






Skip to main content


Accessibility help




We use cookies to distinguish you from other users and to provide you with a better experience on our websites. Close this message to accept cookies or find out how to manage your cookie settings.







[image: Close cookie message]











Login Alert













Cancel


Log in




×























×



















[image: alt]









	
	
[image: Cambridge Core Home]
Home



	Log in
	Register
	Browse subjects
	Publications
	Open research
	Services
	About Cambridge Core
	

Cart





	

Cart


	
	


	
Institution login

	
	Register
	Log in
	
	

Cart













 





[image: Cambridge Core Home]
Home













 




















	
	
[image: Cambridge Core Home]
Home



	Log in
	Register
	Browse subjects
	Publications
	Open research
	Services
	About Cambridge Core
	

Cart





	

Cart


	
	


	
Institution login

	
	Register
	Log in
	
	

Cart













 



 

















Hostname: page-component-6b989bf9dc-md2j5
Total loading time: 0
Render date: 2024-04-09T15:05:51.338Z
Has data issue: false
hasContentIssue false

  	Home 
	>Journals 
	>Journal of Fluid Mechanics 
	>Volume 652 
	>The role of diffusion on the interface thickness in...



 	English
	
Français






   [image: alt] Journal of Fluid Mechanics
  

  Article contents
 	Abstract
	References




  The role of diffusion on the interface thickness in a ventilated filling box
      
Published online by Cambridge University Press: 
09 April 2010

    N. B. KAYE   ,
M. R. FLYNN   ,
M. J. COOK    and
Y. JI   
 
 
 [image: alt] 
 



Show author details
 

 
 
	N. B. KAYE
	Affiliation: Department of Civil Engineering, Clemson University, Clemson, SC 29634, USA




	M. R. FLYNN*
	Affiliation: Department of Mechanical Engineering, University of Alberta, Edmonton, AB, CanadaT6G 2G8




	M. J. COOK
	Affiliation: Department of Civil and Building Engineering, Loughborough University, Leicestershire LE11 3TU, UK




	Y. JI
	Affiliation: Institute of Energy and Sustainable Development, De Montfort University, The Gateway, Leicester LE1 9BH, UK




 	
*

	†Email address for correspondence: mrflynn@ualberta.ca






 


    	Article

	Metrics




 Article contents    	Abstract
	References


 Get access  [image: alt] Share  

 [image: alt] 

 [image: alt] Cite  [image: alt]Rights & Permissions
 [Opens in a new window]
 

 
  Abstract
  We examine the role of diffusivity, whether molecular or turbulent, on the steady-state stratification in a ventilated filling box. The buoyancy-driven displacement ventilation model of Linden et al. (J. Fluid Mech., vol. 212, 1990, p. 309) predicts the formation of a two-layer stratification when a single plume is introduced into an enclosure with vents at the top and bottom. The model assumes that diffusion plays no role in the development of the ambient buoyancy stratification: diffusion is a slow process and the entrainment of ambient fluid into the plume from the diffuse interface will act to thin the interface resulting in a near discontinuity of density between the upper and lower layers. This prediction has been corroborated by small-scale salt bath experiments; however, full-scale measurements in ventilated rooms and complementary numerical simulations suggest an interface that is not sharp but rather smeared out over a finite thickness. For a given plume buoyancy flux, as the cross-sectional area of the enclosure increases the volume of fluid that must be entrained by the plume to maintain a sharp interface also increases. Therefore the balance between the diffusive thickening of the interface and plume-driven thinning favours a thicker interface. Conversely, the interface thickness decreases with increasing source buoyancy flux, although the dependence is relatively weak. Our analysis presents two models for predicting the interface thickness as a function of the enclosure height, base area, composite vent area, plume buoyancy flux and buoyancy diffusivity. Model results are compared with interface thickness measurements based on previously reported data. Positive qualitative and quantitative agreement is observed.
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