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Motivated by the need to relate various design parameters of Coanda
Micro Air Vehicle (MAV) for its design operation and development, an
integrated approach has been undertaken statement that is to
develop a workable theoretical analysis that can be utilised as a
baseline to design a MAV that can operate effectively in various
environmental conditions. The first approach is the analytical, which
capitalizes on the basic fundamental principles. The second is the
utilization of Computational Fluid Dynamics (CFD), which is based
on Navier-Stokes equation for viscous fluid to simulate
configurations considered in the analysis, to assess the analytical
results, to serve as guideline in developing the analytical model and
to provide visualization, and significant insight in identifying the
pertinent, problem, to validate the results and to assess the
plausibility of the analysis.

In the theoretical analysis, care has been taken in identifying the
geometrical parameters of the MAV physical properties of the
environment and medium, and the motion of the vehicle at the
atmosphere. For the motion of the MAV, basic flight dynamics
treatment of the vehicle as a free body mass particle has been
followed to derive the basic governing equations. The governing
equations for Coanda MAV in hover and translatory motion have
been developed and given the understanding of the relationships
between relevant Coanda MAV parameters for design and operation
purposes.



The mathematical model and derived performance measures have
shown the capability of the theoretical model and analysis in
describing the physical phenomena of the flow fields of the semi-
spherical Coanda MAV as well as of the cylindrical Coanda MAV.
These models provide fundamental tools for the analysis and
estimation of Coanda MAV lift generation. In summary, the two
approaches have been able to offer the working relationships among
various design parameters for the design and operation of Coanda
MAV, which are novel and have not been formulated elsewhere as in
this work. The results of the analysis are believed to be useful for
conceptual or preliminary design sizing of Coanda MAV's, and can be
used in the estimation of their lift and other performance measures.
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Didorong oleh keperluan untuk menghubungkait beberapa
parameter reka bentuk bagi Coanda kenderaan mikro udara (MAV)
untuk operasi dan pembangunan reka bentuknya, satu pendekatan
bersepadu telah diambil untuk membangunkan satu analisis teori
yang boleh dilaksanakan bagi digunakan sebagai asas untuk mereka
bentuk satu MAV yang boleh beroperasi dalam pelbagai kondisi
persekitaran. Pendekatan pertama adalah analitikal yang
bermodalkan prinsip dasar asas. Pendekatan kedua adalah
penggunaan Komputasi Dinamik Bendalir (CFD) yang berasaskan
persamaan Navier-Stokes bagi bendalir likat untuk mensimulasikan
konfigurasi yang diambil kira dalam analisis, mentaksir keputusan
analitikal, menjadi garis panduan dalam membangunkan model
analitikal dan menyediakan pembayangan serta wawasan bererti
dalam mengenalpasti masalah yang relevan di dalam pernyataan
masalah bagi kerja ini agar dapat mengesah keputusan dan
mentaksir kemungkinan analisis.

Dalam analisis teoritikal, perhatian telah diberikan dalam mengenal
pasti parameter geometri MAV, sifat fizikal persekitaran dan
medium, dan gerakan kenderaan dalam atmosfera. Bagi gerakan
MAV, olahan asas dinamik penerbangan bagi kenderaan ini sebagai
zarah jisim badan bebas telah diikuti untuk menerbitkan persamaan
menakluk asas. Persamaan menakluk bagi Coanda MAV dalam
gerakan hover dan luncur telah dibangunkan dan memberikan
kefahaman mengenai perkaitan di antara parameter Coanda MAV
yang relevan bagi tujuan reka bentuk dan operasi.
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Model matematik dan pengukur prestasi yang dibina telah
menunjukkan kemampuan model dan analisis teoritikal dalam
menerangkan fenomena fizikal medan aliran bagi Coanda MAV
separuh-sfera serta Coanda MAV silinder. Model ini menyediakan
alat asas untuk analisis dan penganggaran penjanaan daya angkat
bagi Coanda MAV. Sebagai kesimpulannya, dua pendekatan yang
diambil telah mampu menyediakan perkaitan di antara pelbagai
parameter reka bentuk yang boleh digunakan dalam mereka bentuk
dan operasi Coanda MAV, yang mana ianya novel dan belum
dirumuskan di tempat lain seperti dalam kerja ini. Keputusan
analisis dipercayai berguna untuk pensaizan reka bentuk konsep
dan permulaan Coanda MAV serta boleh digunakan untuk
penganggaran daya angkatnya dan pengukuran prestasinya yang
lain.
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CHAPTER 1

INTRODUCTION

1.1 Overview

“At the present time no known man made UAV stands any chance of
matching the performance of Coanda Micro vehicles”
(Adapted from Collins, 2002)

Coanda Micro Air vehicles (MAVs) could be predicted to be the next,
emerging generation of aerospace systems, with many potential
applications in both civilian and military missions. In this regards,
Coanda MAV, as an active controlled and vertical take-off and
landing aircraft (VTOL), can be truly described as a new airspace
platform, since the record in the literature and researches have not
so far revealed a mature concept and a new operational air vehicle or
presently under development. Consequently, one may begin exploring
the Coanda MAV concept with the applications to Coanda MAV
principles. As the field of Coanda MAV, which is a VTOL air-vehicle
evolved, much attention was paid to Coanda MAV lift and propulsion
system considerations and development of the governing
aerodynamic theory. Other subjects included design studies of
configurations and control issues during hover and transition, as
depicted in Figure 1.1, which to the best of the author’s knowledge
have not received sufficient attention thus far.

Figure 1.1: Flight Manoeuvring Structure of Coanda MAV
(Modified from Frank et al., 2007)

1



As radical new air vehicles that combine state of the art technologies
in a new and synergistic manner is one which uses the Coanda effect
to develop lift and propulsion.

For designing a Coanda MAV, which could meet the desired mission
and design requirements, it is mandatory to establish the basic
working relationships between various relevant variables and
parameters governing the aerodynamics forces.

Insufficient knowledge, predictive capabilities, and experimental data
exist regarding the fundamental unsteady aerodynamics of low
Reynolds number flyers, and the associated fluid-structure-control
interactions and flight mechanics on Coanda MAV.

Such brief but comprehensive view on Coanda MAV development
thus far, which will be further elaborated in the literature review,
motivated the author to pursue the issue as formulated in the
problem statement, and develop a working principles, as a baseline,
for design and operation. To assist the analysis, design, and
developments of Coanda MAV's, several tools can be resorted to. The
first is the analytical tool, which capitalizes on the basic fundamental
principles. The second is the utilization of Computational Fluid
Dynamics (CFD), which has the advantage of providing visualization
for significant insight and identification to the problem at hand,
which then can be utilized in enhancing the analysis and identifying
specific details.

Other tools such as experimental, which are not covered here
although some attempt was executed to have a demonstration model
for its practicality, can benefit from the insight gained by analysis,
CFD computational and visualization studies.

By referring to Figure 1.2, representing an impression of the possible
Coanda MAV qualitative performance in comparison to other flight
vehicles, it would be of interest to investigate the principle of Coanda
MAV Lift generation as well as its performance in hover and forward
flight.
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Figure 1.2: Coanda MAV qualitative performance in comparison
to other flight vehicles. (Modified from Schroijen and
van Tooren, 2009)



1.2 Problem Statement

Micro Air Vehicles (MAVs) can be used in variety of missions, for
civilian and military operations, that required to perform a steady
positioning for surveillance and monitoring and to accomplish a good
manoeuvrability within an unstable atmosphere. Then, the problem
faced is to develop a workable theoretical analysis that can be
utilised to design a Micro Air Vehicle (MAV) that can operate
effectively in various environmental conditions.

It should be kept in mind that various factors, which incorporate
vehicle geometrical and physical properties, environmental conditions
and physical properties, and the relative motion between the vehicle
with respect to the environment, which should be identified and
elaborated. One example is the role and influence of Circulation
Control using Coanda effect.



1.3 Thesis Objectives

Based on the problem statement, the research objectives can be
elaborated as follows:

i)

ii)

To establish relevant governing equations from first principles
on the Coanda effect for the Coanda MAV as the basis of their
physical and mathematical modelling and their further analysis
and performance.

To analyse numerically the Coanda effect on Coanda MAV by
carrying out computational fluid dynamic (CFD) techniques
and numerical simulation utilizing appropriate computational
routine.

To assess the applicability of the Coanda MAV theoretical
analysis based on first principle analysis and CFD numerical
simulation in synthesizing the working principle of basic
Coanda MAV configuration appropriately.

In this regards it is noted that theoretical foundation provides
essential vision, and CFD simulation incorporates additional
information not considered in the theoretical analysis such as the
effect of viscosity, details influence of the boundary conditions and
the flow field
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1.4 Hypothesis and Research Questions
1.4.1 Hypothesis

To carry out research work associated with the problem statement
and objective, some assumption and research hypothesis will be
formulated as a guideline. Basic assumptions that will be adapted in
this work are that the Coanda MAV can be modelled as a simple
configuration that will represent the main elements for producing
Coanda jet effects. The analysis will assume the fluid as
incompressible and in the motion of Coanda MAV; the latter can be
treated as a point Mass rigid body. The CFD simulation study that
will be resorted to is chosen to be based on viscous flow, i.e. the
Navier Stokes equation. The following hypothesis can be formulated

> In the physical and mathematical modelling, the dynamics of
Coanda MAV can be formulated using conservation principles
in fluid dynamics and rigid body motion in flight dynamics.

= The governing equations derived using the above approach can
be utilised for sizing and developing parametric studies in the
conceptual design, as well as modifying the governing
equations for other configurations.

1.4.2 Research Questions

The fundamental research questions elaborate the means and
methods formulated in the hypothesis. The hypothesis is an intuitive
answer to the problem statement and objective of the research, based
on assumptions that have to be taken to isolate the problem in order
to obtain workable solution. The fundamental research questions are:
How can a mathematical model for a Coanda MAV that utilized for
conceptual design prediction and limited optimisation be significantly
improved upon, and, to what extent could an improved Coanda MAV
design be produced there after?

Then the research question related to the hypothesis can be
formulated below, as related to the analytical, CFD simulation and
demonstration experiment carried out in the present study.



Study No. Research Problems
Find the governing equation of the Coanda
RQ1 )
. MAYV in hover
Analytical : : . 8
RO2 Find the governing equation of the Coanda
MAYV in Translation
RO3 Verify the analytical prediction using CFD
CFD simulation simulation
stud Elaborate the contribution of CFD
y RQ4 simulation to the mathematical modelling

in analysis




1.5 Scope and Limitation

1.5.1 Scope

The scope of study is only on a basic Coanda fluid dynamics and
flight dynamics without going into other details like additional
control surfaces and complex configuration. The research plan and
the work methodology, including the milestone of achievements were
managed according to the research proposal and thesis objects
following the research time schedule. Special attention to be given on
the modelling and prototyping concept of Coanda jet, to generates lift
of micro air vehicles. The work scope can be summarized to be
covering the following Research Elements:

,_).

,_).

To review of Coanda effect, and to establish schemes for
improvements in terms of lift enhancement on Coanda MAV.

To carry out theoretical analysis and Computational fluid
dynamic CFD simulations of sets of Coanda MAV models.
These integrated Coanda MAV models (Semi-spherical and
Cylindrical Shapes) based on the analytical study and
numerical analyses were developed.

To devise a propulsion system with Coanda effect controlled
configuration to investigate the effect of certain strategies to
alleviate Coanda jet impact. The work focuses on the
aerodynamic aspects of Coanda circulation control concepts,
for two dimensional 2D and three dimensional 3D models, for
steady flow at zero degree angle of attack and with the variation
of geometrical parameters of the MAV configurations, such as;

> MAV body sizes ( diameter)
= Jet thickness (slot opening)
= Jet Momentum (jet speed)
NN

Jet Location

To Carrying out an investigation of the principle of Coanda
MAV, lift generation as well as its performance in hover and
forward flight. Using modelling and proof concept of
prototyping by the means of:

Formulations and Utilization of First Principles as the
analytical tool, which capitalizes on the basic fundamental
principles.

CFD simulation: the utilization of Computational Fluid
Dynamics (CFD), using commercial software ANSYS Fluent
8



(Swanson Analysis System, Inc.), to provide visualization and
significant insight in identifying the relevant problem.
Theoretical analysis and CFD visualization studies will be
useful in the preliminary study stage, as well as in designing
specific experiments in the conceptual and prototype design
stages.

All materials, equipment, models, tools and hardware’s to support
this research study, with a licensed software, ANSYS Fluent available
for CFD simulation of the generic Coanda Effect, were made available
by the Aerospace Engineering Department, Engineering Faculty,
Universiti Putra Malaysia (UPM). The analytical and computational
simulation has been carried out for many cases and the results were
analysed accordingly.

1.5.2 Limitation

The work is only limited to answer the objective and research
questions that can be used as a baseline for Coanda MAV mechanics
and design. The parametric study is focussed on two-dimensional
steady flow and the theoretical analysis will not consider the effects
of viscosity and velocity profile, which is instrumental in gaining
insight into the problem. Viscous effects are dealt with in the CFD
analysis and simulations.

The idealization on the flow condition and the focus on two-
dimensional flow process are aimed to produce flow situation, which
will be assisted by CFD analysis.



1.6 Outline of Thesis

The research thesis was divided into nine main chapters that cover
systematically the whole work, and are outlined briefly as follows:

,_)

Chapter One; concludes an overview of the system, motivating
the problem statements, along with the principal objectives of
the present study. More details related to the thesis hypothesis
and research questions as well as the thesis scope and
limitation have been briefly explained.

Chapter Two; provides a scientific literature review and
previous work focused on the publications dealing with the
issue of designing of Coanda MAV. In this chapter, an effort to
classify of mini size UAVs and provide an insight into this
rapidly growing field is prepared. Special aspects of
aerodynamics performance for typically mini size UAVs are
discussed in relation to their motion applications. The
foundation of Coanda MAYV is described in full details.

Chapter Three; outlines of the methodology of the research in
this thesis which is incorporated of various studies, analytical
study, and numerical analysis that are intended to be
developed. The numerical analysis is elaborated to show details
of the governing equations, the formulation of the Navier-
Stockes equations, and the computational set up.

Chapter Four; this chapter was divided into two main sections.
The first, describes the development of the mathematical
models for the two baseline Coanda MAVs (semi-spherical and
cylindrical models) with elaborated derivations. The second
section provides details of the derivations of the fluid dynamic
and flight mechanics of the Coanda MAV, in hover, cursing and
forward flight.

Chapter Five; explains the computational fluid dynamic
analysis conducted in the present work. The body geometry the
grid generation and the mesh independency test are discussed
in details. More details are given related to the turbulent
models used in the present study.

Chapter Six; present in details the analysis results, verification
validation, discussions, and an overview of the whole study.

Chapter Seven; presents the conclusions section, looking back
at the various topics touched upon this thesis, attempting to
objectively evaluate the results obtained. The recommendations
for future work in terms of both possible improvements and
new research directions are described.
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Other details may be added to include some essential information’s
as will be presented in the Appendices. Outline of the thesis is
depicted in Figure 1.3.

1. INTRODUCTION

2. LITERATURE SURVEY

3. METHODOLOGY

4. FLUID DYNAMIC AND
FLIGHT DYNAMIC OF
COANDA MAV

5. COMPUTATIONAL
FLUID DYNAMICS
SIMULATION STUDY

6. RESULTS, ANALYSIS
AND DISCUSSION

7. CONCLUSION AND
THE WAY FORWARD

*Problem Statement

*Objectives

*Hypothesis and Research Questions
*Scope and Limitation

*Outline of Thesis

*Flow Control Technology

*Blowing, Suction and Circulation Controls
*Coanda Effect

*UAV and MAV

*Background and progression

*The Design Methodology
* Analytical study
*Numerical Analysis -
. CFD Simulation Study
. Governing Equation
¢ Mesh Generation
¢ Mesh Independency Test

*Problem Solving Philosophy

sApplications of First Principles for the
Determination of Fluid Dynamics

*Analysis and Mathematical Models for
Various Coanda MAV Configurations
*Coanda MAV Equations of Motion in
Cruise and Its Baseline for Coanda MAV
Flight Mechanics

sPerformance Measure

*Body Geometry and Mesh Domain
*Simulation Set-Up

*Models

*Boundary conditions

*Simulation Solution, Convergence
Parameters

*Computational Verification and Validation
*Computational Verification and Validation
*CFD Simulation Validation

*Results and Analysis

*Numerical Analysis

*Overview
*Conclusions
*Recommendations for future work

Figure 1.3: Thesis outlines

11



REFERENCES

Aesir Ltd. (2009). Explanation of the technology. Retrieved from
AESIR Unmanned Autonomous Systems: Retrieved from
http:/ /www.aesir-uas.com /technolog v.htm

Ahmed R.I.,, Djojodihardjo H., Abu Talib A.R., Abd Hamid M.F.
(2014). Application of Coanda jet for generating lift for micro air
vehicles-Preliminary design considerations. Applied Mechanics
and Materials, 629 (2014): 139-144,: Retrieved from
http:/ /www.scientific.net/AMM.629.139

Ahmed R.I., Djojodihardjo H., Abu Talib A.R., Mohd-Rafie A. S.
(2015). “First Principle Analysis of Coanda Micro Air Vehicle
Aerodynamic Forces for Preliminary Sizing” Aircraft Engineering
and Aerospace Technology, DOI: 10.1108/AEAT-03-2015-
0080.R2

Anderson J. D. (1995). Computational Fluid Dynamics: The Basics
with Applications. McGrawHill.

Anderson Jr, J. D. (2009). Governing equations of fluid dynamics. In
Computational fluid dynamics (pp.15-51). Springer Berlin
Heidelberg.

Bailey, A. B,(1961). Use of the Coanda effect for the deflection of jet
sheets over smoothly curved surfaces, Part I, University of

Toronto, Institute of Aerophysics, Technical Note No. 49, August
1961

Bakker A., (2005). Applied computational fluid dynamics, Lecture 10,
Turbulence Models”, Available at: Retrieved from
http:/ /www.bakker.org/dartmouth06/engs-150/10-rans.pdf

Barlow C., Lewis D., Prior S.D., Odedra S., Erbil M., Karamanoglu
M., and Collins R. (2009). Investigation the use of the Coanda
effect to create novel unmanned aerial vehicles”, In International

Conference on Manufacturing and Engineering Systems
Proceedings 2009, No. ISSN 2152-1522, pp. 386-391.

Benner S.D. (1965). The Coanda effect at deflection surfaces widely
separated from the jet nozzle. University of Toronto, UTISA
Technical Note no. 78.

Berman, H. A. (1985). A Navier-Stokes Investigation of a Circulation

Control Airfoil. Presented at AIAA 23 Aerospace Sciences
Meeting, Reno, NV, Jan., AIAA paper 85-0300.

154


http://www.scientific.net/AMM.629.139
http://www.bakker.org/dartmouth06/engs-150/10-rans.pdf

Bradshaw, P., (1973) "Effects of Streamline Curvature on Turbulent
Flow", AGARD-AG-169

Bradshaw, P., (1990), Effects of streamline curvature on turbulent
flow, AGARDograph AG-169

Bronz, M., Moschetta, J. M., Brisset, P. and Gorraz, M. (2009).
Towards a long endurance MAV. International Journal of Micro
Air Vehicles 1(4): 241-254

Boussinesq, JosephValentin (1842-1929) Boussinesq approximation,
Wikipedia. Retrieved from https://en.wikipedia.org/wiki/
Boussinesqg approximation

Bushnell, D.M., and McGinley, C.B. (1989). Turbulence control in
wall flows. Annu. Rev. Fluid Mech. 21:1-20.

Cambone, S., Krieg, K., Pace, P., and II, L. W. (2005). Unmanned
Aircraft Systems Roadmap 2005-2030. Tech. rep., U.S.
Department of Defense, Office of the Secretary of Defense.

Carcangiu, C. E. (2008). CFD-RANS Study of Horizontal Axis Wind
Turbines, PhD thesis, Universita degli Studi di Cagliari.

CFD-Wiki (2005). Accessed on June 2014. URL: http://www.cfd-
online.com

Coanda H. (1936), “Perfectionnement aux propulseurs, ”Brevet
d’invention France, 796.843, 1936.

Coanda H. and France C. (1936). Device for deflecting a stream of
elastic fluid projected into an elastic fluid. U.S. Patent 2, 052,
869, 1936

Coanda H. (1938). Propelling Device. US Patent Office, U.S. Patent
2,108.652.

Collins, R. J. (2002). Aerial flying device. U.K. Patent GB 2,387,158,
Oct.8, 2002.

Collins, R. J., (2007). Explore gas turbine engine technology (the
Contra).

Collins, R. (2008). Unmanned Coanda disk aircraft system platform.
Retrieved 19 October 2009 from http://www.createthefuture
contest. com /pages/view/entriesdetail.html?entryID=1961#at

Collins, R. J (2010), Sweeper, Retrieved from http://www.diseno-
art.com/news_content/2014/01/ boeing -yc-14-prototype-stol-

aircraft/

155


https://en.wikipedia.org/wiki/Joseph_Valentin_Boussinesq
https://en.wikipedia.org/wiki/%20Boussinesq_approximation
https://en.wikipedia.org/wiki/%20Boussinesq_approximation
http://www.cfd-online.com/
http://www.cfd-online.com/
http://www.diseno-art.com/news_%20content/2014/01/%20boeing%20-yc-14-prototype-stol-aircraft/
http://www.diseno-art.com/news_%20content/2014/01/%20boeing%20-yc-14-prototype-stol-aircraft/
http://www.diseno-art.com/news_%20content/2014/01/%20boeing%20-yc-14-prototype-stol-aircraft/

De Croon, G., De Clercq, K., Ruijsink, R. Remes, B. and De Wagter,
C. (2009). Design, aerodynamics, and vision-based control of the
DelFly. International Journal of Micro Air Vehicles 1(2): 71-97.

Department of Defense, (2005). Unmanned Aircraft Systems
Roadmap 2005- 2030. Office of the Secretary of Defense, August
2005.

Djojodihardjo H., Hamid M.F.A., Basri S., Romli F. I. and Abdul Majid
D. L. A. (2011). Numerical simulation and analysis of Coanda
effect circulation control for wind-turbine application
considerations. Journal IIUM Engineering. 12: 19-32.

Djojodihardjo H, Hamid MFA, Jaafar AA, Basri S, Romli FI, Mustapha
F, et al. (2013), Computational study on the aerodynamic
performance of wind turbine airfoil fitted with Coanda jet.
Journal of Renewable Energy 18(1), 2013; Article ID 839319, 17

pages

Djojodihardjo H. and Thangarajah N.(2014), "Development and
Recent Patents on Aerodynamic Surface Circulation Control — A

Critical Review" proceed to Bentham Science Publishers.
UAE2014

Djojodihardjo H. (2013), “Progress and development of Coanda jet
and vortex cell for aerodynamic surface circulation control — An
overview”, The SIJ Transactions on Advances in Space Research
& Earth Exploration (ASREE), Vol.1 No.1: 32-42

Djojodihardjo H. Ahmed R.I. (2014). An Analysis on the Lift
Generation for Coanda Micro Air Vehicles. IEEE, ICARES
conference proceeding, Yogyakarta, Nov.2014.

Djojodihardjo H. and Abdul Hamid M. F. (2013). Overviews of Coanda
jet lift enhancement and computational studies. ASEAN
Engineering Journal Part A, 3 (1): 38-57.

Djojodihardjo H. and Thangarajah N. (2014). Research, development
and recent patents on aerodynamic surface circulation control-A
critical review. Recent Patents on Mechanical Engineering. vol. 7:
1-37.

Djojodihardjo H. (2013). Progress and development of Coanda jet and
vortex cell for aerodynamic surface circulation control — An
overview. The SIJ Transactions on Advances in Space Research &
Earth Exploration (ASREE), Vol. 1, (1) September-October 2013.

156



Djojodihardjo H., Ahmed R.I. (2015). CFD Simulation of Coanda
effect on the upper respiratory system. Accepted by the journal of
medical imaging and health informatica.(In press)

Djojodihardjo H., Ahmed R.I., Abu-Talib A.R. and Mohd-Rafie A.S.
(2015). Analytical and CFD visualization studies of Coanda
MAV. The 13th Asian Flow Visualization Conference. Novosibirsk,
June 2015:15-18.

Djojodihardjo H., and Abdul Hamid M.F. (2012). Computational
study on the influence of Coanda jet on airfoil two dimensional
case. 28TH International Congress of the Aeronautical sciences.
Brisbane, Australia

Dragan V. (2011). Numerical investigations of Coanda lift on a double
curvature super circulated ramp. International Journal Of Civil
and Structural Engineering, 2, (1), doi:10.6088/ijcser. 00202010
105

Dragan V. (2011). A parametric study of a thick, incompressible flow
over a curved surface. INCAS BULLETIN, 3(4):145 — 152

Dragan V. (2012). A new mathematical model for Coanda effect
velocity approximation. INCAS BULLETIN, 4, (4): 85 — 92. DOI:
10.13111/2066-8201.2012.4.4.7

Dragan V. (2013). A new mathematical model for high thickness
Coanda effect wall jets. Review of the Air Force Academy, 1 (23):
25-45

Dumitrache A., Frunzulica F. and Ionescu T. (2012). Mathematical
modeling and numerical investigations on the Coanda effect.
Chapter 5, Nonlinearity, Bifurcation and Chaos — Theory and
Applications, In Tech doi, 10.5772/50403.

Durbin, P., and Pettersson Reif, B.A. (2003) Statistical theory of
turbulent flows. John Wiley and Sons, Ltd: UK.

Dustin, Allen, S. (2014). Axisymmetric Coandd-Assisted Vectoring.
MSc Thesis, Utah State University, http://digital commons.
usu.edu/etd/90, accessed 3 July 2014

Duvigneau, R. and Visonneau, M. (2004). Simulation and
optimization of aerodynamic stall control using a synthetic jet.
2nd AIAA Flow Control Conference.

Duvigneau, R. and Visonneau, .M. (2006). Optimization of a synthetic
jet actuator for aerodynamic stall control. Computers and Fluids.
35(6): 624-638.

157



Dyson, (2014), “Dyson”, available at: http:// www.dyson.com/Fans-
and-heaters/cooling-fans.aspx?utmsource=offline&utm medium
=redirect&utmcontent=am06_tech_print ad&utm_campaign=20
14 environmental-control. (Accessed 17 November 2015)

Eisner T., Aneshansley D. J., Eisner M., Attygalle A. B., Alsop D. W.
and Meinwald J. (2000). Spray mechanism of the most primitive

Bombardier Beetle. The Journal of Experimental Biology.Eisner-
1265-75.

Eisner Thomas and Aneshansley, Daniel J., (1999). Spray aiming in
the bombardier beetle - Photographic evidence. Proceeding
Natural Academic Science USA, 96, Aug. 1999, pp. 9705-9709.

Englar, R and Huson G., (1983). Development of advanced
circulation control wing lift airfoils. AIAA paper 83-1847.

Englar, R, M. Smith, M. Kelley, and R. Rover, (1993). Development of
circulation control technology for application to advanced
subsonic aircrafts. AIAA paper 93-0644.

Englar R.J., Smith M.J., Kelley S.M, Rover R.C. (1994). Application of
circulation control to advanced subsonic transport aircraft, Part
I: Airfoil development. Journal of Aircraft, 31(5): 1160-1168.

Englar, R.J., (2000), Circulation control pneumatic aerodynamics:
Blown force and moment augmentation and modification; Past,
present and the future, AIAA Paper 2000-2541.

Englar, R.J. (2005). Overview of circulation control pneumatic
aerodynamics: Blown force and moment augmentation and
modification as applied primarily to fixed wing aircraft.
Proceedings of the 2004 NASA/ONR Circulation Control
Workshop, NASA CP-2005-213509, pp.23-66.

Englar, R.J. (2005). Pneumatic Aerodynamic Technology to Improve
Performance of Automotive Vehicles. American Institute of
Aeronautics and Astronautics, Inc.

Ferziger, J. H. & Peric, M. (2002). Computational Method for Fluid
Dynamics. third edn, Springer-Verlag

Fiedler, H.E., and Fernholz, H.-H.(1990).On Management and Control
of Turbulent Shear Flows. Prog. Aerospace Sci. 27:305-387.

Fleck, G. D. (2012). Simulacao de grandes escalas para analise
numeérica da esteira aerodinamica

158


http://www.dyson.com/Fans-and-heaters/cooling-fans.aspx?utmsource=offline&utm%20medium%20=redirect&utmcontent=am06_tech_print_ad&utm_campaign=2014%20environmental-control
http://www.dyson.com/Fans-and-heaters/cooling-fans.aspx?utmsource=offline&utm%20medium%20=redirect&utmcontent=am06_tech_print_ad&utm_campaign=2014%20environmental-control
http://www.dyson.com/Fans-and-heaters/cooling-fans.aspx?utmsource=offline&utm%20medium%20=redirect&utmcontent=am06_tech_print_ad&utm_campaign=2014%20environmental-control
http://www.dyson.com/Fans-and-heaters/cooling-fans.aspx?utmsource=offline&utm%20medium%20=redirect&utmcontent=am06_tech_print_ad&utm_campaign=2014%20environmental-control

Florescu D., Florescu I., Nedelcut F., Nedelcu [.(2010). Fuselage
airstream simulation for a Coanda UAV. Technical Sciences and
Applied Mathematics. pp. 83-88.

Florescu Danielal , Florescu Iulian, (2012). Simulation on the
distribution of forces under the UAV’s specific profiles. Applied
Mechanics and Materials 186: 305-309, Trans Tech Publications,
Switzerland, doi:10.4028 /www.scientific.net/AMM .186.305

Fluent (2005), Fluent 6.2 Documentation - Modeling Turbulence.
Fluent (2011a), ANSYS FLUENT 14.0 Documentation, ANSYS, Inc.
Fluent (2011b), ANSYS FLUENT Theory Guide, ANSYS, Inc.

Frank A., McGrewy J.S., Valentiz M, Levinex D. and How, J.P. (2007).
Hover, Transition, and Level Flight Control Design for a Single-
Propeller Indoor Airplane. Retrieved from//URL:
http:/ /citeseerx
.ist.Psu.edu/viewdoc/download?doi=10.1.1.212.6553&rep=repl
& type=pdf. Retrieved 30 April 2015

Frederick Stern, Hyunse Yoon, Donald Yarbrough, Murat Okcay,
Bilgehan Uygar Oztekin and Breigh Roszelle, (2012). Hands-on
integrated CFD educational interface for introductory fluids
mechanics. Int. J. Aerodynamics, 2 (2/3/4).

Freitas, C.J. (1993). Journal of Fluids Engineering Editorial Policy
Statement on the Control of Numerical Accuracy. Journal of
Fluids Engineering, 115: 339-340.

Gad-El-Hak, M. (1996) "Compliant Coatings: a Progress Report," Appl.
Mech. Rev. 49, no. 10,

Gad-El-Hak M. (1998). Introduction to flow control- in flow control:
Fundamentals and practices. In Flow Control, Springer Berlin
Heidelberg, pp. 1-108.

Gad-El-Hak M. (2000). Flow Control - Passive, Active and Reactive
Flow Management. Cambridge University Press, London, United
Kingdom , 448 pages.

Gad-El-Hak M, (2007). Flow Control: Passive, Active, and Reactive
Flow Management. Cambridge University press.

Ghozali, D., (2012). Analysis of Coanda Effect Using Computational-
Fluid-Dynamic, Thesis, Universitas Gajah Mada, Indonesia

159



Godard, G. and Stanislas, M. (2006). Control of a decelerating
boundary layer. Part 1: Optimization of passive vortex
generators. Aerospace Science and Technology, 10:181-191.

Grasmeyer, J. M. and Keennon, M. T. (2001), Development of the
black widow micro air vehicle. Progress in Astronautics and
Aeronautics 195: 519-535.

Green, W. and Oh, P. (2009). A hybrid MAV for ingress and egress of
urban environments. [EEE Transactions on Robotics 25(2): 253-
263.

Gu, W., Robinson, O. and Rockwell, D.(1993). Control of Vortices on
a Delta Wing by Leading-Edge Injection. AIAA Journal, 31(7):
1177-1186.

Hamid M.F., Djojodihardjo H., Suzuki S. and Mustapha F. (2010)
Numerical Assessment of Coanda Effect as Airfoil Lift Enhancer
in Wind-Turbine Configuration. Regional Conference on
Mechanical and Aerospace Technology Bali.

Hanjalic, K., and Launder, B. (2011). Modeling Turbulence in
Engineering and the Environment. Cambridge University
Press. Cambridge, UK.

Harris M.J., (1981). Investigation Of The Circulation Control Wing -
Upper Surface Blowing High-Lift System On A Low Aspect Ratio
Semispan Model. DTNSRDC-ASED-81.

Hatton, G., GFS Projects Ltd. (2007). Thrust vertical-take-off air
vehicle with lift created by a rotary impeller causing air to flow
over convex outer surface , UK Patent Office no. GB 2,452,255.

Hefner, J. and Bushnell, D. (1990). Viscous drag reduction in
boundary layers. Progress in astronautics and aeronautics
volume 123. American institute of aeronautics and astronautics.

Hefner, J., Weinstein, L. and Bushnell, D. (1979). Large-eddy break-
up scheme for turbulent drag reduction. In AIAA Prog. Astro.
Aero., 72:447-463.

Helin, H.E. and Watry, C.W., 1994. Effects of Trailing-Edge Jet
Entrainment on Delta Wing Vortices. AIAA Journal, vol. 32, no.
4, pp. 802-804.

Hellsten, (1998). Some Improvements in Menter’s k-omega SST
Turbulence Model, AIAA Paper 98-2554, June 1998

160



Henri-Marie Coanda, (1934), Procédé etdispositif pour faire dévier
une veine defluide pénétrant dans un autre fluide, Brevet
d’invention France, no. 792.754/05.10.1934

Howard, R., and Kaminer, I. (1995), Survey of unmanned air vehicles,
In Proceedings of the American Control Conference, pp. 2950-
2953.

Jee, S. Lopez O., Muse J., Calise A., and Moser R. (2008). Unsteady
flow simulation of a controlled airfoil. In Bulletin of the American
Physical Society - APS DFD 2008.

Jones G.S., Viken S.A., Washburn A.E., Jenkins L.N., Cagle C.M.
(2002). An active flow circulation controlled flap concept for
general aviation aircraft applications. Flow Physics and Control
Branch NASA Langley Research Centre, AIAA2002-3157.

Jones, G.S.; Englar, R., (2003). Advances in Pneumatic-Controlled
High-Lift Systems through Pulsed Blowing. In Proceedings of
AIAA 2003-3411 2I1st Applied Aerodynamics Conference,
Orlando, FL, USA, 23-26 June 2003; doi:10.2514/6.2003-3411.

Jones, K.; Bradshaw, C.; Papadopoulos, J. and Platzer, M. (2005).
Bio-inspired design of flapping wing micro air vehicles.
Aeronautical Journal 109(1098): 385-394.

Jones W.P. and Launder B.E. (1972). The Prediction of
Laminarization with a Two-Equation Model of Turbulence.

International Journal of Heat and Mass Transfer, vol. 15, 1972,
pp. 301-314.

Joslin, R., Jones G. (2006). Applications of Circulation Control
Technologies. Progress in Astronautics and Aeronautics
Published by AIAA (2006)-ISBN 10: 1563477890

Karamcheti K. (1981). Principles of ideal-fluid aerodynamics. Wiley:
New York, NY 1981.

Keen EB., (2004) A Conceptual design methodology for predicting the
aerodynamics of upper surface blowing on airfoils and wings.
Dissertation, Virginia Polytechnic and State University, Virginia,
United State

Kolmogorov, A. N. (1942). Equations of Turbulent Motion of an

Incompressible Fluid. Izvestia Academy of Sciences; USSR;
Physics, 6(1-2): 56-58.

161


http://www.abebooks.com/servlet/BookDetailsPL?bi=11805146372&searchurl=sortby%3D17%26an%3Djoslin%2520r%2520jones%2520g
http://www.abebooks.com/servlet/BookDetailsPL?bi=11805146372&searchurl=sortby%3D17%26an%3Djoslin%2520r%2520jones%2520g
http://www.abebooks.com/products/isbn/9781563477898/11805146372

Kweder J., Panther C.C., Smith J.E. (2011). Applications of
circulation control, yesterday and today. International Journal
of Engineering, (IJE) 195; 4 (5): 411-429.

Launder, B. E. & Spalding, D. B. (1972). Lectures in Mathematical
Models of Turbulence, Academic Press, London, England.

Lax, M., and Sutherland, B.(1996), An extended role for unmanned
aerial vehicles in the royal Australian Air Force. Tech. Rep.
Paper 46, Royal Australian Air Force, Air Power Studies Centre.

Liebeck, R.H., (1978), Design of subsonic airfoils for high lift, Journal
of Aircraft, 15 (9): 547-561.

Liu, Y., Sankar, L. N., Englar, R., and Ahuja, K., (2001). Numerical
simulations of the steady and wunsteady aerodynamic
characteristics of a circulation control wing. AIAA 2001-0704,
39th AIAA Aerospace Sciences Meeting, Reno, NV

Loth, J.L., Fanucci, J.B., Roberts, S.C.,( 1976). Flight Performance of
a Circulation Controlled STOL Aircraft. Journal of Aircraft,
American Institute of Aeronautics and Astronautics, 3(3).

Mahmoud R.A.A. (2010). The effect of endotracheal tube leakage on
the lung protective mechanical ventilation in neonates. Dr. Med.
Dissertation, Charité — Universitats medizin Berlin

Makridis, A. & Chick, J. (2013). Validation of a CFD model of wind
turbine wakes with terrain effects’, Journal of Wind Engineering
and Industrial Aerodynamics 123, Part A (0), 12 — 29.

Mamou M. and Khalid M. (2007). Steady and unsteady flow
simulation of a combined jet flap and Coanda jet effects on a 2D
airfoil aerodynamic performance. Revue des Energies
Renouvelables CER’07 Oujda: pp. 55-60.

Maysam Mousaviraad, Tao Xing, Shanti Bhushan, and Frederick
Stern (2012). Introduction to Computational Fluid Dynamics
(CFD). Mechanics of Fluids and Transport Processes
http://css.engineering.uiowa.edu/ ~fluids/

McCormick, B. W., (1999). Aerodynamics of V/STOL Flight. Dover
Publications,

McCormick, S. and Gursul, 1.(1996). Effect of Shear Layer Control on
Leading Edge Vortices, Journal of Aircraft, 33(6):1087-1093.

McMichael, J. M., and Francis, USAF (Ret.), C. M. S.,( 2000). Micro
Air Vehicles toward a New Dimension in Flight. U.S. Department

162


http://css.engineering.uiowa.edu/~fluids/

of Defense Weapons Systems Technology Information Analysis
Center (WSTIAC) Newsletter, Vol. 1, No. 1-3, published online at
http:/ /www.darpa.mil/tto/MAV/MAV auvsi.html

Menter F. R. Kuntz M. and Langtry R. (2003). Ten Years of industrial
experience with the SST turbulence model. Turbulence, Heat and
Mass Transfer 4ed: K. Hanjalic, Y. Nagano, and M. Tummers,
Begell House, Inc. pp. 625 - 632.

Menter, F. R. (1994). Two-equation eddy-viscosity Turbulence models
for engineering applications. AIAA Journal, 32(8):1598-1605,

Menter, F. R. (1992). Influence of freestream values on k-
turbulence model predictions. AIAA Journal, 30(6).

Menter, F. R. Zonal, (1993). Two-equation k-® turbulence model for
aerodynamic flows. AIAA Paper 93-2906

Miller, J., Minear, P., Niessner, A., DeLullo, A., Geiger, B., Long, L.,
and Horn, J., (2005). Intelligent unmanned aerial vehicle flight
systems. In Proceedings of the 2005 AIAA InfoTech@Aerospace
Conference

Mirkov N. and Rasuo B. (2010). Numerical simulation of air jet
attachment to convex walls and applications. Proceedings of
27th International Congress of the Aeronautical Sciences - ICAS,
Nice, France

Mirkov N. and Rasuo B. (2012). Maneuverability of an UAV with
Coanda effect based lift production. Proceedings of 28t
International Congress of the Aeronautical Sciences —ICAS, 2012-
pp. 617.

Mittal R., Erath B.D. and Plesniak M.W, (2013). Fluid dynamics of
human phonation and speech. Annual Review of Fluid
Mechanics.

Mo, J. O., Choudhry, A., Arjomandi, M. & Lee, Y. (2013). Large eddy
simulation of the wind turbine wake characteristics in the
numerical wind tunnel model. Journal of Wind Engineering and
Industrial Aerodynamics 112(0), 11 — 24.

Moin, P. and Bewley, T. (1994). Feedback Control of Turbulence.
Appl. Mech. Rev. 47, pp.S3-S13

Mueller, T. J. and DeLaurier, J. D. (2001). An overview of micro air
vehicle aerodynamics. Fixed and flapping wing aerodynamics for
micro air vehicle applications, Progress in Aeronautics and
Astronautics, AIAA, 249-272.

163


http://www.darpa.mil/tto/MAV/mav%20auvsi.html

Nakata, T., Liu, H., Tanaka, Y., Nishihashi, N., Wang, X. and Sato, A.
(2011). Aerodynamics of a bio-inspired flexible flapping-wing
micro air vehicle. Bio inspiration and Bio mimetic 6(4): 045 002

Naudin J.L.(2006). GFS UAV Project. Retrieved on 25.4.2010, from
JLN Labs : http://jlnlabs.online.fr/gfsuav/gfsuavn0Ola.htm

Naudin, J. L. (2007), Available: http://jlnlabs.online.fr/gfsuav
/gfsuavn Ola.htm. Retrieved June 2013.

Nedelcut, F. (2010). Towards a new class of aerial vehicles using the
Coanda effect. In International Conference AFASES, Brasov

Newman, B.G. (1961). The Deflexion of Plane Jets by Adjacent
Boundaries Coanda Effect, Boundary Layer Flow Control
Pergamon Press, Vol. 1.

Nonami, K. (2007). Prospect and Recent Research and Development
for Civil Use Autonomous Unmanned Aircraft , as UAV and
MAV”, Journal of System Design and Dynamics 1(2): 120-128.

Padfield, G., and Lawrence, B. (2003). The Birth of Flight Control: An
Engineering Analysis of the Wright Brothers' 1902 Glider. The
Aeronautical Journal, December (2003), pp. 697-718.

Phillips, S., Lambert, C., and Gursul, I. (2003). Effect of a trailing-
edge jet on fin buffeting. Journal of Aircraft, 40(3): 590-599.

Prandtl, L. (1904). Uber Flussigkeitsbewegung bei sehr kleiner
Reibung. Proc. Third Int. Math.

Pulliam, T. H., and Chaussee, D. S., (1981). A Diagonal Form of An
Implicit Approximation Factorization Algorithm. Journal of
Computational Physics, 39: 347-363,

Robinson, S.K. (1991), Coherent Motions in the Turbulent Boundary
Layer. Annu Rev. Fluid.

Roderick, W. E. B. (1961). Use of the Coanda effect for the deflection
of jet sheets over smoothly curved surfaces, Part 11, University
of Toronto, Institute of aerophysics, technical note No. 5.

Rose, T. Buttler, (2006). “Secret Projects Flying Saucer Aircraft”:
Midland Publishing Limited ISBN 1857802330, 9781857802337,
Leicester, UK.

Rumsey CL, Nishino T. (2011). Numerical, study comparing RANS

and LES approaches on a circulation control airfoil. International
Journal of Heat and Fluid Flow, 32: 847-864

164


http://jlnlabs.online.fr/gfsuav/gfsuavn01a.htm
http://jlnlabs.online.fr/gfsuav%20/gfsuavn%2001a.htm
http://jlnlabs.online.fr/gfsuav%20/gfsuavn%2001a.htm

Salim, S. M. and Cheah S. C. (2009). Wall y+ Strategy for Dealing
with Wall-bounded Turbulent Flows. in Proceedings of the
International MultiConference of Engineers and Computer
Scientists , Hong Kong

Saeed B, Gratton G. (2010). An evaluation of the historical issues
associated with achieving non-helicopter V/STOL capability and
the search for the flying car. The Aeronautical Journal; 4(5):91-
102.

Saeed, B., & Gratton, G. B. (2012). An approach to evaluate lift
generated by an annular-Coanda-wing for vertical/short take-off
and landing applications. Proceedings of the Institution of
Mechanical Engineers, Part G: Journal of Aerospace Engineering,
226(10), 1298-1314.

Sargsyan, A. (2010). Simulation and modeling of flow field around a
horizontal axis wind

Sargsyan Armen, (2010). Turbine (HAWT) using RANS method.
Master’s thesis, Florida Atlantic University.

Sarris, Z. (2001). Survey of UAV applications in civil markets. The 9th
IEEE Mediterranean Conference on Control and Automation,
Dubrovnik, Croatia

Scheinherr, A., (2015). Glottal motion and its impact on airflow and
aerosol deposition in upper airways during human breathing.
PhD Thesis, Institut de Recherchesur les Phénoménes Hors
Equilibre, Ecole Centrale du Marseille.

Schlichting, H. (1979). Boundary-Layer Theory, Seventh Edition,
McGraw-Hill.

Schroijen M. Van Tooren M. (2009). MAV propulsion system using
the Coanda effect, American Institute of Aeronautics and
Astronautics, 45t AIAA/ASAM and Exhibit, Denver, Colorado,
Aug. 2-5, 2009.E/SAE/ASEE, Exhibit, USA: Denver Colorado,
Joint Propulsion Conference, pp. 1-10.

Scott G. Anders, William L. Sellers III, and Anthony E. Washburn
(2004). Active Flow Control Activities at NASA Langley. NASA
Langley Research Center, Hampton, VA 23681-2199, 2nd AIAA
Flow Control Conference, Portland. AIAA-2004-2623.

Seifert, A., Darabi, A., and Wygnanski, I. (1996). Delay of airfoil stall
by periodic excitation. Journal of Aircraft, 33(4): 691-698.

165



Sellers, William L. IIl, Singer, Bart A., and Leavitt, Laurence D.
(2003). Aerodynamics for revolutionary air vehicles. AIAA Paper
2003-3785, 21st Applied Aerodynamics Conference, Orlando, FL.

Shaw, S. T., Hill, J. L., Qin, N. (2005), Application of engineering
transition models to an isolated Helicopter rotor in hovering
flight, AIAA Paper 2005-0467

Shih, C. and Ding, Z.,( 1996), Trailing-edge jet control of leading-edge
vortices of a delta wing, AIAA Journal, 34(7): 1447-1457.

Shih, T., Liou, W. W., Shabbir, A., Yang, Z. & Zhu, J. (1995). A new
k-epsilon eddy viscosity model for high Reynolds number
turbulent flows. Computers & Fluids 24(3): 227-238.

Shrewsbury, G. D. (1985). Analysis of Circulation Control Airfoils
using an Implicit Navier-Stokes Solver. AIAA paper 85-0171

Shrewsbury, G. D. (1986). Numerical Evaluation of Circulation
Control Airfoil Performance Using Navier-Stokes Methods. AIAA
paper 86-0286

Shojaefard, M. Noorpoor A., Avanesians A., and. Ghaffarpour M.
(2005). Numerical investigation of flow control by suction and
injection on a subsonic airfoil. American Journal of Applied
Sciences, 2(20):1474-1480

Shyy, W.; Berg, M. and Ljungqvist, D. (1999). Flapping and flexible
wings for biological and micro air vehicles. Progress in Aerospace
Sciences 35(5): 455-505.

Singh, B., Ramasamy, M., Chopra, I. and Leishman, J. (2005).
Experimental studies on insect-based flapping wings for micro
hovering air vehicles. 46th annual structural dynamics and
materials conference, Austin, Texas 20742.

Thielicke William, (2014).The Flapping Flight of Birds Analysis and
Application”, PhD thesis, University of Groningen

Tongchitpakdee C., Benjanirat S., Sankar L.N. (2006). Numerical
studies of the effects of active and passive circulation
enhancement concepts on wind turbine performance. Journal of
Solar Energy Engineering. Transactions of the ASME 2006; 128:
432 - 444.

Tongchitpakdee, C. (2007). Computational studies of the effects of
active and passive circulation enhancement concepts on wind
turbine performance. Doctorate of Philosophy Dissertation,

166



School of Aerospace Engineering, Georgia Institute of
Technology

Valeriu Dragan, (2013), Development of a laminar boundary layer
model for curved wall jets, INCAS BULLETIN, 5(2):15 — 22, ISSN
2247-4528, ISSN 2066-8201.

Van Dam, C.P., Chow, R., Zayas, J.R., and Berg, D.E., (2007).
Computational investigations of small deploying tabs and flaps
for aerodynamic load control. The Science of Making Torque from
the Wind, Denmark, J. Phys.: Conf. Series, Vol. 75, No.1.

Vermeulen C., P. Lejeune, J. Lisein, P. Sawadogo and P. Bouché.
(2013), Unmanned aerial survey of elephants. PLOS ONE 8.2:
e54700

Versteeg, H. Malalasekera, W., (2007). An Introduction to
Computational Fluid Dynamics: The Finite Volume Method.
Prentice Hall 2nd (second) edition, 2007.

Viieru, D., Tang, J., Lian, Y., Liu, H., and Shyy, W. (2006). Flapping
and flexible wing aerodynamics of low Reynolds number flight
vehicles. In Proceedings of the 44th AIAA Aerospace Sciences
Meeting and Exhibit. Reno, Nevada.

Von Glahn, U. H.(1958), Use of the Coanda Effect for Jet Deflection
and Vertical Lift with Multiple-Flat-Plate and Curved-Plate
Deflection Surfaces. NACA TN 4377, Sept., 1958.

Von Glahn, U. H.(1958). Use of the Coanda effect for obtaining jet
deflection and lift with a single flat-plate deflection surface.

National Advisory Committee for Aeronautics Technical Note
NACA TN 4272.

Wackers J., Ait Said K., Deng G. B., Queutey P., Visonneau M. and
Mizine I. (2010). Adaptive grid refinement applied to RANS ship
flow computation. Proceedings of the 28th Symposium on Naval
Hydrodynamics. Pasadena, California.

Walsh M. and Weinstein L. (1978). Drag and heat transfer on
surfaces with small longitudinal fins. AIAA paper 78-1161.

Wang, Z. and Gursul, L., (2005). Effects of jet/vortex interaction on
delta wing aerodynamics. Ist International Conference on
Innovation and Integration in Aerospace Sciences, 4-5 August,
Queen’s University Belfast, UK.

Washburn A.E Jones G.S., Viken S.A., Jenkins L.N., Cagle C.M.
(2002). An active flow circulation controlled flap concept for

167



general aviation aircraft applications. Flow Physics & Control
Branch NASA Langley Research Center, AIAA2002-3157.

Washburn, A. E., S. Althoff-Gorton, and S. G. Anders, (2002).
Snapshot of active flow control research at NASA Langley. AIAA
Paper 2002-3155, 1st Flow Control Conference. St. Louis, MO.

Wessapakdee B., Makarasut P. and Thipyopas C. (2014). An
experimental and computational fluid dynamic study of axis-
symmetric Coanda configuration for VITOL MAV applications.
Applied Mechanics and Materials. 629: 42-47.

Wilcox, D. C. (1994). Turbulence Modeling for CFD. 2nd edition, DCW
Industries, La Canada, California

Wilcox, D.C. ( 2006). Turbulence Modeling for CFD. 3rd Edition. DCW
Industries Inc.

Williams, S. L. and Franke, M. E. ( 1992). Navier-Stokes Methods to
Predict Circulation Control Airfoil Performance. Journal of
Aircraft, 29(2):243-249.

Wilson, III, S. B.,( 2000). Micro air vehicles (MAV). Presentation at the
AIAA Student Chapter meeting at the University of Maryland,
College Park, Oct 19, 2000.

Winchester, Jim, (2005). American Military Aircraft. Grange Books
PLC. pp. 68. ISBN 978-1-84013-753-8. Retrieved 25 March2015

Wood, N.J., Roberts, L. and Celik, Z. (1990). Control of Asymmetric
vertical flows over Delta Wings at High Angles of Attack. Journal
of Aircraft, 27(5): 429-435.

Wood, R.M. (2002). A discussion of aerodynamic control effectors
(ACES) for Unmanned Air Vehicles (UAVs). AIAA Paper 2002-
3495.

Yakhot Victor and Orszag Steven a. (1986). Renormalization group
analysis of turbulence. Proceedings of the International Congress
of Mathematicians. Berkeley, California, USA

Yakhot V. and Smith L. M.(1992). The renormalization group, the e-
expansion and derivation of turbulence models. Journal of
Scientific Computing, 7 (1): 35-61

Yang, L.J., (2012). The Micro Air Vehicle golden snitch and its Figure-
of-8 flapping. Journal of Applied Science and Engineering 15(3).

Yenne, B., (2004). Attack of the Drones: a History of Unmanned
Aerial Combat. Zenith Press, Minneapolis, MN, USA
168


https://books.google.com/books?id=qnKfPAAACAAJ
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-84013-753-8
http://link.springer.com/journal/10915
http://link.springer.com/journal/10915
http://link.springer.com/journal/10915/7/1/page/1

Zha G.-C and D. C. Paxton, (2006). A novel flow control method for
airfoil performance enhancement using co-flow jet. Applications
of Circulation Control Technologies, Chapter 10, p. 293-314, Vol.
214, Progress in Astronautics and Aeronautics, AIAA Book Series,
Editors: Joslin, R. D. and Jones, G.S.

Zha G.-C, B. Carroll, C. Paxton, A. Conley, and A. Wells, (2007). High
performance airfoil with co-flow jet flow control. AIAA Journal,
vol. 45.

Zha G.-C, C. Paxton, A. Conley, A. Wells, and B. Carroll, (2006),
Effect of injection slot size on high performance co-flow jet
airfoil. AIAA Journal of Aircraft, vol. 43.

Zha G.-C., W. Gao, and C. Paxton,(2007). Jet effects on co-flow jet
airfoil performance. AIAA Journal, 6(45):1222-1231.

169



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	edit.pdf
	Blank Page




