develops
numerical methods for predicting these processes mainly based on physical considerations. Through this approach, readers will
develop a deeper understanding of the underlying physical aspects of heat transfer and fluid flow as well as improve their ability to
analyze and interpret computed results.
Featuring contributions by leading researchers in the field, Nanoparticle Heat Transfer and Fluid Flow explores heat transfer and
fluid flow processes in nanomaterials and nanofluids, which are becoming increasingly important across the engineering
disciplines. The book covers a wide range, from biomedical and energy conversion applications to materials properties, and
addresses aspects that are essential for further progress in the field, including numerical quantification, modeling, simulation, and
presentation. Topics include: A broad review of nanofluid applications, including industrial heat transfer, biomedical engineering,
electronics, energy conversion, membrane filtration, and automotive An overview of thermofluids and their importance in
biomedical applications and heat-transfer enhancement A deeper look at biomedical applications such as nanoparticle
hyperthermia treatments for cancers Issues in energy conversion from dispersed forms to more concentrated and utilizable forms
Issues in nanofluid properties, which are less predictable and less repeatable than those of other media that participate in fluid flow
and heat transfer Advances in computational fluid dynamic (CFD) modeling of membrane filtration at the microscale The role of
nanofluids as a coolant in microchannel heat transfer for the thermal management of electronic equipment The potential
enhancement of natural convection due to nanoparticles Examining key topics and applications in nanoscale heat transfer and
fluid flow, this comprehensive book presents the current state of the art and a view of the future. It offers a valuable resource for
experts as well as newcomers interested in developing innovative modeling and numerical simulation in this growing field.
Heat transfer and fluid flow issues are of great significance and this state-of-the-art edited book with reference to new and
innovative numerical methods will make a contribution for researchers in academia and research organizations, as well as
industrial scientists and college students. The book provides comprehensive chapters on research and developments in emerging
topics in computational methods, e.g., the finite volume method, finite element method as well as turbulent flow computational
methods. Fundamentals of the numerical methods, comparison of various higher-order schemes for convection-diffusion terms,
turbulence modeling, the pressure-velocity coupling, mesh generation and the handling of arbitrary geometries are presented.
Results from engineering applications are provided. Chapters have been co-authored by eminent researchers.
Over the past several years, significant advances have been made in developing the discontinuous Galerkin finite
element method for applications in fluid flow and heat transfer. Certain unique features of the method have made it
attractive as an alternative for other popular methods such as finite volume and finite elements in thermal fluids
engineering analyses. This book is written as an introductory textbook on the discontinuous finite element method for
senior undergraduate and graduate students in the area of thermal science and fluid dynamics. It also can be used as a
reference book for researchers and engineers who intend to use the method for research in computational fluid dynamics
and heat transfer. A good portion of this book has been used in a course for computational fluid dynamics and heat
transfer for senior undergraduate and first year graduate students. It also has been used by some graduate students for
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self-study of the basics of discontinuous finite elements. This monograph assumes that readers have a basic
understanding of thermodynamics, fluid mechanics and heat transfer and some background in numerical analysis.
Knowledge of continuous finite elements is not necessary but will be helpful. The book covers the application of the
method for the simulation of both macroscopic and micro/nanoscale fluid flow and heat transfer phenomena.
This book describes methodologies for performing numerical simulations of transport processes in heat transfer and fluid
flow. The reader is guided to make the proper selection of simulation techniques and to interpret the acquired results
based on the flow physics involved. Computer programs which are used to solve heat transfer and fluid flow problems
are integrated into the text. Illustrative examples of thermo-fluid phenomena are provided in every chapter to enhance
understanding of the subjects by offering the reader hands-on experience of numerical simulations. Most of the
fundamental transport processes in heat transfer and fluid flow, e.g. heat conduction in a solid body, convection heat
transfer of a fin, laminar and turbulent heat transfer and flow in a duct or tube, and boundary layers over a flat plate are
covered. A strong emphasis is placed on examinations of the thermo-fluid phenomena inside a flow passage (such as
tube and a channel). The book contains detailed discussions on the formulation of the boundary conditions which is often
the key issue in making successful numerical simulations of the physical phenomena of interest. Simulations are carefully
designed so that conventional 16-bit personal computers, such as IBM PCreg; or Apple Macintoshreg; can be used.
Visualizing the simulated results in graphic form (plotting charts and line contours of physical variables) significantly
enhances the reader's understanding of the important transport processes. The book is intended as an introductory text
for numerical simulations of heat transfer and fluid flow phenomena. Description is simple and self-contained so that
beginners can easily understand the material, yet it will also serve as a useful reference work for the practitioner.
Exercise problems are supplied by which the reader can consolidate knowledge of simulation techniques described and
gain further insight in the physical processes of interest. The book contains two 3frac12; inch floppy disks, each of which
stores a complete set of simulation source codes discussed in the text. These programs are recorded in ASCII format
and can be run either on IBM PCreg; or Macintoshreg; using QuickBasicreg;. The programs are well-documented within
the text as well as in the codes themselves with a number of comment statements. This helps the reader understand the
flow of program runs and, if the reader so wishes, modifying the original source codes. To facilitate prescription of the
physical conditions for simulations, these programs run in a highly interactive mode. In addition, the diskettes contain a
number of compiled programs which can be executed without the QuickBasicreg; program.
Heat Transfer and Fluid Flow in Biological Processes covers emerging areas in fluid flow and heat transfer relevant to
biosystems and medical technology. This book uses an interdisciplinary approach to provide a comprehensive
prospective on biofluid mechanics and heat transfer advances and includes reviews of the most recent methods in
modeling of flows in biological media, such as CFD. Written by internationally recognized researchers in the field, each
chapter provides a strong introductory section that is useful to both readers currently in the field and readers interested in
learning more about these areas. Heat Transfer and Fluid Flow in Biological Processes is an indispensable reference for
professors, graduate students, professionals, and clinical researchers in the fields of biology, biomedical engineering,
chemistry and medicine working on applications of fluid flow, heat transfer, and transport phenomena in biomedical
technology. Provides a wide range of biological and clinical applications of fluid flow and heat transfer in biomedical
technology Covers topics such as electrokinetic transport, electroporation of cells and tissue dialysis, inert solute
transport (insulin), thermal ablation of cancerous tissue, respiratory therapies, and associated medical technologies
Reviews the most recent advances in modeling techniques
Conjugate Heat and Mass Transfer in Heat Mass Exchanger Ducts bridges the gap between fundamentals and recent
discoveries, making it a valuable tool for anyone looking to expand their knowledge of heat exchangers. The first book on
the market to cover conjugate heat and mass transfer in heat exchangers, author Li-Zhi Zhang goes beyond the basics to
cover recent advancements in equipment for energy use and environmental control (such as heat and moisture recovery
ventilators, hollow fiber membrane modules for humidification/dehumidification, membrane modules for air purification,
desiccant wheels for air dehumidification and energy recovery, and honeycomb desiccant beds for heat and moisture
control). Explaining the data behind and the applications of conjugated heat and mass transfer allows for the design,
analysis, and optimization of heat and mass exchangers. Combining this recently discovered data into one source makes
it an invaluable reference for professionals, academics, and other interested parties. A research-based approach
emphasizing numerical methods in heat mass transfer Introduces basic data for exchangers’ design (such as friction
factors and the Nusselt/Sherwood numbers), methods to solve conjugated problems, the modeling of various heat and
mass exchangers, and more The first book to include recently discovered advancements of mass transfer and fluid flow
in channels comprised of new materials Includes illustrations to visually depict the book’s key concepts
Finite Difference Methods in Heat Transfer, Second Edition focuses on finite difference methods and their application to
the solution of heat transfer problems. Such methods are based on the discretization of governing equations, initial and
boundary conditions, which then replace a continuous partial differential problem by a system of algebraic equations.
Finite difference methods are a versatile tool for scientists and for engineers. This updated book serves university
students taking graduate-level coursework in heat transfer, as well as being an important reference for researchers and
engineering. Features Provides a self-contained approach in finite difference methods for students and professionals
Covers the use of finite difference methods in convective, conductive, and radiative heat transfer Presents numerical
solution techniques to elliptic, parabolic, and hyperbolic problems Includes hybrid analytical–numerical approaches
This volume discusses the advances in numerical heat transfer modeling by applying high-performance computing
resources, striking a balance between generic fundamentals, specific fundamentals, generic applications, and specific
applications.
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Heat transfer is the area of engineering science which describes the energy transport between material bodies due to a
difference in temperature. The three different modes of heat transport are conduction, convection and radiation. In most
problems, these three modes exist simultaneously. However, the significance of these modes depends on the problems
studied and often, insignificant modes are neglected. Very often books published on Computational Fluid Dynamics using
the Finite Element Method give very little or no significance to thermal or heat transfer problems. From the research point
of view, it is important to explain the handling of various types of heat transfer problems with different types of complex
boundary conditions. Problems with slow fluid motion and heat transfer can be difficult problems to handle. Therefore, the
complexity of combined fluid flow and heat transfer problems should not be underestimated and should be dealt with
carefully. This book: Is ideal for teaching senior undergraduates the fundamentals of how to use the Finite Element
Method to solve heat transfer and fluid dynamics problems Explains how to solve various heat transfer problems with
different types of boundary conditions Uses recent computational methods and codes to handle complex fluid motion and
heat transfer problems Includes a large number of examples and exercises on heat transfer problems In an era of parallel
computing, computational efficiency and easy to handle codes play a major part. Bearing all these points in mind, the
topics covered on combined flow and heat transfer in this book will be an asset for practising engineers and postgraduate
students. Other topics of interest for the heat transfer community, such as heat exchangers and radiation heat transfer,
are also included.
Most of the equations governing the problems related to science and engineering are nonlinear in nature. As a result,
they are inherently difficult to solve. Analytical solutions are available only for some special cases. For other cases, one
has no easy means but to solve the problem must depend on numerical solutions. Fluid Flow, Heat and Mass Transfer at
Bodies of Different Shapes: Numerical Solutions presents the current theoretical developments of boundary layer theory,
a branch of transport phenomena. Also, the book addresses the theoretical developments in the area and presents a
number of physical problems that have been solved by analytical or numerical method. It is focused particularly on fluid
flow problems governed by nonlinear differential equations. The book is intended for researchers in applied mathematics,
physics, mechanics and engineering. Addresses basic concepts to understand the theoretical framework for the method
Provides examples of nonlinear problems that have been solved through the use of numerical method Focuses on fluid
flow problems governed by nonlinear equations
In the second edition of this well known Textbook, a full chapter on the finite volume method has been added a technique that combines the
benefits of finite differences and finite elements. Specifically, it is applicable to three dimensional unsteady flows in complex geometrie. It
uses structured collocated grids, the grids themselves can be orthogonal or non-orthogonal. Extension of the finite volume technique to
compressible fluids as well as turbulent flows is possible.
Heat transfer enhancement has seen rapid development and widespread use in both conventional and emerging technologies. Improvement
of heat transfer fluids requires a balance between experimental and numerical work in nanofluids and new refrigerants. Recognizing the
uncertainties in development of new heat transfer fluids, Advances in New Heat Transfer Fluids: From Numerical to Experimental Techniques
contains both theoretical and practical coverage.
Heat Transfer Engineering: Fundamentals and Techniques reviews the core mechanisms of heat transfer and provides modern methods to
solve practical problems encountered by working practitioners, with a particular focus on developing engagement and motivation. The book
reviews fundamental concepts in conduction, forced convection, free convection, boiling, condensation, heat exchangers and mass transfer
succinctly and without unnecessary exposition. Throughout, copious examples drawn from current industrial practice are examined with an
emphasis on problem-solving for interest and insight rather than the procedural approaches often adopted in courses. The book contains
numerous important solved and unsolved problems, utilizing modern tools and computational sources wherever relevant. A subsection on
common issues and recent advances is presented in each chapter, encouraging the reader to explore a greater diversity of problems.
Reveals physical solutions alongside their application in practical problems, with an aim of generating interest from reality rather than dry
exposition Reviews pertinent, contemporary computational tools, including emerging topics such as machine learning Describes the
complexity of modern heat transfer in an engaging and conversational style, greatly adding to the uniqueness and accessibility of the book
Numerical Heat Transfer and Fluid FlowTaylor & Francis
Computational Fluid Dynamics: A Practical Approach, Third Edition, is an introduction to CFD fundamentals and commercial CFD software to
solve engineering problems. The book is designed for a wide variety of engineering students new to CFD, and for practicing engineers
learning CFD for the first time. Combining an appropriate level of mathematical background, worked examples, computer screen shots, and
step-by-step processes, this book walks the reader through modeling and computing, as well as interpreting CFD results. This new edition
has been updated throughout, with new content and improved figures, examples and problems. Includes a new chapter on practical
guidelines for mesh generation Provides full coverage of high-pressure fluid dynamics and the meshless approach to provide a broader
overview of the application areas where CFD can be used Includes online resources with a new bonus chapter featuring detailed case
studies and the latest developments in CFD
Nano and Bio Heat Transfer and Fluid Flow focuses on the use of nanoparticles for bio application and bio-fluidics from an engineering
perspective. It introduces the mechanisms underlying thermal and fluid interaction of nanoparticles with biological systems. This book will
help readers translate theory into real world applications, such as drug delivery and lab-on-a-chip. The content covers how transport at the
nano-scale differs from the macro-scale, also discussing what complications can arise in a biologic system at the nano-scale. It is ideal for
students and early career researchers, engineers conducting experimental work on relevant applications, or those who develop computer
models to investigate/design these systems. Content coverage includes biofluid mechanics, transport phenomena, micro/nano fluid flows,
and heat transfer. Discusses nanoparticle applications in drug delivery Covers the engineering fundamentals of bio heat transfer and fluid
flow Explains how to simulate, analyze, and evaluate the transportation of heat and mass problems in bio-systems
The purpose of ‘Numerical Analysis of Heat and Mass Transfer in Porous Media’ is to provide a collection of recent contributions in the field
of computational heat and mass transfer in porous media. The main benefit of the book is that it discusses the majority of the topics related to
numerical transport phenomenon in engineering (including state-of-the-art and applications) and presents some of the most important
theoretical and computational developments in porous media and transport phenomenon domain, providing a self-contained major reference
that is appealing to both the scientists, researchers and the engineers. At the same time, these topics encounter of a variety of scientific and
engineering disciplines, such as chemical, civil, agricultural, mechanical engineering, etc. The book is divided in several chapters that intend
to be a resume of the current state of knowledge for benefit of professional colleagues.
This book comprises selected papers from the International Conference on Numerical Heat Transfer and Fluid Flow (NHTFF 2018), and
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presents the latest developments in computational methods in heat and mass transfer. It also discusses numerical methods such as finite
element, finite difference, and finite volume applied to fluid flow problems. Providing a good balance between computational methods and
analytical results applied to a wide variety of problems in heat transfer, transport and fluid mechanics, the book is a valuable resource for
students and researchers working in the field of heat transfer and fluid dynamics.
This festschrift in honor of Professor Budugur Lakshminarayana's 60th birthday-based on the proceedings of a symposium on
Turbomachinery Fluid Dynamics and Heat Transfer held recently at The Pennsylvania State University, University Park-provides
authoritative and conclusive research results as well as new insights into complex flow features found in the turbomachinery used
for propulsion, power, and industrial applications. Explaining in detail compressors, heat transfer fields in turbines, computational
fluid dynamics, and unsteady flows, Turbomachinery Fluid Dynamics and Heat Transfer covers: Mixing mechanisms, annulus wall
boundary layers, and the flow field in transonic turbocompressors The numerical implementation of turbulence models in a
computer code Secondary flows, film cooling, and thermal turbulence modeling The visualization method of modeling using liquid
crystals Innovative techniques in the computational modeling of compressor and turbine flows measurement in unsteady flows as
well as axial flows and compressor noise generation And much more Generously illustrated and containing key bibliographic
citations, Turbomachinery Fluid Dynamics and Heat Transfer is an indispensable resource for mechanical, design, aerospace,
marine, manufacturing, materials, industrial, and reliability engineers; and upper-level undergraduate and graduate students in
these disciplines.
This more-of-physics, less-of-math, insightful and comprehensive book simplifies computational fluid dynamics for readers with
little knowledge or experience in heat transfer, fluid dynamics or numerical methods. The novelty of this book lies in the
simplification of the level of mathematics in CFD by presenting physical law (instead of the traditional differential equations) and
discrete (independent of continuous) math-based algebraic formulations. Another distinguishing feature of this book is that it
effectively links theory with computer program (code). This is done with pictorial as well as detailed explanations of implementation
of the numerical methodology. It also includes pedagogical aspects such as end-of-chapter problems and carefully designed
examples to augment learning in CFD code-development, application and analysis. This book is a valuable resource for students
in the fields of mechanical, chemical or aeronautical engineering.
This comprehensive text provides basic fundamentals of computational theory and computational methods. The book is divided
into two parts. The first part covers material fundamental to the understanding and application of finite-difference methods. The
second part illustrates the use of such methods in solving different types of complex problems encountered in fluid mechanics and
heat transfer. The book is replete with worked examples and problems provided at the end of each chapter.
PC-Aided Numerical Heat Transfer and Convective Flow is intended as a graduate course textbook for Mechanical and Chemical
Engineering students as well as a reference book for practitioners interested in analytical and numerical treatments in the subject.
The book is written so that the reader can use the enclosed diskette, with the aid of a personal computer, to systematically learn
both analytical and numerical approaches associated with fluid flow and heat transfer without resorting to complex mathematical
treatments. This is the first book that not only describes solution methodologies but also provides complete programs ranging from
SOLODE to SAINTS for integration of Navier-Stokes equation. The book covers boundary layer flows to fully elliptic flows, laminar
flows to turbulent flows, and free convection to forced convection. The student will learn about convection in porous media, a new
field of rapid growth in contemporary heat transfer research. A basic knowledge of fluid mechanics and heat transfer is assumed. It
is also assumed that the student knows the basics of Fortran and has access to a personal computer.The material can be
presented in a one-semester course or with selective coverage in a seminar.
The advent of high-speed computers has encouraged a growing demand for newly graduated engineers to possess the basic skills
of computational methods for heat and mass transfer and fluid dynamics. Computational fluid dynamics and heat transfer, as well
as finite element codes, are standard tools in the computer-aided design and analysis of processe
This book provides a thorough understanding of fluid dynamics and heat and mass transfer. It shows students how to implement
computational methodology into a computer code and solve complex problems on their own, including problems in heat transfer,
mass transfer, and fluid flows. These problems are solved and illustrated through step-by-step derivations and numerous figures.
This second edition contains new chapters on mesh generation and computational modeling of turbulent flow. Appendices present
examples in ANSYS, STAR CCM+, and COMSOL.
This new edition updated the material by expanding coverage of certain topics, adding new examples and problems, removing
outdated material, and adding a computer disk, which will be included with each book. Professor Jaluria and Torrance have
structured a text addressing both finite difference and finite element methods, comparing a number of applicable methods.
This book describes useful analytical methods by applying them to real-world problems rather than solving the usual over-
simplified classroom problems. The book demonstrates the applicability of analytical methods even for complex problems and
guides the reader to a more intuitive understanding of approaches and solutions. Although the solution of Partial Differential
Equations by numerical methods is the standard practice in industries, analytical methods are still important for the critical
assessment of results derived from advanced computer simulations and the improvement of the underlying numerical techniques.
Literature devoted to analytical methods, however, often focuses on theoretical and mathematical aspects and is therefore useless
to most engineers. Analytical Methods for Heat Transfer and Fluid Flow Problems addresses engineers and engineering students.
The second edition has been updated, the chapters on non-linear problems and on axial heat conduction problems were
extended. And worked out examples were included.
Definitive Treatment of the Numerical Simulation of Bioheat Transfer and Fluid Flow Motivated by the upwelling of current interest
in subjects critical to human health, Advances in Numerical Heat Transfer, Volume 3 presents the latest information on bioheat
and biofluid flow. Like its predecessors, this volume assembles a team of renowned international researchers who cover both
fundamentals and applications. It explores ingenious modeling techniques and innovative numerical simulation for solving
problems in biomedical engineering. The text begins with the modeling of thermal transport by perfusion within the framework of
the porous-media theory. It goes on to review other perfusion models, different forms of the bioheat equation for several thermal
therapies, and thermal transport in individual blood vessels. The book then describes thermal methods of tumor detection and
treatment as well as issues of blood heating and cooling during lengthy surgeries. It also discusses how the enhancement of heat
conduction in tumor tissue by intruded nanoparticles improves the efficacy of thermal destruction of the tumor. The final chapters
focus on whole-body thermal models, issues concerning the thermal treatment of cancer, and a case study on the thermal ablation
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of an enlarged prostate.
This journal covers numerically-based, results-oriented papers highlighting problems in heat transfer, mass transfer, and fluid flow.
It is meant for researchers in heat transfer whose work focuses on applications, and specialists in all areas of thermal and fluid
sciences employing numerical and computational methods.
Controlled fires are beneficial for the generation of heat and power while uncontrolled fires, like fire incidents and wildfires, are
detrimental and can cause enormous material damage and human suffering. This edited book presents the state-of-the-art of
modeling and numerical simulation of the important transport phenomena in fires. It describes how computational procedures can
be used in analysis and design of fire protection and fire safety. Computational fluid dynamics, turbulence modeling, combustion,
soot formation, thermal radiation modeling are demonstrated and applied to pool fires, flame spread, wildfires, fires in buildings
and other examples.
Heat exchangers with minichannel and microchannel flow passages are becoming increasingly popular due to their ability to
remove large heat fluxes under single-phase and two-phase applications. Heat Transfer and Fluid Flow in Minichannels and
Microchannels methodically covers gas, liquid, and electrokinetic flows, as well as flow boiling and condensation, in minichannel
and microchannel applications. Examining biomedical applications as well, the book is an ideal reference for anyone involved in
the design processes of microchannel flow passages in a heat exchanger. Each chapter is accompanied by a real-life case study
New edition of the first book that solely deals with heat and fluid flow in minichannels and microchannels Presents findings that are
directly useful to designers; researchers can use the information in developing new models or identifying research needs
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