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This	  write-‐up	  describes	  natural	  convection	  and	  the	  transition	  from	  no	  flow,	  to	  laminar	  
flow,	  to	  transient	  laminar	  flow,	  to	  soft	  turbulence	  and	  then	  hard	  turbulence	  as	  the	  

temperature	  difference	  increases	  when	  a	  fluid	  layer	  is	  contained	  between	  two	  flat	  plates,	  
heated	  from	  below.	  Both	  experimental	  and	  theoretical	  information	  is	  summarized.	  

	  
	  

The	  material	  is	  from	  the	  final	  report	  of	  a	  research	  grant	  (Feb.,	  2000)	  
	  

Bruce	  A.	  Finlayson	  
ChemEComp@gmail.com	  

	  
Author	  of	  Introduction	  to	  Chemical	  Engineering	  Computing,	  

Wiley	  (2006;	  2nd	  ed.,	  2012)	  
www.ChemEComp.com	  



























References 
 
Castaing, B., G. Gunaratno, F. Heslot, L. Kadanoff, A. Libchaber, S. Thomae, X.-Z. Wu, 
S. Zaleski, and G. Zanetti, “Scaling of hard thermal turbulence in Rayleigh-B´ nard 
convection,” J. Fluid Mech. 204 1-30 (1989). 
 
Chien, K.-Y., “Predictions of channel and boundary layer flow swith a low-Reynolds-
number two-equation model of turbulence, AIAA-80-0134 (1980); AIAA J 20 33-38 
(1982). 
 
Elder, J. W., J. Fluid Mech. 23 99 (1965). 
 
Gebhart, B., Juluria, Y., Mahajan, R. L., Sammakia, B., Buoyancy-induced Flows and 
Transport,  Hemisphere, Washington, D.C., 1988. 
 
Henkes, R. A. W. M. and C. J. Hoogendoorn, “On the stability of the natural convection 
flow in a square cavity heated from the side,” Appl. Sci. Res. 47 195-220 (1990).  
 
Henkes, R. A. W. M., F. F. Vander Vlugt, and C. J. Hoogendoorn, “Natural -convection 
flow in a square cavity calculated with low-Reynolds-number turbulence models,” Int. J. 
Heat Mass Transfer 34 377-388 (1991). 
 
Henkes, R. A. W. M. and C. J. Hoogendoorn, “Comparison of turbulence models for the 
natural convection boundary layer along a heated vertical plate,” Int. J. Heat Mass Transf. 
32 157-169 (1989).  See also “Letters to the Editors”, 36 245-247 (1993). 
 
Heslot, F., B. Castaing, and A. Libchaber, “Transitions to turbulence in helium gas,” 
Phys. Rev. A 36 5870-5873 (1987). 
 
Ivey, G. N., “Experiments on transient natural convection in a cavity,” J. Fluid Mech. 144 
389-401 (1984). 
 
Janssen, R. J. A. and R. A. W. M. Henkes, “Accuracy of Finite-Volume Discretizations 
for the Bifurcating Natural-Convection Flow in a Square Cavity,” Num. Heat Trans., B24 
191-207 (1993). 
 
Jones, W. P. and B. E. Launder, “The prediction of laminarization with a two-equation 
model of turbulence, Int. J. Heat Mass Transfer 15 301-314 (1972). 
 
Kadanoff, L. P., “Scaling and Structures in the Hard Turbulence Region of Rayleigh B´ 
nard Convection,” Ch. 9, pp. 263-269 in New Perspectives in Turbulence, Sirovich, L. 
(ed), Springer-Verlag (1991). 
 
Kerr, R. M., “Rayleigh number scaling in numerical convection,” J. Fluid Mech. 310 
139-179 (1996). 
 
Krishnamurti, R., J. Fluid Mech. 42 295 (1970). 
 
Lage, J. L. and A. Bejan, “The Ra-Pr Domain of Laminar Natural Convection in an 
Enclosure Heated from the Side,” Num. Heat Trans., A21 21-41 (1991). 
 
Laufer, J., “The structure of turbulence in fully developed pipe flow,” NACA Tech. Rept. 
No. 1174  (1954) 
 



Le Qué ré , P., “Accurate Solutions to the Square Thermally Driven Cavity at High 
Rayleigh Number,” Computers Fluids 20 29-41 (1991). 
 
Liu, F. and J. X. Wen, “Development and validation of an advanced turbulence model for 
buoyancy driven flows in enclosures,” Int. J. Heat Mass Transfer 42 3967-3981 (1999). 
 
Malkus, W. V. R., and Veronis, G., J. Fluid Mech. 4 225 (1958). 
 
McLaughlin, J. B., and S. A. Orszag, “Transition from periodic to chaotic thermal 
convection,” J. Fluid Mech. 122 123-142 (1982). 
 
Paolucci, S. and D. R. Chenoweth, “Transition to chaos in a differentially heated vertical 
cavity,” J. Fluid Mech. 201 379-410 (1989). 
 
Peeters, T. W. J. and R. A. W. M. Henkes, “The Reynolds-stress model of turbulence 
applied to the natural-convection boundary layer along a heated vertical plate,” Int. J. 
Heat Mass Transfer 35 403-420 (1992). 
 
Pironneau, O., “Modeles numériques pour les écoulements turbulents dans des 
géométries complexes,” C. R. Acad. Sci., Paris, 327, Sec. II.b. 325-331 (1999). 
 
Prasad, A. K., “Numerical Simulation of Non-penetrative Turbulent Thermal 
Convection,” Num. Heat Trans., Part A, 35 451-466 (1999). 
 
Rosensweig, R. E., Ferrohydrodynamics, Cambridge University Press (1985); 
Dover(1998). 
 
Schlichting, H. (trans. J. Kestin), Boundary layer Theory, McGraw-Hill, New York 
(1960). 
 
Tagawa, T. and H. Ozoe, “Effect of Prandtl Number and Computational Schemes on the 
Oscillatory Natural Convection in an Enclosure,” Num. Heat Trans., A30 271-282 
(1996). 
 
Versteegh, T. A. M. and F. T. M. Nieuwstadt, “A direct numerical simulation of natural 
convection between two infinite vertical differentially heated walls scaling laws and wall 
functions,” (sic) Int. J. Heat Mass Transfer 42 3673-3693 (1999). 
 
Zahn, M. and L. L. Pioch, “Magnetizable Fluid Behavior With Effective Positive, Zero or 
Negative Dynamic Viscosity: A Study of Non-symmetric Stress Tensors”, Symp. Recent 
Trents Sci. Tech. Magnetic Fluids, Oct. 16-18, 1997, India. 
 
Zahn, M. and D. R. Greer, “Ferrohydrodynamic pumping in spatially uniform 
sinusoidally time-varying magnetic fields,” J. Mag. Mag. Mat. 149 165-173 (1995). 


