Engineering
Books and Journals from
Cambridge University Press

Cambridge publishes a range of high-quality
books and journals on the theory and practice
of engineering, in communications, information
theory, signal processing, networks, RF and
microwave, circuits and devices, materials

science and polymer research, applied
photonics, thermal-fluids, mechanics, aerospace,
and chemical engineering.

For further details visit:
cambridge.org/core-engineering

/

/

https://doi.org/10.1017/aer.2018.171 Published online by Cambridge University Press l


https://doi.org/10.1017/aer.2018.171

Access
Elellgle
journals in
your subject

Cambridge
Core

Explore today at cambridge.org/core

: a1z CAMBRIDGE
Camb”dge Core S8 g\IIVERSITY PRESS


https://doi.org/10.1017/aer.2018.171

Submission of Manuscripts
All manuscripts should be submitted online at: http://www.edmgr.com/aeroj
Any enquiries should be directed to Wayne J Davis at aerojournal @ aerosociety.com.
The current set of instructions for authors are available at: http://journals.cambridge.org/AER

Subscriptions
The Aeronautical Journal (ISSN 0001-9240) is published monthly in 12 issues each year.

Non-Members
The subscription price (excluding VAT) to The Aeronautical Journal for volume 123 (2019), which includes
print and electronic access, is £608 (USA, Canada and Mexico US$912) and includes delivery by air; single
parts are available at £58 (USA, Canada and Mexico US$87) plus postage. The electronic-only price
available to institutional subscribers is £533 (USA, Canada and Mexico US$800). EU subscribers (outside
the UK) who are not registered for VAT should add VAT at their country’s rate. VAT registered subscribers
should provide their VAT registration number. Orders, which must be accompanied by payment, may be
sent to any bookseller or subscription agent or direct to the publishers: Cambridge University Press, UPH,
Shaftesbury Road, Cambridge CB2 8BS, or in the USA, Canada, and Mexico to Cambridge University
Press, Journals Fulfilment Department, 1 Liberty Plaza, Floor 20, New York, NY 10006, USA. Japanese
Prices for institutions are available from Kinokuniya Company Ltd, P.O. Box 55, Chitose, Tokyo, Japan.

RAeS Members
The subscription price for RAeS members is £98.70 for hardcopy and online access and £75.60 for online access
only. Individual copies are £8.60. Orders are available from: Membership Department, Royal Aeronautical Society,
No.4 Hamilton Place, London, W1J 7BQ, UK. Tel: +44 (0)20 7670 4304 or email: subscriptions @ aerosociety.com

RAeS Conference Proceedings
Details, prices and availability of Royal Aeronautical Society Conference Proceedings can be obtained
from: RAeS Conference and Events Department, No.4 Hamilton Place, London, W1J 7BQ, UK.
Tel: +44 (0)20 7670 4345, email: conferences @ aerosociety.com or via www.aerosociety.com/events/catch-
up-on-events/conference-proceedings

Advertising
All advertising enquiries should be sent to communications @ aerosociety.com

Internet Access
The Aeronautical Journal is included in the Cambridge Journals Online service and can be found at:
http://journals.cambridge.org/AER.

The Aeronautical Journal now supports open access publications across its hardcopy and online platforms,
and accepts papers to consider for publication under both the ‘green’ and ‘gold’ open access options.

Information contained within The Aeronautical Journal has been published in good faith and the opinions
expressed do not represent those of the Royal Aeronautical Society.

The Royal Aeronautical Society is a registered charity: No 313708
© 2019 Royal Aeronautical Society

All rights reserved. No part of this publication may be reproduced in any form or by any means, electronic,
photocopying or otherwise, without permission in writing from Cambridge University Press. Permission to
copy (for users in the USA) is available from the Copyright Clearance Center, http://www.copyright.com.

This journal issue has been printed on FSC™-certified paper and cover board. FSC is an independent, non-
governmental, not-for-profit organization established to promote the responsible management of the
world’s forests. Please see www.fsc.org for information.

Printed in the UK by Bell & Bain Limited, Glasgow.

https://doi.org/10.1017/aer.2018.171 Published online by Cambridge University Press


https://doi.org/10.1017/aer.2018.171

ROYAL
AERONAUTICAL
SOCIETY

CONTENTS
Volume 123 Number 1259 January 2019

Regular Paper
Modelling and Simulating Airport Surface Operations with Gate Conflicts
S. Zelinski and R. Windhorst 1

Low Reynolds number proprotor aerodynamic performance improvement
using the continuous surface curvature design approach
E. J. Avital, T. Korakianitis and F. Motallebi 20

Experimental investigation of the flow structures over a 40° swept wing
S. Zhang, A. J. Jaworski, S. C. McParlin and J. T. Turner 39

Sensitivity analysis of potential capacity and safety of flow corridor
to self-separation parameters
B.Ye, T. Yong, J. Shortle and W. Ochieng 56

GPR-based novel approach for non-linear aerodynamic modelling
from flight data
A. Kumar and A. K. Ghosh 79

Impact of spanwise non-uniform discrete gusts on civil aircraft loads
M. Lone and G. Dussart 93

Coupled aeropropulsive design optimisation of a boundary-layer
ingestion propulsor
J. S. Gray and J. R. R. A. Martins 121

High-frequency transition characteristics of synthetic natural gas
combustion in gas turbine
S. Joo, S. Kwak, S. Kim, J. Lee and Y. Yoon 138

Front Cover: Taxiing aircraft at Charlotte Douglas International Airport, Charlotte, USA.
(Genefflickr)

Cambridge Core MIX
For further information about this journal Paper from
please go to the journal website at: FSC responsible sources CAMBRID GE

cambridge.org/aer wiscog  FSC® C007785 UNIVERSITY PRESS


https://doi.org/10.1017/aer.2018.171

	AER_123_1259_Cover
	01_1800111
	Modelling and simulating airport surface operations with gate conflicts
	Nomenclature
	1.0 INTRODUCTION
	2.0 SURFACE OPERATIONS SIMULATOR AND�SCHEDULER
	2.1 Airport model

	Figure 1Airport model of�CLT.
	2.2 Aircraft movement
	2.3 Conflict detection and resolution

	Figure 2Example default and hardstand routes for departures and arrivals.
	2.4 Runway separation model
	2.5 Scheduler interface

	3.0 MODELLING HARDSTAND OPERATIONS
	3.1 Predicting gate conflicts

	Table 1Denotations for surface time stamps and time duration
	3.2 Gate conflict management
	1. No hardstand
	2. Departure hardstand
	3. Arrival hardstand
	4. Dual hardstand


	4.0 EXPERIMENT SETUP
	4.1 Simulation parameters

	Table 2Scheduler logic for managing predicted gate conflicts
	4.2 Traffic scenario
	4.3 Evaluation metrics
	1. Gate time separation
	2. Scheduler predictability


	Figure 3Runway demand.
	Outline placeholder
	3. Surface transit times
	4. Surface counts


	5.0 RESULTS
	5.1 Gate conflict resolutions and gate time separation

	Figure 4Numbers of resolution types per management approach.
	Figure 5Actual gate time separation delta (&#x03B4;) for each gate conflict flight�pair.
	5.2 Scheduler predictability

	Figure 6Average and standard deviation of runway usage time error (e) for each management approach.
	5.3 Surface transit time

	Figure 7Average surface transit times (&#x03C4;) for each management approach.
	5.4 Surface counts

	Figure 8Maximum surface counts (n) for each management approach.
	6.0. SUMMARY AND CONCLUSIONS
	ACKNOWLEDGEMENTS
	ACKNOWLEDGEMENTS
	References


	02_1800124
	Low Reynolds number proprotor aerodynamic performance improvement using�the continuous surface curvature design approach
	NOMENCLATURE
	1.0 INTRODUCTION
	Figure 1The lift and drag coefficients variations with the angle of attack that are plotted for the profiles: (a)�NACA0012 and the CIRCLE-redesigned QM13F of ReD�&#x003D;�1.35�&#x00D7;�105(2) and (b) E387 and the CIRCLE-redesigned A7 of ReD�&#x003D;�2�&#x
	2.0 THE PROBLEM DESCRIPTION AND METHODOLOGY
	Figure 2Schematic description of the co-axial proprotor.
	Table 1Normalised axial velocity u&#x002F;(U CnobreakT) distribution as induced by an actuator disk of blade constant circulation(15)
	3.0 RESULTS AND ANALYSIS
	3.1 General arguments

	Figure 3The figure of merit variations with the profile angle of attack that are plotted for generic single rotor disks having the profiles: (a) NACA0012 or QM13F and (b) E387 or A7 of Fig 2.
	3.2 The co-axial rotor

	Figure 4The composite efficiency variations with the profile angle-of-attack that are plotted for the generic rotor disks of Fig.
	Figure 5The rotor&#x2019;s lift to equivalent drag ratio variations with the profile angle of attack that are plotted for the generic rotor disks of Fig.
	Figure 6Variations of the thrust and torque coefficients of the Harrington two-blade rotors&#x2019; static-thrust tests(21) and which are plotted for (a) Rotor 1 of the tapered chord and thickness blade and (b) Rotor 2 of the tapered thickness blade.
	Figure 7The variation of the figure of merit with the static thrust coefficient for a small re-scaled Harrington Rotor 2, where the blade profile is uniformly NACA0012 or QM13F of Fig.
	Figure 8The spanwise variation of the blade profile&#x2019;s lift to drag ratio for the range of untwisted blade pitch angle &#x03B2; corresponding to the FM plots of Fig.
	3.3. The single low Reynolds number propeller

	Figure 9Variation of the composite efficiency &#x03B7;C with the tip speed ratio &#x03BB;&#x221E; for the small rescaled (a)�single�and (b) co-axial Harrington Rotor 2, where both are at axial translation and &#x03B2; is the untwisted�blade pitch�angle.
	4.0 SUMMARY
	Figure 10The variations of the (a) thrust and (b) power coefficients for the two-blade twisted COMP propeller having the E387 profile(23) and the redesigned A7 profile.
	Appendix
	The composite efficiency, general approximation

	References


	03_1800118
	Experimental investigation of the flow structures over a 40&#x00B0; swept wing
	Nomenclature
	Superscripts and subscripts

	1.0 INTRODUCTION
	2.0 EXPERIMENTAL APPARATUS
	2.1 Aerodynamic design of wing model
	2.2 Details of the wind-tunnel and model support
	2.3 Oil-film flow visualisation

	Figure 1(Colour online) (a) Schematic drawing of the 40&#x00B0; sweptwing model showing selected parameters and measurement planes.
	2.4 The particle image velocimetry system
	2.5 Six components force balance system

	3.0 RESULTS AND DISCUSSION
	Table 1Parameters of the 40&#x00B0; swept wing�model
	3.1 Effects of wing incidence

	Figure 2(Colour online) Oil-film surface flow visualisation together with sketches of the corresponding streamlines at 30&#x0025; and 80&#x0025; of semi-span, at Re�&#x003D;�4.2�&#x00D7;�105 and M�&#x003D;�0.059 (broken lines: flow separation; solid lines
	Figure 3(Colour online) Oil-film surface flow visualisation together with 3D sketches of the corresponding streamlines at 30&#x0025; and 80&#x0025; of semi-span, at Re�&#x003D;�4.2�&#x00D7;�105 and M�&#x003D;�0.059 (broken lines: flow separation; solid li
	3.2 Detailed flow structures at a moderate incidence

	Figure 4(Colour online) The sketch of the separation (broken) lines and reattachment (solid) lines for various incidence angles at Re�&#x003D;�4.2�&#x00D7;�105 and M�&#x003D;�0.059.
	Figure 5(Colour online) Flow topology over suction surface of the 40&#x00B0; swept wing at &#x03B1;�&#x003D;�9&#x00B0; and Re�&#x003D;�4.2�&#x00D7;�105.
	3.3 The formation of the flow topology over the wing

	Figure 6(Colour online) Contours of the averaged streamwise velocity and Reynolds shear stress u&#x2032;v&#x2032;&#x002F;Unobreak&#x221D;2 for the swept wing model at &#x03B1;�&#x003D;�9&#x00B0; and Re�&#x003D;�2.1�&#x00D7;105.
	Figure 7(Colour online) Contours of the averaged streamwise velocity with streamline on cross-sectional planes (normal to freestream) at &#x03B1;�&#x003D;�9&#x00B0; and Re�&#x003D;�2.1�&#x00D7;�105 (a) 52&#x0025; of root chord; (b) 152&#x0025; of root cho
	3.4 Effect of the Reynolds number

	Figure 8(Colour online) Snapshots of instantaneous flow visualisation for the wing at &#x03B1;�&#x003D;�10&#x00B0; and Re�&#x003D;�4.2�&#x00D7;�105.
	Figure 9(Colour online) The skin friction lines with the magnitude over swept wing at different incidences.
	Figure 10(Colour online) Oil-film visualisation of the swept wing at &#x03B1;�&#x003D;�10&#x00B0; for four Reynolds numbers: (a)�Re�&#x003D;�2.1�&#x00D7;�105, (b) Re�&#x003D;�4.2�&#x00D7;�105, (c) Re�&#x003D;�6.3�&#x00D7;�105 and (d) Re�&#x003D;�8.4�&#x00
	3.5 Aerodynamic force measurement

	Figure 11(Colour online) Schematic representation of the separated surfaces over the 40&#x00B0; swept�wing.
	4.0 CONCLUSIONS
	Figure 12The profiles of lift coefficient (CnobreakL), momentum coefficient (CnobreakM) over the incidence range and reduced drag coefficient (CnobreakD&#x2032;), axial force coefficient (CnobreakA) of the wing model, at Re�&#x003D;�4.2�&#x00D7;�105 (M�&#
	ACKNOWLEDGEMENTS
	ACKNOWLEDGEMENTS
	References


	04_1800116
	Sensitivity analysis of potential capacity and safety of flow corridor to self-separation parameters
	NOMENCLATURE
	1.0 INTRODUCTION
	2.0 BASIC MODEL DESCRIPTION
	2.1 Parallel-lane corridor model and basic rules

	Figure 1Structure of corridor.
	2.2 Aircraft dynamic model

	Table 1State variables
	Table 2Control variables
	3.0 SELF-SEPARATION PERFORMANCE IN THE FLOW CORRIDOR
	3.1 Self-separation performance states definition

	Figure 2Lane changing�state.
	3.2 The main simulation algorithm

	Figure 3Locking�states.
	3.3 Key parameters
	3.3.1 Simulation inputs


	Figure 4Breakout�state.
	Outline placeholder
	3.3.2 Capacity and conflict metrics


	Table 3Self-separation�inputs
	Figure 5State transition flowchart.
	4.0 RESULTS ANALYSIS
	4.1 Experiments design and parameters setting

	Table 4Capacity and safety metrics
	4.2 Sensitivity analysis

	Table 5Aircraft performance parameters
	Figure 6(Colour online) Visual verification by Google�Earth.
	Outline placeholder
	4.2.1 Initial separation and separation buffer


	Table 6Initial values of some key simulation parameters
	Outline placeholder
	4.2.2 Initial separation and minimum separation


	Figure 7(Colour online) Initial separation and separation buffer.
	Outline placeholder
	4.2.3 Initial separation and extra switch buffer


	Figure 8(Colour online) Initial separation and minimum separation.
	Figure 9(Colour online) Initial separation and Extra switch-buffer.
	Outline placeholder
	4.2.4 Initial separation and extra threshold buffer


	Figure 10(Colour online) Initial separation and extra threshold buffer.
	Outline placeholder
	4.2.5 Initial separation and velocity difference threshold


	Figure 11 (Colour online) Initial separation and velocity difference threshold.
	4.3 Fractional factorial analysis

	Table 7Design of experiments, fractional factorial analysis
	5.0 CONCLUSIONS
	Figure 12Full factorial ranking of effects for self-separation parameters.
	ACKNOWLEDGEMENTS
	ACKNOWLEDGEMENTS
	References


	05_1800114
	GPR-based novel approach for�non-linear aerodynamic modelling from flight data
	Nomenclature
	1.0 INTRODUCTION
	2.0 METHODOLOGY: GPR
	2.1 Dot Product Squared Exponential (DPSE) kernel

	3.0 NON-LINEAR AERODYNAMIC MODELLING USING PARAMETRIC MODEL APPROACH
	3.1 Quasi-steady-stall modelling
	3.2 MLE Method

	4.0 RESULTS AND DISCUSSION
	4.1 Non-linear modelling using GPR
	4.2 Non-linear modelling using MLE

	Figure 1(Colour online) Time history plot for ATTAS quasi-stall�data.
	Figure 2(Colour online) GPR model for lift force coefficient (CnobreakL), drag force coefficient (CnobreakD), and pitching moment coefficient (Cnobreakm).
	5.0 CONCLUSIONS
	Figure 3(Colour online) Validation of the lift force coefficient (CnobreakL).
	Figure 4(Colour online) Prediction correlation of GPR estimated, and MLE estimated for lift force coefficient (CnobreakL).
	Figure 5(Colour online) Stall hysteresis modelling.
	Figure 6(Colour online) Validation of the drag force coefficient (CD).
	Figure 7 (Colour online) Measured and predicted drag force coefficient (CnobreakD).
	Figure 8(Colour online) Validation of the pitching moment coefficient (Cnobreakm).
	References
	Figure 9(Colour online) Measured and predicted pitching moment coefficient (Cnobreakm).
	Table 1Prediction correlation and RMSE calculation for MLE and GPR�method


	06_1800148
	Impact of spanwise non-uniform discrete gusts on civil aircraft�loads
	NOMENCLATURE
	Greek symbol

	1.0INTRODUCTION
	2.0PAST DEVELOPMENTS IN GUST LOADS PREDICTIONS
	3.0FRAMEWORK AND GUST MODEL SET-UP
	Figure 1General architectural diagram of the CA2LM framework.
	3.1Conventional uniform Pratt model

	Figure 2Illustration of a conventional spanwise uniform�gust.
	3.2Multidimensional non-uniform model

	4.0SIMULATION PARAMETERS AND TEST CASES
	4.1Aircraft model details
	4.2Test conditions

	Figure 3Illustrative fnobreaky function examples of spanwise non-uniform�gusts.
	Figure 4Cranfield University AX�-�1 large long range aircraft.
	Figure 5Discretised�model.
	Table 1Aircraft loading details
	Figure 6AX�-�1 Operating flight envelope and selected flight conditions.
	Table 2Flight conditions details for the selected conditions
	Figure 7Effect of Hnobreaky on the discrete gust shape for a given fnobreaky distribution.
	4.3Loads simulation process

	5.0NON-UNIFORM GUST LOADS ANALYSIS
	5.1Impact of Hnobreaky on aircraft maximum loading

	Figure 8Gust loads loop process diagram.
	Figure 9Gust loads envelope for WR BM and model normalised difference (FC 5 LC 1 set-up).
	Figure 10Wing root BM and fuselage nnobreakg maximum contours for various gust gradients (FC 5 LC 1 set-up).
	5.2Impact of Hnobreaky on aircraft time-correlated gust loads

	Figure 11Fuselage nnobreakg and WR BM maximum contours comparison for two loading cases (FC 5 set-up).
	5.3Non-uniform discrete models and loads alleviation

	Figure 12Effect of Hnobreaky for Hnobreakx�&#x003D;�82 m on wing root and fuselage IQs (FC 5 LC 1 upward gust set-up).
	Figure 13Effect of Hnobreaky for Hnobreakx�&#x003D;�82 m on correlated bending&#x002F;torsion moment path (FC 5 LC 1 upward gust set-up).
	Figure 14Effect of Hnobreaky on wing root and fuselage IQ correlated paths (FC 5 LC 1 upward gust set-up).
	Figure 15Gust loads envelope for WR BM and model normalised difference with multidimensional intensity scaling (FC 5 LC 1 set-up).
	5.4Intensity tuning method comparison

	Figure 16Fuselage nnobreakg and WR BM maximum contours comparison for two tuning methods (FC 5 LC 2�set-up).
	6.0CONCLUSIONS
	References
	APPENDIX
	fig_bkfigfig17


	07_1800120
	Coupled aeropropulsive design optimisation of a boundary-layer ingestion propulsor
	NOMENCLATURE
	Greek symbol

	1.0 INTRODUCTION
	2.0 DESIGN OPTIMISATION OF THE AEROPROPULSIVE FUSELAGE
	2.1 Aerodynamic model

	Figure 1The STARC-ABL aircraft configuration uses a propulsor mounted in the aft of the fuselage that ingests the boundary�layer.
	Figure 2BLI configuration and boundary conditions: viscous walls (Snobreak1,Snobreak2), outflow face (Snobreak3), and inflow face�(Snobreak4)
	Figure 3The podded configuration serves as a reference and models fuselage (top) and propulsor (bottom) separately.
	2.2 Propulsion model

	Figure 4The shape of the BLI configuration is enveloped in FFD boxes (black lines) and parameterised using FFD control points.
	Table 1Reference values used in the force non-dimensionalisation
	2.3 Optimisation problem

	Figure 5The propulsor fan model consists of three sub-models.
	2.4 Aeropropulsive optimisation results

	Figure 6XDSM diagram of the full optimisation problem formulation, including the compatibility constraints that enforce the aeropropulsive coupling.
	Table 2Optimisation problem for the fuselage aeropropulsive�design
	Figure 7Power saving coefficient vs CFx   shows that smaller BLI propulsors (small positive CFx  ) offer greater power savings than larger�ones.
	3.0 BLI PROPULSOR SIZING ANALYSIS
	3.1 Podded propulsor performance
	3.2 Propulsion system sizing method

	Figure 8 Pwr shaft ,/,CF pod   data (circles) and fourth-order polynomial fit (solid line) for the podded propulsor.
	3.3 Propulsion sizing results
	3.4 Qualitative analysis of the optimised configurations

	Figure 9Overall aircraft PSC at cruise vs the fraction of shaft power used for BLI at different assumed values of transmission efficiency, &#x03B7;trans.
	Figure 10Best-performing designs for three assumed values of &#x03B7;trans.
	4.0 CONCLUSIONS
	Figure 11Boundary-layer profiles (measured via pnobreakt&#x002F;pnobreakt&#x221E;) for the best designs found for each assumed value of &#x03B7;trans.
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


	08_1800150
	High-frequency transition characteristics of synthetic natural gas combustion in gas�turbine
	NOMENCLATURE
	Symbols

	1.0 INTRODUCTION
	1.1 Background
	1.2 Past research on H2&#x002F;CH4 combustion in gas turbine

	2.0 EXPERIMENTAL APPARATUS AND METHODS
	2.1 Experimental setup

	Figure 1Schematic of model gas turbine combustor and sensor position.
	2.2 Test conditions
	2.3 Methods

	3.0 RESULTS AND DISCUSSION
	3.1 Exhaust gas emission

	Table 1Experimental test conditions
	Figure 2Time-averaged OH chemiluminescence and Abel-inverted image at a heat load of 40&znbsp;kW, H2 ratio of 75&#x0025; and combustor length of 1,400&znbsp;mm.
	Figure 3Characteristics of eiNOx emission with respect to H2 ratio and heat�load.
	3.2 Shift in combustion instability mode with H2 ratio

	Figure 4(a) Mode analysis based on the amplitude of a dynamic sensor and (b) flame structure with respect to H2&#x002F;CH4 ratio and combustor length at a heat load of 40&znbsp;kW.
	3.3 Combustion instability mode shift for different heat loads

	Figure 5Frequencies of combustion instability for various combustor lengths with a heat load of 35 kW and H2 ratio of 37.5&#x0025;.
	Figure 6(a) Mode analysis based on the amplitude of a dynamic sensor with respect to the heat load and (b) a detailed view of the combustion instability of the fourth mode of longitudinal frequency.
	Figure 7Length and structure of the flame at varying heat loads (35, 40 and 45&znbsp;kW).
	Figure 8Instability frequency with respect to the speed of the laminar flame for different (a) H2 ratios and (b) heat�loads.
	Figure 9(a) Flame-structure characteristics between CH4 and H2 flames and (b) time-averaged OH&#x002A; chemiluminescence and Abel-inverted images at a combustor heat load of 40&znbsp;kW and a length of 1,400&znbsp;mm.
	Figure 10Radial profiles of OH radical concentrations of the flame at a combustor length of 1,400&znbsp;mm for H2 ratios of (a) y�&#x003D;�8&znbsp;mm, (b) y�&#x003D;�11&znbsp;mm and (c) y�&#x003D;�14&znbsp;mm.
	3.4 OH&#x002A; chemiluminescence (flame) characteristics

	Figure 11Radial profiles of OH concentration of the flame for different H2 ratios at y�&#x003D;�11&znbsp;mm from the dump plane.
	Figure 12Average error of the radial profiles of OH concentrations of flame for different H2 ratios at y�&#x003D;�11&znbsp;mm from the dump�plane.
	4.0 CONCLUSION
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


	Bmi-ii
	Bmiii-iv



