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following questions: “How 
can we truly benchmark a 
simulator, given its intended 
role?” - “What is the true norm 
to which we must measure 
the device, whether it be the 
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standard?” 
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To find out more please contact the Conference and Events Department on 
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https://doi.org/10.1017/aer.2017.26 Published online by Cambridge University Press

https://doi.org/10.1017/aer.2017.26


https://doi.org/10.1017/aer.2017.26 Published online by Cambridge University Press

https://doi.org/10.1017/aer.2017.26


THE 
AERONAUTICAL
JOURNAL
Editor-in-chief: Professor Peter Bearman

Editorial Board
Chairman: Professor Mike Graham

Deputy Chairman: Professor Chris Atkin

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 121 (2017), which includes 
print and electronic access, is £551 (USA, Canada and Mexico US$827) and includes delivery by air; single 

parts are available at £53 (USA, Canada and Mexico US$79) plus postage. The electronic-only price 
available to institutional subscribers is £483 (USA, Canada and Mexico US$725). 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 Fulfillment 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 £89 for Hardcopy and online access and £68 for online access only. 
Individual copies are £7.75. 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: conference@aerosociety.com or via www.aerosociety.com/events/catch-
up-on-events/conference-proceedings

Advertising

All advertising enquiries should be sent to Simon Levy, simon.levy@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

© 2017 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 FSCTM-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.

Aims and Scope

The aims and scope of The Aeronautical Journal are intended to reflect the objectives of the Royal Aeronautical Society as expressed in its 
Charter of Incorporation. Briefly, these are to encourage and foster the advancement of all aspects of aeronautical and space science. Thus 
the topics of The Aeronautical Journal include most of those covered by the various Specialist Groups of the Society. Topics covered in The 

Aeronautical Journal include:
Aircraft design, aerodynamics, air law, air power, air transport, air navigation, airworthiness and maintenance, aviation medicine, avionics 

and systems, composites, environmental issues, flight operations, flight simulation, fluid dynamics, fluid mechanics, general aviation, guided 
flight, human factors, human powered flight, light aviation, management studies, propulsion, rotorcraft, safety, space, structures and 

materials, structural mechanics, systems and test procedures and UAVs.

Papers are solicited on all aspects of research, design and development, construction and operation of aircraft and space vehicles. 
Papers are also welcomed which review, comprehensively, the results of recent research developments in any of the above topics.

We recognise the inhibiting pressures of time and confidentiality, and acknowledge that many of the design testing, manufacturing and 
operational problems that industry has to solve contain important information for the whole aerospace community. Be assured that 

The Aeronautical Journal provides a renowned platform for refereeing and presenting your work to the broadest international audience.
Papers will be considered for publication in The Aeronautical Journal if they meet the terms and conditions listed in our instructions for 
authors available at: http://journals.cambridge.org/AER. If these are not met, the Editor reserves the right to withdraw the paper without 

redress, which may be at any time up to publication.
Wayne J Davis, RAeS Production Editor at: aerojournal@aerosociety.com. Subscription enquiries should be sent to: 

journals@cambridge.org

Papers should be submitted at: www.edmgr.com/aeroj

Professor Christian Allen
University of Bristol

Professor Holger Babinsky
University of Cambridge

Professor Rene de Borst
University of Sheffi eld

Wg Cdr Mike Bratby
RAeS Air Power Group

Professor Jonathan Cooper
University of Bristol

Peter Curtis
Aircraft Research Association

Professor Laurent Dala
University of Northumbria

Professor Dimitris Drikakis
University of Strathclyde

Professor Brian Falzon
Queen’s University, Belfast

Professor Antonio Filippone
University of Manchester

Professor Song Fu
Tsinghua University, China

Professor Ed Galea
Greenwich University

Professor Victor Giurgiutiu
University of South Carolina

Dr Guy Gratton 
Brunel University

Dr John Green
Consultant Chief Scientist, ARA

Professor Ismet Gursul
University of Bath

Professor Keith Hayward
Former Head of Research, RAeS

Professor Li He
University of Oxford

Professor Michael Henshaw
Loughborough University

Professor Konstantinos Kontis
University of Glasgow

Dr Richard Markiewicz
DSTL

Professor Pierangelo Masarati
University of Milan

Professor Jim McGuirk
Loughborough University

Professor Ning Qin
University of Sheffi eld

Professor Srinivasan Raghunathan
Queen’s University, Belfast

Dr Arthur Richards
University of Bristol

Professor Kenichi Rinoie 
University of Tokyo

Carl Russell 
NASA Ames, USA

Professor Shahrokh Shahpar
Rolls-Royce, Derby

Professor Howard Smith
Cranfi eld University

Professor Marilyn Smith
Georgia Institute of Technology, USA

Professor Constantinos Soutis
University of Manchester

Professor Constantinos Stavrinidis
European Space Agency

Professor Anthony Waas
University of Washington, USA

00019240_121-1238.indd   200019240_121-1238.indd   2 29/03/17   4:52 PM29/03/17   4:52 PM

https://doi.org/10.1017/aer.2017.26 Published online by Cambridge University Press

https://doi.org/10.1017/aer.2017.26


 T
H

E
 A

E
R

O
N

A
U

T
IC

A
L

 J
O

U
R

N
A

L
V

o
lu

m
e

 1
2

1
 

N
u

m
b

e
r 1

2
3

8
 

 
 A

p
ril 2

0
1
7

THE
AERONAUTICAL
JOURNAL
Covering all aspects of aerospace

Volume 121 Number 1238 April 2017

D. Han and G. N. Barakos 

Variable-speed tail rotors for helicopters with variable-speed main rotors 433

K. Fujita and H. Nagai

Robustness analysis on aerial deployment motion of a Mars aircraft using 
multibody dynamics simulation: effects of wing-unfolding torque and timing 449

S.T.I. Rizvi, H. Linshu, X. Dajun and S.I.A. Shah

Trajectory optimisation for a rocket-assisted hypersonic boost-glide vehicle 469

P. Balakrishnan and K. Srinivasan

Pipe jet noise reduction using co-axial swirl pipe 488

N. Li and Q. Ye

A damage mechanics model for low-velocity impact damage analysis 
of composite laminates 515

N.J. Lawson, R. Correia, S.W. James, J.E. Gautrey, G. Invers Rubio, 

S.E. Staines, M. Partridge and R.P. Tatam

Development of the Cranfield University Bulldog flight test facility 533

T. Sakthivel and C. Venkatesan

Rotorcraft control response using linearised and non-linear flight dynamic 
models with different inflow models 553

CONTENTS
Volume 121 Number 1238  April 2017

Front Cover:  An AgustaWestland AW149 at RIAT 2015 (Airwolfhound)

Cambridge Core
For further information about this journal 
please go to the journal website at:
cambridge.org/aer

ISSN 0001-9240

00019240_121-1238.indd   100019240_121-1238.indd   1 29/03/17   4:52 PM29/03/17   4:52 PM

https://doi.org/10.1017/aer.2017.26 Published online by Cambridge University Press

https://doi.org/10.1017/aer.2017.26


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




