
The JFM Digital Archive 
contains every article from the 
first 40 years of the journal, 
scanned and digitised to the 
highest standards. 

Please speak to your librarian 
about gaining access.

JFM
ARCHIVE

Journal of 
Fluid Mechanics
Digital Archive 
1956–1996

Vital research from 
the definitive source

journals.cambridge.org/jfm

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
6.

25
6 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2016.256&domain=pdf
https://doi.org/10.1017/jfm.2016.256


JFM RAPIDS
● Faster publication 

● Greater visibility for papers 

●  Freely available to all for the first year

For more information visit

journals.cambridge.org/rapids 

JFM FAST 
TRACK HAS 
EVOLVED

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
6.

25
6 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jfm.2016.256


For free online content visit:
http://journals.cambridge.org/pla

With two new Editors and seven new Associate Editors 
joining the editorial team Journal of Plasma Physics 
aspires to be the intellectual home of those who think 
of plasma physics as a fundamental discipline. The 
journal will particularly focus on publishing research on 
laboratory plasmas, space physics and plasma astrophysics 
that takes advantage of the rapid ongoing progress in 
instrumentation and computing to advance fundamental 
understanding of multiscale plasma dynamics.

To subscribe contact  
Customer Services

in Cambridge:
Phone +44 (0)1223 326070
Fax +44 (0)1223 325150
Email journals@cambridge.org

in New York:
Phone +1 (845) 353 7500
Fax +1 (845) 353  4141
Email 
subscriptions_newyork@cambridge.org

Free email alerts
Keep up-to-date with new material – sign up at
http://journals.cambridge.org/pla-alerts

Price information 
is available at: http://journals.cambridge.org/pla

Journal of Plasma Physics
is available online at:
http://journals.cambridge.org/pla

Journal of 
Plasma 
Physics

Editors
Bill Dorland, University of Maryland Honors College, USA 

Alex Schekochihin, University of Oxford, UK

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
6.

25
6 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jfm.2016.256


For free online content visit:
http://journals.cambridge.org/anz

The ANZIAM Journal considers papers in any field 
of applied mathematics and related mathematical 
sciences with the aim of rapid publication in print and 
electronic formats. Novel applications of mathematics 
in real situations are especially welcomed. All papers 
should include some indication of applicability, and an 
introduction that can be understood by non-specialist 
readers from the whole applied mathematical community. 

To subscribe contact  
Customer Services

in Cambridge:
Phone +44 (0)1223 326070
Fax +44 (0)1223 325150
Email journals@cambridge.org

in New York:
Phone +1 (845) 353 7500
Fax +1 (845) 353  4141
Email 
subscriptions_newyork@cambridge.org

Free email alerts
Keep up-to-date with new 
material – sign up at

journals.cambridge.org/register

ANZIAM Journal
is available online at: 
http://journals.cambridge.org/anz

The ANZIAM 
Journal
Published for the Australian Mathematical Society

Editors-in-Chief
A. Bassom, The University of Western Australia, Australia

G. C. Hocking, Murdoch University, Australia

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
6.

25
6 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jfm.2016.256


For free online content visit:
http://journals.cambridge.org/pem

The Edinburgh Mathematical Society was founded in 
1883 and over the years, has evolved into the principal 
society for the promotion of mathematics research in 
Scotland. The Society has published its Proceedings since 
1884. This journal contains research papers on topics in a 
broad range of pure and applied mathematics, together 
with a number of topical book reviews.

To subscribe contact  
Customer Services

in Cambridge:
Phone +44 (0)1223 326070
Fax +44 (0)1223 325150
Email journals@cambridge.org

in New York:
Phone +1 (845) 353 7500
Fax +1 (845) 353  4141
Email 
subscriptions_newyork@cambridge.org

Free email alerts
Keep up-to-date with new material – sign up at
http://journals.cambridge.org/pem-alerts

Price information 
is available at: http://journals.cambridge.org/pem

Proceedings of the Edinburgh 
Mathematical Society
is available online at:
http://journals.cambridge.org/pem

Proceedings of the 
Edinburgh 
Mathematical Society
Published for The Edinburgh Mathematical Society

Editorial Management
The Secretary, ICMS, Edinburgh, UK

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
6.

25
6 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jfm.2016.256


S U B S C R I P T I O N S
The Journal of Fluid Mechanics (ISSN 0022-1120) is published semimonthly in 24 volumes
each year by Cambridge University Press, University Printing House, Shaftesbury Road,
Cambridge CB2 8BS, UK/Cambridge University Press, 32 Avenue of the Americas, New
York, NY 10013-2473, USA. The subscription price (excluding VAT but including postage)
for volumes 786–809, 2016, is £3787 or $6991 (online and print) and £3400 or $5956
(online only) for institutions; £1050 or $1947 (online and print) and £1000 or $1737 (online
only) for individuals. The print-only price available to institutional subscribers is £3653
(US $6430 in USA, Canada and Mexico). Single volumes cost £175 (US $308 in the USA,
Canada and Mexico) plus postage. Orders, which must be accompanied by payment, should
be sent to any bookseller or subscription agent, or direct to the publisher: Cambridge
University Press, University Printing House, Shaftesbury Road, Cambridge CB2 8BS.
Subscriptions in the USA, Canada and Mexico should be sent to Cambridge University
Press, Journals Fulfillment Department, 32 Avenue of the Americas, New York, NY 10013,
USA. 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. Japanese prices for institutions are available from Kinokuniya Company Ltd, PO
Box 55, Chitose, Tokyo 156, Japan. Prices include delivery by air. Copies of the Journal for
subscribers in the USA, Canada and Mexico are sent by air to New York. Periodicals postage
is paid at New York, NY, and at additional mailing offices. POSTMASTER: send address
changes in USA, Canada and Mexico to Journal of Fluid Mechanics, Cambridge University
Press, 32 Avenue of the Americas, New York, NY 10013, USA. Claims for missing issues
can only be considered if made immediately upon receipt of the subsequent issue. Copies of
back numbers are available from Cambridge University Press.

C O P Y I N G
The Journal is registered with the Copyright Clearance Center, 222 Rosewood Drive, Danvers,
MA 01923. Organizations in the USA which are also registered with CCC may therefore
copy material (beyond the limits permitted by sections 107 and 108 of US copyright law)
subject to payment to CCC of the per-copy fee of $16.00. This consent does not extend to
multiple copying for promotional or commercial purposes. Code 0022-1120/2016/$16.00.

ISI Tear Sheet Service, 3501 Market Street, Philadelphia, PA 19104, USA is authorized to
supply single copies of separate articles for private use only.

Organizations authorized by the Copyright Licensing Agency may also copy material
subject to the usual conditions.

For all other use of material from the Journal permission should be sought from Cambridge
or the American Branch of Cambridge University Press.

Information on Journal of Fluid Mechanics is available on journals.cambridge.org/FLM.
For further information on other Press titles access cambridge.org/.

Readers should note that where reference is made to a Web site for additional material
relating to an article published in Journal of Fluid Mechanics this material has not been
refereed and the Editors and Cambridge University Press have no responsibility for its content.

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 Ltd.

The picture on the cover is based on figure 5 of ‘Asymmetric
breaking size-segregation waves in dense granular free-surface flows’,
by P. Gajjar, K. van der Vaart, A. R. Thornton, C. G. Johnson , C. Ancey
& J. M. N. T. Gray.

c© Cambridge University Press 2016

552 Stirring by multiple cylinders in potential flow
Z. Lin & Y. Zhang

565 Lock-in in vortex-induced vibration
Navrose & S. Mittal

595 Unsteady turbulent buoyant plumes
M. J. Woodhouse, J. C. Phillips &
A. J. Hogg

639 Effects of geometric confinement in quasi-2-D
turbulent Rayleigh–Bénard convection
S.-D. Huang & K.-Q. Xia

655 Simultaneous temperature and velocity
Lagrangian measurements in turbulent thermal
convection
O. Liot, F. Seychelles, F. Zonta,
S. Chibbaro, T. Coudarchet, Y. Gasteuil,
J.-F. Pinton, J. Salort & F. Chillà
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