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  Abstract
  The linear stability of variable viscosity, miscible core–annular flows is investigated. Consistent with pipe flow of a single fluid, the flow is stable at any Reynolds number when the magnitude of the viscosity ratio is less than a critical value. This is in contrast to the immiscible case without interfacial tension, which is unstable at any viscosity ratio. Beyond the critical value of the viscosity ratio, the flow can be unstable even when the more viscous fluid is in the core. This is in contrast to plane channel flows with finite interface thickness, which are always stabilized relative to single fluid flow when the less viscous fluid is in contact with the wall. If the more viscous fluid occupies the core, the axisymmetric mode usually dominates over the corkscrew mode. It is demonstrated that, for a less viscous core, the corkscrew mode is inviscidly unstable, whereas the axisymmetric mode is unstable for small Reynolds numbers at high Schmidt numbers. For the parameters under consideration, the switchover occurs at an intermediate Schmidt number of about 500. The occurrence of inviscid instability for the corkscrew mode is shown to be consistent with the Rayleigh criterion for pipe flows. In some parameter ranges, the miscible flow is seen to be more unstable than its immiscible counterpart, and the physical reasons for this behaviour are discussed.
A detailed parametric study shows that increasing the interface thickness has a uniformly stabilizing effect. The flow is least stable when the interface between the two fluids is located at approximately 0.6 times the tube radius. Unlike for channel flow, there is no sudden change in the stability with radial location of the interface. The instability originates mainly in the less viscous fluid, close to the interface.


 


   
    
	
Type

	Papers


 	
Information

	Journal of Fluid Mechanics
  
,
Volume 592
   , 10 December 2007  , pp. 23 - 49 
 DOI: https://doi.org/10.1017/S0022112007008269
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © Cambridge University Press 2007




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
REFERENCES

 
 

 


 
 

 Bai, R., Chen, K. P. & Joseph, D. D. 1992 Lubricated pipelining: stability of core–annular flow. Part 5. Experiments and comparison with theory. J. Fluid Mech. 240, 97.CrossRefGoogle Scholar


 
 

 Balasubramaniam, R. Rashidnia, N. Maxworthy, T. & Kuang, J. 2005 Instability of miscible interfaces in a cylindrical tube. Phys. Fluids 17, 052103.CrossRefGoogle Scholar


 
 

 Boomkamp, P. A. M. & Miesen, R. H. M. 1996 Classification of instabilities in parallel two-phase flow. Intl J. Multiphase Flow 22, 67.CrossRefGoogle Scholar


 
 

 Charru, F. & Hinch, E. J. 2000 ‘Phase diagram’ of interfacial instabilities in a two-layer Couette flow and mechanism for the long-wave instability. J. Fluid Mech. 414, 195.CrossRefGoogle Scholar


 
 

 Chen, C.-Y. & Meiburg, E. 1996 Miscible displacement in capillary tubes. Part 2. Numerical simulations. J. Fluid Mech. 326, 57.CrossRefGoogle Scholar


 
 

 Chen, K. P. 1993 Wave formation in a gravity-driven low Reynolds number flow of two liquid films down an inclined plane. Phys. Fluids A 5, 3038.CrossRefGoogle Scholar


 
 

 Cox, B. G. 1962 On driving a viscous fluid out of a tube. J. Fluid. Mech. 14, 81.CrossRefGoogle Scholar


 
 

 Drazin, P. G. & Reid, W. H. 1981 Hydrodynamic Stability. Cambridge University Press.Google Scholar


 
 

 Ern, P., Charru, F. & Luchini, P. 2003 Stability analysis of a shear flow with strongly stratified viscosity. J. Fluid Mech. 496, 295.CrossRefGoogle Scholar


 
 

 Govindarajan, R. 2004 Effect of miscibility on the linear instability of two-fluid channel flow. Intl J. Multiphase Flow 30, 1177.CrossRefGoogle Scholar


 
 

 Govindarajan, R., L'vov, V. S. & Procaccia, I. 2001 Retardation of the onset of turbulence by minor viscosity contrasts. Phys. Rev. Lett. 87, 174501.CrossRefGoogle ScholarPubMed


 
 

 Goyal, N. & Meiburg, E. 2006 Miscible displacements in Hele-Shaw cells: two-dimensional base states and their linear stability. J. Fluid Mech. 558, 329.CrossRefGoogle Scholar


 
 

 Hickox, C. E. 1971 Instability due to viscosity and density stratification in axisymmetric pipe flow. Phys. Fluids 14, 251.CrossRefGoogle Scholar


 
 

 Hinch, E. J. 1984 A note on the mechanism of the instability at the interface between two shearing fluids. J. Fluid Mech. 144, 463.CrossRefGoogle Scholar


 
 

 Hooper, A. P. & Boyd, W. G. C. 1983 Shear-flow instability at the interface between two fluids. J. Fluid Mech. 128, 507.CrossRefGoogle Scholar


 
 

 Hu, H. H. & Joseph, D. D. 1989 Lubricated pipelining: stability of core–annular flow. Part 2. J. Fluid Mech. 205, 359.CrossRefGoogle Scholar


 
 

 Hu, H. H. & Patankar, N. 1995 Non-axisymmetric instability of core–annular flow. J. Fluid Mech. 290, 213.CrossRefGoogle Scholar


 
 

 Hu, H. H., Lundgren, T. S. & Joseph, D. D. 1990 Stability of core–annular flow with a small viscosity ratio. Phys. Fluids A 2 (11), 1945.CrossRefGoogle Scholar


 
 

 Jiang, W. Y., Helenbrook, B. & Lin, S. P. 2004 Inertialess instability of a two-layer liquid film flow. Phys. Fluids 16 (3), 652.CrossRefGoogle Scholar


 
 

 Joseph, D. D. & Renardy, Y. Y. 1992 Fundamentals of Two-Fluid Dynamics. Part II: Lubricated Transport, Drops and Miscible Liquids. Springer.Google Scholar


 
 

 Joseph, D. D., Renardy, Y. & Renardy, M. 1984 Instability of the flow of immiscible liquids with different viscosities in a pipe. J. Fluid Mech. 141, 319.CrossRefGoogle Scholar


 
 

 Joseph, D. D., Bai, R., Chen, K. P. & Renardy, Y. Y. 1997 Core–annular flows. Annu. Rev. Fluid Mech. 29, 65.CrossRefGoogle Scholar


 
 

 Khorrami, M. R. 1991 A Chebyshev spectral collocation method using a staggered grid for the stability of cylindrical flows. Intl J. Numer. Meth. Fluids 12, 825.CrossRefGoogle Scholar


 
 

 Khorrami, M. R., Malik, M. R. & Ash, R. L. 1989 Application of spectral collocation techniques to the stability of swirling flows. J. Comput. Phys. 81, 206.CrossRefGoogle Scholar


 
 

 Kouris, C. & Tsamopoulos, J. 2001 a Core–annular flow in a periodically constricted circular tube. Part 1. Steady-state linear stability and energy analysis. J. Fluid Mech. 432, 31.CrossRefGoogle Scholar


 
 

 Kouris, C. & Tsamopoulos, J. 2001 b Dynamics of axisymmetric core–annular flow in a straight tube. i. The more viscous fluid in the core, bamboo waves. Phys. Fluids 13 (4), 841.CrossRefGoogle Scholar


 
 

 Kouris, C. & Tsamopoulos, J. 2002 a Core–annular flow in a periodically constricted circular tube. Part 2. Nonlinear dynamics. J. Fluid Mech. 470, 181.CrossRefGoogle Scholar


 
 

 Kouris, C. & Tsamopoulos, J. 2002 b Dynamics of axisymmetric core–annular flow in a straight tube. ii. The less viscous fluid in the core, saw tooth waves. Phys. Fluids 14 (3), 1011.CrossRefGoogle Scholar


 
 

 Kuang, J., Maxworthy, T. & Petitjeans, P. 2003 Miscible displacements between silicone oils in capillary tubes. Eur. J. Mech. 22, 271.CrossRefGoogle Scholar


 
 

 Li, J. & Renardy, Y. Y. 1999 Direct simulation of unsteady axisymmetric core–annular flow with high viscosity ratio. J. Fluid Mech. 391, 123.CrossRefGoogle Scholar


 
 

 Loewenherz, D. S. & Lawrence, C. J. 1989 The effect of viscosity stratification on the instability of a free surface flow at low Reynolds number. Phys. Fluids A 1, 1686.CrossRefGoogle Scholar


 
 

 Mack, I. M. 1976 A numerical study of the temporal eigenvalue spectrum of Blasius boundary layer flow. J. Fluid Mech. 73, 497.CrossRefGoogle Scholar


 
 

 Malik, S. V. & Hooper, A. P. 2005 Linear stability and energy growth of viscosity stratified flows. Phys. Fluids 17, 024101.CrossRefGoogle Scholar


 
 

 Panton, R. L. 1984 Incompressible Flow. John Wiley.Google Scholar


 
 

 Petitjeans, P. & Maxworthy, T. 1996 Miscible displacements in capillary tubes. Part 1. Experiments. J. Fluid Mech. 326, 37.CrossRefGoogle Scholar


 
 

 Preziosi, L., Chen, K. & Joseph, D. D. 1989 Lubricated pipelining: stability of core–annular flow. J. Fluid Mech. 201, 323.CrossRefGoogle Scholar


 
 

 Ranganathan, B. T. & Govindarajan, R. 2001 Stabilization and destabilization of channel flow by the location of viscosity-stratified fluid layer. Phys. Fluids 13 (1), 1–3.CrossRefGoogle Scholar


 
 

 Riaz, A., Pankiewitz, C. & Meiburg, E. 2004 Linear stability of radial displacements in porous media: influence of velocity-induced dispersion and concentration-dependent diffusion. Phys. Fluids 16 (10), 3592.CrossRefGoogle Scholar


 
 

 Sahu, K. C. & Govindarajan, R. 2005 Stability of flow through a slowly diverging pipe. J. Fluid Mech. 531, 325.CrossRefGoogle Scholar


 
 

 Schmid, P. J. & Henningson, D. S. 2001 Stability and Transition in Shear Flows. Springer.CrossRefGoogle Scholar


 
 

 Scoffoni, J., Lajeunesse, E. & Homsy, G. M. 2001 Interface instabilities during displacements of two miscible fluids in a vertical pipe. Phys. Fluids 13 (3), 553.CrossRefGoogle Scholar


 
 

 Smith, M. K. 1990 The mechanism for the long-wave instability in thin liquid films. J. Fluid Mech. 217, 469.CrossRefGoogle Scholar


 
 

 Tan, C. T. & Homsy, G. M. 1986 Stability of miscible displacements: rectilinear flow. Phys. Fluids 29, 73549.CrossRefGoogle Scholar


 
 

 Taylor, G. I. 1960 Deposition of a viscous fluid on the wall of a tube. J. Fluid Mech. 10, 161.CrossRefGoogle Scholar


 
 

 Vanaparthy, S. H., Barthe, C. & Meiburg, E. 2006 Density-driven instabilities in capillary tubes: influence of a variable diffusion coefficient. Phys. Fluids 18, 048101.CrossRefGoogle Scholar


 
 

 Wei, H. H. & Rumschitzki, D. S. 2002 a The linear stability of a core–annular flow in an asymptotically corrugated tube. J. Fluid Mech. 466, 113.CrossRefGoogle Scholar


 
 

 Wei, H. H. & Rumschitzki, D. S. 2002 b The weakly nonlinear interfacial stability of a core–annular flow in a corrugated tube. J. Fluid Mech. 466, 149.Google Scholar


 
 

 Yih, C.-S. 1967 Instability due to viscous stratification. J. Fluid Mech. 27, 337.CrossRefGoogle Scholar




 

           



 
  	73
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
73




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Cubaud, Thomas
and
Mason, Thomas G.
2008.
Formation of miscible fluid microstructures by hydrodynamic focusing in plane geometries.
Physical Review E,
Vol. 78,
Issue. 5,


	CrossRef
	Google Scholar






d’Olce, M.
Martin, J.
Rakotomalala, N.
Salin, D.
and
Talon, L.
2008.
Pearl and mushroom instability patterns in two miscible fluids' core annular flows.
Physics of Fluids,
Vol. 20,
Issue. 2,


	CrossRef
	Google Scholar






d'OLCE, M.
MARTIN, J.
RAKOTOMALALA, N.
SALIN, D.
and
TALON, L.
2009.
Convective/absolute instability in miscible core-annular flow. Part 1: Experiments.
Journal of Fluid Mechanics,
Vol. 618,
Issue. ,
p.
305.


	CrossRef
	Google Scholar






Sahu, K. C.
Ding, H.
Valluri, P.
and
Matar, O. K.
2009.
Pressure-driven miscible two-fluid channel flow with density gradients.
Physics of Fluids,
Vol. 21,
Issue. 4,


	CrossRef
	Google Scholar






Sahu, K. C.
Ding, H.
Valluri, P.
and
Matar, O. K.
2009.
Linear stability analysis and numerical simulation of miscible two-layer channel flow.
Physics of Fluids,
Vol. 21,
Issue. 4,


	CrossRef
	Google Scholar






Cubaud, T
and
Mason, T G
2009.
High-viscosity fluid threads in weakly diffusive microfluidic systems.
New Journal of Physics,
Vol. 11,
Issue. 7,
p.
075029.


	CrossRef
	Google Scholar






SELVAM, B.
TALON, L.
LESSHAFFT, L.
and
MEIBURG, E.
2009.
Convective/absolute instability in miscible core-annular flow. Part 2. Numerical simulations and nonlinear global modes.
Journal of Fluid Mechanics,
Vol. 618,
Issue. ,
p.
323.


	CrossRef
	Google Scholar






Sahu, K. C.
and
Matar, O. K.
2010.
Stability of Plane Channel Flow With Viscous Heating.
Journal of Fluids Engineering,
Vol. 132,
Issue. 1,


	CrossRef
	Google Scholar






Sahu, K.C.
Ding, H.
and
Matar, O.K.
2010.
Numerical simulation of non-isothermal pressure-driven miscible channel flow with viscous heating.
Chemical Engineering Science,
Vol. 65,
Issue. 10,
p.
3260.


	CrossRef
	Google Scholar






Sahu, K. C.
and
Matar, O. K.
2010.
Three-dimensional linear instability in pressure-driven two-layer channel flow of a Newtonian and a Herschel–Bulkley fluid.
Physics of Fluids,
Vol. 22,
Issue. 11,


	CrossRef
	Google Scholar






Sahu, K.C.
and
Matar, O.K.
2011.
Three-dimensional convective and absolute instabilities in pressure-driven two-layer channel flow.
International Journal of Multiphase Flow,
Vol. 37,
Issue. 8,
p.
987.


	CrossRef
	Google Scholar






Chandra Sahu, Kirti
2011.
The Instability of Flow Through a Slowly Diverging Pipe With Viscous Heating.
Journal of Fluids Engineering,
Vol. 133,
Issue. 7,


	CrossRef
	Google Scholar






Peng, Jie
and
Zhu, Ke-Qin
2011.
Instability of the interface in co-extrusion flow of two UCM fluids in the presence of surfactant.
Journal of Non-Newtonian Fluid Mechanics,
Vol. 166,
Issue. 1-2,
p.
152.


	CrossRef
	Google Scholar






Chandra Sahu, Kirti
and
Govindarajan, Rama
2011.
Linear stability of double-diffusive two-fluid channel flow.
Journal of Fluid Mechanics,
Vol. 687,
Issue. ,
p.
529.


	CrossRef
	Google Scholar






HORMOZI, S.
WIELAGE-BURCHARD, K.
and
FRIGAARD, I. A.
2011.
Entry, start up and stability effects in visco-plastically lubricated pipe flows.
Journal of Fluid Mechanics,
Vol. 673,
Issue. ,
p.
432.


	CrossRef
	Google Scholar






Talon, L.
and
Meiburg, E.
2011.
Plane Poiseuille flow of miscible layers with different viscosities: instabilities in the Stokes flow regime.
Journal of Fluid Mechanics,
Vol. 686,
Issue. ,
p.
484.


	CrossRef
	Google Scholar






Sahu, Kirti Chandra
and
Govindarajan, Rama
2012.
Spatio-temporal linear stability of double-diffusive two-fluid channel flow.
Physics of Fluids,
Vol. 24,
Issue. 5,


	CrossRef
	Google Scholar






Cubaud, Thomas
Jose, Bibin M.
Darvishi, Samira
and
Sun, Ruopeng
2012.
Droplet breakup and viscosity-stratified flows in microchannels.
International Journal of Multiphase Flow,
Vol. 39,
Issue. ,
p.
29.


	CrossRef
	Google Scholar






Taghavi, S. M.
Alba, K.
Seon, T.
Wielage-Burchard, K.
Martinez, D. M.
and
Frigaard, I. A.
2012.
Miscible displacement flows in near-horizontal ducts at low Atwood number.
Journal of Fluid Mechanics,
Vol. 696,
Issue. ,
p.
175.


	CrossRef
	Google Scholar






Taghavi, S.M.
Alba, K.
and
Frigaard, I.A.
2012.
Buoyant miscible displacement flows at moderate viscosity ratios and low Atwood numbers in near-horizontal ducts.
Chemical Engineering Science,
Vol. 69,
Issue. 1,
p.
404.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Stability of miscible core–annular flows with viscosity stratification








	Volume 592
	
B. SELVAM (a1), S. MERK (a1), RAMA GOVINDARAJAN (a2) and E. MEIBURG (a1)

	DOI: https://doi.org/10.1017/S0022112007008269





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Stability of miscible core–annular flows with viscosity stratification








	Volume 592
	
B. SELVAM (a1), S. MERK (a1), RAMA GOVINDARAJAN (a2) and E. MEIBURG (a1)

	DOI: https://doi.org/10.1017/S0022112007008269





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Stability of miscible core–annular flows with viscosity stratification








	Volume 592
	
B. SELVAM (a1), S. MERK (a1), RAMA GOVINDARAJAN (a2) and E. MEIBURG (a1)

	DOI: https://doi.org/10.1017/S0022112007008269





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















