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192 On the transport of heavy particles through a
downward displacement-ventilated space
N. Mingotti & A. W. Woods

224 Bifurcation structure of two-dimensional
viscous zonal flows on a rotating sphere
E. Sasaki, S. Takehiro & M. Yamada

245 Nonlinear electrohydrodynamics of slightly
deformed oblate drops
J. A. Lanauze, L. M. Walker & A. S. Khair

267 Modelling of confined vortex rings
I. Danaila, F. Kaplanski & S. Sazhin

298 Mutual inductance of two helical vortices
A. Nemes, D. Lo Jacono, H. M. Blackburn
& J. Sheridan

311 Triple-deck and direct numerical simulation
analyses of high-speed subsonic flows past a
roughness element
G. Mengaldo, M. Kravtsova, A. I. Ruban &
S. J. Sherwin

324 The streamwise turbulence intensity in the
intermediate layer of turbulent pipe flow
J. C. Vassilicos, J.-P. Laval, J.-M. Foucaut
& M. Stanislas

S 342 Azimuthal velocity profiles in Rayleigh-stable
Taylor–Couette flow and implied axial angular
momentum transport
F. Nordsiek, S. G. Huisman,
R. C. A. van der Veen, C. Sun, D. Lohse &
D. P. Lathrop

363 Asymptotic theory of a uniform flow
of a rarefied gas past a sphere at low
Mach numbers
S. Taguchi

395 Direct numerical simulation of turbulent
channel flow up to Reτ ≈ 5200
M. Lee & R. D. Moser

416 Asymmetries in the wake of a submarine
model in pitch
A. Ashok, T. Van Buren & A. J. Smits

443 Adjustment of vorticity fields with specified
values of Casimir invariants as initial
condition for simulated annealing of an
incompressible, ideal neutral fluid and its
MHD in two dimensions
Y. Chikasue & M. Furukawa

460 Influence of airfoil thickness on unsteady
aerodynamic loads on pitching airfoils
V. Motta, A. Guardone & G. Quaranta

488 An active feedback flow control theory of the
axisymmetric vortex breakdown process
Z. Rusak, J. Granata & S. Wang

Contents continued on inside back cover.

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
5.

32
7 

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.2015.327&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2015.327&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2015.327&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2015.327&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/jfm.2015.327&domain=pdf
https://doi.org/10.1017/jfm.2015.327


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 762–785, 2015, is £3607 or $6658 (online and print) and £3238 or $5672
(online only) for institutions; £1000 or $1854 (online and print) and £952 or $1654 (online
only) for individuals. The print-only price available to institutional subscribers is £3479
(US $6124 in USA, Canada and Mexico). Single volumes cost £159 (US $281 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, 100 Brook Hill Drive, West Nyack, NY 10994-2133.
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, 100 Brook Hill Drive, West Nyack, NY 10994-2133. 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 0022-1120/2015/$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 1(b) of ‘Asymmetries in the
wake of a submarine model in pitch’, by A. Ashok, T. Van Buren and
A. J. Smits.

c© Cambridge University Press 2015

JFM Rapids (online only)

R1 Dispersion in two-dimensional turbulent
buoyant plumes
S. Rocco & A. W. Woods

R2 Effects of spanwise spacing on large-scale
secondary flows in rough-wall turbulent
boundary layers
C. Vanderwel & B. Ganapathisubramani

R3 Holes and cracks in rigid foam films
P. C. Petit, M. Le Merrer &
A.-L. Biance

R4 Buoyancy instability of
homologous implosions
B. M. Johnson

S indicates supplementary data or movies available online.

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/jf

m
.2

01
5.

32
7 

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.2015.327


The JOURNAL OF FLUID MECHANICS exists for the publication of theoretical, computational and
experimental investigations of all aspects of the mechanics of fluids.

EDITOR

Prof. M. G. Worster, Department of Applied Mathematics and Theoretical Physics, University of Cambridge,
Centre for Mathematical Sciences, Wilberforce Road, Cambridge CB3 0WA, UK. mgw.jfm@damtp.cam.ac.uk

DEPUTY EDITORS

Prof. P. F. Linden, Department of Applied Mathematics and Theoretical Physics, University of Cambridge,
Centre for Mathematical Sciences, Wilberforce Road, Cambridge CB3 0WA, UK. p.f.linden@damtp.cam.ac.uk

Prof. C. Meneveau, Department of Mechanical Engineering and Center for Environmental and Applied Fluid
Mechanics, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, USA.

meneveau@jhu.edu

BOOK REVIEW AND FOCUS ON FLUIDS EDITOR

Dr C. P. Caulfield, DAMTP, University of Cambridge, Centre for Mathematical Sciences, Wilberforce Road,
Cambridge CB3 0WA, UK. c.p.caulfield@damtp.cam.ac.uk

ASSOCIATE EDITORS

Prof. N. Balmforth, Department of Mathematics,
University of British Columbia, Vancouver, BC,
Canada V6T 1Z2. njb@math.ubc.ca

Prof. D. Barthès-Biesel, Génie Biologique,
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