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  Abstract
  Numerical solutions to the Boussinesq equations containing a temperature-dependent viscosity are presented for the case of axisymmetric buoyancy-driven convective flow in a cylindrical cell. Two solutions, one with upflow and the other with downflow at the centre of the cell, were found for each set of boundary conditions that were considered. The existence of these two steady-state régimes was verified experimentally for the case of a cylindrical cell having rigid insulating lateral boundaries and isothermal top and bottom planes.
Using a perturbation expansion it is also shown that only one of these solutions remains stable in the subcritical régime. This, however, seems to be confined to a very narrow range of Rayleigh numbers, beyond which, according to all the evidence presently at hand, both solutions are equally stable for those values of the Rayleigh and Prandtl numbers for which axisymmetric motions occur.
Finally, certain fundamental differences between the problem considered here and that of thermal convection in a layer of infinite horizontal extent are briefly discussed.


 


   
    
	
Type

	Research Article


 	
Information

	Journal of Fluid Mechanics
  
,
Volume 36
  
,
Issue 2
  , 14 April 1969  , pp. 239 - 258 
 DOI: https://doi.org/10.1017/S0022112069001637
 [Opens in a new window]
 
  


   	
Copyright

	
© 1969 Cambridge University Press




 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
  
 

 Busse, F.
1967
The stability of finite amplitude cellular convection and its relation to an extremum principle
J. Fluid Mech.
30,
625–49.Google Scholar


 
 

 Graham, A.
1933
Shear patterns in an unstable layer of air
Phil. Trans. A
232,
285–96.Google Scholar


 
 

 Hurle, D. T. J., Jakeman, E. & Pike, E. R.
1967
On the solution of the Bénard problem with boundaries of finite conductivity
Proc. Roy. Soc. A
296,
469–75.Google Scholar


 
 

 Mitchell, W. T. & Quinn, J. A.
1966
Thermal convection in a completely confined fluid layer
A.I.Ch.E. J.
12,
1116–24.Google Scholar


 
 

 MÜLLER, U.
1965
Untersuchungen an rotationssymmetrischen Zellularkonvektionsströmungen II
Beitr. Phys. Atm.
38,
9–22.Google Scholar


 
 

 Palm, E.
1960
On the tendency towards hexagonal cells in steady convection
J. Fluid Mech.
8,
183–92.Google Scholar


 
 

 Palm, E., Ellingsen, T. & Gjevik, B.
1967
On the occurrence of cellular motion in Bénard convection
J. Fluid Mech.
30,
651–661.Google Scholar


 
 

 Palm, E. & ØIANN, H.
1964
Contribution to the theory of cellular thermal convection
J. Fluid Mech.
19,
353–65.Google Scholar


 
 

 Pellew, A. & Southwell, R. V.
1940
On maintained convective motion in a fluid heated from below.
Proc. Roy. Soc A
176,
312–43.Google Scholar


 
 

 Segel, L. A.
1965
The non-linear interaction of a finite number of disturbances to a layer of fluid heated from below
J. Fluid Mech.
21,
359–84.Google Scholar


 
 

 Segel, L. A. & Stuart, J. T.
1962
On the question of the preferred mode in cellular thermal convection
J. Fluid Mech.
13,
289–306.Google Scholar


 
 

 Sparrow, E. M., Goldstein, R. J. & Jonsson, V. K.
1964
Thermal instability in a horizontal fluid layer: effect of boundary conditions and non-linear temperature profile.
J. Fluid Mech.
18,
513–28.CrossRefGoogle Scholar


 
 

 Tippelskirch, H. VON
1956
Über Konvektionszellen, insbesondere im flüssigen Schwefel
Beitr. Phys. Atm.
29,
37–54.Google Scholar




 

           



 
  	63
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
63




	


[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.









Charlson, G.S
and
Sani, R.L
1970.
Thermoconvective instability in a bounded cylindrical fluid layer.
International Journal of Heat and Mass Transfer,
Vol. 13,
Issue. 9,
p.
1479.


	CrossRef
	Google Scholar






Homsy, G. M.
and
Hudson, J. L.
1971.
The asymptotic stability of a bounded rotating fluid heated from below: conductive basic state.
Journal of Fluid Mechanics,
Vol. 45,
Issue. 02,
p.
353.


	CrossRef
	Google Scholar






Joseph, Daniel D.
1971.
Stability of convection in containers of arbitrary shape.
Journal of Fluid Mechanics,
Vol. 47,
Issue. 2,
p.
257.


	CrossRef
	Google Scholar






Chiesa, F.
and
Guthrie, R.
1971.
An experimental study of natural convection and wall effect in liquid metals contained in vertical cylinders.
Metallurgical Transactions,
Vol. 2,
Issue. 10,
p.
2833.


	CrossRef
	Google Scholar






Torrance, K. E.
and
Turcotte, D. L.
1971.
Thermal convection with large viscosity variations.
Journal of Fluid Mechanics,
Vol. 47,
Issue. 1,
p.
113.


	CrossRef
	Google Scholar






Homsy, G. H.
and
Hudson, J. L.
1972.
Stability of a radially bounded rotating fluid heated from below.
Applied Scientific Research,
Vol. 26,
Issue. 1,
p.
53.


	CrossRef
	Google Scholar






Koschmieder, E. L.
1974.
Advances in Chemical Physics.
Vol. 26,
Issue. ,
p.
177.


	CrossRef
	Google Scholar






Parmentier, E.M.
and
Torrance, K.E.
1975.
Kinematically consistent velocity fields for hydrodynamic calculations in curvilinear coordinates.
Journal of Computational Physics,
Vol. 19,
Issue. 4,
p.
404.


	CrossRef
	Google Scholar






Parmentier, E. M.
Turcotte, D. L.
and
Torrance, K. E.
1975.
Numerical experiments on the structure of mantle plumes.
Journal of Geophysical Research,
Vol. 80,
Issue. 32,
p.
4417.


	CrossRef
	Google Scholar






Charlson, G. S.
and
Sani, R. L.
1975.
Finite amplitude axisymmetric thermoconvective flows in a bounded cylindrical layer of fluid.
Journal of Fluid Mechanics,
Vol. 71,
Issue. 2,
p.
209.


	CrossRef
	Google Scholar






Stork, K.
and
Müller, U.
1975.
Convection in boxes: an experimental investigation in vertical cylinders and annuli.
Journal of Fluid Mechanics,
Vol. 71,
Issue. 2,
p.
231.


	CrossRef
	Google Scholar






Pnueli, David
1975.
Minimum rate of entropy production variational formulation and preferred mode of motion in thermal instability.
International Journal of Engineering Science,
Vol. 13,
Issue. 9-10,
p.
881.


	CrossRef
	Google Scholar






Jones, C. A.
Moore, D. R.
and
Weiss, N. O.
1976.
Axisymmetric convection in a cylinder.
Journal of Fluid Mechanics,
Vol. 73,
Issue. 02,
p.
353.


	CrossRef
	Google Scholar






Rogers, R H
1976.
Convection.
Reports on Progress in Physics,
Vol. 39,
Issue. 1,
p.
1.


	CrossRef
	Google Scholar






Normand, Christiane
Pomeau, Yves
and
Velarde, Manuel G.
1977.
Convective instability: A physicist's approach.
Reviews of Modern Physics,
Vol. 49,
Issue. 3,
p.
581.


	CrossRef
	Google Scholar






Jones, C. A.
and
Moore, D. R.
1978.
The stability of axisymmetric convection.
Geophysical & Astrophysical Fluid Dynamics,
Vol. 11,
Issue. 1,
p.
245.


	CrossRef
	Google Scholar






Cross, M. C.
1980.
Derivation of the amplitude equation at the Rayleigh–Bènard instability.
The Physics of Fluids,
Vol. 23,
Issue. 9,
p.
1727.


	CrossRef
	Google Scholar






Vrentas, J.S.
Narayanan, R.
and
Agrawal, S.S.
1981.
Free surface convection in a bounded cylindrical geometry.
International Journal of Heat and Mass Transfer,
Vol. 24,
Issue. 9,
p.
1513.


	CrossRef
	Google Scholar






Bogatyrev, G. P.
and
GiLev, V. G.
1981.
Supercritical convective motions in a short horizontal cylinder.
Fluid Dynamics,
Vol. 15,
Issue. 4,
p.
585.


	CrossRef
	Google Scholar






Cross, M. C.
1982.
Boundary conditons on the envelope function of convective rolls close to onset.
The Physics of Fluids,
Vol. 25,
Issue. 6,
p.
936.


	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.








Buoyancy-driven convection in cylindrical geometries








	Volume 36, Issue 2
	
S. F. Liang (a1) (a2), A. Vidal (a1) and Andreas Acrivos (a1)

	DOI: https://doi.org/10.1017/S0022112069001637





 








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.

 





Buoyancy-driven convection in cylindrical geometries








	Volume 36, Issue 2
	
S. F. Liang (a1) (a2), A. Vidal (a1) and Andreas Acrivos (a1)

	DOI: https://doi.org/10.1017/S0022112069001637





 









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.

 





Buoyancy-driven convection in cylindrical geometries








	Volume 36, Issue 2
	
S. F. Liang (a1) (a2), A. Vidal (a1) and Andreas Acrivos (a1)

	DOI: https://doi.org/10.1017/S0022112069001637





 









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.


















